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This manual will provide an introductory guide for new OLI Studio Software users. OLI Studio is a software suite
containing several modules including Stream Analyzer, think simulation | getting the chemistry right and
Corrosion Analyzer. A client’s license determines which modules are enabled within the OLI Studio Software.

This introductory manual consists of one chapter showcasing the OLI Studio User Interface, and four main
chapters showcasing the three main modules of OLI Studio: Stream Analyzer, Corrosion Analyzer, EVS
Analyzer, and think simulation | getting the chemistry right.

If you have not yet installed the software, please install it following the instructions given in the Installation and
Security page on our Wiki page at: https://support.olisystems.com

Stream Analyzer

Stream Analyzer is standalone software, and it is the main interface of the OLI Studio. Stream Analyzer is a
comprehensive thermodynamic tool that calculates speciation, phase equilibria, enthalpies, heat capacities and
densities in mixed-solvent, multicomponent systems. Capabilities and features of Stream Analyzer are:

Three different thermodynamic frameworks:

Mixed Solvent Electrolyte (MSE) model (Default)

Aqueous (AQ) model

Mixed Solvent Electrolyte and Soave-Redlich-Kwong (MSE-SRK) model

Thermophysical properties: Stream Analyzer has thermophysical models to predict surface tension, interfacial
tension, viscosity, electrical conductivity, thermal conductivity, diffusivity, and osmotic pressure.

Molecular and ionic inflows: Stream Analyzer accepts molecular inflows, typical of a process stream, and ion
inflows, typical of a sample water analysis.

Corrosion Analyzer

Corrosion Analyzer is a module within the OLI Studio. A separate license enables this module. Corrosion
Analyzer is a first-principles corrosion prediction tool. It is used to predict the corrosion rates of general
corrosion, propensity of alloys to undergo localized corrosion, depletion profiles of heat-treated alloys, and
thermodynamic stability of metals and alloys. It enables users to address the causes of aqueous corrosion by
identifying its mechanistic reasons. As a result, users take informed action on how to mitigate or eliminate this
risk.

Corrosion Analyzer calculates corrosion by quantifying the bulk chemistry, transport phenomena, and surface
reactions through a thermophysical and electrochemical module.


https://support.olisystems.com/

The thermophysical module calculates the aqueous solution speciation and obtains concentrations, activities
and transport properties of the reacting species.
The electrochemical module simulates partial oxidation and reduction process on the metal surface.

The tool reproduces the active-to-passive transition and the effects of solution species on passivity.

Effects of temperatures, pressure, pH, concentration, and velocity on corrosion are also included. Capabilities
and features of Corrosion Analyzer are:

Generation of Pourbaix (E vs pH) diagrams
Calculation of general corrosion rates
Localized corrosion susceptibility

Heat treatment effect

Generation of polarization curves plots

EVS Analyzer

Extreme value statistics (EVS) is a powerful statistical techniques that is used extensively to extrapolate
damage (maximum pit depth) from small samples in the laboratory to larger area samples in the field.

ScaleChem

ScaleChem is a simulation software tool that predicts scaling problems during oil and gas production.
ScaleChem simulates fluid production from the reservoir to the sales point, and computes the phase mass
balance, scale tendencies, scale mass, and nucleation induction times in production fluid at each location in
the production line. Capabilities and features of think simulation | getting the chemistry right are:

Brine, gas and oil analysis

Scaling scenarios

Compatibility testing of brines using the stream mixing function

Phase equilibrium calculation for four-phase reservoir saturation, from which as whole fluid reservoir
composition is determined.

Contour plots to study produced brine properties across a broad temperature and pressure range



General View of the User Interface

The OLI Studio Desktop User Interface provides the environment to create, analyze and interpret the results of
your application chemistry. In this manual, an overview of the different windows and tools that you will use, as
well as how to navigate the OLI Studio User Interface, will be provided here.

Status Output

For Help, press F1

: & OLiStudio (Version 12.0.0 Beta) - [Document1] - X
. ZM‘enU, Bal’—> B3 File Edit Streams: Calculations Chemisty Tools View Window Help | . ° . e =BIX e
‘Toolbar = | D&M AL e we sl s | MBS G N :
. . Navigator - p oax .
: : ; : : o :
Document1 E . ¢ ! .
. &¢ Streams . Description .
Navigator -Pane - L R PP Mo [T e [T TG | L
. : : Desciiption :
: : : 5 : o
B B ‘::ns ,,,,,,,,, ‘Axl ,,,,,,,,,, <__DeSCr|pt|0n
ons T : i : : : : . Definition
LGS & M bane
3 (S % wl : ) ane:
AddStream  AddMily ~ Add  AddWater  AddEVS :
. ) . o Optimizer Analysis  Calculation . .
/ i A . O S R il
Action Pane —_— &g F et it R
Add Brine Add Oil - Add Gas * Add Add Scale
Analysis Analysis.  Analysis Saturator  Scenario i
' : . Summary
(O v : :
...................... AddScale . Add Mixing, Add Facilities ... . 1 .. |]. | AutomatcCh .. Summary - - -
Contour * Water - s - Summary
. . MS on .
Using Helgeson Direct Pane:
. . Plot Template Manager - . g ax . .
Plot Template__|
~‘Manager - 1 |
: : x
..:Calculator. . L&
. 3 :
@

The screenshot shown above is what you will see when you first start OLI Studio. You can customize the
desktop to your own needs. The windows can be resized, moved, docked, and detached.

Menu Bar

The Menu Bar gives access to the following options: File, Edit, Streams, Calculations, Chemistry, Tools, View,
Window and Help.

File: Gives access to functionality such as New, Open, Close, and Save a file

Edit: Cut, Copy, Paste, Delete and Clear calculation results

Stream: The Streams menu contains actions that can also be performed using the Actions Pane

Calculations: The calculation menu contains all the calculations found in the Actions Pane

Chemistry: Advanced changes to the chemistry can be made here.



Tools: Gives access to tools such as component search, names manager, units manager and other

customizations.

View: Gives the option to customize the view of the interface.

Window: Allows to arrange the different OLI Studio. documents in the window.

Help: Here you can have access to Technical Support or any content that you may need related to OLI

Software.

Tool Bar

The Tool Bar gives quick access to different functions and sits below the Menu Bar. Tools within this bar can
be added, removed or repositioned. When a tool is selected (or turned ON) it is highlighted in light blue. When

deselected (or turned OFF) it comes back to gray.

D E & BB 7N

L1 Va So L2 Re %

They are laid out in the following order:

Quick access to File: O

Quick access to Edit:
T N2

Quick access to Help:

Quick access to Chemistry: L1 Va So L2 Re & |mse & IS 3 .0

Quick access to Tools:

Icons in the Chemistry section

In the quick access to Chemistry, you find: Phases, Redox and Databanks.

Phases: Turns ON/OFF specific phases. Four different phases are available:

L1: Liquid 1 or water-rich phase

Va: Vapor phase

3
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So: Solid phase
L2: Usually organic rich phase and sometimes a critical fluid. It is also referred to as Liquid 2 phase.
Redox: Denoted as Re. Turns ON/OFF Reduction/Oxidation (REDOX) reactions.

Databanks: Turn ON/OFF a specific thermodynamic databank. There are three thermodynamic databanks
available:

MSE: Mixed Solvent Electrolyte databank (Default)
MSE-SRK: Mixed Solvent Electrolyte and Soave-Redlich-Kwong databank

AQ: Aqueous databank

Icons in the Tools section
A description of each icon in the Tools section is given below:

Component search: i This tool helps you to look for a component using Formula, CAS number,
chemical name or using the periodic table.

Names manager:

4
T
I
-

This tool shows you the name of components in different styles in tables

T and reports. The style options are: Display name, Formula or OLI Name.
Units manager: Gh This tool allows you to select or change to preferred units for all

calculations.

Customize toolbars: [l This tool allows you to remove or add preferred tools to the Tool Bar. For
example, you can add or remove Chemistry from the Tool Bar.

General options: This tool allows you to adjust or change default software settings.

Calculation options: 4«  This tools allows you to include or exclude different types of properties into
the calculations.
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Navigator Pane

The Navigator Pane (or tree level) contains the list of streams and calculations that are active within a file. This
view contains the icons and names of each action in a hierarchical tree. The Description/Definition pane
changes depending on the level that is highlighted. A plus sign next to an object in the stream level indicates
that that stream or object has sub-streams or branches. There are four levels: Global Stream Level, Stream
Level, Calculation Level, and Calculation Sublevel.

Global Stream Level: Provides the broadest view of the navigator objects. At this level the user can define
default units, default components name, and general preferred calculation options for the working file.

Stream Level: Chemistry options such as phase selection, REDOX reactions, and the thermodynamic
databanks can be selected as this level.

Calculation Level: Calculation types such as Single point calculations, Survey calculations, etc., are
subordinate to streams, and appear in this level. A more detailed explanation of calculation types can be found
in Chapter Il of this manual.

Calculation Sublevel: Some calculations, such as Survey calculations, have their own calculation sublevels.
They can be expanded or maximized using the small icon ( & or =) next to the calculation type.

Mavigator L
Documentt:1*

File name Documentd:2*

—— Document1:3*
%
S & Stream Stream Level
w4y SinglePoint

2. 4 Survey «— Calculation Level

----- £y Temperature=23.0°
----- £y Temperature=30.0
----- 4y Temperature=33.0°
----- £y Temperature=40.0
----- £y Temperature=45.0 °
----- £y Temperature=30.0°
----- £y Temperature=35.0°
----- £y Temperature=60.0 °
----- £y Temperature=65.0°

Global Stream Level

Calculation Sublevel

[aNaNaa NN aN S

Note: A star (*) next to the file name indicates that the file has not been saved.
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Actions Pane

This view contains selectable action icons. Each icon represents either a new stream input or new calculation.
Additional actions will appear depending on what kind of stream we are working with. You can change the view
of the actions pane by right clicking in the white area. You can show the icons as a List, Small Icons or Large
Icons. In this case the List option was selected.

When located at the Global
Stream Level the following
action icons appear on the
Actions Pane.

If you select an action item that
belongs to Corrosion Analyzer,
this action item will be located at
the Stream Level, and only the
following action icons appear on
the Actions Pane.

If you select an action item that
belongs to think simulation |
getting the chemistry right, this
action item will be located at the
Stream Level, and only the
following action icons appear on
the Actions pane.

Plot Template Manager

Actions
Actions

& | Add Stream

) Add Mixer

Td Add Water Analysis

Add Brine Analysis
& Add Oil Analysis
%P Add Gas Analysis
@ Add Saturator

I—i Add Scale Scenario
Add Scale Contour
¢ Add Mixing Water
M Add Facilities

*3 Add HC Saturator

Actions
Actions

@Add Stream

[l Add Mixer

|£] Add Single Point

|| Add Survey

Add Chemical Diagram
|=] Add Stability Diagram
Add Corrosion Rates

Actions
Actions

m Add Brine Analysis
& Add Oil Analysis
%5 Add Gas Analysis
@ Add Saturator

I—i Add Scale Scenario
Add Scale Contour
¢ Add Mixing Water
e Add Facilities

‘% Add HC Saturator

The default location for the Plot Template Manager
is in the lower left-hand corner of the main window.
The Plot Template Manager is a tool that allows the
user to create, save and use plot templates. This

tool allows a fast plotting and analysis of the user’s

results.

Plat Template Manager

These actions come with Stream

and Corrosion Analyzers

These actions come with
ScaleChem

Lo+ %

[Default Plat]
target pH

Precipitation |

Save

13



Description / Definition Pane

Users work most of the time on the Description / Definition area, which changes depending on which action

object is being used.

& Ol Studio (Version 11.5.1 Beta) - [Document1*] - o X
W7 File Edit Streams Calculations Chemistry Tools View Window Help -& %
0w M| | ?k‘?‘leaSuLZ‘Rai‘mzii“éEimi‘ M%g\ﬁ}lﬂ@fﬁ‘
I Mavigater Laxl T
Document1* Il =
o Streams & Description [ Definition (] Report 2 File Viewer
5 & Stream
LA SinglePeint Narme: | SinglePaint Date: | 8/15/2022 |«
Deseription
~
[Actions B oax nt1*] - 0 x
Actions.
mistry Tools View Window Help -5 x
¥ |1vaSo L2 [Re s [lme s e m&‘ Mﬁﬂ%‘r]ﬂtﬁ‘
< >
=
—
Summaty </ Description & Definition (& Report (3 File Viewer
Unit Set: Wetric (moles) et T T ~ Tupe of calculaton
< Stream Parameters lsohemal  ~| | Specs,
Stream Amount (o)) [ 55.5082
i o x] [ Temperature () | 250000 Caeuse @
Using Hielgeson Direct Pressure (atm) ‘ 1.00000 Summan,
Isothermal Calculation id
250000 °C 1.00000 aim = Simme )
Calculstion not done H20 =S Ut Set: Wetric (moles)
tlact [ o0 Automatic Chemstey Hodsl
. s [ WSE (H20+ ion) Databans:
G MSE )
Using Helgeson Direct
sofhermal Calculation
25,0000 °C 1.00000 atm
> | calculaton not done
For Help, press F1 @ NUM |
Plot Template Manager b - %
v
Input N
Advanced Search Add as Sheam Export
Save
:
For Help, press F1 @ NUM |

Summary Pane

The Summary Pane can be viewed in both the Description and Definition Tabs. The Summary Pane shows

inputs, calculation ou
varies with object.

tputs, warnings, and has hyperlinks to the Units and Databank Managers. This window

14



Calculation Status Output

The Calculation Status Output window shows progress, errors, warnings, temporary file locations, and other
data.

*||Starting Calculation
Calculating SinglePoint
Unit Set: Metric [moles]

A -

tic Chemistry Model
Ag (H+ ion) Databanks:
Aqueous [H+ ion]
Using K-fit Polynomials
T-zspan: 25.0 - 225.0
*P-gpan: 1.0 - 201.0
= = differs from default.

Trace enabled: Level=1 Filename="C:\Users\DIANA~1 MIL\AppD ata\lLocal\Temp\OLIB72a0\0LI2c2a2_SinglePoint. oue'

Calculation Complete! v

Caleulation Output

Thermodynamic Frameworks and their Databases

You can access the databanks from the Menu Bar: Chemistry > Model Options... or via the quick access from
the Tool Bar.

There are three main thermodynamic frameworks in OLI Studio. The user can pick the thermodynamic
framework that is more suitable for their chemistry. These are the AQ (Aqueous), the MSE (Mixed Solvent
Electrolyte), and the MSE-SRK (Mixed Solvent Electrolyte — Soave Redlich-Kwong) Thermodynamic
Frameworks. A more detailed description of each framework is given below:

Aqueous (AQ) Thermodynamic Framework

The OLI Aqueous (AQ) thermodynamic framework is a mature electrolyte activity coefficient model that predicts
the properties of solutions up to 30 molal ionic strength. lts accompanying database contains 6,000 species for
80+ elements (metals and non-metals) across multiple oxidation states.

This AQ framework is suitable for applications involving electrolytes, gases and hydrocarbons dissolved in
water.

The AQ framework utilizes the Bromley-Zemaitis activity model:

AlZ,Z_INT (0.06 + 0.6B)|Z,Z_|NT

lo =—
2 1+ (1+ 15 1)2
|Z,Z_|

+BI+CI*+DI?

The model can produce valid results in the following ranges:

Temperature -50-C to 300°C
Pressure 0 - 1500 bar
lonic Strength 0 — 30 molal
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The AQ-framework selects the PUBLIC ' database by default. Frequently there is more to the chemistry than
what is covered in the PUBLIC database. The following is a partial list of additional databases available in the
AQ framework:

Aqueous (H* ion) — Public Database and selected by default
Geochemical (AQ)

Ceramics (AQ)

Corrosion (AQ)

Low Temperature (AQ)

Alloys (AQ)

lon Exchange (AQ)

Surface Complexation Double Layer Model (AQ)

Mixed Solvent Electrolyte (MSE) Thermodynamic Framework

A system’s thermodynamic properties are calculated from two sources; the first is from the Temperature and
Pressure dependent standard-state Gibbs energies (i.e., GO(T, P) ) of each species present. The second is
from the temperature, pressure and composition dependent excess Gibbs energy (i.e.,y;(im,T)) for each
species present. In the combined relationship, the partial molal Gibbs energy of the i*" species is, G, = G? +
RT Inm,y;, where G? is the standard-state partial Gibbs energy and y; is the activity coefficient. This activity
coefficient y;, is computed using the MSE theory. A comprehensive explanation of the MSE theory is given in
Wang et al. [7].

The MSE framework utilizes the MSE activity model which contains the extended Debye-Huckel term, that
accounts for long-range interactions, an UNIQUAC term that accounts for short-range interactions, and a
middle-range that includes the ionic interactions:

logy; = logy?® +logy{"® + logy/®

The model can produce results for the following ranges:

Temperature -50°C — 10 90% Terit
Pressure 0 — 1500 bar
lonic Strength no limit

The MSE framework contains the following databanks:

MSE (HsO" ion) — Selected by default

Corrosion (MSE)

Geochemical (MSE)

Urea (MSE)

Surface Complexation Double Layer Model (MSE)

1 The PUBLIC database is the older OLI database, containing nearly 70 percent of the thermodynamic data available from OLI and 100
percent of the supporting information.
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Mixed Solvent Electrolyte with Soave-Redlich-Kwong Equation of State (MSE-
SRK) Thermodynamic Framework

The MSE-SRK model is based on the Mixed-Solvent Electrolyte (MSE) framework, which provides a very
accurate representation of electrolyte systems in both aqueous and mixed-solvent (e.g., glycol-containing)
environments. The MSE-SRK framework combines an equation of state for standard-state properties of
individual species, an excess Gibbs energy model to account for solution non-ideality in the aqueous electrolyte
phase, and the Soave-Redlich-Kwong equation of state (SRK EOS) to calculate the properties of the gas phase.
The MSE-SRK framework, however, provides a different treatment of the non-electrolyte-rich second liquid
phase for liquid-liquid equilibria. MSE-SRK assumes the second (usually organic-rich) liquid phase to be non-
ionic and reproduces its properties using the SRK EOS. This allows the MSE-SRK framework to reproduce the
critical behavior of nonelectrolyte systems more easily.

In the MSE-SRK model, the electrolyte-containing (usually aqueous) liquid phase is represented by a
combination of the Helgeson-Kirkham-Flowers (HKF) equation of state for standard-state properties and the
MSE activity coefficient model for solution nonideality. Accordingly, the chemical potential of a species iin a
liquid (electrolyte) phase is calculated as:

ub = ufP¥(T,P) + RT Inx* (T, P,x) M

where yf'o'x(T, P) is the standard-state chemical potential from the HKF theory [9], [10], x; is the mole fraction,
andx;y;"" (T, P, x)is the activity coefficient from the MSE theory of Wang et al. [7], which accounts for long-range

electrostatic, specific ionic, and short-range intermolecular interactions.

The second liquid phase is assumed to be non-ionic and is modeled using the Soave-Redlich-Kwong equation
of state (SRK-EQOS) [11]. The chemical potential in the non-ionic liquid phase is then calculated as:

uf = uf (1) + RT In 2226002 2

where yf'O(T) is the chemical potential of pure component i in the ideal gas state, y; is the mole fraction,
¢;(T,P,v) is the fugacity coefficient from the SRK-EOS, P is the total pressure, and P° = 1 atm.

The properties of the gas phase are also obtained from the SRK equation according to Equation (2).
The MSE-SRK framework contains the following databanks:

MSE (HsO" ion) — Selected by default

MSE-SRK (H3O* ion) — Selected by default
Corrosion (MSE)

Geochemical (MSE)

Urea (MSE)

Surface Complexation Double Layer Model (MSE)
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Component Search

You can access the Component Search from the Menu Bar: Tools > Component Search... or via the quick

]

access from the Tool Bar .

Note: When using the Component Search tool, you should be aware that the tool will only show components
in the database that you have selected.

The Component Search option opens a new window where you can search for the component of interest by
typing the component name or look up components using the Periodic Table option. In the periodic table option,
you have 3 search options:

Any of selected: Will show elements that you have selected
All of selected
Only selected

Component Search - Databanks (MSE) ? X Component Search - Databanks (MSE) ? X
Look Up Component  Periodic Table Look Up Component  Periodic Table
T Novt. [T Ui [ee H e o] [
Benzene 1.0079 Hydrogen -
Benzen, elhyl CasNo [T1432 Na|Mg ' afsi|p]s|ci]ar
Benzene, nitro- )
Benizene:1 3-dicarbonyle acid Fomula [CEHE K |ca| sc| Ti VICran Fe|Co| Ni|Cu|Zn|Ga| Ge| As|Se|Br|Kr
Phase Information Rb|Sr| Y | Zr NbIMo Tc|Ru|Rh|Pd|Ag|Cd| In |Sn|Sb|Te| | |Xe
Aqueous Cs|Ba|La| Hf Talw Re|Os| Ir | Pt] Au|Hg| TI |Pb| Bi|Po| At |Rn
* = Match O or more characters Vapor
2 = match any single character Fr{Ra| Ac
Structure Synonyms Lanthanide Series |Ce | Pr |[Nd|Pm|Sm|Eu |Gd] Tb | Dy|Ho| Er |[Tm|Yb | Lu
“anulene 2 actinide Series [Th|Pa| U |Np|Pu|Am|Cm| Bk | Cf | Es |Fm|Md|No| Lr
Benzene
BENZENE C2H2 ~ || Search Options
Benzene C14H10 O Any of selected
Benzene CEHE
Benzol CaHg O All of selected
Benzole Cl0H22 @® Only selected
CEHE C11H24 oo
CEHE C12H26
CBHE C13H28 {
Coal naphtha C14H30
Cyclohexatiiene C15H32 v
Phene v st
63 species Add to Stream
Close Cancel Help Cancel Help

In any of the two options for component search, you can click on the Add to Stream button to add the
component in your chemistry.
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Names Manager

You can access the Names Manager from the Menu Bar: Tools > Names Manager... or via the quick access
HACL

from the Tool Bar BT

The Names Manager option opens a new window where you can select the component name style. There are
three different styles:

Display name: This is the name that is commonly displayed when a species is entered. This is the default
display. For example, Benzene, Cyclohexane, Sodium Chloride

Formula: This is the chemical formula name. For example, C6H6, C6H12, NaCl

OLI Name (TAG): This is the traditional name for the species stored internally in the OLI software. For example:
BENZENE, CYCLOHEXAN, NACL (Note: These names are usually for OLI internal use).

Additionally, you can select if you prefer the mineral name to appear after the solids. For example, NaCl (halite),
KCI (sylvite), etc.

Names Manager ? X

Name Style  Search Criteria  Names Dictionary

Component Name Style
() Display name
Use Names Dictionary
® Formula
(O 0Ll Name [TAG)

Show mineral name after solids

The selected style will be used for displaying compaonent
names in tables and lists.

Cancel Apply Help
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Units Manager

You can access the Units Manager from the Menu Bar: Tools > Units Manager... or via the quick access from
G+
the Tool Bar *F .

If you are changing units at the Global Stream Level, the Units Manager tool will open a new window where
you can change the default units for the whole document. You can also select the default units of the different
calculation objects.

| u
0=

At the Stream Level, the Units Manager tool will open a slightly different window and will change the units only

at the Stream Level and Calculation Level.

= % N2 e we WL e MdEmr G RE
Mavigator gax [
Document1® ] Default Units for Document | ? >
&
‘,‘ Streamns Default Units
B Stream
L SinglePoint I
Object Type All v
Default Units Brine
Contour
EVv3Standard
. Facilities
Metric Gas P Moles v 4
HCSaturator
Mixer
= = MixingWater
Actions 1 oil
Actions Customize.., | |2aturator
= . Scenario
&) Add Stream F=] Add EVS Calculatic Stream
(& Add Mixer & Add Brine Analysi: WaterAnalysis
Tl Add Water Analysis  # Add Oil Analysis Mote: Changes made to default units only apply to new objects. Existing
objects will not be modified.
<
Plot Template M ‘
ot Template Manager [l Cancel pary rop
[ ™ 1 1-Span: £3.U - ZZ0.U

| —
D & B X 11vasol2 Red me2l¥t s | #MEs: S B
Mavigator L - x ¢
Document1™® |
|4 Streams 8 Nacerintian &3 Definition & Danar
| Units Manager - Stream | ? K
o A eFaint Units Manager I
55
Metric ~ |Batch ~  |Moles - 4 =
110
55
Customize. . B
Actions L.
| Actions
‘&) Add Stream &) Add Survey
= £ OK Cancel Apply Help
&) Add Mixer |B) Add Chemical Diag [
4] Add Single Point @Add Stability Diagrar |

The default units are Metric, Batch and Moles, but you can change to any of the following default options:
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Scale Metric
Scale
Scale English

You can customize specific units, by clicking on the Customize... button. This will open a new window where
you can customize composition units, parameters units, and corrosion units. You can also select units for a
Batch system or a flowing system.

Edit Units - Stream 5 X ‘
(® Batch System () Flowing System
Composition |parameters  Corrosion
Variable Basis Units ]
Stream Amourit Moles mol
Inflows Moles mol
Output variables
Agqueous Composttion Moles mol
Vapor Composition Moles mol
Saolid Composition Moles mol
2ndd Liguid Composition Moles mol
Total Composition Moles mol
Basis options
Moles [mol |
Mass
Yolume
Concentration kg
Molar Concentration kg
. mg
:alssFFra’;uun (i100)
jole Fraction metric ton v
oK Cancel Help

Edit Units - Stream

Composition Parameters

Edit Units - Stream

Composition | Parameters | Corrosion

? X

(® Batch System (O Flowing System

? X

(®) Batch System () Flowing System

Variable Units
Angular Velocity cyclenin
Corrosion Rate mimsyr
Caorrosion Current Density Atsg-m
Length/Diameter cm
Potertial W (SHE)
Shear Stress Pa
Yolumetric Pipe Flow m3is
Welocity mis

Cancel Help

Variable | Units [~
Temperature |*C |
Pressure | atm |

[
Time: | hr
Alkalinty mg HCO3L
Density gt
Electrical Conductivity, molar m2ohm-mol |
Specific Electrical Conductivity pmhoscm |
Energy cal |
Energy, Molar | calimol |
Entropy | cali |
Entropy, Molar calimol K |
Fugacity atm
Heat Capacity calig K
lonic Strength (x-based) malinol
lanin Chrancdia (m hacad) el 1 .
Cancel Help
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Another option to access the Units Manager tool is by clicking on the units highlighted in blue. This is a
hyperlink to the Units Manager tool, and there you can make changes to the units.

e Stream Parameters
Stream Amount (mol) 56.5082
Temperature ("C}) 25.0000
Pressure (atm) 1.00000
T Inflows (maol)
H20 \ 35.5082
FeCl3 1.00000

Customize Toolbars

You can access the Customize Toolbars from the Menu Bar: Tools > Customize... or via the quick access

from the Tool Bar E . This will open a new window where you can disable or enable toolbars under Toolbars
tab.

Under the Commands tab, you can also add your preferred buttons in the tool bar. If you click on any of them,
it will give you a description of the actions the selected button will perform.

Customize *
Toolb C d |
Toolbars: Categories: Buttons
Standard Show Tooltips Mew. .. Standard [¢] el
[ | Full Screen Streams & Calcs: T T e
[*|Chemistry Model Options Cool Lock Beset ScaleChem pr| [pp] [cp] Fs O3
M [ Large Buttons Chemistry
Tools
Select a category, then click a button to see its description. Drag the button
to any toolbar
Description
Add an lsothermal calculation to the cument stream.
Tools
Cancel oK Cancel
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Calculation Options

You can access the Calculation Options from the Menu Bar: Tools > Options... or via the quick access from

R
the Tool Bar i . This will open a new window. Under the Calculation Options tab you can enable or disable
the following options:

General

Allows you to disable or enable the status dialog (a popup window that appears after pressing the calculate
button)

Diagnostics

Enable trace. This is a file containing the detailed solver output. It is generally used to diagnose why a
calculation may have failed.

Optional Properties

Diffusivities, electrical conductivity, heat capacity, activities, fugacities, and K-values, Gibbs free energy,
entropy, thermal conductivity, surface tension, interfacial tension, Total Dissolved Solids, Scaling Induction

Time, and pre-scaling tendencies.

Calculation Options - Survey ? 4

| Calculation Options | Convergence

General Diagnostics
Show status dialog [JEnable trace
Verbose
’/’6ptional Properties ""\\
' Diffusivities and Mohilities [:B‘ \
[ biffusivities Matrix
Viscosity

Electrical Conductivity

[IHeat Capacity

Activities, Fugadties, and K-Values

[ Gibbs Free Eneray

[CJEntropy

Thermal Conductivity

Surface Tension

Interfadal Tension

[ Total Dissolved Solids (TDS)- Rigorous method
[ sealing Induction Time(s) Advanced...
[Jpre-scaling Tendendes

Method
Estimated Rigorous

Cancel Apply Help
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Object Library

You can access the Object Library from the Menu Bar: View > Toolbars > Object Library.

This option will create a new window (to the right). You can find commonly used objects like standard sea water,

dry air, etc.

My Objects — save your own objects, such as a commonly used stream. You can drag an object and save it
here for your future use.

¢ OLl Studio - [Document1*] - O X
W7 File Edit Streams Calculations Chemistry Toolsindow Help - &8 %
DSHE| %8BS 2| Wlsu Pty CHE: G RIS
| Navigator g - x| £ View 5 ||Object Library g v x|
Document1* | My Objects
, Arrange lcons > = = -
8} streams Descr L Plot [El Report J File Viewer Standard Objects
: ine up lcons
E|0 Stream Survey by
4\ SinglePoint Full Screen i ~
-4 Survey S 2 fopEEie < Arabian Gulf  Basic
St Toolbars > I ~  Standard o] SeaWater...  Produc...
Tem w#  Status Bar ~  Chemistry Model Options
e -
s | ~  Tools @ @
e Inflows (mol) i Dry Air Extended
Hz0 Calculation Status Independently Produc...
NaCl +  Calculation Output Tagether
i ~  Actions @ @
Calculate S
+~  Plot Template Manager — @ | Muoist Air Pseudo
v  Navigator (30% hu... Components
: Object Library ‘Q @
| Actions g - x
8 Temperature survey:
Actions > Range  25.0t0 100.0°C Sea Water Seawater
Stepsize 5.0°C (Malecul..
No. steps 15 s s
No secondary survey selected
Unit Set: Metric (moles) Standard Water
Seawat... Analysis
Automatic Chemistry Model
Agueous (H+ ien) Databanks:
|Plot Template Manager L o x Agueous (H+ ion)
Using K-fit Pelynomials
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
w Isothermal Calculation
= 25.0000 *C 1.00000 atm
Input 1 2 3 4 5 g e )
Calculation complete
Advanced Search Add as Stream Expart - v e amn
Save
,||Calculation Complete! &
v
@ NUM

Tip: If by accident we lose a tool bar, we can go to View > Toolbars >... and select the toolbar that is missing.
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For all calculations we will create one or more objects, referred to as a Streams, which are used to define a
particular chemistry, temperature, and pressure.

There are five different types of calculations that can be carried out in OLI Studio: Stream Analyzer: Single
point, Survey (multiple point), Water Analysis, Mixer, and Chemical Diagram calculations. A brief definition of
each type of calculation is given below.

Point

Add
Chemical
Diagram

Add Stream is used to add a New Stream as a molecular input and define a specific
chemistry.

Single Point Calculations are used to find information (pH, volume, speciation, etc.)
at one specific equilibrium state.

Survey Calculations are useful for plotting changes in stream parameters against
temperature, pressure, or composition.

Water Analysis allows you to enter ionic inflows, i.e., allows you to enter anions and
cations.

Mixer Calculations are useful for mixing different streams. You will familiarize
yourselves with its four different mixing options, Single Point Mix, Multiplier, Ratio, and
Volume.

Chemical Diagram Calculation allows you to create a stability map for species
based on concentration and other parameters such as pH. A contour map is created
showing the user where some solids are stable and where others are not.

In this chapter several examples will be provided to cover all these calculation types.

25



Section 1. Single Point Calculations

Single point calculations are the simplest set of calculations in the software. There are 13 different single-point
calculation types, and a brief explanation of each single point calculation is provided below.

¢ OLI Studio (Version 12.0.0 Beta) - [Document1*] -_ a X
B File Edit Streams Calculations Chemistry Tools View Window Help - | & %
DEE & & 2K 1LVvasol2 Red me2lfft i @ME: S REN
Navigator . x
g L3 A
Document1* |
4, Streams &/ Description [&¥ Definition (&l Report I File Viewer
=& Stream Type of calculation
+ A\ SinglePoint [ | Variable Value e it
= Stream Parameters Specs...
Stream Amount (mol) 55.5082 { Erthismal
Temperature (*C) 25.0000 ‘ .
Isenthalpic
Pressure (atm) 1.00000 sl
= — Bubble Point —
v T < Inflows (mol) . A
PR H20 _ 55.5082
Vapor Amount
Vapor Fraction
Isochoric
Set pH
Precipitation Point
% Composition Point
Reconcile Alkalinity
Autoclave
Custom
Plot Template Manager L - X
v
Input
Advanced Search Add as Stieam Export
ave
x
g
3
3
For Help, press F1 @@

Isothermal: The software computes solution properties based on a known chemical composition at a constant
temperature and pressure.

Isenthalpic: A constant enthalpychange (loss/gain) is specified, and temperature or pressure is adjusted to
meet the heat requirements.

Bubble Point: The temperature or pressure is adjusted to reach a condition where a small amount of vapor
(bubble) begins to appear (a.k.a. boiling point).

Dew Point: The temperature or pressure is adjusted to reach a condition where a small amount of aqueous
liquid (dew) begins to appear.

Vapor Amount: The temperature or pressure is adjusted to produce a user-specified amount (in moles) of

vapor in the system.



Vapor Fraction: The temperature or pressure is adjusted to produce a user-specified amount of vapor as a
fraction of the total quantity of moles in the system.

Isochoric: The temperature or pressure is adjusted to produce the user-specified total volume (constant
volume calculation).

Set pH: The software adjusts the flowrate of an acid or base titrant to maintain an aqueous solution at a user-
specified pH.

Precipitation Point: The software adjusts the flowrate of a species until a small amount of solid precipitates.
This can also be interpreted as the solid’s solubility point.

Composition Point: The composition point calculation is used to fix a species value. The software adjusts the
flowrate of a species until it reaches the user - specified/fixed species value.

Reconcile Alkalinity: The software calculates or reconciles the alkalinity of a solution. There are several
reconciliation types within this option: Reconcile pH, Reconcile Alkalinity and pH, and Reconcile Alkalinity, pH
and TIC.

Autoclave: The software simulates a constant volume vessel (autoclave) in which mass, pressure and
temperature are allowed to vary to reach a user-specified mole fraction or partial pressure of key gases in the
vapor phase.

Custom: With the calculations stated so far, variables are predefined. For instance, we must select either
temperature or pressure as a variable in the dew point calculation. With Custom single point calculations, we
can manipulate a wider variety of variables; for example, you can set up a custom calculation to determine the

solubility of a gas in solution.

In this section, we will learn how to set up each one of these single point calculations, and will also introduce
how to use custom units, the names manager, modify the report, and other useful tips to get the most out of
your simulation results.
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Isothermal

The default and most basic single point calculation is the Isothermal calculation. The software computes
solution properties based on a known composition, pressure, and temperature.

Example 1: Speciation and its importance for pH calculations
After completing this example, you will learn how to set up an Isothermal calculation and will also get a better
understanding of the importance of full speciation on the calculation of pH. Let’s calculate the pH of a 1 m FeCls

solution at 25 °C and 1 atm.

Starting the Simulation

To start the software, double-click the OLI Studio icon on the desktop, which will take you to the OLI LH‘I
Studio interface where you can start creating your calculations. 1201

Let's create a new stream. Click on the Add Stream located in the Action Pane. When a stream is created
only H20O is present in the grid. Its cell is yellow because it cannot be removed, it is a permanent inflow.

For this example, we are going to use the MSE-Databank (The default databank)

Type FeClI3 in the white cell below H20 inflows grid, and press <Tab> or <Enter>

Enter the value 1.0 mol in the next cell.

¢ OLIStudio (Version 12.0.0 Beta) - [Document2*] —_ O X
B File Edit Streams Calculations Chemistry Tools View Window Help - 8%
Dz & B R 11vasol2 Red med+ff st ME: SRH
Navigator 3 - 6
Document2*
¢ Streams & Description [&¥ Definition [Z] Report
& Stream
N Variable Value Add Caleulation  ~
< St P; 1
ikl docostli Special Conditions
Stream Amount (mol) 56.5082 X
Temperature (*C) 25.0000 [ Solids Oy
Pressure (atm) 1.00000
= Summary
Actions T A% Inflows (mol)
Actions | H20 55.5082 Unit Set: Metric (moles
r r r r r FeC3 1.00000
| & l | ‘-igl | A ! | & | |= i - Automatic Chemistry Model
= — — — — MSE (H30+ ion) Databanks
Add Stream  Add Mixer  Add Single Add Survey Add MSE (H30+ ion
Point Chemic... Using Helgeson Direct
[y f
= )
= = >
Add Stability Add
Diagram Corrosi...
Plot Template Manager p - x
Input
Advanced Search dd as Stre Export
x
B
o
S
For Help, press F1 @ NUM




Note: By default, the software populates the stream parameters table with 25°C, 1 atm, and 55.5082 moles of water. This amount of water
is 1 kg of water. All of OLI's internal agueous concentrations are based on the molal concentration scale. You will see this value frequently
throughout this manual. This effectively makes any component concentration a molal concentration.

Also, notice that the stream amount will be automatically calculated from the sum of the component inflows. To indicate that the summation
has occurred, the grid will highlight the stream amount cell in green.

Click the Description tab to change the name of the Stream. You can also
change the name using the <F2> key or by right-mouse clicking on the object
and selecting rename.

Change the generic name Stream to pH of 1 m FeCI3

Add the following Description: Isothermal calculation - calculating the pH of
FeCI3 1 molal solution

Go back to the Definition Tab

) OLl Studio (Version 12.0.0 Beta) - [Document2*] - O X
B File Edit Streams Calculations Chemistry Tools View Window Help h .
hed 2K 1L1vasol2 Red miifs s JEgms G BE
Navigator g 4 x "
Document2*
48 Streams &’ Description [&¥ Definitipn, [&5] Report
& pHofaimFeCi3
Name: |[pH of a Tm FeCI3 | Date:[3/7/2024 [
Description
Isothermal calculation - calculating the pH of a 1 molal FeCl3 solution ~
Actions g~ X
Actions

TS Y RN R B

Add Stream  Add Mixer  Add Single  Add Survey Add
Point Chemic...

@ | < )V

Add Stability  Add

Diagram Corrosi...
Summary
Unit Set: Metric (moles
Automatic Chemistry Model
MSE (H30+ ion) Databanks
MSE (H30+ ion
Plot Template Manager L - x Using Helgeson Direct
Save
x
v
i
E]
=
o
For Help. press F1 @ NUM
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Now, we are ready to perform a calculation

Go to the Add Calculation button

Select Single Point

Note: By default, the software selects the Isothermal type of calculation

think simulation | getting the chemistry right

¢ OU Studio (Version 12.0.0 Beta) - [Document2*] —_ a
W7 File Edit Streams Calculations Chemistry Tools View Window Help - &8 x
DFHE @ | 2K Lvasol2 Res mesifsms ‘ ﬂ%ﬂ%}ﬁl/&"
Navigator +==]up
Document2*
l“ Streams & Description [&¥ Definition Report
.4 pHofalmFeCi3 . e
Variable [ Value
< Stream Parameters
Stream Amount (mol) 56.5082 @ 5 cro t}
Temperature (*C) 25.0000 "'"'7 )
Pressure (atm) 1.00000 Chemical Diagram
Summary
Actions L ~xX) 5 oW (oY) — Stability Diagram
Actions 52 i Unit Set Corrosion Rates
— — — T FeC3 1.00000
A Automatic Chemistry Model
E] @ @ D MSE (H30+ ion) Databanks
Add Stream  Add Mixer  Add Single  Add Survey Add l:!SE (H?.Ovion?
Point Chemic... Using Helgeson Direct
g
\ »
Add Stability Add
Diagram Corrosi...
Plot Template Manager gL - X
v
Input
Advanced H Search Add as Stream Export J
Save L.
x|
»
LY
2
2
o
For Help, press F1 @8 NUM
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All the required variables have been entered, and the Calculate button has turned green. Click on the

Caleulate @ | button. You can also press the <F9> key to run the calculation.

Note: The calculation button has three colors depending upon the specifications:

Red - Insufficient specifications for a calculation

— Incomplete specifications but calculation can continue

Green — Completed specifications, the calculation is ready

¢ OLI Studio (Version 12.0.0 Beta) - [Document2*] - O X
B File Edit Streams Calculations Chemistry Tools View Window Help - & x
D 11 VaSol2 Red medl¥ s 03 @B S BE N
Navigator - x|
== A
Document2* |
¢ Streams & Description [&¥ Definition [ Report 2 File Viewer
&-& pHofa1m FeCl3 Type of calculation
A SinglePoint J e | Value e tek
|s Stream Parameters |zothermal - Specs...
Stream Amount (mol) 56.5082
Temperature (*C) 250000 Calcylate @ |
Pressure (atm) 1.00000 Summary
vz = 7 '7 ) Inﬂovul. (mol) -
Actions H20 55.5082 Unit Set: Metric (moles)
FeC 1.00000 | Automatic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct
Isothermal Calculation
25.0000 °C 1.00000 atm
3 Calculation not done
Plot Template Manager L - X
v
Input
= Advanced Search Add as Stream Export
J4ave
VK
»
s
3
3
For Help, press F1 @@ NUM

31



Please save the file (File >Save as...) and type an appropriate name, for example Single Point Calculations.

OLI Studio - [Decument1*]

- X
File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
I] New Ctrl+MN Cancel |
[ Open- 0 Go12 [Res me s tims MBS HFE D
e Close
LY
Do Save Ctrl+5 b
b Description Definition 5] Report
im
lhpott Variable Value
Print... Ctrl+P = Stream Parameters Special Condiions
Print Preview Stream Amount (mel} 56.5082 )
Temperature (*C) 250000 [ solids Only
Print Setup...
Pressure (atm) 1.00000 SLTnlwﬁwar'_n,uﬁ Subform
Properties = Inflows (mol)
H20 55.5082 Unit Set: Metric (moles)
1 Barossa Scale Model-3.0ad FeCl3 100000
2 Barossa Scale Model-3.0ad Automatic Chemistry Model
o q (H+ ion) Databanks:
3 Intertek Polarization.oad Agueous (H+ ion)
4 Intertek Polarization.oad Using K-fit Polynomials
E T-span: 25.0 - 225.0
|: Exit *P-gpan: 1.0 -201.0
Acl * = differs from defautt
[&] Add Stream =) Add Stability Diagra
@ Add Mixer Add Corrosion Rate
Add Single Point
) Add Survey
Add Chemical Diagram
£ >
|Plot Template Manager L o« x
Input
Advanced || Search Add az Stream
Save
x
L3
&
Save the active document with a new name @ NUM

32




When the “Calculation is complete” a check mark appears on the calculation object & Now, let us analyze
the results of the simulation.

0 OLI Studio (Version 12.0.0 Beta) - [Example 1 - Single Point Calculations] - O X
i File Edit Streams Calculations Chemistry Tools View Window Help - & X
D& | 2K 1LVvaSol2 Red metifs s ME: S EEN
Navigator g X A
Example 1- Single Point Calculations |
&% Streams & Description &¥ Definition [ Report LI File Viewer
= H of a 1m FeCI3 .
= ‘ P D_ s -e J Variable val Tupe of calculation
& SinglePoint . L e fa
= Stream Parameters |sothermal > Specs...
Stream Amount (mol) 56.5082
Temperature (*C) 25.0000 | Calculate @
Pressure (atm) 1.00000  Summary
s = _r Inﬂows. (mol) [ )
Actions H20 | 55.5082 Unit Set: Metric (moles
Jrend i Automatic Chemistry Model
MSE (H30+ ion) Databanks
MSE (H30+ ion
Using Helgeson Direct
Isothermal Calculation
25.0000 °C 1.00000 atm
& | Phase Amounts
Aqueous 58.5583 mol
Vapor 0.0 mol
Solid 0.0110050 mol
Agueous Phase Properties
pH 1.48627
lonic Strength  0.0556967 mol/mol
Density 1.12834 g/ml
MntTernplate Manager % =% Calc. elapsed time: 0.087 sec
v Calculation complete
Input  Output
= Advanced Seaich Add as Stream Export
Save
3 ~
% iCalculation Complete!
3
ﬁ v
For Help, press F1 @ NUM
Analyzing the Results

The summary box displays a partial set of results including pH, density, and volume, as well as the total
calculation time.

The pH is calculated to be approximately 1.49
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Let’'s analyze the simulation results in more detail

Click on the Report Tab
Scroll down and find Species Output (True Species). You will find a list of all the different species present in

the aqueous phase.

6 OLI Studio (Version 12.0.0 Beta) - [Example 1 - Single Point Calculations] - a X
B File Edit Streams Calculations Chemistry Tools View Window Help -8 X
D=l & %K 11vasSolz Red me+lfs i ME:: S B
Navigator g - x
Example 1 - Single Point Calculzl i @
&8 Streams & Description [&¥ Definition B Report I File Viewer
=& pHofalmFeCi3
4y SinglePoint Jumpto:  Species Output (True Species) @ @ |2 & | Customize Expart
Species Output (True Species) s
Row Filter Applied: Only Non Zero Values
column Filter Applied: Cnly Non Zero Values
Actions g ~ X
Aehone Total Liquid-1 Solid
mol mol mol
H20 55.4183 55.4183 0.0
Cl1 2.10599 210599
FeCl+2 0.89331 0.89331
Fe+3 0.0834103 0.0834103
H30+1 0.0449718 0.0449718
FeOH+2 0.0118615 0.0118615
Fe(OH)3 (Bernalite) 0.011005 0.011005
FeCl2+1 3.47658e-4 3.47658e-4
FeO+1 3.00349e-5 3.00349e-5
Fe2(0OH)2+4 1.75659e-5 1.75659¢-5
HCI 3.75364e-9 3.75364e-9
R e R Rl HFe02 263362e-10  2.63362e-10
OH-1 5.3521e-13 5.3521e-13
Fe02-1 3.6281e-18 3.6281e-18
Total (by phase) 58.5693 58.5583 0.011005 h v
Save
f|] 5
3 Calculation Complete! N
For Help, press F1 @ NUM

Why is the pH so low?

The aqueous iron species complexes the hydroxide ions. The water dissociation reaction shifts in the direction
that replenishes the hydroxide ions 2.

2 Le Chatelier's Principle. P.W.Atkins. Physical Chemistry. W.H. Freeman and Company, San Francisco (1982) p 269.
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This equilibrium is always present:

H,0 = H* + OH™ 3
Speciation Reactions
First iron (Il) chloride dissociates:

FeCly; —» Fe®* +3CUI
Then the Fe®* interacts with water; hydrolysis reaction:

Fe** + H,0 —» FeOH?** + 2H*
Then another water molecule enters into the reaction:
FeOH?** + H,0 o Fe(OH)," + H*

These last two reactions take up the OH" from solution, and release H* into the solution.

More speciation reactions occur, but the reactions above were shown as an illustration. The following is a list
of all the species that are formed in the aqueous phase:

Fe* FeCly*1 Fe(OH):° H200
FeCl*2 Fe(OH)z*! OH-" HCIo
FeOH*2 H*1 FeCly Fea(OH):*
cl FeCls0 Fe(OH)s "

pH Calculation
The pH is calculated using the following formula:
pH = —log(my+yy+)

For the pH calculation the molality and the activity coefficient of the H* species is needed. To reveal the activity
coefficients calculated by software follow the steps below.

3 This hydrolysis reaction is the generic form found in most aquatic textbooks. OLI uses this reaction in the AQ
framework. In the MSE framework, a more advanced reaction is used: 2H20=H30+ + OH-
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Click on the Customize Button

Select Species Activity Coefficients
Click OK

é o Report Contents 4 B
i Fil =%
Cat — |
D& ategory Report Contents b ‘ ['::} E » ‘
1 | [ Report Contents :
|Navigaty Calculation Summary, To add or remove a section, click the check box. A shaded box
Examp St Il means that only part of the component will be printed. To see what's
KON HYRHYE included in a component, click Details.
l“ Str] Speciation Summary i Br
B-é Strsam P. y Sections
Total/Phase Flows Calculation Sumrmary " Q g, |8 Export
: . Stream Inflows | L
Scaling Tendencies s
Scaing Induction Ti Speciation Summary
LG heveion 1§ Stream Parameters
Species Output Total/Phase Flows ~
Molecular Output /| Sealing Tendencies
Element Balance Sealing Induction Time
—‘m Species Activity Coe :ideciesl Dglpul
—— Species Fugacities olecular Output Liquid-1 Solid
Action Partial Pressures g |Emenl Balance - -
Spec?es K-Vélﬁes Species Fugacities
Species Mobilities Paitial Pressures B 554183 0.0
Species Self Diffusiv Species K-Values 5 210599
Vapor Phase Diffusi Species Mobilities
Gibbs Free Energy o Species Self Diffusivities U 0.89331
Gibbs Fres Ei Vapor Phase Diffusivity Matrix
E;t':pyree it Gibhs Fres Fnemu nf Famatinns > B 0.0634103
Entropy - Standard S ? p 0.0449718
Raaation Kiebics Up Down Select All Clear All B 0.0118615
Redox Equati
S Description P 0.011005
This section displays the true species activity coefficients. # 3.47658e-4
b 3.00349e-5
. b 1.75659¢e-5
6 of 23 Sections selected 5 27536400
(PlotTen | < 2 @ b|  263362e-10
B 5.3521e-13
Cancel Apply Help
B 3.6281e-18
[ 1 [Total by phase) 58.5693 58.5583 0.011005 v
Save
x ~
»
#|Calculation Complete! S
o
For Help, press F1 @ a NUM
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Go to the Report and scroll down or use the Jump to option and select Species Activities/Fugacity
Coefficients.

¢ OL Studio (Version 12.0.0 Beta) - [Example 1 - Single Point Calculations] - [m] X
B File Edit Streams Calculstions Chemistry Tools View Window Help - & %
N P S PN 1Lvasol2|Red meiftwd ME: 4G EEN
Navigator g - x A
Example 1 - Single Point Calcul;|
&} Streams &/ Description [&¥ Definition Report _} File Viewer
=-& pHofalmFeC3 -
& SinglePoint @ Jumpto | Stream Parameters v @ S 9 Cusomze Export
Stream Parameters
Total and Phase Flows [Amounts)
Scaling Tendencies A
Streal Species Output (True Species)
Element Balance
| Species Activity/Fugacity Coefficients
oolumn P pTRREhi Ao St
Actions g« x
Actions Mixture Properties
Stream Amount 56.5082 mol
Temperature 25.0000 "C
Pressure 1.00000 atm
Liguid 1 Properties
pH 1.48627
lonic Strength (x-based) 0.0556967 mol/mol
lonic Strength (m-based) 3.26679 mollkg
Dielectric Constant 63.2146
Osmotic Pressure 127.060 atm
Specific Electrical Conductivity 2.29051e5 gmho/cm
Plot Template Manager ¥ =) ity, 1.64483 P
Thermal Conductivity 492192 callhrm *C
Surface Tension 0.0747997 N/m
Standard Liquid Volume 1.04076 L v
Volume, Std. Conditions 1.02898 L
Save
2 ~
»
*|Calculation Complete! >
o
For Help, press F1 @B NUM

Thus, the pH is:
pH = —log(my+yy+)
pH = —10g[(0.049012)(0.660195)]
pH = —10g[0.032357]
pH =1.49

Itis time to save your file (File >Save as...) or using the save icon in the tool bar. We save this example initially
as Single Point Calculations.
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Example 2: Calculating the pH of an acetic acid solution

In this example, we will explore an isothermal calculation, and how to set up the right units before you start your
calculation. Let us calculate the pH of a 10 wt% acetic acid solution. The temperature and pressure will be 75°C
and 1 atm, respectively.

Starting the Simulation
Add a new Stream
Click on the new Stream and press <F2> to change the name to Isothermal — acetic acid

Select the MSE thermodynamic Framework (selected by default)

Click on the Units Manager Icon, and the Units Manger window opens

0 OLl Studio (Version 12.0.0 Beta) - [Example 1 - Single Point Calculatiogs® — O *
B File Edit Streams Calculations Chemistry Tools View Help - 8 X
D H 2K e o ol | @AERS |G
Navigator o+ x oD
Documentt g
Example 1 - Single Point Calculations* Description
e:‘ﬁ
= pH of a 1Tm FeCl3 Hame: |Streams Date: | 3/7 /2024 |o
-4y SinglePoint
Isothermal - acetic acid e
Description
~
Actions o~ % w
Actions < v
OO % ¢
o nl I I Summary
Add Stream  Add Mixer Add
Optimizer
Automatic Chemistry Model
MSE (H30+ ion) Databanks:
e s in W MSE (H30+ ion)
Using Helgeson Direct L\\)
Flot Template Manager L e x
Save
For Help, press F1 @ NUM
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Click on the Customize Button

Units Manager - Isothermal - acetic acid ? et

Units Manager

|Metr1'c V| |Batd'1 V| |Mules V| III

Q

| K | | Cancel Apply Help

Let's change only the Inflows units. Click on the white box, select the drop-down arrow next to the unit, and
select Mass Fraction. Click OK, to exit the Units Manager and go back to the Definition tab.

Edit Units - [sothermal - acetic acid ? X

(@) Batch System () Flowing System

Composition  Parameters  Corrosion

Variable | Basis | Units P
Inflow variables
Stream Amount Moles
Inflowes Ma=s Fraction
Output vari Maszs
Agqueous Composition Moles mol
Wapor Composition Concentration miol
Solid Composition Malar Concentration —
2nd Liguid Composition Mole Fraction mel
Total Composition mol
Baszis options
Moles mol
[Mazs g
Wolume L
Concentration mg/L
Molar Concentration molL
ass Fraction mazs Y|
Mala Fractinn rmnla OL =

o| =1 =1 -
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Note: The default unit is mass%, however you can change it to other to ppm (mass) or g/g.

Mass Fraction
Mnla Framstinn

ppm (mass)

We are now ready to enter the information to set up the single point calculation.

Go to the Add Calculation button and select Single Point. Select the default calculation type — Isothermal
Change the name to pH using the <F2> key or by right-mouse click on the object and selecting rename
Change the temperature to 75°C and pressure to 1 atm

Type Acetic Acid in the white cell below H20 inflows grid, and press <Tab> or <Enter>

Note: If the name Acetic Acid changed to the formula type i.e., CH3COOH, or the OLI TAG name, i.e., ACETACID, you can change

the name style to Display Name by clicking on the Names Manager icon S

Enter the value 10 mass% in the next cell.

Note: When using mass-fraction units, it is assumed that the amount of water will be the difference of the components entered. In

this case, the value field is highlighted in yellow to inform you that the value will be determined from the values of the other components.

Click on the Calculate button
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0 OLl Studio (Version 12.0.0 Beta) - [Example 2 - Single Point Calculations] — O e
[®7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DD“‘HH(: E|§‘? *—" L1VaSoL2|Rei|mseisM|§Eimi‘
Mavigator L o~ X
l Ty
Document1
Example 2 - Single Point Calculations Description [¢F Definition [ Report L3 File Viewer
“‘ streams E Type of calculation
- pHofalmFeCl3 Variable Value ~
0 SinglePoint = Stream Parameters |zothermal - Specs...
lsothen acetic acid Stream Amount (mol) 55.5082
& pl Temperature (*C) 75.0000 Calculate
Pressure (atm) 1.00000 Surnmary
= Inflows (mass %)
Water 50.0000 Unit Set: <Custom=
d i i i
Acetic acid 10.0000 " ic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct
Isothermal Calculation
75.0000 *C 1.00000 atm
Phase Amounts
Agueous 107527 g
I|Actions g = x
Actions Agueous Phase Properties
h pH 220495
lonic Strength  9.7942%e-5 molmol
Density 0.983266 g/ml
Calc. elapsed time: 4.811 zec
Calculation complete
I|PIotTempIahe Manager L - x
Input  Output
Advanced Search Add as Stream Export
Save
For Help, press F1 NUM
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Analyzing the Results

After the calculation is complete, another way of analyzing the results is using the Output mini-tab.

Click on the Output mini-tab at the bottom of the grid
Right-click on the gray area and select Sections

Select Additional Stream Parameters

O OLI Studic (Version 12.0.0 Beta) - [Example 2 - Single Point Calculations]
B File Edit Streams Calculations Chemistry Tools View Window Help
Ow TN | 11 vasSol2|Red med s s

MNavigator L o+ X
Documentt
Example 2 - Single Point Calculations

%

6: Streams

5. & pHofa 1m FeCl3 ad Variable
4y SinglePoint
& lsothermal - acetic acid [ Stream Amount (mel)

Loy pH L Woles (True) - Liquid-1 (mol)

Temperature (*C)
Pressure (atm)

Water
Acetic acid

Actions I
Actions

Flot Template Manager L o x

Input  Qutpitwses

Advanced
Save

For Help, press F1 ~  Hide Zero Val

Sections

e Stream Parameters

= Inflows (mass %)

Units Manager...
Save default layout

Generate Model

Tune nf ralrlatinn

Stream Parameters

~  Calculation Results

+~  Inflows

Related Inflows

Additional Stream Parameters [9
Phase Flow Properties
Thermodynamic Properties
Pre-scaling Tendencies
Pre-scaling Index

Scaling Tendencies

Scaling Index

Liquid-1

Vapor

Solid

Meolecular Apparent

Totals

Molecular Totals

MBG Totals

Activity Coefficients

Fugacity Coefficients - Vapor
Fugacities - Vapor

K-Values

Gibbs Free Energy

Gibbs Free Energy Standard State (x-based)
Entropy

Entropy Standard State (x-based)
Mobilities

Self Diffusivities

Partial Pressures

hd Specs...

el
anks:

B

t9e-5 mol'mol
nl

2EC

& NUM

The Sections section offer more results such as Thermodynamic Properties, Scaling Tendencies, Equilibrium constants (K-
values), etc., that you can further explore.
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So, the calculated pH of this acetic acid solution is approximately 2.3.

Variable | Value = Type of calculation
b Stream Parameters | |zotherrnal - | | Specs.. |
|_|:_| Stream Amount (mol) 555082
L Moles (True) - Liquid-1 [mel) 55,5082 Calculate &8 |
Temperature ("C}) 75.0000 Summary
Pressure (atm) 1.00000
= Inflows (mass %) Unit Set: =Custom=
Water 895587 Automatic Chemistry Model
Acetic acid 9.93997 MSE (H30+ ion) Databanks:
o EOGITOTET STEaNT PATAETETS MSE (H30+ ion)
Density - Liquid-1 (a/ml) 0933266 Using Helgeson Direct
- lzothermal Calculation
Density - Total (g/mi) 0.983268 75.0000 *C 1.00000 atm
Dielectric Constant - Liquid-1 567447 Phase Amounts
lenic Strength (m-based) - Liguid-1 (molkg) 5.61843e-3 ? Agueous 107527 g
lenic Strength (x-based) - Liguid-1 (molmel) 9.79429e-5
- g = aze Prope [1 IB-S
pH 2.25485 oH 279495
Standard Liguid Volume - Liguid-1 (L} 1.07368 lonic Strength 9.794259e-5 mol'mol
Total Dissolved Solids (ma/L) 934159 Density  0.983266 giml
Calc. elapsed time: 0.785 sec
Calculation complets
W
Input  Otput
| Advanced || Search || Add as Stream || E sport |

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created in Example 1 named as Single Point Calculations.
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Bubble Point

Liquid boils when its vapor pressure exceeds its confining pressure. Boiling occurs by adding heat (isobaric
boiling) or reducing confining pressure (isothermal boiling). Either way, the effect is the same: a vapor phase
forms. Stream Analyzer calculates this phenomenon using a calculation type called Bubble Point. Since the
OLI software does not assume an air phase, the confining pressure acts like a plunger on a liquid’s surface.
The pressure the plunger exerts is the pressure specified in the software.

With the software, the temperature or pressure is adjusted such that a very small amount of vapor will form (i.e.
1x10-10 of the total stream amount in gmoles). This is another way of saying that the bubble point calculation is
a determination of the boiling point. Usually, we determine the temperature at which a solution will boil. If the
pressure is set to 1 atm, then we calculate the Normal Boiling Point. If we set a constant temperature, then
we determine the bubble point pressure.

Example 3: Calculating the Bubble Point of a 1 M Acetone Solution

In this example, we are going to compute the bubble point of a 1 M Acetone solution by changing the
temperature (isobaric) and then the pressure (isothermal). Additionally, you will learn how to change the Inflows
units from moles to moles/L (M).

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Bubble Point Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount 1L
Calculation Sub-type Bubble Point Temperature 25°C
Stream Name Acetone Bubble Point Pressure 1 atm
Name Style Display Name Water Calculated
Unit Set Custom Acetone 1 mol/L
Framework MSE

Calculating the Bubble Point Temperature (Isobaric)

Add a new Stream

Click on the new Stream and press <F2> to change the name to Acetone Bubble Point
Select the MSE thermodynamic Framework

Click on the Names Manager Icon, and select the Display Name option, and click OK
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Click on the hyperlink mol next to Stream Amount

This will open the Units Manager.

Mames Manager ? >
Mame Style  Search Criteia  Mames Dictionany
Component Mame Style
(®) Display name
Use Mames Dictionary
Variable | Value
= Stream Parameters
Stream Amount (mel 55.5082
Temperature (:C) 25,0000
Pre=sure (atm) 1.00000
= Inflows (mol)
Water 55.5082

automatically set the Stream amount as Volume in Liters. Then click OK.

Edit Units - Acetone Bubble point

Composition  Parameters Corrosion

? X

(®) Batch System () Flowing System

Variable | Basis | Units Py
Inflow variables
Stream Amount Volume L
Inflows - | mol’L
Output variMass
Aquenus Composition Moles mol
Vapor Composition ' mol
Solid Composition mol
— = ass Fra
2nd Liguid Composition Male Fraction mol
Tetal Compoesition mol
Basis options
Moles mol
Mass g
Volume L
Concentration mgfL
Melar Cencentration mol’L
Mass Fraction mass % -
Mnla Fractinn mnla 0L
| 0K | | Cancel | | Help |

Under Inflows, select the option of Molar Concentration. It will

Type Acetone in the white cell below H20 inflows grid, and press <Tab> or hit <Enter>, and then enter the

value 1.0 mol/L in the next cell.

Go to the Add Calculation button and select Single Point calculation
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Change the SinglePoint name to Bubble Point Temperature using the <F2> key
Select Bubble point as Type of Calculation.
A new section appears in the grid, called Calculation Parameters. By default, the Temperature Bubble Point

calculation is selected. For this calculation leave the default calculation: Temperature

Note: In the drop-down arrow you have the option to select Bubble Point Temperature or Bubble Point Pressure.

Variable Value ~
= Stream Parameters
[=] Stream Amount (L} 1.00000
— Density correlation Parent stream condition
— Stream: Temperature (*C) 25.0000
L— Stream; Pressure (atm) 1.00000
1| Temperature (*C) 25,0000
& | Pressure (atm) 1.00000
= Calculation Parameters [
] Calculate Temperature
] = Inflows HlEWSEENE
B VWater ! Pressure I
Acetone 1.00000

Note: There are also two dots to the left of the Temperature and Pressure rows. The yellow dot represents the “dependent”
variable. The temperature value, 25.000 is colored green. This value is now an initial guess since the final value will be
computed. The brown dot adjacent to the Pressure variable indicates that this potentially dependent variable is “fixed”.

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key.

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Single Point Calculations.
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Analyzing the Results

Review the Summary Box. The temperature at the bubble point is computed to be 87.48°C at 1 atm. Also notice
that the Vapor amount is 5.27e-9 moles out of the total Aqueous amount of 52.79 moles. This is by design;
the software sets the amount of vapor at 1/10t the moles of the stream amount.

Unit Set: =Custom=

Automatic Chemistry Model
MSE (H30+ ion) Databanks:
WMSE (H30+ ion)
Using Helgeson Direct

Bubble Point Calculation
1.00000 atm
87.4831°C

Phaze Amountz
Agueous S2.7855 mol
apor 5.27858e-9 mol
Solid 0.0 mal

Agueous Phase Properties
pH 6.23325
lonic Strength  1.05633e-8 mol'mol
Density  0.954351 g/ml

Calc. elapsed time: 0.752 sec

Calculation complete:

Calculating the Bubble Point Pressure (Isothermal)
This next calculation computes the bubble point pressure for the same stream.

Select the Stream named Acetone Bubble point

Go to the Add Calculation button and select Single Point calculation
Change the SinglePoint name to Bubble Point Pressure using the <F2> key
Select Bubble point as Type of Calculation.

Change the Calculate-Temperature row to Calculate-Pressure

= Calculation Parameters

Calculate 1 Pressure vl
e Inflows (molL)

Water

Acetone 1.00000

Click on the Calculate button or press the <F9> key.
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It is time to save your file (File >Save as...) or using the save icon in the tool bar.

Analyzing the Results

Review the Summary Box. The bubble point pressure is computed to be 0.0700550 at 25 °C. Also notice that
the Vapor amount is 5.27e-9 moles out of the total Aqueous amount of 52.78 moles.

Unit Set: <Custom:

Automatic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion}
Using Helgeson Direct
Bubble Point Calculation
25.0000 °C
0.0700537 atm

Phase Amounts
Agueous  S2.78585 mol
Vapor 5.27855e-5 mol
Solid 0.0 mol

Agueous Phase Properties
pH 6.99771
lonic Strength  1.81463e-9 mol'mol
Density  0.990977 g/ml

Calc. elapsed time: 0.048 2ec

Calculation complete

Dew Point

The Dew Point is defined as the temperature at which a condensable component of a gas, for example water
vapor in the air, starts to condensate into a liquid. OLI Studio: Stream Analyzer calculates this phenomenon
using a calculation type called Dew Point. With the software, the temperature or pressure is adjusted such that
a very small amount of liquid will form.

It is frequently useful to determine the temperature or pressure at which a gas will condense. If the pressure is
set constant, we calculate the dew point temperature; if the temperature is constant, then we determine the
dew point pressure.

Example 4: Calculating the Dew Point of a Simple Sour Natural Gas

In this example, we are going to compute the dew point of a simple sour natural gas, by changing the
temperature (isobaric) and then the pressure (isothermal).
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Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Dew Point Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount | Default — 55.5082 moles
Calculation Sub-type Dew Point Temperature 120 °C
Stream Name Sour Natural Gas Dew Point | Pressure 100 atm
Name Style Display Formula H20 Calculated
Unit Set Metric, Mole Fraction CO2 1 mole %
Framework MSE CHas 95 mole %
H2S 3 mole %

Calculating the Dew Point Temperature (Isobaric)

Add a new Stream

Click on the new Stream and press <F2> to change the name to Sour Natural Gas Dew Point

Select the MSE thermodynamic Framework

Click on the Names Manager Icon, and select the Formula option, and click OK

Mames Manager ? X

Mame Style  Search Criteia  Mames Dictionary

Component Mame Style
() Display name
lIse Mames Dictionany

(®) Formula

Click on the Units Manager Icon, and select Metric, Batch, Mole Frac. This will change all inflows to mole %.
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Units Manager - Sour Matural Gas Dew Point ? X
Units Manager
Metric w Batch Mole Frac, k
Conc.
Malar Conc.
Males
e Mass Frac.
Mass
Cancel Apply Help
Enter the composition of the gas given in the table above
Go to the Add Calculation button and select Single Point calculation
Change the SinglePoint name to Dew Point Temperature using the <F2> key
Select Dew point as Type of Calculation
Keep the Calculate-Temperature option
B Variable Value
e Stream Parameters
Stream Amount (mel) 55.5082
e} Temperature (*C}) 120.000
5] Pressure (atm} 100.000
e Calculation Parameters
Calculate Temperature
T Inflows (mole %)
Hz20 1.00000
coz2 1.00000
CH4 55.0000
HZ2S 3.00000

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

Create a new SinglePoint and name it Dew Point Pressure. Repeat the steps above, and select the Calculate-

Pressure option

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.
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Analyzing the Results

Review the Summary Box. The calculated dew point temperature is 94.9154 °C . The calculated dew point
pressure is 472.561

Dew Poaint Dew Point
Temperature Pressure
Unit Set: Metric (mole fraction) Unit Set: Metric (mele fraction)
Automatic Chemistry Model Automatic Chemistry Model
MSE (H30+ ion) Databanks: MSE (H30+ ion) Databanks:
MSE (H30+ ion}) MSE (H30+ ion)
Using Helgeson Direct Using Helgeson Direct
Dew Point Calculation Dew Point Calculation
100.000 atm 120.000 *C
91.9154 °C 472.551 atm
Phase Amounts Phase Amounts
Agueous 5.55082e-5 mol Agueous  1.00000e-8 mol
Vapor 55 5082 mol Vapor 55.5082 mol
Solid 0.0 mol Solid 0.0 mol
Agueous Phase Properties Agueous Phase Properties
pH 377521 pH 3.58375
lonic Strength  3.15475e-6 mol'mol lenic Strength  5.08513e-6 molmol
Density  0.950536 g/ml Density  0.953852 g/ml
Calc. elapsed time: 0.437 sec Calc. elapsed time: 0.043 sec
Calculation complete Calculation complete

Note: The software sets the amount of liquid to 1/10° of the stream amount for the dew point calculation.

You can study the composition of the acid gases such as CO2 and HzS dissolved in the Aqueous phase.
After you have calculated the Dew Point Pressure, click on the Report Tab. Scroll down or use the Jump to
option to go to the Species Output (True Species).

Jump ter | Species Dutput (True Species] ~ | @ Ek Customize Export
Species Output (True Species) A
Row Filter Applied: Onfy Non Zero Values
column Filter Applied: Onhy Non Zero Values

Total Liquid-1 Vapor
male % male % male %
CH4 95.0 0.346846 95.0
H2S 30 0.305546 30
coz 1.0 0.0428733 1.0
H20 1.0 99.3036 0.999998
H30+1 9.16104e-12 5.08513e-4
HS1 T.77131e12 4.31372e-4
HCO31 1.38954e-12 7.71308e-5
OHA 1.91059e-16 1.06054e-8
C03-2 6.99104e-19 3.88067e-11
52 5.6492e-20 3.13577e-12
Total (by phase) 100.0 100.0 100.0

Note: This image is for the “Dew Point Pressure” calculation
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The aqueous phase, also known as Liquid-1 in the MSE framework, is shown in the center column. The
dissolved CH4, H2S, and COz are 0.347, 0.305, and 0.043 mole % respectively.

Isochoric (constant volume)

The Isochoric calculation fixes the total system volume and adjusts the temperature or pressure. This can
be understood in a gas-phase from the basis of the Ideal Gas Law:

PV =nRT

If temperature is the free variable, then the above equation becomes T = %, meaning that for a given volume,
pressure, and gas moles, temperature can be obtained.

You will run a calculation, in which the system moles, temperature and volume are defined.
Example 5: Calculating the Total Pressure of a 10 L Vessel Containing Water and Air

In this example, you will add 1 kg water to a 10 L vessel and then fill the void (head space) with Air. The
temperature is 25 °C.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Autoclave Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Default — 55.5082
Calculation Sub-type Isochoric Ambient Temperature 25°C
Stream Name Isochoric H20 55.5082
Name Style Display Formula N2 77 moles
Unit Set Metric, Moles 02 21 moles
Framework MSE CO2 1 mol
Calculate Pressure Ar 0.04 moles
Vessel Volume 0L

Add a new Stream

Click on the new Stream and press <F2> to change the name to Isochoric
Select the MSE (default) thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the gas composition in the table above

Go to the Add Calculation button and select Single Point calculation
Change the SinglePoint name to 10L Vessel using the <F2> key

Select Isochoric as Type of Calculation
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In the Calculation Parameters section set Total Volume to 10 L and Calculate Pressure. (To select

Pressure, click on the drop-down arrow).

N Variable Value
= Stream Parameters
Stream Amount (mel) 154.548
7] Temperature (*C) 25.0000
[ Pressure (atm} 1.00000
= Calculation Parameters
Total Volume (L) 10.0000
Calculate | Pressure -
= Inflows (mol)
Hz20 55.5082
N2 77.0000
02 21.0000
coz 1.00000
Ar 0.0400000

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the Results.
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Description Definition [5 Report

J Variable Value ~
= Stream Parameters
I_f_l Stream Amount {mel) 154548
}— Moles (True) - Liquid-1 (mal) 55.6610
L Moles (True) - Vapor (mal) 98.8871
@| Temperature ("C) 25.0000
? CHCTEoTT RES T =TTy T
It:r Pressure | 3[!4.356|
T WS Tl T
H20 55.5082
N2 77.0000
0z 21.0000
coz 1.00000
Ar 0.0400000
W
Input  Output
Advanced Search Add as Stream E wpart

Type of calculation

|zochoric -

Calculate 468

Surnmary

Specs...

Unit Set: Metric {moles)

Automatic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct

lsochoric Calculation
25.0000 °C
304.866 atm

Phase Amountz
Agueous  55.6510 mol
apor 98.8871 mol
Solid 0.0 mel

Agueous Phase Properties
pH 3.54821
lenic Strength  2.11978e-5 mol/mol
Density  1.00310 g/ml

Calc. elapsed time; 0.746 =&c

Calculation complete

About 304.9 atm of pressure are needed to compress the 154.55 moles of gas and liquid into a 10-L volume

vessel at 25 °C.

Go to the Report tab and view the Total and Phase Flows (Amount) table.

Total and Phase Flows (Amounts)

column Filter Applied: Only Non Zero Values

Total Ligquid-1 Vapor
mal mol mal
Mole (True) 154548 55.6610 988871
Mole (App) 154.548 55.6611 98.8871
a q g
Mass 387462 10058.05 2869.56
L L L
Volume 10.0001 1.00194 8.99811
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The system is 10 L as defined (within the 1/108 tolerance). The water phase makes up slightly more than 1 L
and the balance is vapor. At this pressure, about 0.1527 moles of water evaporates, and contributes to the total
moles of vapor.

Vapor Amount and Vapor Fraction

The vapor amount and vapor fraction calculations are identical in nature to the Bubble Point calculation,
except that instead of the software defining the vapor amount as 1x10-0 of the total stream amount, the user
defines the vapor size in either mole fraction units (vapor fraction) or mole units (vapor amount). To create a
specified amount of vapor (or vapor fraction) the software can adjust the temperature (or pressure).

Example 6: Evaporating a Brine

In this example, you will concentrate a brine via evaporation adjusting the temperature, until reaching a vapor
fraction amount of 95 mole %.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Vapor Fraction / Vapor Amount Point Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Default - 1 kg
Calculation Sub-type | Vapor Fraction Temperature 25°C
Stream Name Brine Evaporation — Vapor Fraction Pressure 1 atm
Name Style Display Formula H20 Calculated
Unit Set Metric, Mass Fraction NaCl 9 mass %
Framework MSE CaS0q4 1 mass %

Calculating the Vapor Fraction Temperature (Isobaric)

Add a new Stream

Click on the new Stream and press <F2> to change the name to Brine Evaporation — Vapor Fraction
Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Mass Frac. This will change all inflows to mass
%.
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Units Manager - Brine Evaporation - Vapor Fraction ? >

Units Manager

Metric w Batch = Mass Frac, 4

Moles

Male Frac.
Molar Conc.
Mass

Conc.,

Customize...

Cancel Apply Help

Enter the gas composition given in the table above.

Go to the Add Calculation button and select Single Point calculation

Change the SinglePoint name to Vapor Fraction Temperature using the <F2> key
Select Vapor Fraction as Type of Calculation

Enter 95 as the Vapor Fraction amount.
Note: The software will convert the 1 kg to mole units and will put 95% of this in the vapor phase.

Keep the Calculate-Temperature option

J Variable Value -
= Stream Parameters
Stream Amount (kg) 1.00000
o Temperature ("C} 25.0000
o Pressure (atm) 1.00000
= Calculation Parameters
Vapor Fraction (Vapor/nflow [mell) (mole %) §5.0000
&= Inflows [mass %)
H20 50.0000
NaCl 9.00000
Ca30D4 1.00000

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box. The calculated temperature to put 95% (mole based) of the total stream amount in
the vapor phase is 109°C, however the results in the summary box are given in mass. Let’s go to the Report.
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Unit Set: Metric (mass fraction)

Automatic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct

Vapor Fraction Calculation
1.00000 atm
108.805 °C

Phaze Amounts
Agueous 0.0243143 kg
apor 0.882612 kg

Solid 0.0930728 kg

Agueous Phase Properties
pH 6.40682
lonic Strength  0.0990622 mol/mol
Density 1.167938 g/ml

Calc. elapsed time: 0.131 sec

Calculation complete

Select the Report tab and scroll down to Total and Phase Flow (Amounts) Table.

Jurmp to: | Total and Phase Flows [Amounts) ~ @
Total and Phase Flows (Amounts)
colsmn Filter Applisd: Cinly Non Zero Valuss
Total Liguid-1 Vapor Solid
mol mol mol mol
Mole (True) 51.6887 1.20091 439923 1.49547
Mole (App) 51.5708 1.08307 48.89923 1.49547
kg kg kg kg |
Mass 0.9959949 0.0243143 0.882612 0.0930728
L L L cm3
Volume 151882 0.0208174 151876 417748

The apparent moles (Mole (App)) are the molecular representation of the system. There is a total of 51.5708
moles in this system, and exactly 95% of this system is in the vapor phase with a total of 48.9923 moles.
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Set pH

The Set pH calculation is a useful tool in analyzing or designing a process. It allows you to create a solution
that conforms to a premeasured pH. Other applications include designing a system to meet an operational pH
or testing the impact of adding an acid or base to a system.

Example 7: Neutralizing Acetic Acid

In this example, you will compute the amount of base titrant required to neutralize a 1 molal acetic acid solution.
You will assume a neutral system at 7 pH and 25°C.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Set pH Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation | Stream Amount Default
Calculation Sub-type Set pH Temperature 25°C
Stream Name Neutralizing Acid Pressure 1 atm
Name Style Display Formula H20 55.5082 (Default)
Unit Set Metric, Moles CH3COOH 1 mol
Framework MSE Target pH 7.0
Setting the pH

Add a new Stream

Click on the new Stream and press <F2> to change the name to Neutralizing Acid
Select the MSE (Default) thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles (default units). Click OK.

Units Manager
Metric v Batch Moles v Lg
Customize...
oK Cancel App Help
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Enter 1 mol of CH3COOH as an inflow

Go to the Add Calculation button and select Single Point calculation

Select Set pH as Type of Calculation

Change the SinglePoint name to Neutralizing acetic acid using the <F2> key

A new grid section named Calculation Parameters appears. In this grid the Target pH can be defined, as well
as the Acid and Basic titrants. The default titrants are HCl and NaOH (common) and so no additional
specifications are required except to set the pH.

| Variable _ Value
= Stream Parameters
Stream Amount (mol) . 56.5082 |
Temperature (°C) 25.0000 |
Pressure (atm) - 1.00000 '
K" Calculation Parameters
. i Target pH - 0.0 |
Use Single Titrant ' No
pH Acid Titrant | HCL |
pH Base Titrant ' NAOH
3 Inflows (mol) _
H20 N 55.5082 |
CH3COOH B 1.00000 |}

Note: The default titrants can be changed by other acids or bases by adding the desired titrant as an inflow.
The titrants in the Set pH calculation can be also set using the Specs button.

Calculation Options ? X
Category %DH
Calculation Options Select an acid and base to adjust to meet the specified pH.

[JUse Single Titrant Hide Related Inflows

Acid Base

CH3COOH CH3COOH

H20 H20

he

The default acid and base are already set, so no additional work is required. If a different acid/base is desired, then the New

Inflow button can be used to find additional components.

59



Enter 7 as the Target pH value
Use the default titrants: HCL and NAOH

J Variable _ Value
< Stream Parameters
Stream Amount (mol) [ 56_5{}8:2"
Temperature (*C) 25.0000
Pressure (atm) 1_00000'
< Calculation Parameters
®| TargetpH 7.00000 |
Use Single Titrant No e
pH Acid Titrant HCL
pH Base Titrant NAOH
Inflows (mol)
H20 ' 55.5082
CH3COOH 1.00000

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the Results. About 0.996 moles of NaOH is

needed to neutralize 1 mole of acetic acid to 7 pH.

Variable | Value
= Stream Parameters
ﬁ Stream Amount {mol)y 57.5044
L Moles (True) - Liguid-1 (mel} 58.3643
Temperature (*C} 25.0000
Preszure (atm) 1.00000
= Calculation Results (mol)
|| pH titrant added: NaOH | 0.995144
e Inflows (mol) b
Hz20 55.5082
CH3COOH 1.00000
NaOH 0.995144
Input
Advanced [ Search Add as Stream Export

Ll

Tupe of calculation

Set pH - Specs...

Calculate &8 |

Summary

Unit Set: Metric (moles) ~

Automatic Chemistry Model
MSE {(H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct
Set pH Calculation
25.0000 °C
1.00000 atm
TargetpH 7.00000
Acid Titrant: HCI
Total 0.0 mol
Base Titrant: NaOH
Total. 0.996144 mol
Added: 0955144 mol

Phase Amounts
Agueous 58.3548 mol
Vapor 0.0 mol
Solid 0.0 mol

Agqueous Phase Properties
pH 7.00000
lonic Strength  0.0147421 molmol
Density 1.03528 g/ml

Calc. elapsed time: 1.301 =ec v
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Precipitation Point

The precipitation point calculation computes the amount of material held in solution at given conditions and
forces a very small amount of solid to exist. This calculation could be also called a solubility calculation.

Example 8: Determining the Solubility of Calcite (CaCOs)

Equilibrium based simulators suffer from a potential problem, that the most stable solid will tend to be included
over less stable (meta-stable) solids. Such is the case of calcium carbonate. Calcium Carbonate (CaCO:s3) is
found in nature in many forms. Two common forms are the more thermodynamically stable solids, Calcite and

the less stable form Aragonite.

In this example, we will compute the solubility of CaCOs as Calcite in a solution containing Ca*2, Mg*?, and CI-
as well as dissolved CO:..

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Precipitation Point Calculation

Calculation Settings Stream Com_p_osnmn and
Conditions

Calculation Type Single Point Calculation Stream Default - 1 kg
Amount

Calculation Sub-type Precipitation Point Temperature 25°C

Stream Name Solubility of CaCO3 — Precipitation Point | Pressure 1 atm

Name Style Display Formula H20 Calculated

Unit Set Metric, Mass Fraction (ppm (mass)) CaCl2 10870 ppm (mass)

Framework MSE MgCI2 9325 ppm (mass)
Cc02 431 ppm (mass)
CaCO3 0 ppm(mass)

Calculating the Precipitation of Calcite (CaCOz3)

Add a new Stream

Click on the new Stream and press <F2> to change the name to Solubility of CaCO3 — Precipitation Point
Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Mass Frac. This will change all inflows to mass%.

However, you need to change the units to ppm (mass), to do this Click on the Customize button.
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Units Manager - Sclubility of CaCO3 - Precipitation ... ? >

Units Manager

Metric w Batch Mass Frac, 4

e

Mole Frac.

Customize... Conc.
Mass

K Cancel Apply Help

This will open the Edit Units window. Change the units from mass% to ppm (mass).

i

Edit Units - Solubility of CaCO3 - Precipitation Point ? >
(®) Batch System () Flowing System

Composition  Parameters Corrosion

Variable | Basis | Units P
Inflow variables
Stream Amount Mass kg
Inflows Mass Fraction mass %
Qutput variables
Agueous Composition Mass Fraction mass %
apor Composition Mass Fraction mass %
Solid Composition Mass Fraction mass %
2nd Liguid Composition Mass Fraction mass %
Total Composition Mass Fraction mass %

Basis options

Moles

Mass

Volume
Concentration
Malar Concentration

Mass Fraction
Mala Frarctinn

—
(]
[}
=}
i
I
[

=

o

Enter the stream composition given in the table above.

Go to the Add Calculation button and select Single Point calculation
Select Precipitation Point as Type of Calculation

Change the SinglePoint name to Calcite Precipitation using the <F2> key



At this point you may have noticed that the Calculate button is red, and that there is a red text in the Summary
Box with instruction that additional specs are needed. The specifications need to be defined in the Calculation
Parameters grid section.

Description Definition [ Report

Variable | Value Type of calculation
= Stream Parameters ‘Precipitation Paint: vl Specs...
Stream Amount (kg) 1.00000
Temperature (°C) 25 0000 Calculate @ |
Prez=sure (atm) 1.00000 Summary
= Calculation Parameters
@®| Precipitant: <aelect= Unit Set: «<Custom=
Adusted Inflov: <select Automatic Chemistry Model
= Intlows [ppm (mass)) MSE (H30+ ion) Databanks:
H20 9.79374e5 MSE (H30+ion})
caciz 108700 Using Helgeson Direct
MaC2 932500 Pr;c;p[:t;;grzlcpmnt Calculation
coz2 431.000 1.00000 atm
cacos 0.0 Precipitate: Mot specified.
Adj. Inflowe: Not specified.
Calculation not done
Please =elect a target solid.
Pleaze select a variable to adjust.
It
Advanced Search Add az Stream Export

Select the CaCO3 (Calcite) as the Precipitant (note: you may need to scroll down)

Select CaCO3 as the Adjusted Inflow

= Calculation Parameters
o Precipitant: CaCO3 (Calcite)
T Inflows {ppfHZO
coce
CaClz coz
co2 431.000
CaCo3 0.0

The Precipitant refers to the independent variable — in this calculation, the solid phase selected will
precipitate at amount of 1.0x10-° times the stream amount.

The Adjusted Variable is the variable to be changed by the software until the solid target amount is achieved.
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Note: The precipitation point parameters can be also set using the Specs button.

o

M File Edit Streams Calculations Chemistry Tools View Window Help
D= PN Mvasolz [Res|mriErwsr @ME: LG EEN
Navigator g = x|

4.7 Precipitation Point call
i £y Dew Point Tem

Calculation Options ? X

Dew Point P Categorny initati L
e I¢ heuf oint Pres| PFrecipitation Point Ty elalan
sochornc
| g 10 L Vessel - Calculation Options Hide Related Inflows New Inflow FEEEEEn
E‘ Brine Evaporation Adusted Vanable
& Vapor Fraction Calculate &
| 5@ Neutralizing Acid MoCIZ.2Call2 BH20 ~ Hzo
E-e g MaCl2.12H20 CaClz SUNITERY
w4 Neutralizing A MgClz.2H20 MaCi2
|| =~ & Selubility of CaCO MaCl2.4H20 coz Unit Set: <Custom:
i d Calcite Precipi ischoli
& alctie Frecipg MgCIz2 BH20 (Bischoite] Automatic Chemistry Model
— - MgCi2.3H20 MSE (H20+ ion) Databanks:
ctions 1 MgCI2 HCL7HZ20 MSE (H30+ ion)
Actions MgOH]2 [Brucite] - Sol Using Helgeson Direct
M0 [Periclase] - Sol Precipitation Point Calculation
- 25.0000 °C
1.00000 atm

w

Precipitate: CaC03 (Calcite)
Adj. Inflow: CaCO3

Select the precipitant to precipitate and the adiusted vanable to adiust until Total 313.080 ppm (mass)
the: solid forms. Phase Amounts

Agueous  1.00032 kg
Solid 1.00087e-13 kg

Agueous Phase Properties
pH 6.06957
lonic Strength  0.0108617 molmol
Density  1.01473 g/ml

{| Plot Template Manager 1

Calc. elapsed time: 1.577 sec

Calculation complete

Cancel Apply Help "

C. ion C.

Cale + %

For Help, press F1 @& NUM

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Single Point Calculations.

Analyzing the Results
Review the Summary Box or Click on the Output-Minitab to see the Results.

The software calculated that the solubility of CaCOs as Calcite in the solution under study is around ~313.1
ppm (mass). The pH of this solution is ~6.07.
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Description Definition [ Report

Variable [ Value = Type of calculation
e Stream Parameters | Precipitation Point = | [ Specs... i
[=] Stream Amount (kg) 1.00032
| Mass - Liquid-1 (ko) 1.00032 Calculate & |
L— Mass - Solid (kg) 1.00087e-13 Summary
Temperature ("C} 25.0000
Pressure (atm) 1.00000 Unit Set: «<Custom=
Calculation Result:
m— alculation Results (ppm (mass)) Automatic Chemistry Model
Adjusted Inflow: CaCO3 | 313.080 MSE (H30+ ion) Databanks:
TNTIOWS (PP [Mass )| MSE (H30+ ion})
Hz0 07906485 US_‘"Tg Ijlelges-nn Direct .
caco 108666 Pr;c;p[:t;;grzlcpmnt Calculation
MgCi2 9322.05 1.00000 atm
coz 430 BG4 ¥ Precipitate: CaCO3 (Calcite)
Adj. Inflow: CaCO2
CaC03 313.060 Total 313.080 ppm (mass)
Phase Amounts
Agqueous  1.00032 kg
Solid 1.00087e-13 kg
Aqueous Phase Properties
pH 6.06957
lonic Strength  0.0108517 molmel
Density  1.01473 g/ml
- Calc. elapsed time: 1.577 sec
Iput Dutput Calculation complete
| Advanced || Search || Add as Stream || Expart |

You can also check the results in the Report Tab. Click the Customize button and Select Stream Inflows.
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Report Contents

Category

[=- Report Contents
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peciation Summary
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Feport Contents
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To add or remove a section, click the check bow, A shaded box
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=
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Wapor Phase Diffusivity Matrix
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ntropy - Standard §
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- Redox Equations
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5

Up Dawn Select Al

escription

This section displaps the stream inflaws.

of 23 Sections selected

Cancel Apply

Clzar &1 m

Help

Calculation Complete!

Cap = %

For Help, press F1

@B

NUM

Notice that the concentrations have changed slightly. This is to accommodate the additional 313.1 ppm CaCOs
needed to meet the calculation specifications.

Stream Inflows

Row Filter Applied: Onhy Mon Zzro Values

Input

Qutput

Species

ppm (mass)

ppm {mass)

H20

0.79374e5

§.79064e5

CaCi2

10870.0

10866.6

MgCl2

9325.00

932205

co2

431.000

430864

CaCo3

0.0

313.080
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Example 9: Determining the Solubility of Aragonite (CaCOs)

Calcite is the thermodynamically stable phase of calcium carbonate. Aragonite, calcite's orthorhombic
polymorph, is about 1.5 times more soluble than calcite 4. At surface conditions, aragonite spontaneously turns
into calcite over geologic time, but at higher pressures aragonite, the denser of the two, is the preferred

structure.

In this example, we wish to determine the solubility of the less thermodynamically stable solid, Aragonite,
independently of the more stable solid Calcite. To do this, we need to modify the solid phases in the chemistry

model.

Starting the Simulation
Calculating the Precipitation of Aragonite (CaCO3)

Under the Stream Solubility of CaCO3 — Precipitation Point, Add a Single Point calculation

Select Precipitation Point as Type of Calculation

Change the SinglePoint name to Aragonite Precipitation using the <F2> key
Select the CaCO3 (Calcite) as the Precipitant

Select CaCO3 as the Adjusted Inflow

= Calculation Parameters
@ Precipitant: CaCO3 (Aragonite)
Adjusted Inflow: | CaC03 |

For this example we need to modify the chemistry model.

Click on Chemistry > Model Options

B File Edit Streams Calculations Chemi[gj Tools View Window Help
0w B M P
Navigator g - = Templates >
Document1

- - - Meodel Options...
Example 9 - Single Point Calculations* .

I - — — | 1 -

uilt Models o L o d e

finition 5 Report L& File

Select the Phases tab

Click on the “+” next to the Ca(+2) box to display all the calcium containing solids
Scroll down to find CaCO3 (Calcite) and uncheck this solid

Click OK continue.

4 https://www.sciencedirect.com/topics/earth-and-planetary-sciences/calcite
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Aragonite Precipitation Chemistry Model Options ? x

Databanks Redox Fhases T/P Span

Include Phazes Include Solid Phases
[ Aqueous @[] All Solids -
[+] Vapor -2 Cls4)
Solids = i{*;f}
NP I I I B ACaCl2 HO
[1Second Liquid | & = CalOH)2 Portlandite)
----- CaCO3 (Aragonite)
lon Exchange Maodel | @ | [WCACO3 (Calote)
(® Margules | | . CaCl2 (Hydrophilite)
Ciwilson | CaCl2 2H20 (Sinjarite)
----- CaCl2 2MgCl2 1 2H20 (Tachyhydrite)
Kingtice | § P CaClZ 4H20
..... CaCl2 6H20 (Artarcticite)
[lEnable |0 CaCl2H20 "
. =R >

Calculate Scaling Tendencies for excluded solids

Conct || roo || Heb

Note: The Include Solid Phases box lists the solids in the chemistry model. Unchecking these solids will mathematically
eliminate the solid from consideration. The Scaling Tendency, however, will still be calculated.

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Single Point Calculations.
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Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the Results.

The software calculated that the solubility of CaCO3 as Aragonite in the solution under study is around ~353.8
ppm (mass). The pH of this solution is ~6.15. You can see that the solubility of Aragonite is higher than the

solubility of Calcite (313.1 ppm (mass)).

Description Definition 53 Report

Variable | Value = Type of calculation
= Stream Parameters Frecipitation Point = Specs...
[=] Stream Amount (kgj 1.00038
| Mass - Liquid-1 (kg) 1.00036 Calculate 4 |
L Mass - Solid (kg) 1.00087e-13 Summary
Temperature (*C) 25.0000
Pressure (atm) 1.00000 Unit Set: =Custom=
Calculation Result:
m— alculation Results (ppm (mass)) Automatic Chemistry Model
|| Adusted Inflow: CaC03 | 353.836 MSE (H30+ ion) Databanks:
= iflows (pprm (mass)] MSE (H20+ ion)
Excluding 1 solid phase
=t UL Uszing Helgeson Direct
fEEl L - Precipitation Point Calculation
MgCl2 9321 67 250000 °C
coz 430 846 > 1.00000 atm
Precipitate: CaCO3 (Aragonite)
EEELY T Adj, Inflow: CaC03
Total 353 835 ppm (mass)
Phase Amounts
Agueous  1.00035 kg
Solid 1.00087e-13 kg
Aquecus Phase Properties
pH 6.14802
lonic Strength  0.0108837 mol'mal
Density  1.01478 g/ml
= — s Calc. elapsed time: 1,670 sec
Inpul
= Output Calculation complete
Advanced Search Add az Stream Ewport [
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Example 10: Determining the Solubility of Dolomite (CaMg(COs).)

The third carbonate mineral to mention is Dolomite, which is something like calcite with a very high
concentration of magnesium in it. Under some conditions there can be much more magnesium added in, and
when the amount of magnesium becomes roughly the same as the calcium, the resulting mineral is called
Dolomite with the following chemical formula: CaMg(COs)2. The formation of Dolomite is believed to occur in
geological time frames.

The species Dolomite is not present in the standard MSE database. However, it does exist in one of the specialty
databases. This database is called Geochemical (MSE).

Starting the Simulation
Calculating the Precipitation of Dolomite (CaMg(CO3)2)
Under the Stream Solubility of CaCO3 — Precipitation Point, Add a Single Point calculation
Change the SinglePoint name to Dolomite Precipitation using the <F2> key
Select Precipitation Point as Type of Calculation
Click on Chemistry > Model Options
B File Edit Streams Calculations Chemiﬁ] Tools View Window Help
D 3 ? N P

Navigator g ax Templates >
Document1

uilt Models o 4 ML e B i 5

finition [ Report L2 File "

Model Options...
Example 9 - Single Point Calculations* | 1 - .
= H - - P— -

In the Databanks Tab, select the Geochemical (MSE) #1Databank. You can double click or use the right arrow
#2 to add the databank. Then Click OK.

Dolomite Precipitation Chemistry Model Options ? X

Databarks Redox FPhases T/P Span

Databarks
Themodynamic Framework
MSE (H30+ ion) w

Available Selected
ALKHF Databank ~ MSE (H30+ion)
BATEST

CASRCL
Comosion (MSE) i Ll

Density Database

Geomemical (MSE) |

Honeywel Updated Der 'h ""
ISA Natahank 4

£ > £ >

Databank search order is from top to bottom.
Use the Up and Down amows to change the search order.

Cancel Apply Help

You may have additional or fewer databases depending on previous installations and imported databases.
Some are from OLI and some may be private (user) databases.
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Select the Phases tab

Click on the “+” next to the Ca(+2) box to display all the calcium containing solids

Scroll down to find CaCO3 (Calcite) and CaCO3 (Aragonite) and uncheck these solids. The MSE model also
has ordered and disordered dolomite. These also should be unchecked. See the figure below. Make sure to
keep the second dolomite species checked.

Click OK continue.

Dolomite Precipitation Chemistry Model Options ? X

Databanks Redox Phases T/P Span

Include Phases Include Solid Phases

M Aquesus [ T L] CaClZ H20 ~
MVaper | i i Cal0H)2 (Portlandite)

Seide | [ CaCo3 (Aragonite)

[ CaC03 (Calcite)

- CaCl2 (Hydrophilite)

- CaCl2.2H20 (Sinjarite)

[¥] CaCl2.2MgCI2.12H20 (Tachyhydrite)

1 Second Liquid

lon Exchange Model

(® Margules CaCl2.4H20

O Wilson CaCl2 6H20 (Antarcticite)
CaClz.HZ0

Kinetics | i [ caMg(C03)2 (Dis-dolomite) |:;L

..... [J CaMaiCO3)2 (Dolomite)

(] Enable ﬁ CaMg(CO32 (Dolomite) "
< >

Calculate Scaling Tendencies for excluded solids

Cancel Apply Help

Note: The Include Solid Phases box lists the solids in the chemistry model. Unchecking these solids will mathematically
eliminate the solid from consideration. The Scaling Tendency, however, will still be calculated.

Select the CaMg(C0O3)2 (Dolomite) as the Precipitant
Select CaCO3 as the Adjusted Inflow

- Calculation Parameters
@ Precipitant: CaMg(CO3)2 (Dolomite)
Adjusted Inflow: CaCo3

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Single Point Calculations.
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Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the Results.

The software calculated that the solubility of Dolomite in the solution under study is around ~257.7 ppm (mass).

The pH of this solution is ~5.95.

So far, we know that the solubilities of Calcite, Aragonite, and Dolomite in a MgClz, CaClz and CO:2 containing

solution were 413.15, 552.87 and, 246.84 ppm (mass) respectively.

Variable | Value "
= Stream Parameters
=] Stream Amount (kg 1.00026
— Mass - Liguid-1 (kg) 1.00025
L Mass - Solid (kg) 1.84402e-13
Temperature (*C} 25.0000
Pressure (atm) 1.00000
= Calculation Results (ppm (mass))
Adjusted Inflow: CaCO3 | 25?.?[14]
- Inflows (ppm (Mass))
H20 9.79118e5
CaClz 10867.2
MgCL2 932257
co2 430.828
CaCO3 257.705
W
Input | Output
Advanced [ Search Add as Stream E xport

Type af calculation

Precipitation Point ~ + Specs...

Calculate & |

Surmrnary .

b
Unit Set: <Custom=

Automatic Chemistry Model
M3E (H30+ ion) Databanks:
Geochemical (M3E)
MSE (H30+ ion)
Excluding 4 solid phases
Using Helgeson Direct

Precipitation Point Calculation
25.0000 °C
1.00000 atm
Precipitate: CaMg{CO3)2 (Dolomite)
Adj. Inflow: CaCO3
Total 257.706 ppm (mass)

Phase Amounts
Agqueous  1.00026 kg
Solid 1.84402e-13 kg

Bqueous Phase Properties
pH 5.95165
lonic Strength 0.0108318 molmol
Density  1.01488 g/ml

Calc. elapsed time: 1.885 sec

Calculation complete
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Composition Point

The composition point calculation is used to fix a species value. This calculation is useful when, for example,
you want a target amount of a desired component or to fix an impurity or undesired component below a certain
value.

Example 11: Targeting dissolved H.S in water below 0.001 m

In this example, you will use the composition point calculation to target the amount of molecular H2S dissolved
in water below 0.001 m.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Composition Point Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Default — 55.5082
Calculation Sub-type Composition Point Temperature 25°C
Stream Name Composition Point Pressure 1 atm
Name Style Display Formula H20 55.5082 (default)
Unit Set Metric, Moles H2S 0 moles
Framework MSE Target H2S — Lig1° 0.001 moles

Adjusted inflow H2S

Calculating the Vapor Fraction Temperature (Isobaric)

Add a new Stream

Click on the new Stream and press <F2> to change the name to Composition Point
Select the MSE thermodynamic Framework (this is the default)

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the gas given in the table above

Go to the Add Calculation button and select Single Point calculation

Select Composition Point as Type of Calculation

Change the SinglePoint name to H2S dissolved in water using the <F2> key

Set the Target Species to H2S-Liqg1 (i.e. the molecular H2S dissolved in the Aqueous phase)
Set the Target H2S value to 0.001 moles

5 This used to be called the AQ or aqueous liquid value. With MSE this doesn’t make sense so we have a water-
rich phase = Liquid 1 and a water-poor phase = Liquid 2
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Set the Adjusted Inflow to H2S

Variable Value
= Stream Parameters
Stream Amount {mol) 55.5082
Temperature ("C} 25.0000
Pressure (atm) 1.00000
e Calculation Parameters
Target Species: H25 - Lig1
Target H2S Value: (mol) 1.00000e-3
Adjusted Inflow: HZS e
. mao
H20 555082
H25 0.0

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.
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Description Definition [ Report

N Variable Type of calculation
T Stream Parameters
|_|:_| Stream Amount (mol)
L Moles (True) - Liquid-1 {mol)

Temperature (*C)

Value ~

Compozition Point = Specs...

Calculate &8

55.5093
55.5093
25.0000
1.00000

Summary

Pressure (atm}
= Calculation Results (mol) Unit Set: Metric (moles) N
l Adjusted Inflow: H2S ' 1.010492-3 |
= Inflows [mol]
H20

H25

Automatic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct

55.5082
1.0104%e-3
Composition Point Calculation

25.0000 °C
1.00000 atm
> Target: H2S

Fixed at 1.00000e-3 mol
Adj. Inflow: HZS

Total 1.01045e-3 mol

Phase Amounts
Agueous  55.5093 mol
Wapor 0.0 mol
Solid 0.0 mol

Bgueous Phase Properties
pH 493095
lonic Strength  1.88327e-7 mol/mol
Density  0.897085 g/ml

Input § Output Calc. elapsed time: 1.297 sec

— Calculation complete
Search Add az Stream Expaort

advanced

According to the calculation, ~0.00101 moles of H2S were required to create a solution with 0.001 moles of
H2S-aq. The pH of this solution is ~5.0.

You can also go to the Report to see the distribution of species under the Species Output (True Species)
table.

Species Qutput {True Species)

Row Filter Applied: Onhy Mon Zero Values

column Filter Applied: Onhy Non Zero Values

Total Liquid-1

mal mal
H20 55.5082 55.5082
H2S 1.0e-3 1.0e-3
H30+1 1.04872e-5 1.04872e-5
H5A 1.04862e-5 1.04862e-5
OHA 89.71758e-10 8.71758e-10
5.2 1.01628e-14 1.01628e-14
Total (by phase) 55.5093 55.5093




You can see that the molecular H2S is the value that was specified as a target. Notice that the concentration of
HsO* and HS- are nearly identical. This is because the following reactions:

H.S + H20 = H;0* + HS

HsO* is slightly higher because a second reaction, the dissociation of water also contributes to the HsO*
formation.

2H>0 = H30+ + OH-

Autoclave

An autoclave is a high pressure, high temperature hydrometallurgy unit with carefully controlled conditions.
From an OLI Software perspective, it is an isochoric (constant volume) calculation in which mass, pressure
and temperature are allowed to vary.

Autoclave calculations are widely used in the upstream oil and gas applications. When performing corrosion
testing, autoclave experiments are essential for simulating downstream conditions, i.e. conditions at high
temperatures and pressures. Additionally, it is important to evaluate the corrosivity of production fluids by
measuring solution properties, such as pH, and the concentration of aggressive species such as COz2, H2S, and
chlorides. An autoclave, however, has a constant volume, so it is imperative to know how much material (NaCl
solution, CO2 and H2S gases) is necessary to add at charging conditions (e.g. at room temperature) in order to
reach the desired final specifications, such as partial pressure of CO2 and H2S gases.

We will use the Autoclave calculation to calculate partial pressures, fugacities and the final composition of key
gases in the aqueous and vapor phases.

For the autoclave calculation 2 examples will be shown:

Using an Inert Gas

Calculating results at ambient conditions

Increasing the volume of the vessel and its implications

Increasing the final temperature and its implications

Increasing the final pressure and its implications

Using a Reactive Gas

Calculating results at final conditions

Using a Reactive Gas and a NaOH solution
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Example 12: Using an Inert Gas
Calculating Results at Ambient Conditions
In this example, you will add 1 kg water to a 2 L autoclave and then fill the void (head space) with N2. The

ambient temperature is 25 °C. The Nz is presumed to be the gas that remains in the autoclave headspace after
sparging (O2 removal) is completed.

The amount of N2 added is the combination of N2 vapor filling the headspace, and Nzthat dissolves in the water
(N2 aqueous). Since N2 has a low water solubility, this second amount is negligible. H20 also evaporates, so
the headspace will be a mixed gas, N2 and H20.

We can use the Ideal Gas Law to estimate the amount of N2 needed to fill the headspace:

PV =nRT
L —atm
latmXx 1L =nx0.082057— x 298.15 K
K — mol

n = 0.040874 moles

Although this estimate does not consider the H20 that is in the 1 L headspace or the amount of N2 dissolved in
water, it is still an easy approach to get a reasonable estimate.

You will review the results in greater detail here because part of the goal of this first example it to show where
the important variables and properties are.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Autoclave Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Default — 55.5082
Calculation Sub-type Autoclave Ambient Temperature 25°C
Stream Name Autoclave Final Temperature 25°C
Name Style Display Formula Final Pressure 1 atm
Unit Set Metric, Moles Vessel Volume 2L
Framework MSE-SRK H20 55.5082 (Default)
Results for Ambient conditions N2 0 moles
Compute results... Ambient

Add a new Stream

Click on the new Stream and press <F2> to change the name to Autoclave
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the N2 as an inflow
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Go to the Add Calculation button and select Single Point calculation

Change the SinglePoint name to Autoclave — Inert Gas using the <F2> key

Select Autoclave as Type of Calculation

Note: At this point you may have noticed that the Calculate button is red, and that there is a red text in the Summary Box with

instructions that additional specs are needed. The specifications need to be defined in the Calculation Parameters grid section.

Click on the Specs button.

& Description ¥ Definition (] Report LI File Viewer

i) Variable __ Value A
T Stream Parameters |
Stream Amount (mol) | 55.5082
Ambient: Temperature (*C) 25.0000|
'—:,—bmhhut-m;e-ﬂalm} : r
e Calculation Parameters
Final Temperature (*C) 0.0
Final Pressure (atm)
Vessel Volume (L) 0.0
|  Compute results at which condition Ambient !
~ ifows-(rmoty =
| H20 : 55.5082 |
N2 0.0
1 | |
v
Input
Advanced Search Add as Stream Export

Type of calculation

Autoclave ~ | | Specs... ]

Calculate @ |

Summary

Unit Set: Metric (moles)

Automatic Chemistry Model
MSE-SRK (H30+ ion) Databanks:
MSE-SRK (H30+ ion)
MSE (H30+ ion)
Second Liquid phase
Using Helgeson Direct

Autoclave Calculation
Specifications:
Ambient Temperature 25.0000 *C
Final Temperature 0.0 °C
Final Pressure
Vessel Volume 00L

Calculation not done

Volume of vessel is invalid.
Use the specs button to selectup to 5
gases to consider.
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This will open the Calculation Options window to set up the target gas. Select N2-Vap and make sure to

select the specification type Partial Pressure (default). Click OK.

Calculation Options ? X

Category Autoclave
Autoclave
i Calculation Options

Target Gasles] [5 Max]

H20 -vap

Selected

Specification Type
(®) Partial Pressure(s)
() Mole Fractionfs] in Aqueous Phaze

Cancel Apply Help

Set the Final Temperature to 25°C, the Final Pressure to 1 atm and the Vessel Volume to 2 L

Set the Compute results at which Conditions to Ambient

Variable Value

G Stream Parameters
Stream Amount (mol) 555082
Ambient: Temperature ("C) 25.0000
Ambient: Pregsure (atm)

== Calculation Parameters
Final Temperature (*C}) 25.0000
Final Pressure (atm) 1.00000
Vessel Volume (L) 200000

Partial Pressure: N2 (atm)

I Compute results at which condition [ Ambient |

At this point the system is defined as 1 kg H20 (55.5082 moles) at an ambient temperature of 25 °C. The partial

pressure of N2 will be calculated at a final temperature, 25 °C and pressure, 1 atm in a 2 L vessel.
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Note: The Autoclave calculation pathway

When performing an autoclave calculation, the software will perform two computations: First, at the final
conditions, and the second one at ambient (initial) conditions. It will compute the amount (in moles) of N2 needed
to create a 1 atm pressure at final conditions. It will then use this N2 to compute the pressure at ambient

conditions. The calculation pathway is shown in the image below.

P P
Partial pressure (P,) is T.amoien:
. _ Tamhbient= 25 C
computed at ambient Ambient <— Voot
= -
conditions

M- moles are
computed

Final -

Mass of H-:0 =1kg

Prsna = 1atm
Tina= 25 C
Vr=2L
Mass of H-:0 =1kg

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

& Description [&¥ Definition [Z] Report LI File Viewer

< Inflows (mol)
H20 55.5082
N2 0.0400808

Input | Output

Advanced Search Add as{«\ﬁrearn Export

N Variable Value | A

= Stream Parameters (mol)

=) Stream Amount 55.5483

| Moles (True) - Liquid-1 (mol) £5.5076

= Moles (True) - Vapor (mol) | 0.0407607 |

5 Calculation Results
Ambient Temperature (°C) [ 25.0000 |
Ambient Pressure (atm) 0.999983
Final Temperature (*C) | 25.0000 |
Final Pressure (atm) 1.00000
Vessel Volume (L) | 1.99998
Partial Pressure: N2 (atm) 0.968624
Condition that results were computed f’ Ambient

Type of calculation

Autoclave A
Calculate @

Summary

Unit Set: Metric (moles ~

Automatic Chemistry Model
MSE-SRK (H30+ ion) Databanks:
MSE-SRK (H30+ ion
MSE (H30+ ion
Second Liguid phase
Using Helgeson Direct

Autoclave Calculation
Results for ambient conditions:
Ambient Temperature  25.0000 °C
Ambient Pressure  0.999883 atm
Final Temperature 25.0000 °C
Final Pressure  1.00000 atm
Vessel Volume 2.00000 L
N2 0.968624 atm

Phase Amounts
Aqueous 55.5076 mol
Vapor 0.0407607 mol
Solid 0.0 mol
2nd Liquid 0.0 mol

Aqueous Phase Properties
pH 6.99756
lonic Strength  1.81224e-3 molimol
Denstty 0.997061 g/mi v
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The calculated ambient pressure is 1 atm. It is identical to the final pressure, which is not surprising, since the
ambient and final temperatures are the same, and by design, the autoclave calculation uses the identical inflows
for ambient and final conditions.

The amount of N2 added is 0.0400808 moles, which produces a ~0.9686 atm partial pressure. The computed
Nz inflow compares to the Ideal Gas value of 0.040874 moles, a ~2% deviation.

Let's review the distribution of N2 in the liquid and vapor phase in the Report tab. Scroll down to the last table
named Element Distribution.

The last row is N (N is molecular nitrogen). The distribution is 98.5% in the vapor phase and 1.5% in the liquid
phase. Also notice that around 0.0023% of the water has evaporated (see the H(+1) and O(-2) rows).

Element Distribution

Total Total Liquid-1 Vapor

mol mole % % of Total % of Total
H(+1) 111.016 66.6346 999977 2.30275e-3
0(-2) 55 5082 333173 09 9977 2 302758-3
N(0) 0.0801515r 0.04831148 1.49271 98.5073

These results infer two effects:

As the final pressure (Pr) increases, additional N2 will dissolve in the water, shifting the fraction of nitrogen to
the liquid.

As the total autoclave volume (V) increases relative to the input liquid (which stays constant), additional water
will evaporate, shifting the water to the vapor. This case will be shown next.
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Increasing the Vessel Volume to 5 L

You are going to use the same case that you built up in the example above, with the only difference that you
will change the Vessel Volume.

Right click on the Autoclave — Inert Gas single point calculation and select copy

Selecting the stream named Autoclave, right click on it and select paste

Rename the copied stream Autoclave — Inert Gas Vessel Vol 5L

B‘ Autoclave | I B& W B‘ Autoclave
. Q’W i & A Arrange ¥

- & Autoclave - Inert Gas
Arrange 4 cut [ W Autoclave — Inert Gas Vessel Vol 5L e
Cut Copy
e Co| —_—
Actions B Actions Paste
Paste

Actions AcﬂL Delete
Delete Q Add Strea Rename
Rename @Add Mixe
Qﬁ\dd Singl Add As Stream
Add As Stream @Add Surve Clear Results
Clear Results < Clear Status

Clear Status

Plot Template Manager Yot Template |

Calculation Options

Calculation Options

Change the Vessel Volume to 5 L and Calculate <F9>

Variable | Value = Type of calculation
- Stream Parameters Autoclave - Specs...
Stream Amount (mel) 55.5082
Ambient: Temperature (*C) 25.0000 Calculate &8 |
Ambient: Pressure (atm) Summany
= Calculation Parameters
Final Temperature (*C) 25.0000 Unit Set: Metric (moles)
Final Pressure (atm 1.00000
(atm) Automatic Chemistry Model
‘esselVolume (L) 5.0oooo MSE-SRK (H30+ ion) Databanks:
Partial Pressure: N2 (atm) MSE-SRK (H20+ion)
- o - MSE (H30+ ion)
Compute resultz at which condition Anmbient - Second Liquid phasge
= Inflows (mol) Using Helgeson Direct
H20 55.5082 * | Autoclave Calculation
N2 0.0 Specifications:
Ambient Temperature 25,0000 °C
Final Temperature  25.0000 °C
Final Pressure 1.00000 atm
Vessel Volume 5.00000L
N2
Calculation not done

At this point the system is defined as 1 kg H20 (55.5082 moles) at an ambient temperature of 25 °C. The partial
pressure of N2 will be calculated at a final temperature, 25 °C and pressure, 1 atmin a 5 L vessel.

It is time to save your file (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

& Description [&¥ Definition [ Report I File Viewer

J Variable [ Value T Type of calculation
IS Stream Parameters (mol) ' Autoclave v | | Specs.
Stream Amount 1 CE BET1
Moles (True) - Liquid-1 (mol) ' 555037 Calculate @ |
L Moles (True) - Vapor (mol) | |1153414_ e
- Calculation Results [
Ambient Temperature (°C) 25.0000| Unit Set: Metric (moles) ~
Ambient Pressure (at " 1.00000 |
: . (? = t ! Automatic Chemistry Model
Final Temperature (°C) ‘ 25.0000 MSE-SRK (H30+ ion) Databanks:
Final Pressure (atm) 1.00000 | MSE-SRK (H30+ ion)
[ 1 MSE (H30+ ion)
- Ves_sel bl Al Second Liquid phase
Partial Pressure: N2 (atm) 0.9686424 Using Helgeson Direct
| Condition that results were computed f| Ambient Autoclave Calculation
[< Inflows (mol) ’ > Results for ambient conditions:

{ Ambient Temperature 25.0000 *C
- H20 . 55.5082 Ambient Pressure  1.00000 atm
[. NZ U.15-BBB&|| Final Temperature 25.0000 *C
Final Pressure 1.00000 atm
Vessel Volume 5.00000L
N2 0.568642 atm

Phase Amounts

Agueous 55.5037 mol
E} Vapor 0.163414 mol
Solid 0.0 mol
2nd Liquid 0.0 mol

Agueous Phase Properties
pH 6.99756
lonic Strength  1.81224e-9 mol/mol
Density 0.997061 g/ml 5

Input  Qutput

Advanced Search Add as Stream Export

The moles of liquid are now 55.5037. The reduction of 0.0039 moles (compared to the case of 2 L which was
55.5076 moles) is because this amount of H20 evaporated into the larger headspace. This phase distribution
is important to modeling the autoclave system properly, especially at elevated conditions as will be seen in the
next example.

The amount of N2 required to fill the 4-L headspace is 0.1589 moles; this amount is ~4-times greater than the
first case, which is expected for gas with a low water solubility.

83



Increasing the Final Temperature

In this example, you will add 1 kg water to a 5 L autoclave and then fill the void (head space) with N2. The
ambient temperature is 25 °C, and the final conditions will be 1 atm and 100 °C.

The purpose of this example is to raise the H20 partial pressure relative to N2. In the 5 L case above, the N2
inflow is 0.1634 moles. As temperature increases, the H20 vapor pressure increases, and the amount of N2
required to fill the vapor void will decrease.

You are going to use the same case that you built up in the example above, with the only difference that you
will change the Final Temperature to 100 °C and the Final Pressure to 50 Atm.

Copy the Autoclave — Inert Gas Vessel Vol 5L single point calculation and paste under the Autoclave Stream.
Name the new calculation object Autoclave — Inert Gas Tf=100C

Change the Final Temperature to 100°C and Calculate <F9>

J Variable Value ’

e Stream Parameters
Stream Amount (mol) 55.5082
Ambient: Temperature ("C) 25.0000
Ambient: Prezsure (atm)

e Calculation Parameters
Final Temperature (*C} 100.000
Final Prezsure (atm}) 1.00000
Vessel Volume (L) 5.00000
Partial Pressure: N2 (atm)
Compute results at which condition Ambient

e Inflows (mol)
H20 55.5082

N2 0.0

At this point the system is defined as 1 kg H20 (55.5082 moles) at an ambient temperature of 25 °C. The partial
pressure of N2 will be calculated at a final temperature, 100 °C and pressure, in a 5 L vessel.

It is time to save your file (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

& Description [&¥ Definition [ Report I File Viewer

- Variable . Vot (A Type of calculation
5 Stream Parameters (mol) Autoclave v Specs...
=] Stream Amount 55.5087
— Moles (True) - Liquid-1 (mol) 55.5031 Calculste @ |
Moles (True) - Vapor (mol) 5.54881e-3 Summary
< Calculation Results
Ambient Temperature (°C) 25.0000 Unit Set: Metric (moles) ~
Ambient Pressure (at 0.0339414
TSN 1 4 Automatic Chemistry Model
Final Temperature (°C) 100.000 MSE-SRK (H30+ ion) Databanks:
Final Pressure (atm) 1.00000 MSE-SRK (H30+ ion
Vessel Volume (L) - 5.00091| S )
| 2 | Second Liguid phase
Partial Pressure: N2 (atm) 267276e-3 Using Helgeson Direct
Condition that results were computed f Ambient Autoclave Calculation
= Inﬂow;.{mol) | > Results for ambient conditions:

- Ambient Temperature 25.0000 *C

H20 Ambient Pressure 0.0339414 atm

N2 Final Temperature 100.000 °C
e Final Pressure 1.00000 atm

Vessel Volume 5.00000L

N2 267276e-3 atm

Phase Amounts
Agueous 55.5031 mol
Vapor 5.54881e-3 mol
Solid 0.0 mol
2nd Liquid 0.0 mol

i Agueous Phase Properties
s pH 6.99772
PUt | Output lonic Strength  1.81169e-9 mol/mol
Density 0.997021 o/mi e
Advanced Search Add as Stream Export

The amount of N2 added is very small (~0.0004 moles). This is to be expected, because the vapor pressure of
pure water at 100 °C is 1 atm. Therefore, a negligible amount of N2 is needed to raise the pressure. Notice also
that the calculated ambient pressure is 0.0339 atm. The vapor pressure of pure water at 25° C is 0.0313.

The results above imply that the autoclave will have a vacuum pressure at the ambient temperature, and when
heated to 100 °C will reach atmospheric pressure.

In autoclave testing, it is also of utmost importance to study and understand the partial pressures and fugacity
of key gases at the final conditions. You need to enable these properties to be shown in the Report.

Go to the Customize button and enable both the Species Fugacities and the Partial Pressures options, and
then click OK.
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o

B File Edit Streamns Calculations Chemistry Tools View Window Help
Report Contents ? X g | oA
M Category Report Contents
4 | = Report Contents
.. Calculation Summary, To add or remove a section, click the check box. A shaded box Report Q File Yiewer
= Stieam Inflows meansz that only part of the component will be printed. To see what's
included in a component, click Details. 5
- Speciation Summary i P ~ @ ag E=port
. Shream P. " Sections I
.. Total/Phase Flows [ Calculation Summary ~
- Scaling Tendencies O Strea!n !nflows ~
- Species Qutput [(Speciation Summary
. Molecular Dutput Stream Parameters
. Element Ealance Total/Phase Flaws
- Species Activity Cog Scalir?g Tendencies
- Species Fugacities Species Output
.. Partial Pressures [IHalecular Output 617478 mol
- Species KV alues Element Balance -
I - Species Mobilities |[]5pecies Activity Coefficients 25.0000 C
1 - Species Self Diffusiv] | ] Species Fugacities 38.0704 atm
M - apor Phase Diffusiy artial
- Gibbs Free Energy o 153 Rl
| . Gibbs Free Energy o [15pecies Mabiliies
[ - Entropy [Species Self Diffusivities v 6.99144
T 1.834050-9 molimol
- - Reaction Kinetics
‘I—: . Redox Equations Up [rown Select Al Clear Al 1.01846e-7 mollkg
I oo 78.4141
Description 543529 :
X atm
This section dizplays the vapor phase partial pressures.
0.0576240 umhofcm v
i 1.00360 L
7 of 22 Sections selected
= £ >
3 ~
1 Cancel Apply Help
= *F-span: T.U- 20T
g = = differs from default.
a
15
‘_g Calculation Complete!
5 v
For Help, press F1 @ MNUM

Notice that the Fugacity and Partial Pressure of N2 are nearly identical. This is expected since at low pressure
the fugacity approaches its partial pressure.

Species Fugacities

Partial Pressures

Row Filter Applied: Onfy Non Zero Valuss Row Filter Applied: Only Neon Zero Values

Species atm Species atm
Hz20 0.0312529 H20 0.0312686
M2 267376e-3 N2 2 67276e-3
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Increasing the Final Pressure

In this example, you will add 1 kg water to a 5 L autoclave and then fill the void (head space) with N2. The
ambient temperature is 25 °C, and the final conditions will be 100 atm and 100 °C.

You are going to use the same case that you built up in the example above, with the only difference that you
will change the Final Pressure to 100 atm.

Copy the Autoclave — Inert Gas Tf=100C single point calculation and paste under the Autoclave Stream.
Name it Autoclave — Inert Gas Pf=100 atm

Change the Final Pressure to 100 atm and Calculate <F9>

J Variable Value

= Stream Parameters
Stream Amount (mol) 55.5082
Ambient: Temperature (°C) 25.0000
Ambient; Pressure (atm)

e Calculation Parameters
Final Temperature (*C}) 100.000
Final Pressure (atm}) 10:0.000
Vessel Volume (L) 5.00000
Partial Pres=ure: N2 (atm)
Compute results at which condition Ambient

= Inflows (mol)
H20 55.5082
M2 0.0

At this point the system is defined as 1 kg H20 (55.5082 moles) at an initial temperature of 25 °C. The partial
pressure of N2 will be calculated at a final temperature of 100 °C and a final pressure of 100 atm in a 5 L vessel.

It is time to save your file (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

& Description &¥ Definition [] Report L File Viewer

J Variable Value [a Type of calculation
= Stream Parameters (mol) Autoclave v  Specs..
& Stream Amount ' 67.9053
t Moles (True) - Liquid-1 (mol) ' 55.5441 | Calculate @ |
: Moles (True) - Vapor (mol) ' 12.3611 Summary
< Calculation Results
| Ambient Temperature (*C) [ 25.0000 Unit Set: Metric (moles A
Ambient Pressure (atm) 75.7159 Aulomalic Chandstry Model
Final Temperature (*C) l 100-0001 MSE-SRK (H30+ ion) Databanks
Final Pressure (atm) 100.000 MSE-SRK (H30+ ion
Vessel Volume (L) - S.DDDD!}“E} Seﬁc?: dl E_E S'; i:rl:lalse
Partial Pressure: N2 (atm) 75.6782| 100.000000000000014 pson Direct
Condition that results were computed f Ambient 711 Autoclave Calculation
- Inflows (mol) > Results for ambient conditions:

1 Ambient Temperature 25.0000 °C
H20 | 55'5082_ Ambient Pressure 75.7159 atm
N2 12.3970 Final Temperature 100.000 *C

' | Final Pressure 100.000 atm
Vessel Volume 5.00000L

N2 756782 atm

Phase Amounts
Agueous 555441 mol
Vapor 12.3611 mol
Solid 0.0 mol
2nd Liguid 0.0 mol

Aqueous Phase Properties
pH 6.98515
lonic Strength  1.85714e-9 molimol
Density 1.00012 g/mi v

Input  Output

Advanced Search Add as Stream Export

The computed ambient pressure Pt is ~75.72 atm. Of this total, 75.68 atm is N2 (Pn2=75.68 atm) and 0.0377
atm is H20 (PH20=0.0377 atm). Thus, to create a 100 atm final pressure, the autoclave would need to be charged
with N2 at a regulator pressure of 75.68 atm.

According to the calculation, the amount of Nz in the autoclave is 12.397 moles. This amount of Nz plus the
55.5082 moles of H20 produces a final pressure of 100 atm in a 5 L autoclave at 100 °C.

Let's study the partial pressure and fugacity of N2 at these final conditions. Remember, you need to enable
these properties to be shown in the Report.

Go to the Customize button and select both the Species Fugacities and the Partial Pressures tables, and
then click OK.

For comparison purposes, the Species Fugacities and the Partial Pressures for 100 °C and 1 atm, and 100
°C and 100 atm are shown.
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Species Fugacities Species Fugacities

Fow Filter Applied: Only Mon Zero Values Row Filter Applied: Only Non Zero Values

Species atm Species atm
H20 0.0312529 H20 0.0330213
M2 267376e-3 N2 76.0121

Partial Pressures

Partial Pressures

Row Filter Applied: Only Non Zero Values

Row Filter Applied: Onhy Mon Zero Values
X Species atm
Species atm
H20 0.0376589
H20 0.0312686 N2 75 6782
M2 267276e-3

Notice that at low pressures, the partial pressures and fugacities values of both H2O and Nz are nearly identical.
At the higher pressure, i.e., 100 atm, the partial pressures and fugacities of H20 and N2 start to differ.

The cause of this deviation is the non-ideal effects of high pressures on gas molecules as they are forced closer
together. At low pressures, gas molecules are too far apart to interact. As pressure increases, the average
distance between two molecules decreases until at short range, intermolecular forces begin to impact the
molecular properties. The impact of these forces is quantified in the fugacity term. Notice that fugacity and
partial pressure have the same units, atm.

Thus, when reviewing these two tables, the partial pressure can be seen as the idealized gas property at high
pressures (which does not take into account intermolecular forces). The fugacity is the real gas property at this

pressure. The non-ideal effect of pressure is therefore encapsulated in the following relationship:

Fugacity _f

¢= Partial Pressure E

Where,
@ is the fugacity coefficient

At low pressures, a gas molecule fugacity (f) approaches its partial pressure (p;), i.e. f = p;or¢e = 1.
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Example 13: Using Reactive Gases

Calculating Results at Final Conditions

In this example, you will add 1 kg water to a 2 L autoclave and then fill the void (head space) with CO2. The
ambient temperature is 25 °C.

You will then modify the case further by adding NaOH so that additional CO: dissolves in water to form
bicarbonate.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Autoclave Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Default — 55.5082
Calculation Sub-type Autoclave Ambient Temperature 25°C
Stream Name Autoclave — Reactive Gas Final Temperature 25°C
Name Style Display Formula Final Pressure 1 atm
Unit Set Metric, Moles Vessel Volume 2L
Framework MSE-SRK H20 55.5082 (Default)
Results for Final Conditions CO2 0 moles
NaOH 0 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Aufoclave Reactive Gas
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the CO2 and NaOH as inflows

Go to the Add Calculation button and select Single Point calculation

Change the SinglePoint name to Autoclave — CO2 using the <F2> key

Select Autoclave as Type of Calculation

Click on the Specs button. This will open the Calculation Options window to set up the target gas.
Select CO2 and make sure to select the specification type Partial Pressure (default). Click OK.
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For Help, press F1

0 OLI Studio - [Single point calculations.oad®] — O >
@7 File Edit Streams Calculations Chemistry Tools View Window Help = | =] e
| COO=ZE - ==
DEE| =022 | vasoiz Res meffs s | MEs |G FE D
| Navigator g x| | y
Sinalannint caleulati nadt |
e | - ; ? q A
Calculation Options ? X File Viewer
Category Autoclave Value - Tupe of calculation
Calotlat - O Target Gasfes) [5 Max) | Autoclave v|I| Specs... I|
alculation Options 555082 | )
25.0000 Calculate @ |
ap
Summary
0.0 Unit Set: Metric (moles)
= A ic Chemistry Model
0.0 MSE-SRK (H30+ ion) Databanks:
p MSE-SRK (H30+ ion)
- MSE (H30+ ion)
@ fumtient Second Liguid phase
Selected Using Helgeson Direct
E 55.5082 * | Autoclave Calculation
Specification Type 0.0 Specifications:
00 Ambient Temperature  25.0000 °C
(®) Partial Prezsurs(s) . Final Temperature 0.0 °C
(O Male Fraction(s) in Aqueous Phase 3::;:?;3:3 0L
coz
— Calculation not done
[ﬁ Volume of vessel is invalid.
“fou must specify the Final Pressure
or Gas 1
v
. ort
X ~
L3
£||Calculation Complete!
TE v
@ NUM

Set the Final Temperature to 25°C, the Final Pressure to 1 atm and the Vessel Volume to 2 L

Set the Compute results at which Condition to Final.

Veszel Volume (L)

Variable | Value

= Stream Parameters
Stream Amount (mol) 555082
Ambient: Temperature (*C) 25.0000
Ambient: Pressure (atm)

= Calculation Parameters
Final Temperature {*C}) 25.0000
Final Prezsure (atm}) 1.00000

2.00000

Partial Pressure: CO2 (atm)

Compute rezultz at which condition

Ambient

. inflows
HZ0 Ambient
coz 0.0
MaOH 0.0
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At this point the system is defined as 1 kg H20 (55.508 moles) at an ambient temperature of 25 °C. The partial
pressure of CO2 will be calculated at a final temperature, 25 °C and pressure, 1 atmin a 2 L vessel.

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Single Point Calculations.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

& Description &¥ Definition (3 Report LJ File Viewer

m Varisbie T o Type of calculation
= Stream Parameters (mol) Autoclave v Specs...
[f_\ Stream Amount 55.5808
| Moles (True) - Liquid-1 (mol) 55.5397 Calcylate @ |
L Moles (True) - Vapor (mol) 0.0409464 Summary
- Calculation Results
Final Temperature ("C) 25.0000 Unit Set: Metric (moles ~
Final Pressure (atm) 1.00000
: - ! ! Automatic Chemistry Model
Vessel Volume (L) 2.00001 MSE-SRK (H20+ ion) Databanks:
Partial Pressure: CO2 (atm) 0.068445 MSE-SRK (H30+ ion
= - MSE (H30+ ion)
Condition that results were computed f| Final I Second Liquid phase
[S Inflows (mol) | Using Helgeson Direct
H20 55.5082 Autoclave Calculation
co2 0.0725227 > Results for final conditions:

Ambient Temperature 25.0000 °C
Final Temperature 25.0000 °C
Final Pressure 1.00000 atm
Vessel Volume 2.00000L

CO2 0.968445 atm

Phase Amounts
Aqgueous 55.5397 mol
Vapor 0.0409464 mol
Sold 0.0 mol

t} 2nd Liquid 0.0 mol

Aqueous Phase Properties

2 pH 3.91452
lonic Strength 2.21620e-6 mol/mol
Input
Pul | Dutput Density 0.997452 g/ml -
Advanced Search Add as Stream Esport Cale elansed time § 3768 ser

A total amount of 0.0725 moles of CO2 added was computed by the software to set the autoclave total pressure
to 1 atm. For comparison, the same scenario in Example 12-1_Analyzing_the Results required 0.04 moles of
N2. The difference is the amount of CO: that dissolved in the water. CO2 is more soluble than Nz in water.

To analyze the COz distribution in more detail, go to the Report Tab, and Scroll down until you find the Element
Distribution table.
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Element Distribution

Total Total Liquid-1 Vapor

mol mole % % of Total % of Total
H(+1) 111.016 66.5797 99.9977 2.32772e-3
0(-2) 55.6533 33.3768 09.8552 0.144827
C(+4) 0.0725227 0.0434939 453215 546785

The Element Distribution table contains three rows, H(+), O(-2), and C(+4). These are the elements of H20
and CO:a. If you compare the C(+4) in the liquid and vapor phases, you will see that about 45.3% of the COz
dissolved in the water phase. By comparison, 1.5% of the added N: dissolved in water at the same condition
(see Example 12-1).

Using Reactive Gas and NaOH solution

In this example, you will further modify the chemistry by adding NaOH so that additional CO2 dissolves in water
to form bicarbonate. This will increase the gas requirement.

Starting the Simulation

You are going to use the same case that you built up in the example above, with the only difference that you
will add the 0.1 moles or NaOH.

Copy the Autoclave — COZ2 single point calculation and paste under the Autoclave Stream.

Name it Autoclave — CO2 — NaOH

Change the composition of NaOH to 0.1 moles and Calculate <F9>

| Variable Value

= Stream Parameters
Stream Amount (mol) 55 6082
Ambient: Temperature (*C) 25.0000
Ambient: Pressure (atm)

= Calculation Parameters
Final Temperature (*C}) 25.0000
Final Pressure (atm} 1.00000
Vessel Volume (L) 2.00000
Partial Pregsure: CO2 (atm)
Compute results at which condition Final

= Inflows (mol)
H20 55.5082
coz 0.0
HaOH 0.100000
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At this point the system is defined as 1 kg H20 (55.508 moles) and 0.1 moles of NaOH at an ambient
temperature of 25 °C. The partial pressure of CO2 will be calculated at a final temperature, 25 °C and final
pressure, 1 atmin a 2 L vessel.

It is time to save your file (File >Save as...) or using the save icon in the tool bar.

Analyzing the Results

Review the Summary Box or Click on the Output-Minitab to see the results.

s Inflows (mol)
H20 55.5082
coz 0.171600
MaOH 0.100000

The CO:z inflow is calculated to be 0.1716 moles. This is exactly 0.1 moles more than the calculation with only
CO2 (Example 13-1). The difference results from the acid-base reaction with the 0.1 moles of NaOH.

To see the different species that have formed in solution go to the Report tab and select the Species Output
(True Species).

Species Output (True Species)
Row Filter Applied: Only Non Zero Values

column Filter Applied: Only Non Zero Values

Total Liquid-1 Vapor
mol mol mol
H20 55.5083 55.507 1.28481e-3
Na+1 0.1 0.1
HCO3-1 0.0998917 0.0998917
C0o2 0.0716555 0.0320887 0.0395668
C03-2 5.42505e-5 5.42505e-5
H30+1 2.3994e-7 2.3994e-7
OH-1 6.87229¢e-8 6.87229¢-8
NaOHCO03-2 276574e-14 276574e-14
NaOH 3.90126e-15 3.90126e-15
Total (by phase) 55.7799 55.7391 0.0408516

You can see that ~0.1 moles of bicarbonate (HCO3) is formed. This reaction is
requirement to reach a total final pressure of 1 atm.

increasing the CO:2 gas
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Custom

In the calculations that we have seen so far, variables were predefined. For instance, we selected either
temperature or pressure as a fixed value in order to find the dew point pressure or dew point temperature. With
the Custom calculation, however, you have the option to choose which parameters to set at fixed values and
which parameters to keep as variables, to calculate the desired information, such as, for example, to investigate
the solubility of gases in solution.

Example 14: Solubility of Oxygen in Water

With a custom calculation, we are going to calculate the solubility of Oz in water at 25°C and 1 atm.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Custom Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Default — 1kg
Calculation Sub-type Custom Temperature 30°C
Stream Name Custom Calculation Pressure 4 atm
Name Style Display Formula H20 Calculated
Unit Set Metric, Mass fraction — ppm (mass) 02 0 mol
Framework MSE

Setting the pH

Add a new Stream

Click on the new Stream and press <F2> to change the name to Custom Calculation
Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Mass Frac. This will change all inflows to mass
%.
Click on the Customize button. This opens the Edit Units window.

Under Basis Options change mass fraction from mass % to ppm (mass)
Enter 02 as an inflow and 0 moles

Change the T to 30 °C and P to 4 atm

Go to the Add Calculation button and select Single Point calculation
Change the SinglePoint name to Oxygen Solubility using the <F2> key
Select Custom as Type of Calculation

Select the Specs button. This will open the Calculation Options window
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Note: In the Calculation Options window, you have the option to select the Variables to Fix and the Variables
to Free. In this example, the Variable to Fix is the number of Moles (True) of Vapor which will be given a small
value of 1 x 1077 moles. You can interpret this as the first bubble of vapor formed, indicating that the aqueous
phase is saturated. The Variable to Free is the inflow of oxygen, in order to achieve saturation.

Calculation Options 7 >

Categary Custara

- Wariables
i Calculation Options

Wariables ko Fix

Filter | &l i

Enthalpy - Tatal ~ Males [True] - Yapor
H20 3
H20 - Sal
H20 -Yap 44
H30+1

Males [True] - Liquid-1
02 - Ligl

02 -Yap v |1

Yariables to Free

Hide Related Inflows I e [ nflows
Hz20 oz
Preszure -
Temperature
4
]

Select an equal number of variables to be fixed and freed. Freed variables wil
be adjuzted to meet the specified value of the fixed wariables.

k. Cancel Apply Help

In the Variables to Fix section, select Moles (True) Vapor, by double clicking or using the >> button.

In the Variables to Free section, select 02 as the inflow. Then click OK.
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This will add a Calculation Parameters section, where the Target (Variable to Fix) and the Adjusted Inflow
(Variable to Free) are shown. The Target has a brown dot in front of it indicating that the Target: Moles (True)
- Vapor is fix value. The Adjusted Inflow value font is green indicating that the software will adjust this value.

Description Definition [ Report 3 File Viewer

J Variable Value = Type of calculation
< Stream Parameters Cugtom - Specs...
Stream Amount (kg) 1.00000
Temperature (°C} 30.0000 Calculats i@
Pressure (atm) 4.00000 Surmmany
= Calculation Parameters
L] Target: Moles (True) - Vapor (mol) 0.0 Unit Set: =Custom:=
Adpsted: 02 (ppm (maszs)) | oo Automatic Chemistry Model
= Inflows (ppm (mass)) WMSE (H30+ ion) Databanks:
H20 1.00000e6 MSE (H30+ ion)

Adjusted: 02 Uszing Helgeson Direct

Custom Calculation
Fixed wariable:
WMoles (True) - Vapor, target:
0.0 mol
Free variable:
02

Calculation not done
Woles (Trug) - Vapor must be
greater than 0.0.

Input

Advanced Search Add az Stream Ewport

Fix the Moles (True) Vapor to 1e~7
We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Single Point Calculations.
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Analyzing the Results
Review the Summary Box or Click on the Output-Minitab to see the results.

Description Definition 53 Report I File Viewer

J Variable Value = Type of calculation
= Stream Parameters Custam - Specs...
|$| Stream Amount (ko) 1.00015
}— Mass - Liquid-1 (kg) 1.00015 Calculate &8
[ Mags - Vapor (kg) 3.18493e-9 Surmmany
Temperature (°C) 30.0000
Pressure (atm) 4.00000 Unit Set: <Custom:
Calculation Rs It
i ewlation Results Automatic Chemistry Wodel
®| Target: Moles (True) - Vapor (mol) 1.00000e-7 MSE (H30+ ion) Databanks:
- Inflows (ppm [mass)) MSE (H30+ ion)
H20 5.00854e5 Using Helgeson Direct
= Custom Calculation
| Adiusted: 02 | 146.935 | Fixed variable:
Moles (True) - Vapor, target:
1.00000-7 mol
Free variable:
N 02, total:
145.938 ppm (mass)
Phase Amounts
Agqueocus  1.00015 kg
apor 3.18493e-9 kg
Solid 0.0 kg
Agueous Phase Properties
pH 691733
lonic Strength  2.18165e-3 mol'mol
Density 0.995710 g/ml
Calc. elapsed tims: 1.053 sec
Calculation complete
v
Input | Dutput
Advanced Search Add as Stream Export

At 30°C and 4 atm the solubility of Ozin water is 146.94 ppm (mass)
To get an estimate of the Henry’s constant, you can study the K-values reported by the software.

Right click on the gray area, go to Sections>K-values>m-based.



H ~  Stream Parameters

T N . S o -
Description &% Definition [ Rep Calculation Results
~  Inflows

- Type of calculation
Variable Related Inflows *

n ream Parameter: Custo e Specs...
Additional Strea arameters S
I Stream Amount (kg)

|7 Wass - Liquid-1 (kg) Phase Flow Properties Calculate |

L Mass - Vapor (k) Thermedynamic Properties —
Temperature (*C) Pre-scaling Tendencies
Pressure (atm) Pre-scaling Index Unit Set: <Customs=
Calc -
= i Scaling Tendencies Automatic Chemistry Model

®| Target Moles (True) - \apor (mol) Scaling Index MSE (H30+ ion) Databanks:

= Inflow MSE (H30+ ion)
50 Liquid-1 Using Helgeson Direct
Adjusted: 02 Vapor Custom Calculation

Fixed variable:

Sulid Moles (True) - Vapor, target.
Molecular Apparent > 1.00000e-7 mol

Free variable:
Totals 02, total

Molecular Totals 146.938 ppm (mass}
Phase Amounts

BT * | aqueous 1.00015 kg
Activity Coefficients > | Vapor  3.18483e-9kg

) Solid 0.0kg
Fugacity Coefficients - Vapor
Agueous Phase Properties

Fugacities - Vapor

K-Values ¥ (x-based) molimol
Gibbs Free Energy (m-based)

Units Manager... Gibbs Free Energy Standard State (x-based) Calc. elapsed time: 0.045 sec

Save default layout Entropy Calculation complete

Generate Model Entropy Standard State (x-based)

Input 0L o Hide Zero Values MObII.It‘ES. .
Self Diffusivities ¥
Advance Sections > Partial Pressures

@@ NUM

The reciprocal of KO2VAP: 02VAP=02AQ will give you an estimate of the Henry’s constant.

= K-Values - (m-based)
KH20: 2H20=H30I0N+0HION 1.46564e-14
KHZOPPT: H2OPPT=H20 1.32964
KH2O0WAP: H20VAP=HZ20 23.8182
| KO2WVAP: 02VAP=02A0 1.15885e-3




Reaction Kinetics

Most of the chemistry and calculations that we have presented so far assume equilibrium. However, chemical
reactions vary in speed as they occur. Some can occur instantaneously, while others can take years to reach
equilibrium. The speed of a chemical reaction is given by the Reaction Rate, which is a measure of the change
in concentration of the reactants or the change in concentration of the products per unit time.

For the stoichiometric reaction below:

aA+bB+--—>cC+dD+ -

The reaction rate is defined as:

ro = 1(d[A]\  1(d[B]\ 1/d[C]\ 1/(d[D]
rate="g\Car )T Tp\ae ) Tc\Tar )T a\Tae
We can describe the kinetics of a chemical reaction by using a Rate Law, which is an expression that relates the
concentration of each reactant raised to an exponent that reflects the reaction order (which is determined
experimentally) and the rate constant, k, (a proportionality constate between reaction rate and concentration).
The general rate law is generally expressed as:

Rate = k [A]°[B]t

Where, s + t gives us the reaction order of the reaction. s and t are not the same as the stoichiometric coefficients
a and b.

The reaction rate constant units are specific for the overall reaction order, since we always want the units of the
rate to be concentration units per unit of time, e.g., M/s.

Reaction order Units
0 M/s
1 1/s
2 1/(Mes)

The rate constant, k, is dependent on the temperature at which the reaction takes place. Its temperature
dependence can be studied using the Arrhenius Equation, as shown below.

E,
k =Aexp (— ﬁ)

where: k= Reaction rate constant (units depend on reaction order)

A = Arrhenius frequency factor (has same units as k)
joule

E, = Activation energy (—)

gmole

R = Universal gas constant (8.314971:251{)

T = Temperature (K)
There are two different ways to enter rate laws reaction kinetics in OLI Studio: Stream Analyzer
Standard Rate Law which uses the Arrhenius equation for the reaction rate constant k, referred to as STD

type within the software.
Non-Standard Rate Law, referred to as SPEC type within the software.
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In this section, we will show you how to set up both types of reaction kinetics.

The reaction kinetics is enabled Under the Chemistry menu > Model Options > Phases > Kinetics

Standard Rate Law

The Standard Rate Law (STD) considers both the forward and reverse reaction rates, the individual species
reaction orders, and the forward and reverse reaction constants (determined using the Arrhenius Equation).

For the reaction below:

aA+bB+-- o cC+dD+ -

where: a, b, ... ¢, d are stoichiometric coefficients
A, B, ... are reactant species
C,D, ... are product species

The rate law is of the form:

Rate = (krajla}? ...— k.ab'alh?)
where:
Rate = Reaction rate mTOI
ks = Forward reaction rate constant (units depend on reaction order)
k., = Reverse reaction rate constant (units depend on reaction order)
Ay, A, o = Activities of reactant species (1:1—031)
Ty e = Reaction order of individual reactant species
(normally from experimental data.Default is stoichiometric coef ficients: a,b,...)
ac,ap, .. = Activities of product species (";—031)
D1, P2y - = Reaction order of individual product species

(normally from experimental data.Default is stoichiometric coef ficients: c,d,...)

Within the software the naming of the constants defined above is the following:

OLI Keyword Description

KF Forward reaction rate constant

KR Reverse reaction rate constant

AF Forward reaction Arrhenius factor

AR Reverse reaction Arrhenius factor

BF Forward reaction activation energy divided by the universal gas constant (K)
BR Reverse reaction activation energy divided by the universal gas constant (K)
ER; Reaction order of reactant species i

EP; Reaction order of product species i

Thus, when specifying a standard rate expression, the user must define one of the following: (1) The Arrhenius
frequency factors (AF and AR), and reaction activation energies divided by the universal gas constant (BF and
BR) or, (2) the reaction rate constants (KF and KR) directly. In addition, the user can specify the individual
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species order coefficients for the forward and reverse reactions if these differ from the stoichiometric coefficients
(which are the default).

When defining the reaction order for a species, the order in which the species appears in the reaction equation
must be defined (i.e., subscript /) with a sequential number, for either the reactant or product species. Hence,
the first reactant is identified with the number 1, the second, 2 and so on. Similarly, the product species are
identified with the integers 1, 2, 3, etc.

If any of the keywords are not defined, the software assumes a default value for that variable. These default
values are assumed to be zero for the reaction rate constants, For the species reaction order coefficients, the
reaction stoichiometric values are assumed. To complete the standard rate expression definition, the reaction
temperature and initial reactant molality are included in the process stream composition definition.

Example 15: Reaction of Ammonia and Carbon Dioxide

In this example, we are going to consider the reaction of ammonia and carbon dioxide to form urea and water,
according to the following reaction:

2NH3(aq) + COz(aq) « NHZCONHZ(aq) + H20

This reaction will take place in a plug flow reactor at 200°C and 100 atm, with a total residence time of 100
hours.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Single Point Calculation with Reaction Kinetics Enabled

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Calculated
Calculation Sub-type Isothermal Temperature 200 °C
Stream Name Standard Rxn Kinetics Pressure 100 atm
Single Point Name Rxn Ammonia/CO2 Water 55.5082
Name Style Display OLI Name (TAG) CO2 2 moles
Unit Set Metric, Moles NH3 2 moles
Framework MSE UREA 0 moles
Kinetics Enabled
Kinetics Holdup Time 100 hours
Number of Kinetic Steps 10

Add a new Stream
Click on the new Stream and press <F2> to change the name to Standard Rxn Kinetics
Select the MSE thermodynamic Framework
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Click on the Names Manager Icon, and select the OLI Name (TAG) option, and click OK.

Name Style  Search Criteria  Names Dictionary

Component Mame Style

(O Display name

Use Names Dictionary

() Formula

(® 0Ll Name (TAG)

Show mineral name after solids

Click on the Units Manager Icon, and select Metric, Batch, Moles.

Enter the stream composition, temperature and pressure given in the table above.

Go to the Add Calculation button and select Single Point calculation

Select Isothermal (default) as Type of Calculation.

Change the SinglePoint name to Rxn Ammonia/C0O2 using the <F2> key

So far, we have created an Isothermal calculation. Now, we are going to enable the Reaction Kinetics option

at the Single Point Level.

To enable reaction kinetics, make sure that you are at the Single Point Level by clicking on the Single Point

Icon, and then go to Chemistry menu > Model Options. This will open the Chemistry Model window.

& OLI Studic - [Single point calculations.cad*] - m] X
B File Edit Streams Calculations | Chemistry Tools View Winflow Help - 0 X
R ] 7K Pre-built Models >he s ME s 0t | @B S REBE N
Navigator Templates >
Documentl
- - Model Options... L
Single point calculations.oad* ; - Definition 3] Report C3 File Yiewer
42 Streams ~ T f calculati
- 1.1.a pHof 1 mFeCi2 | Vartatie Mahic ype o eelefalen
- & 1.1.b Isothermal - acetic acid = Hierm M s Isathermal i Specs..
& 1.10. Custom Calculation Stream Amount (moly 59.5082
S & 1.11.1. Arrhenius Rxn Kinetics Temperature (*C) 200.000 Calcult= @
A Rxn Ammonia/CO2 Pressure (atm) 100.000 Summary
- & 1.2. Acetone Bubble Point = Inflows (mol)
- #& 1.3.Sour Natural Gas Dew Point H20 55.5082 Unit Set: Metric (moles)
- & 1.4 Isocheric calculation coz2 200000 Automatic Chemistry Model
- .3. Brine Evaporation - Yapor Fractior NH3 2.00000 Ag = (H+ ion) is:
1.5. Brine Evap: Vapor Fracti Agueous (H+ ion) Databanks:
- & 1.6 Neutralizing Acid UREA 0.0 Agueous (H+ ion)
P s Y ‘ & Using K-fit Polynomials
< > T-span: 25.0 - 225.0
= ™ Aqueous *P-span: 1.0 -201.0
Actions p % * = differs from default
Actions 3| | Isothermal Calculation
200.000 *C 100.000 atm
Calculation not done
Input
Plot Template Manager L o+ X
5 Advanced Search Add as Stream Expart
AVE

x
*/|Calculation Complete!
s
[

@ NUM
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Select the Phases tab and check the Kinetics box. Then click OK.

Datsbanks Redox FPhases T/P Span

Include Phases Include Solid Phases

Agueous

All Solids

Wapor Ci+4)

Solids :';";}}
- I~

[ Second Liquid 0L

lon Exchange Model UREA

(®) Margules

() Wilson

Kinetics

Enable

Calculate Scaling Tendencies for excluded solids

QK Cancel Apply Help

A new grid section named Calculation Parameters appears. In this grid the Kinetics Holdup Time, and the
Number of Kinetic Steps can be defined. The default values are 2 h and 2 steps respectively.

Change the Kinetics Holdup Time to 100 hours and the Number of Kinetic Steps to 10.

J Variable Value - Type of calculation

< Stream Parameters Isothermal -
Stream Amount {mel) 59.5082
Temperature (*C} 200.000 Calculate 48
Pressure (atm) 100.000 Summary

= Calculation Parameters
Kinetics Holdup Time (hr} 100.000 Unit Set: Metric (moles)
AT RO e 10 Automatic Chemistry Model

= Inflows (mol) Aqueous (H+ ion) Databanks:
Hz0 555082 Aguecus (H+ ion)
s ||| veraramnas
NH3 2.00000 *P_gpan: 1.0-201.0
UREA 0.0 * = differs from default.

> Isothermal Calculation

Kinetics Holdup time is equivalent to Residence Time. The Number of Kinetic Steps is equivalent to At. Thus, Kinetics
Holdup time = ZAt.

Note: Kinetics Holdup Time vs Number of Kinetic Steps
For processes that have reaction kinetics, the software needs to know how the concentration of the reactants (or products) change over

time during the reaction, which is given by the rate law. It is necessary to divide the total residence time into small steps. Adding more
steps decreases the error; however, as you increase the number of stages, the computational time increases.
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Now, our next step is to define the reaction kinetics.

Click on the Specs button. This will open the Survey Options Window.

Select Kinetics under the Category window

Click the Add button to add a new reaction. This will open the Select a Reaction Window.

Calculation Options

Categary Rate Limited R eactions
¢ Calculation Dptions
Edit Delete
Reactions:
Rate Specification:
0k Cancel Apply Help

You will be given a list of reactions which are already in the chemistry model. For our example, we need to

create a new reaction.

Select the option Create a New Reaction, and then click OK.

Select a Reaction:

=Create New Reachi
CO2AQ+HH20=HION-+HCO3ION

CO2VAP=C0O2AQ

HCO3ION=HIOMN+CO3I0MN
MH2CO2I0ON +HH20 =NH3AQ +HCO 310N

MH3AQ +H20 =NH4I0ON +0HION

MH3VAP=NH3AQ

MH44H2CO33PPT=4NH4I0N +2HCO 3ION-HZO 310N
MNHAHCO3PPT=NH4IOMN+HCO3ION

UREAPFT=UREAAQ
IIRFAVAD | IRFAAM

OK

Cancel

This enables the option to enter a new reaction.
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Type the following reaction: 2NH3AQ+CO2AQ=UREAAQ+H20 and then hit Enter. The window will update.

Note: You must use the OLI Tag Name for this step, and additionally specify the phase of the reactants and products. Water is a

special case; it is written only as H20.

As a general rule:

For an aqueous phase: AQ
For a vapor/gas phase: VAP
For a solid phase: PPT
For a hydrated solid: SOLIDNAME.nH20, where n is the hydration number
For an ion: ION

You can find the OLI TAG Name of your specific species using the Component Search Tool.

Select the STD (Standard Rate Reaction Kinetics) as the Rate Specification

Calculation Options ? X
Categary Rate Limited R eactions
Calculation Options
i Kinetics
Add Edit Delete

Reactions:

INH3AQ+CO2ZAQ=UREAAQ+H20

Rate Specification: STD ~

Rate Constants:

J Constant Value Add

Delete

Cancel Apply Help

Now, let’s start entering the rate constants.
Remember, the forward and reverse reactions have the same format. The rate is the following:
R = k¢[NH3]*[CO,] — kr[NH,CONH,]

For this example, the forward rate constant (KF) is a constant value equal to 2000.
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And, the reverse rate constant (KR) is defined as follows:

—BR
KR=AReT

—3480.78
KR=12x%x10"10¢ T

A summary of the Reaction Rate Parameters is given in the table below (These parameters where created for
illustration purposes, do not use them for any real design work).

Parameters Value Comment
KF 2000 Forward Rate Constant
KR Calculated | Reverse Rate Constant
AF Not needed
AR 1.2 x 10710
BF Not needed
BR 3480.78 | Determined from BR = —& = 222229
RT 8.3142
ER1 2 This is the exponent of reactant 1 [NH3]?
ER2 1 This is the exponent of reactant 2 [CO2]
EP1 1 This is the exponent of product 1 in the
mechanism. In this case [NH2CONHZ2]
EP2 0 H20 does not participate in the reaction

Now that we have identified the parameters needed, we can add them.

Click on the Add button and select the parameters needed.

Calculation Options ? *

Categary Rate Limited Reactions
- Calculation Options
Kinetics

Add Edit Delete
Reactions:

INH3AQ +CO2AQ=UREAAQ+H20

Rate Spedification: STD w
Rate Constants:

J Constant Value Add
i KF
AR

KR
BR
ER1 AF
ERZ AR

EP1 BF
ER
ER1

EP1
EP2

Cancel Apply Help
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Type the constant values, and then click OK.

Calculation Options 7 X

Categary Fiate Limited Reactions

- Caleulation Options

Add Edit Delete
Reactions:

2NH3AQ+CO2AQ0=UREAAQ+H20

Rate Spedfication: 5D ~
Rate Constants:
J Constant Value Add

KF 2000
AR 1.2e-10 Delete
BR 348078
ER1 2
ERZ 1
EP1 1
EP2 o

Cancel Apply Help

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key.

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Single Point Calculations.
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Analyzing the Results

Click on the Output-Minitab to see the Results.

Right click on the gray area and select Sections> Molecular Apparent — Liquid-1

¢ OLl Studio

- [Example 15 - Single Point Calculations*]

B File Edit Streams Calculations Chemistry Tools View Window Help

Ded| e |(=228
Navigator L oax
Document1
Example 15 - Single Point Calculations*
£y Dolomite Precipitation ~

& Composition Point
£y H2S dissolved in water
& Autoclave
&y Autoclave - Inert Gas
£y Autoclave - Inert Gas Vessel Vol 5L
£y Autoclave - Inert GasTf=100C
4y Autoclave - Inert GasPf=100Atm

@& Autoclave - Reactive Gas
=& Custom Calculation
4y SinglePoint-8
=& Standard Rxn Kinetics
£y Rxn Ammonia/C0O2
v
< >
|Actions p o~ x
Actions
Plot Template Manager g - x|
Save

For Help, press F1

11VasSol2 Red med[fdoas @AE

A
&/ Description [&¥ Definition Repoi

u Varisble
= Stream Parame
| & Stream Amount (mol)
? Moles rrrué) - anuld»{ (mol)

Moles (True) - Vapor (mol)
:I'ernperalure (°C)
Pressure (atm)
[< Calculation Res
Kinetics Holdup Time (hr) I
Number of Kinetics Steps

< Inﬁowa:(mol
Hz20
co2 |
NH3
Units Manager...
Save default layout
. Generate Model
~ Hide Zero Values
N Sections >
Input  Dutput
Advanced Search Add as Stream

Calculation Results

Inflows

Related Inflows

Additional Stream Parameters
Kinetics Reactions

Phase Flow Properties
Thermodynamic Properties
Pre-scaling Tendencies
Pre-scaling Index

Scaling Tendencies

Scaling Index

Liquid-1

Vapor

Solid

Molecular Apparent

Totals

Molecular Totals

MBG Totals

Activity Coefficients

Fugacity Coefficients - Vapor
Fugacities - Vapor

K-Values

Gibbs Free Energy

Gibbs Free Energy Standard State (x-based)
Entropy

Entropy Standard State (x-based)
Mobilities

Self Diffusivities

Partial Pressures

Export

About 0.00062 moles of Urea had been formed with a total residence time of 100 hours.

- 8 X

- Specs...

late @

2s)

r Model
Liquid-1
Liquid-1y

n
atm

13 mol
33 mol
ol

perties

3

.09717e-3 moVmol
13 g/ml

3.023 sec

@ CAP NUM

< Molecular Apparent - Liquid—1 {mol)

| H20 ' 55.2884 |
NH3 | 1.96354
co2 | 113173
UREA [ 6.23101e-4

You can make changes on the residence time, reaction conditions or the rate of reaction to maximize the
production of urea.
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Non-standard Rate Law

Non-Standard Rate Law, also referred to as SPEC type within the software. These reactions do not follow the
Arrhenius kinetics.

Example 16: Ammonia Hydrolysis
In this example we are using simpler chemistry. We are going to study the hydrolysis of ammonia.
NHjqq) + H,0 = NHf + OH~

For this reaction we know the forward rate constant (k;) but need to constrain the reverse reaction to the

thermodynamic equilibrium constant. This implies that we are going to replace an existing equation within the
software.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Single Point Calculation with Reaction Kinetics Enabled

Calculation Settings Stream Composition and Conditions
Calculation Type Single Point Calculation Stream Amount Calculated
Calculation Sub-type Isothermal Temperature 25°C
Stream Name Non-Standard Rxn Kinetics | Pressure 1 atm
Single Point Name Ammonia Hydrolysis Water 55.5082
Name Style Display OLI Name (TAG) NH3 0.1 moles
Unit Set Metric, Moles
Framework MSE
Kinetics Enabled

Add a new Stream

Click on the new Stream and press <F2> to change the name to Non-Standard Rxn Kinetics
Select the MSE thermodynamic Framework

Click on the Names Manager Icon, and select the OLI Name (TAG) option, and click OK.
Click on the Units Manager Icon, and select Metric, Batch, Moles.

Enter the stream composition, temperature and pressure given in the table above.

Go to the Add Calculation button and select Single Point calculation

Change the SinglePoint name to Ammonia Hydrolysis using the <F2> key

Select Isothermal (default) as Type of Calculation.
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To enable reaction kinetics, make sure that you are at the Single Point Level by clicking on the Single Point
Icon, and then go to Chemistry menu > Model Options. This will open the Chemistry Model window.
Select the Phases tab and check the Kinetics box. Then click OK.

1.11.2. Mon-5Standard Kinetics Chemistry Model Opticns ? X

Databanks Redox Phases T/P Span

Include Phases Include Solid Phases

Agueous
Vapor

Solids

[ Second Liquid

lon Exchange Madel

(®) Mangules
() Wilson

Kinetics
Enable

Cancel Aoply Help

Calculate Scaling Tendencies for excluded solids

Now, our next step is to define the reaction kinetics.

Click on the Specs button. This will open the Options Window.

Select Kinetics under the Category window

Click the Add button to add a new reaction. This will open the Select a Reaction Window.
Select the first reaction: NH3AQ+H20=NH40OHAQ and then click OK.

Select a Reaction: x|

<Create New Reaction >
NH3VAP=NH3AQ
NH40HAQ =NH4ION+OHION

oK Cancel
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Select the SPEC as the Rate Specification.

Calculation Options 7 X
Category Rate Limited R eactions
Calculation Ophons
i Kinetics
Add Edit Delete

Reactions:

MNH3AQ +H20=NH4ION-+OHICON

Rate Spedification: SPEC w
OLfASAP DEFINES:
J Variable Expression Add

Delete

Cancel Apply Help

For this example, the forward and reverse reaction rates are the following:
Rates = k¢ * Yyu, ,, [NH3,aq] *Yu,0[H20] where ky =3

k
Rate, =k, - Ynu; [NHf] you-10H] where k, = K_f
eq

Thus, the total rate is given by:

Rate = Rater — Rate,
Rate = kf "VYNHz 4 [NHS,aq] ) VHZO[HZO] — k- Ynuf [NH{] - you-[OH™]
This is where things get difficult. You now need to speak “OLI". We have some rules for SPEC type equations.

We now need to turn these values into “OLI” terms ©.

6 Commonly referred to as ASAP variables.
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We can define any variable we want. We have some variables that you will need to use. Any concentration
variable such as [NHaaq] is defined as the natural log and is designated with the letter “L”. So [NHaa] is used as
LNH3AQ.

Similarly, activity coefficients y are also taken as the natural log. So, y,y- is written as Loge yon- = AOHION.

KEQ is the thermodynamic equilibrium constant for the equation. AH20 is special in the Aqueous
thermodynamic framework in that it is the variable Ln(ay, ).

We now need to add these variables to the kinetics window 7:

Variable Expression

FXRATE LNH3AQ+ANH3AQ+LH20+AH20

RXRATE LNH4ION+ANH4ION+LOHION+AOHION

KF1 3

KR1 KF1/KEQ

RATE1 (KF1*EXP(FXRATE)-KR1*EXP(RXRATE))*VOLLIQ/1000

Note: For a reaction rate to be considered in the program, your set of variables should include a RATEnN

“

statement where the “n” is the reaction rate equation number.

Note: The variable VOLLIQ is the volume of the liquid phase in Liters. OLI requires the rate to be in mol/m3 we
need to divide by 1000.

Change the Kinetics Holdup Time to 100 hours and the Number of Kinetic Steps to 10.

OL/ASAP DEFIMES:

J Variable Expression Add

FXRATE 13A0+ANHIAQ+LH20+AH2D | —M8M8M
Delete

7 Copy and paste from this document can make this step easier
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You will notice in the image above that we have scrolled to the end. That is ok. Click the Add button to continue
with the equations. It is important that you keep the order correct. You see what we are using previously defined
variables in subsequent equations.

Complete the remainder of the variables.

Rate Limited Reactions

Add Edit Delete
Reactions:

NH3AQ+H20 =NH4OHAQ

Rate Specification: SPEC v

OL/ASAP DEFINES:

J Variable | Expression Add
FXRATE LNH3AQ+ANH3AQ+LH20+AH
RXRATE . LNH&ION+ANH4ION+LOHION+ Delete
KF1 3
KR1 KF1/KEQ
RATE1 | (KF1*EXP(FXRATE )-KR1*EXP(
N

The completed equations

Click the OK button.

Like the previous example, this is a plug-flow reactor with a holdup time of 100 hours and 10 steps.

Now Calculate

Once the calculation is complete you can click the Output mini tab and add the Liquid-1 section (not molecular
aqueous):
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&J Description & Definition [ Report L} File Viewer

Variable | Value
= Stream Parameters
Ej Stream Amount (mol) 55.6082
L Moles (True) - Liquid-1 (mol) 55.6078
Temperature (*C) 25.0000
Pressure (atm) 1.00000
= Calculation Results
Kinetics Holdup Time (hr) 100.000
Number of Kinetics Steps 10
< Inflows (mol)
H20 55.5082
NH3 0.100000
= Liquid-1 (mol)
H20 55.5077
NH3 0.0994568
NH40H 4.43865e-4
OHION 9.93004e-5
NH4ION 9.93003e-5
H30ION 1.04002e-10
Input  Qutput
Advanced | | Search Add as Stream Export

»

Type of calculation

|sothermal = ;Specs...

Calculate @ I

Summary

Unit Set: Metric (moles)

Automatic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct

Isothermal Calculation
25.0000 *C 1.00000 atm

Phase Amounts
Agueous 55.6078 mol
apor 0.0 mol
Solid 0.0 mol

Agueous Phase Properties
pH 998749
lonic Strength  1.78573e-6 mol'mol
Density 0.997359 g/ml

Calc. elapsed time: 3.017 sec

Calculation complete

You can see that some ammonium ions have been created. ltis interesting to see what the equilibrium condition

would be.

Create another single point isothermal calculation and run it without any reaction kinetics. Here are the results

below:
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Variable Value
< Stream Parameters
[T‘J Stream Amount (mol) 55.6082
L Moles (True) - Liquid-1 (mol) 55.5287
Temperature (*C) 25.0000
Pressure (atm) 1.00000
7 Inflows (mol)
H20 55.5082
NH3 0.100000
= Liquid-1 (mol)
H20 55.4274
NH40H 0.0795157
NH3 0.0191164
OHION 1.36788e-3
NH4ION 1.36788e-3
H30ION 7.99036e-12

The reaction kinetics have forced the back reaction to be dominant. In the equilibrium case, approximately

1.4x10-® moles of NH4* have been created. By limiting the forward reactions, we allow the back reaction to take

place and that only formed ~1.0x10-* moles of NH4*.
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Section 2. Survey Calculations

Survey calculations are single point calculations strung together in series. They are also referred to as multiple

point calculations.

There are three different ways to set up surveys:

Single Survey: These calculations allow the user to designate one independent variable. The predefined single

surveys include surveys by Temperature, Pressure, Composition, pH, Vapor Fraction and Vapor Amount.

Dual Survey: These calculations allow the user to designate two independent variables.

Survey by changing the single point calculation type: By default, the isothermal calculation is selected for

survey calculations. If the user wants to study the solubility of a salt in solution, it is possible to change the

survey from Isothermal to another calculation type like Precipitation Point .

In this section, you will learn how to set up survey types and introduce some additional features to get the
most out of your simulation results.

¢ Ol Studio - [Document1*]

b= HE

Document?*

B File Edit Streams Calculations

Mavigator L o~ X

6:“ Streams

Actions

Actions Lo~ X

Flot Template Manager L o x

Save

For Help, press F1

— O *
Chemistry Tools  View Window Help - 8 X
N2 L1 Va So L2 |[Re & |me & M52 3 40 3 Mg SRR
£
Description Definition i Plot [ Report LI File Viewer
J Variable Value Survey by
e Stream Parameters
Stream Amount (mol) 55.5082 e Temperature
Temperature (*C)
Pressure cs
Pressure (atm) 1.00000 - o
e Inflows (mol) Eompostion
H20 55.5082 pH
Vapor Fraction
Vapor Amount
o "
Summary
Temperature survey:
Range 25.0to0 100.0°C
Step size 50°C
No. steps 15
No secondary survey selected
Unit Set: Metric (moles)
Automatic Chemistry Model
Agueous (H+ ion) Databanks:
Agueous (H+ ion)
Using K-fit Polynomials
T-zpan: 25.0 - 225.0
P-span: 1.0 - 1500.0
Isothermal Calculation
25.0000 *C 1.00000 atm
Calculation not done
Input
Advanced Search Add as Stream Export
@ NUM
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Single Surveys

An introduction to single surveys is given here. We will illustrate, in detail, the steps necessary to conduct this
type of calculation. The example below was designed to be used as a guide for future reference.

Example 17: Removal of Nickel from Wastewater

This case study is a typical wastewater treatment problem, the removal of a trace heavy metal ion (nickel) from
a water stream in which the presence of another chemical (cyanide) significantly alters the treatment strategy.
In this case, we are considering precipitation as an approach to removal of the nickel.

The wastewater in this case study contains nickel ions at a concentration of 0.002 m (or moles/ 1 kg H20). The
existing treatment strategy is to precipitate the nickel ions as Nickel Hydroxide (Ni(OH)z). The soluble nickel
remaining after precipitation needs to be less than 1 ppm, which is the maximum contaminant level allowed.

During the course of the plant operation, some cyanide ion is inadvertently added to the waste stream. The
soluble nickel is now more than 1ppm. Sulfide salts were then added to hopefully precipitate the nickel and
once again achieve the design specification.

This example will be divided into three different scenarios:

Scenario 1: Wastewater without Additives
Scenario 2: Wastewater with Cyanide Content
Scenario 3: Wastewater with Sulfide Salts

The power of the Stream Analyzer becomes apparent when we are seeking to study the chemistry of individual
streams. For this specific example a Survey by pH will be used. We will also be using the AQ thermodynamic
model instead of the default MSE model.
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Scenario 1: Wastewater without Additives

We begin by starting the Stream Analyzer Program. This may be accomplished by clicking on the OLI Studio
icon or by using the Start button and finding OLI Studio under Programs, which will take you to the New window
where you start creating your calculations.

Select the AQ-Databank (

Click on Add Stream icon (in the actions panel). This will display the Definition window. We should add some
descriptive information about this stream, so we can later identify the stream

Click on the Description tab. This will display the description information

Replace the name Stream with the name Nickel Waste. It is advisable to change the name of the stream from
the default name. You may be entering many streams and will need to sort them out later

Add the following text to the Description box: “Nickel wastewater for the OLI Aqueous Modeling Course”

Note: The summary box will contain additional information as the calculations proceed. This information may be the name of additional
databases or chemistry models imported from other OLI software packages. The filled-out window should look like the figure below.

& oLl Studio - a X
B File Edit Streams Calculations Chemistry Tools View Window Help - 5 %
DS N 11vasolz Red medlfs s MEs & EE
Navigator g X N
Example 17 - Single Point Calculations* |
S & Autoclave ~ " Description (€¥ Definition (& Report

-&y Autoclave - Inert Gas et

& Autoclave - Inert Gas Vessel Vol 5L Name; |Nickel Waste Date: | 3/27/2024 |

4y Autoclave - Inert GasTf=100C
4y Autoclave - Inert GasPf=100Atm
Autoclave - Reactive Gas
Custom Calculation

- £y SinglePoint-8

Standard Rxn Kinetics

-&y Rxn Ammonia/C02
Non-Standard Rxn Kinetics

£y Ammonia Hydrolysis

£y No Kinetics

‘& Nickel Waste

Description

Nickel waste water for the OLI Studio Manual A

. ]
> > L - g

< >

Actions g o~ x N
Actions < >

[ A
6 l | @,l | & I
== = =
Add Stream___Add Mixer  Add Single
Foine Unit Set: Metric (moles

@ ‘ g l |§| Automatic Chemistry Model

v Agueous (H+ ion) Databanks

Summary

Agueous (H+ion

Plot Template Manager g o~ x Using K-fit Polynomials
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
Save
-or Help._ press F1 @ Bl NUM
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Click on the Definition tab to start defining the wastewater stream

Click in the white box in the grid below the Inflows line. Add the formula Ni(OH)2

Click in the white box next to the species you just entered and enter the value 0.002. Press <Enter> to update
the list

Note: Stream Analyzer will automatically change the name of the species to the selected display name. In this instance, the name
you entered was Ni(OH); but it may have changed to a different form. If it changed you can specify which display name to use in the
Names Manager icon i

For the output results, we want output units in ppm. To change the output
units, click on the Units Manager icon % . This will open a new window.

Change moles to Mass Frac. Using the drop-down arrow

Click on the Customize button. The Units Manager window will appear.

B File Edit Streams Calculations Chemistry Tools View Window Help
DEeE & B 2N 11vasSol2 Re: m it i #MEm: G BEE
Navigator L o~ x 7
Example 17 - Single Point Calculations* |
=& Autoclave ~ | & Descript &¥ Definition [ Report
i 4y Autoclave - Inert Gas
iy Autoclave - Inert Gas Vessel Vol 5L | Variable Value £ Add Caleulation  ~
.4y Autoclave - Inert GasTf=100C = Stream Parameters Special Conditions
4y Autoclave - Inert GasPf=100Atm Stream Amount (mol) §5.5102 i
i { : { { [] Solids Only
@& Autoclave - Reactive Gas Temperature (*C) 25.0000
=& Custom Calculation Pressure (atm) 1.00000 S,
.4 SinglePoint-8 < Inflows (mol) =
=& Standard Rxn Kinetics _H20 | P 55.5082 Unit Set: Metric (moles
& Rxn Ammonia/C0O2 Ni(OH)2 2.00000e-3
=& Non-Standard Rxn Kinetics ‘F’ — Automatic Ch:m-stwif-‘:dzl »
H - . Agqueous (R+1on alabanks
& Amn‘mnl.a Hydrolysis RGOS (Y i
£ No Kinetics Using K-fit Polynomials
& Nickel Waste T-span: 25.0 - 225.0
v i i P-span: 1.0 - 1500.0
< z Units Manager - Nickel Waste ? X
Actions g - x Units Manager
Actions >

@ @ @ = Metric e Batch v Mass Frac, v o

Add Stream  Add Mixer  Add Single
Point

v —_—

Plot Template Manager FREN

[ ]| concel Apply Heb s

Input

Advanced Search Add as Stream Export

For Help, press F1 @ NUM
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Make sure you are on the Composition tab
Change the Mass Fraction Units to ppm (mass)

Click OK

Edit Units - Mickel Waste ? hd
(®) Batch System () Flowing System

Composition  Parameters Corrosion

Variable | Basis | Units Py
Inflow variables
Stream Amount Mass kg
Inflows Mass Fraction mazs %
Output variables
Aguecus Composition Mass Fraction mass %
Vapor Composition Mass Fraction mazs %
Solid Composition Mass Fraction mass %
2nd Liguid Composition Mass Fraction mass %
Total Composition Mass Fraction mass %
Basis options
Woles mal
Mass kg
Volume L
Concentration
Wolar Concentration
Mass Fraction
Mnla Frartinn

D « o=

Our primary interest in this application is finding the optimum pH for nickel removal. To create a plot of Ni*2 as
function of pH, we will need to run a pH survey.
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Creating a pH Survey to find the optimum pH for nickel removal

Click on the Nickel Waste stream icon in the tree view on the left-hand side of the windo
back to the top of the series of calculations by displaying just the stream information.
Click on the Add Calculation button

Select Survey

DSME 285 2R | Lvasi2 Res mslisms MES G FE

w. This will bring you

| Navigator g - x|
nickel waste oad* |
65‘ Streams
& Mickel Waste

| Actions g =~ x|
Actions

@Add Stream Add Chemical Diagrg
&) Add Mixer =) Add Stability Diagrar
Add Single Point Add Corrosion Rates
) Add Survey
< >

| Plot Template Manager L - X

Save

[
Description [&¥ Definition [Z Report

. |e

Variable | Value
e Stream Parameters S Single Point
Stream Amount (ko) 1.00019 S
Temperature (°C) 25 0000 UrVEy
Pressure (atm) 1.00000 Ebemical Diageam
Summary
= Inflows (ppm (mass})) _ Stability Diagram
H20 9.99515e3 Unit Set Corrosion Rates
Ni(OH)2 185.335
Automatic Chemistry Model
a (H+ ion) Databanks:
Agueous (H+ion)
Using K-fit Polynomials
T-span: 25.0 - 225.0
*Pgpan: 1.0 - 201.0
* = differs from default.
>
v
Input
Advanced Search Add as Stream E zpoit
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You can now add descriptive information about this calculation.

Enter a new Survey name: Base Survey. You can also double click on

‘Survey’ to change the name

Enter a Description: Base pH survey without additives.

Since we do not want a temperature survey which is the default, we will need to change the survey type.

Click on the Definition tab to do the survey calculation.

Click on the Survey by button
Select pH

Note: The default acid titrant and the base titrant are already defined (HCI and NaOH). We are now ready to begin the calculations.

B File Edit Streams Calculations Chemistry Tools View Window Help - & X
DEH K L1vasSol2 Red med{¥d i ME PRI
Navigator g X £
Example 17 - Single Point Calculations*® | |
4y Autoclave - Inert Gas A Description ¥ Definition i Plot [ Report LI File Viewer
4y Autoclave - Inert Gas Vessel Vol 5L = Survey by
4y Autoclave - Inert GasTf=100C | Variable Valuo A |- e
4y Autoclave - Inert GasPf=100Atm A Stream Parameters Specs...
@& Autoclave - Reactive Gas SSia AR} 10009 Temperature
=& Custom Calculation Temperature (°C) 25.0000 s
&y SinglePoint-8 Pressure (atm) 1.00000 B it
- & Standard Rxn Kinetics 3 Calculation Parameters Composition
4y Rxn Ammonia/C02 Calculation Type Set pH ® pH
—-& MNon-Standard Rxn Kinetics ®| TargetpH Vapor Fraction
4y Ammonia Hydrolysis Use Single Titrant No Vapor Amount
4y No Kinetics pH Acid Titrant HCI o
=& Nickel Waste pH Base Titrant NaOH e
/% Base Survey v - Inflows (ppm (mass))
% 5 H20 [ 9.99815e5 A
Ni(OH)2 185.335 pH survey:
Actions g =X Acid - HCLIN
o e Base - NAOHIN
Range 0.0to 14.0
Stepsize 1.0
No. steps 14
No secondary survey selected
Unit Set: «<Custom=
Automatic Chemistry Mode!
Agueous (H+ ion) Databanks
Agueous (H+ion
Plot Template Manager L - x Using K-fit Polynomials
T-span: 25.0 - 225.0
P-span: 1.0 -1500.0
h‘ Set pH Calculation
v 25.0000 °C
1.00000 atm
Input TargetpH 0.0
Acid Titrant: v
B Titrant:
o Advanced Search Add as Stream Export ase Hran
aave
For Help, press F1 @ NUM
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We should now save our work. It is very frustrating to work for a long period of time and forget to save our work.
So please save.

Select File
Select Save As from the menu. Give the name Removing nickel from

wastewater?8

Click on the Calculate button

The program will run for a short time. When the orbit disappears, check the summary box to see if the calculation
is complete. In the tree-view, you can expand the survey to see if all the points converged.

B File Edit Streams Calculations Chemistry Tools View Window Help - & X
DEE & B 2K 1Lvasol2 Red w3l e Mg O EEN
Navigator L - x i
Example 17 - Single Point Calculations* |
=) on-Standard Rxn Kinetics ~ & Description & initi o eport 1 File Viewer
& Non-Standard Rxn Kineti D tion [&¥ Definition (0 Plot (3 Report J File Vi
.4 Ammonia Hydrolysis
£ No Kinetics [T Variable ‘ Value ~ Survey by
& & Nickel Waste & Stream Parameters pH | | Spacs...
Al K 1.
':‘""g S moun-t( 9 s Thenby [optional)
&y Target pH=0.0 Temperature (*C) 25.0000 -
& Target pH=10 Pressure (atm) 1.00000 Hope v
e &y Target pH=2.0 LY Calculation Parameters Vary
iy Target pH=3.0 Calculation Type Set pH Independently
&y Target pH=4.0 @ TargetpH
- &y Target pH=5.0 Use Single Titrant No
-4y Target pH=6.0 pH Acid Titrant HCI Calculate @@
& Target pH=7.0 pH Base Titrant NaOH Summary
4y Target pH=8.0 - = Inflows (ppm (mass))
. .. As Tarnet nH-Q N N == S X
Ni(OH)2 185.335 PH survey:
Actions L oA X 1 Hel 00 Acid - HCI
AehRns 2 5 Base - NaOH
NaOH 0.0 Range 0.0to 14.0
Stepsize 1.0
No. steps 14

No secondary survey selected
Unit Set: <Custom=

Automatic Chemistry Model
Aqueous (H+ ion) Databanks
Aqueous (H+ion
Plot Template Manager L - x I} Using K-fit Polynomials
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0

Set pH Calculation

v 25.0000 °C
1.00000 atm
Input 1 2 3 4 5 B 7 8 9 <« TargetpH 0.0
Acid Titrant: HCI v
Total 413911 m (mass
— Advanced Search Add as Stream Export Addad- 44704 1 pp,wi ,..,.,,),\
Save
For Help, press F1 @ NUM

8 This may also be referred to as Example 17
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We can now obtain some graphical results.

Click on the Plot tab

Click on the Variables button

®° File Edit Streams Calculations

Chemistry Tools

View Window Help

DB’\Q‘\‘ P‘g?*?‘ LIVZSOLZ‘RE!‘MIEG""E

|Navigator

L - x|

—IRK!“!!‘ H%i‘ﬁ}mﬂﬁ|

Example 17 - Single Point Calculations*

=& Nickel Waste

=& Non-Standard Rxn Kinetics
i~ 4& Ammonia Hydrolysis
i-. 4 No Kinetics

- 43 Base Survey
&y Target pH=0.0
----- & Target pH=1.0
4y Target pH=2.0
&y Target pH=3.0
&y Target pH=4.0
----- &y Target pH=5.0
----- &y Target pH=6.0
-4 Target pH=7.0
&y Target pH=8.0
Mo Tarnet nH-Q 0

~

5 - x|

Actions

| Plot Template Manager

[Default Plot)

Save

&

& Description ¥ Definition

Plot Report I File Viewer

—_—

@ A A [B] B vewdsta || veicbles |

Options

For Help, press F1

HCI & NaOH

30000 -‘\
25000 \
20000 ; %
15000 a

L
10000 | |

50000 ——1—

45000

—— HCl [ppm (mass)]
—a&—NaOH [ppm (mass)]

40000 %
i
4

35000

5000

T
,kl

L e

Target pH

'Q\'
o

NUM
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This will open a new window. The NaOH and HCI variables in the Y-Axis box should be displayed.

Select them and then Click on the left double-arrow (<<) button which will
remove NaOH and HCI from the list. You can also select and double click to
remove them.

Scroll down the left-hand window to find MBG Totals - Aqueous and expand
the list by clicking the = box.

Note: MGB is an abbreviation for Material Balance Groups. The MGB variable is a sum of all the species for that material in the phase

requested.

Select Data To Plot

Curves

Inflows

- Scaling Index
- Vapor
[i)- Solid

MBG Totals -
(- MBG Totals -
(- MBG Totals -
rh

t- Stream Parameters
+- Calculation Results

+- Additional Stream Parameters
7)- Phase How Properties

- Thermodynamic Properties

- Pre-scaling Tendencies o
i) Pre-scaling Index
7)- Sealing Tendencies €L

- Molecular Totals
(- MBG Totals - Totals

Second Liquid
Selid

- MBG Totals - Surface

A s it

.

A X Ais
> Target pH

ot

Y2 s |

>

[ VR ey Np—| |

[ Use short names
Hide zero species

Plot data which is only within temperature range. - Select -

Z Muis

Corcel || oy || e

The grid updates to show the MGB totals available to display. In this case we desire the Nickel(+2) species. in
this case all the Ni(+2) Aq variable is a sum of all nickel containing ions in the aqueous phase in solution. Any
solids are excluded from the summation.
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Double-Click the Ni(+2) item or select it and use the >> button.

Click on the OK button.

Select Data To Plot

Curves

-- Inflows ~ A Axis

+- Additional Stream Parameters =3 ITarget pH
Phase How Properties

'I'I'lerrluc_lyna-'c Properties Y1 fuiis

4

- Molecular Totals

v- MBG Totals - Totals

Y2 Pwis

- Dominant MBG Tetals - Aqueous
-CIi-1) Ag

-HI+1) Ag >
-Na(+1) Ag
«

IT\ MO Tat-la  VWanar o
[ Use short names
Hide zero species Z Auis
Plot data which is only within temperature range. - Select -

@[ oK Cancel Apply

Help
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You will see the new plot.

For many calculations, the values on the plot extend over a very large range of numbers. The default linear axis
may not capture all the details we require.

Above the plot window locate and select the Options button. This opens a new window

B File Edit Streams Calculations Chemistry Tools View Window Help - &8 X
= | BRE SN Lvasol2 Red mal¥ s s ME: S EE
Navigator g - X £
Example 17 - Single Point Calculations* |
& Non-Standard Rxn Kinetics ~ | & Description [£¥ Definition @l Plot Report LI File Viewer
i & Ammonia Hydrolysis
4 No Kinetics @ A& [5] | ViewData Options
- & Nickel Waste
- 4% Base Survey
_____ & Target pH=00 - s A T A B e S S B
4y Target pH=1.0 ——0—o—o o9
L ' J
&y Target pH=2.0 110 r | _
&y Target pH=3.0 | T : “ |
3 #— Ni(+2) Aq [ppm (mass)] |
----- &y Target pH=4.0 100 F ‘ o
----- &y Target pH=5.0 | “ |
4y Target pH=6.0 90 | | 4
&y Target pH=7.0 L ‘\ 1
&y Target pH=8.0 = 80| \ 4
..... As Tarnet nH-G 0 » @ | | ]
< > £ |
— 70 - \‘ -
Actions g -~ X g F | 1
Actions = 60 | 4
< L | ]
g s} \ .
Z \ |
40 \ B
F | <
30 \ =
- | 4
|
- 20 - | B
Plot Template Manager g ~x | ‘I ]
[Default Plot) 10 + \ -
- | 4
0 L 1 1 1 1 " 1 L 1 L 1 L 1 " ”' Tk 1 & 1 & . & P T —
o e < @ L i & [ ~ ¢ & ) 7y el ¥y % I
Target pH
Save
For Help, press F1 @ NUM
P
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Select Y-Axis from the Category List
Check the Logarithmic Scale Box
Click on the OK box

Custamize Plot ? b4

Category Scale  Fomat Title
- General
Legend
¥ Az Auto

e r
4 |
.. Curves Fimirmum
Faijor it
Finaor Uit

@ Logarithmic scale

2 1 Cancel Apply Help

The modified plot is then displayed. The limit of 1 ppm for Ni*2 is approximately 2 x 10> moles. Above pH=9,
we are several orders of magnitude below this limit. Additionally, you can see that a minimum amount of Ni?* in
the aqueous phase seems to occur in the pH=11 range. This is the result of nickel solids forming and leaving
the aqueous phase.

el p0mr—T—"7 77T T T T T T T T T T

1e+02

—ap— Ni(+2) Ag [ppm (mass)]

1e+01

1e+00

1e-01

Ni{+2) Aq [ppm (mass)]

1e-02

1e-03

o4 bmt 0 00
o

~

1

G

L]

&

=

e

@

©
o
W
G
e
K
[

Target pH
Note: The red line was put as a reference. it was not plot with the software.

Let's make the plot shown above the default plot. To do that we are going to use the Plot Template Manager
Tool.
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Save the description in the left-hand corner panel named Plot Template
Manager. Type MBG Aqueous Ni(+2) as the name in this case.

Click Save
i File Edit Streams Calculations Chemistry Tools View Window Help - |8 x
Dl B2 SN 11vasol2 Red me i s MEF: G EEHN
Navigator g o~ x| £
Example 17 - Single Point Calculations* |
=& Non-Standard Rxn Kinetics " &/ Description &¥ Definition il Plot (&l Report LI File Viewer
& Ammonia Hydrolysis -
& No Kinetics @ =S = View Data Wariables
=& Nickel Waste
- &% Base Surv
N ﬁ@ Targetei:H:[)O 19"’03 E o T L T X T ¥ T x T v T R T x T v T E: T L T L T % T ¥ T ]
& Target pH=1.0 3
----- &y Target pH=2.0 r 1
- &y Target pH=3.0 1e+02 F—® - - b A hd . 4
&y Target pH=4.0 E —a— Ni(+2) Aq [ppm (mass)]
&y Target pH=5.0 [ \ ]
& Target pH=6.0 1e401 b i
- & Target pH=7.0 \ E
-y Target pH=8.0 = ". ]
As Tarnet nH-Q 0 ¥ ] r \ 1
$ > E 1te+00 | E
Actions R oax £ 3 \ k|
a \ & ]
Actions g L \ 1
= teott .
* E \ ]
= L / ]
b \ . -
1e-02 | 4
[ o o ]
Piot Template Manager 2~ 1e-03 E
[Default Plat] E ]
s . 1
13_04 i 1 i 1 i 1 i 1 i 1 i 1 n 1 i 1 " 1 i 1 i 1 i 1 i 1 i 1 i
o s e @ ¥ & & 2 & 9 5 5 o 5 Z &
| Target pH
MBG Aqueos Ni{+2] } Save
Far Help, press F1 ERE NUM

Now there will be two plots on that list now. The first is the default plot, and the second is MBG Aqueous Ni(+2).
You are now able to see these plot conditions for any other analyzer object in this case when you add survey

for that object.
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What else is important in this solution?

Click once more on the Variables button

Add the following Aqueous species to the plot. (You may need to scroll up or down to find all the species):

Ni(OH)2
NiOH+1
Ni+2
Ni(OH)3-1
Add the following Solids species to the plot:
Ni(OH)2

Click on the OK button when done

Select Data To Plot

Curves

+- Scaling Tendencies A
Scaling Index
Aqueous

Dominant Aqueous
(o}

H+1

H20

HCl - Aq

Na+1

Ni{OH)4-2
Ni20H+3
Nid{OH)4+4

NiCl+1

OH-1

[+- Vapor

1=~ Solid

Dominant Solid

[+- Molecular Totals

i+ MBG Totals - Totals
#- MBG Totals - Aqueous
O MDD Tedodn  Meamne

[ Use short names
Hide zero species
Plot data which is only within temperature range.

4

X Axis

> ITalget pH

wer

Y1 Axis

NiOH+1
Ni+2

Ll NilOH)3-1
NiOH)2 - Aq

Ni(+2) Aq

Ni{OH)2 (Theophrastite) - Sol

E] Yiew Data Options

Y2 Axis

>>

Z Axis

Cancel

Apply

3
1e-22 | *
1e-24 &
1e26 f wm
r
1e-28 |
1e-30 E——1—

Plot Template Manager
[Default Plot]
MBG Aqueas Ni[+2)

Save

For Help, press F1

Target pH

NUM
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You can see that the soluble nickel (Ni(+2) Aq) is a summation of the other species. The large drop in the value
is because most of the nickel leaves the aqueous solution as Ni(OH)2-Solid at pH values greater than 7.0 with
a maximum near pH=11.

Let's save this as a default plot as well in the Plot Template Manager as Aqueous and Solids

i File Edit Streams Calculations Chemistry Tools View Window Help - & x
DR S 2% 1vasol2 Red meslf 2w MNE: G EEN
Navigator s ==
Example 17 - Single Point Calculations* |
=& Non-Standard Rxn Kinetics ~ | & Description ¥ Definition @ll Plot [ Report I File Viewer
& Ammonia Hydrolysis 1 —
& NoKinetics a = 9 [Z) | ViewData | Variables Options
=& Nickel Waste
= Base Surve,
¥ & TargetZH:0.0 1e+06 T T T T T T T * * * * * * T
&y Target pH=1.0 le+04 1
&y Target pH=20 1e+02 1
& Target pH=3.0 E
& Target pH=4.0 le00 o« T §
&y Target pH=5.0 1e-02 ° k.
& Target pH=6.0 1e-04 o A ]
& Target pH=7.0 45508 > = PR ]
& Target pH=8.0 95 » = o
As Tarnst nH-Q 0 ¥ S 1e-08 " A b
< > @ o o A . E
o te-10 1
Actions P ax = ¥ 1
~ 1e-12 &
Actions - E
1 te1s l E
[} R i E
Z 1e-16 H 1
o } —#—NiOH+1 [ppm (mass)] i
1e-18 i : E
| —&—Ni«2 [ppm (mass)] &
1e-20 ’ ] { - Ni(OH)3-1 [ppm (mass)] 3
1e-22 ¢ = T 4 Ni(OH)2 - Aq [ppm (mass)] E
i 3
1e-24 | —s—Ni(OH)2 (Theophraste) - Sol [ppm (mass)] E
[Plot Template Manager rex B . | _e—Ni(+2) Aq [ppm (mass)) L
[Default Plot] i -
MBG Aqueos Ni(+2) 1e-28 i i E
1e-30 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L
o 7 < @ v s & > @ 9 70 7] 4», {? 77 {5\
L Target pH
Aqueaus and Saiids Save
or Help, press B Ul
For H F1 @ NUM

Scenario 2: Wastewater with Cyanide Content

The real importance of aqueous speciation modeling of this treatment is only really appreciated if we introduce
cyanides, which brings us to the real waste treatment problem.

For this scenario, you will repeat many of the same steps as in Scenario 1. We recommend that you create new
calculations below the Nickel Waste stream. This will keep the core composition the same without affecting the
results of other calculations.

Please follow these steps for this scenario. Please note that we will only show the screens that are substantially
different from those that you have already seen.

Creating a pH Survey to find the optimum pH for nickel removal

Click on the Nickel Waste stream in the tree view in the left-hand window
This will display the Actions pane in the bottom left corner of the Stream Analyzer window. Click on the Add

Survey icon in the Actions pane.
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Click on the Description Tab, and change the Name and Description in the Description tab.

Name: Waste Survey with CN

Description: pH survey with both Nickel and CN

Click on the Definition Tab

Add NaCN to the grid with a value of 490 ppm

== R MK | 11 vasSol2 Red m:d 3 o MEs S RE
Navigator L - x &
nickel waste.oad* |
# Streams Description Definition 5 Report
& Nickel Waste
‘Q Base Survey J Variable Value Add Calculation -
T Stream Parameters . -
Special Conditions
Stream Amount (ka) 1.00019 5
Temperature (C) 25.0000 L] olids Only
Pressure (atm) 1.00000
Summary
& Inflows (ppm (mass))
H20 9.99815e5 Unit Set: <Customs=
NifOH)2 185.335
Automatic Chemistry Model
Agueous (H+ ion) Databanks:
Agueous (H+ ion)
Using K-fit Polynomials.
T-span: 25.0 - 225.0
- *Pgpan: 1.0 - 201.0
Actions L oex * = differs from default.
Actions
&) Add Stream B) Add Chemic
i) Add Mixer =) Add Stability
Add Single Point Add Corrosit
@ Add Survey
£ >
Flot Template Manager L o+ x
Input
Advanced Search Add as Streamn Expoit
Save
x
v
I
&
For Help, press F1 @ MNUM

Click on the Survey By button and select pH. Note that HCl and NaOH are the default titrants and are

automatically added.

Click on the Calculate button.
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®7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DESHE $BE 528 Lvse2 Rt malisas WEs GRS |
| Navigator g o= x| £
nickel waste oad®
&% Streams Description [ Definition [l Plot B Report L2 File Viewer
=& Mickel Waste
‘g Base Survey Variable | Value - Survey by
" % Waste Survey with CN = Stream Parameters | pH v| | Specs... |
Stream Amount (k 1.0001% .
tka) Then by  [optional)
Temperature (*C) 25.0000
Pressure (atm) 1.00000 Specs..
e Calculation Parameters Yary
@ TargetpH Independently
Use Single Titrant No Together
pH Acid Titrant HCL
pH Base Titrant NaOH Caloulate &
= Inflows (ppm (mass)) ST
Hz0 9.99325e5
| Actions g +x Ni(OH}2 185.335 ~
Actions NaCN 290.000 > | PH survey:
Acid - HCLIN
h Base - NaOH
Range 0.0to 14.0
Step size 1.0
No. steps 14
No secondary survey selected
Unit Set: <Custom:=
|Plot Template Manager L o« x
Automatic Chemistry Model
Agueous (H+ ion) Databanks:
Agueous (H+ ion)
b Using K-fit Pelynomials
T-zpan: 25.0 - 225.0
Input *P-zpan: 1.0 - 201.0
* = differs from default. W
5 Advanced || Search Add as Stream Expart Set oH Calculation
ave —
x|
L3
L
&
For Help, press F1 @ NUM |

Let’s review the results.

Click on the Plot tab
Go to the Plot Template Manager tool, and click on MGB Aqueous Ni(+2)
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For Help, press F1
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The results have changed very dramatically. The new optimum pH for Ni removal is around 4.0, rather than 11.
However, the lowest total Ni remaining in solution is now around 4 ppm which is well over 1 ppm.
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Let's analyze why this is happening. We can now modify the plot to display more variables. Select the Aqueous

and Solids plot saved in the Plot Template Manager.

Click on Variables
Add the following new Aqueous species: Ni(CN)4-2
Add the following new Solid species: NiNi(CN)4-Solid

Click OK
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Let’s analyze the results.

The culprit is the Ni(CN)42 complex of nickel and cyanide. Basically, the plot of the total Ni in solution and the
Ni(CN)42 complex overlap over the interval pH=5 to 12. This means that virtually all nickel in solution is in the
form of this complex.

This complex thus holds the Ni in solution and does not allow the nickel hydroxide to even form. Instead, a
much weaker precipitate, the NiNi(CN)4 salt forms over a narrow range of pH with 4.0 being the optimum.
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Scenario 3: Wastewater with Sulfide Salts

We can now try to influence nature by introducing a source of sulfide. We do this because many metal sulfide
salts are highly insoluble.

Create a new single point calculation and a survey as you did in the previous two scenarios.
Add 490 ppm of NaCN
Add 340 ppm of H2S

Select the pH survey and then calculate.
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For the survey case, use the plot template manager to start off with the MBG— Aqueous (Ni+2) and then add
the following variables:

Aqueous Species: Ni(CN)4-2
Solid Species: NiS-Solid
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The results reflect a "power struggle" between the Ni(CN)2 which is holding the nickel in solution and the NiS
solid which clearly has a greater tendency to form than the NiNi(CN)s solid. As a result, our optimum pH is still
around 4.0 and we are now around 10-% ppm total nickel in solution which is a bit below 1 ppm.

This would be a good time to save your work. You may use the File/Save As... menu item or use the Save icon
on the toolbar.

Final Thoughts...

Aqueous speciation modeling can teach us a great deal about complex chemical systems and the interactions
of individual species.

The actual removal achieved with sulfide may not be quite enough to satisfy the regulations. This is useful
information to have. In addition, with the power of OLI Studio: Stream Analyzer, one could now explore alternative
treatment methods such as ion exchange.

Although such a simulation is beyond the scope of this demonstration, consider how vital it is to know that the

dominant species to be exchanged (removed from solution) is an anion Ni(CN)2 and not the cation (Ni+2) as the
conventional wisdom might dictate.
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Temperature Survey

The default single survey calculation is the Survey by Temperature. The software computes solution properties
based on a known composition and pressure at different temperatures.

Example 18: Studying a Four-phase mixture and its Partitioning

The purpose of this first example is to present the basic Temperature survey. You will study how a four-phase
mixture partitions with temperature. The system composition will be basic, containing one primary phase
component, H20 (liquid), CH4 (gas), Decane (organic), and NaCl (solid). Each component will partition each of
the other three phases.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Temperature Survey Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Survey Stream Amount Calculated
Stream Name Temperature Survey Temperature Range 25-100 °C (Default)
Survey Name 4-Phase Partitioning Step Size Increment by 5 °C (Default)
Name Style Display Formula Pressure 1 atm
Unit Set Metric, Moles H20 50 moles
Framework MSE-SRK CH4 10 moles
C10H22 10 moles
NaCl 10 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Temperature Survey
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Change the Survey name to 4-Phase Partitioning using the <F2> key

Select Temperature as Type of Survey - Default
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Click on the Specs button. This will open the Survey Options Window

Variable Value ~ Survey by
= Stream Parameters Temperature hd
Stream Amount (mol) 80.0000 X
(mol) Then by  [optional)
Temperature (*C}
Pressure (atm) 1.00000 ez | NS
= Inflows (mol) Wary
H20 50,0000 Independently
CH4 10.0000 Together
C10H22 10.0000

MaCl 10.0000 Calculate &8

The Temperature Range is entered in the End Points section. The default values for the Temperature Range
are 25°C (Start) to 100°C (End). Leave the default values.

The Step Size can be given as Increments or Number of Steps. By default, in the Temperature Survey the
Step Size by 5 increments is selected. Leave the default values. Then click OK.

Survey Options ? X

Category Survey Range

r. 1 - Temperature

i Calculation Type Temperature FRange Init;

Calculation Options Selected Fange

25.0 to 100.0 i 15

Mew

Delete

(®) Linear () Log () Paint List
End Paints

Start | 25.0000
End |100.000

Step Size

Select one, the other is
calculated

Increment (O] }

Mumber Steps 15 O

Cancel Apply Help

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.
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Analyzing the Results
Click on the Plot tab (il Plot ),

The default plot is the phase amounts in grams of Liquid-1 (Aqueous Phase), Liquid-2 (Organic Phase), Solid
and Vapor.

The plot below shows that as temperature increases, the mass of Liquid-1 and Liquid-2 (organic) decreases,
as they evaporate, and hence the Vapor phase increases. The solid phase mass remains constant up to 80°C,
and then increases at higher temperatures.

Description Definition [l Plot [ Report 2 File Viewer

[Mass - Liquid-2 [g] = (50.0, 1410.02) |la & a B [ viewnats |[ vaiaties || options

1900_'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'|'_
1800 [ ]
1700 |
1600 |-
1500 [
1400 —8 8 8B B _.__..__.___.___
1300 | _.& L“h--.lm
1200 L 4%+ ¢ ———— o _.__‘__‘_ o |
[ . “
1100 [ * u
1000 F —&— Mass - Vapor [g] Ny
900 L —— Mass - Solid [g] . N,
800 [ —m— Mass - Liguid-2 [g]
700
600 [
500 [
400
300 F
200 F
100 | .

—— Mass - Liguid-1 [g]

Mass - Vapor, Mass - Solid, etc.
#

Temperature [*C]

Note: When the mouse-pointer is positioned over a point on one of the curves, the message box at the top of the plot indicates
the variable and the coordinates of that point.
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Pressure Survey

In the Survey by Pressure, the software computes solution properties based on a known composition and
temperature at different pressures.

Example 19: Dissolution of CO: in water as a Function of Pressure

Many thermodynamic properties are less dependent on pressure than they are on temperature. Vapor-Liquid-
Equilibrium (VLE) is affected by pressure.

In this example, the dissolution of COz in water (which is a direct reflection of VLE) will be studied as a function
of pressure.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Pressure Survey Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Survey Stream Amount Calculated
Stream Name Pressure Survey Pressure Range 5-100 atm
Survey Name CO2 dissolved in water Step Size Increment by 5 atm
Name Style Display Formula Temperature 25°C
Unit Set Metric, Moles H20 55.5082 moles
Framework MSE-SRK CcO2 10 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Pressure Survey
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Change the Survey name to CO2 dissolved in water using the <F2> key

Select Pressure as Type of Survey

Click on the Specs button. This will open the Survey Options Window

J Variable Value ~ Survey by
- Stream Parameters Pressure - Specs..
Stream Amount (mal) 65.5082 .
(mel) Then by [optional]
Temperature (*C) 25.0000
Pressure (atm}) Mane v Spect..
= Inflows (mol) Wary
Hz0 55,5062 Independently
coz 10.0000 Together
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The default pressure range is from 1-10 atm with an increment of 1 atm. Change the Pressure Range to 5-100
atm. Set the Step Size to 5 atm increments. Then click OK.

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.

Analyzing the Results

Click on the Plot tab (ﬂ Plot ) The default plot is the phase amounts in grams of Liquid-1 (Aqueous Phase),
Liquid-2 (Organic Phase), Solid and Vapor.

You can see that the Liquid-1 phase increases up to around 60 atm, and then it follows a constant trend as the
pressure continues to increase. Regarding the Vapor phase, you can see that it shows a sudden decrease in
mass from around 400 g at 60 atm to O g at 65 atm. The pressure of the system has increased in such a way
that causes a phase change from vapor phase to Liquid-2 phase.

We are interested in the solubility of CO2 in water, i.e. in the Liquid-1 phase. We can change the default plot to
show the molecular CO2 dissolved in water (CO2-Liq1).

Click on the Variables button. This will open the Select Data to Plot window.

& Description & Definition @l Plot Report 3 File Viewer
| A A & [=] | ViewData Variables Options
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Double click or use the << button to remove the Phase Amount variables.
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Look for Liquid-1 and click on the # box to show all the available variables.
Select CO2-Lig1 and put it in the Y1 Axis using the >> button.

Look for Additional Stream Parameters section and click on the & box to
show all the available variables. Select pH and put it in the Y2 Axis using the
>> putton. Then click OK.

Select Data To Plot ? x

Curves

#- Caleulation Results = Pressure
(- Inflows
(- Additional Stream Parameters Y1 Auis i
- Denaity - Liquid-1 C02-Lg1
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- Density - Total e
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- pH - Liquid-2

- Standard Liquid Valume - Liquid-1 Y2 Pudis [
- Standard Liquid Volume - Liquid-2 pH

- Standard Liquid Volume - Vapor
- Vapor Fraction (Vapor/Inflow [mol]) b5
[+- Phase How Properties

[+ Thermodynamic Properties
[+- Pre-scaling Tendencies

1 D H Mo rdns h
[ Use short names
Hide zero species Z huis
Plot data which is only within temperature range. -Select -

Cancel Apply Help

The default plot now shows the selected variables: The dissolved CO: in the water (Liquid-1 Phase) in the Y1
Axis, and the pH in the Y2 Axis. Both variables are presented as a function of pressure.
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The dissolved COz: in solution increases as the pressure increases. When the pressure goes above 65 atm, the
dissolved COz2 remains nearly constant.

A similar behavior is seen in the pH. As the pressure increases, a decrease in pH is observed. This is attributed
to the following equilibria dissociation reactions:

COzpap S COyqq
COy4q + 2H,0 S H30" + HCO3
HCO7 + H,0 S H,0% + C03%-
Thus, as the amount of CO:2 in the aqueous phase increases, the dissociation reactions create more hydronium
ions H3;O* that are available in solution, subsequently decreasing the pH?®. As the pressure reaches values

above 65 atm, the pH value remains constant. Hence, the pH is a direct reflection of the dissolved COs: in
solution.

9 How can you have pH with no hydrogen ions (H*) in solution in the MSE framework? See: pH in MSE
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Composition Survey

In the Survey by Composition, the software computes solution properties based on a given composition of
species (or set of species) at a specific temperature and pressure.

Example 20: Dissolution of Calcite (CaCO3) as a function of CO:2

Calcite is a scale that forms very easily in the production of oil and gas. It is known that adding CO2 to water
dissolves Calcite. Likewise, removing CO2 from water precipitates calcite. In this example, you are going to
evaluate the effect of different CO2 concentrations on the dissolution of Calcite.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Composition Survey Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Survey Stream Amount Calculated
Stream Name Composition Survey Temperature 25°C
Survey Name Calcite Dissolution Pressure 75 atm
Name Style Display Formula H20 55.5082 moles
Unit Set Metric, Moles CaCo3 0.05 moles
Framework MSE CO2 concentration range 0 -1 moles

Step Size Increment by 0.05 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Composition Survey

Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Change the Survey name to Calcite Dissolution using the <F2> key

Select Composition as Type of Survey.
Note: In the summary box a message in red appears: ‘Component not selected for composition survey
variable’. This means that we need to select the component that we want to vary. In this example CO2.

To specify the component, click on the Specs button. This will open the Survey Options Window.
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Under the Component tab, select CO2

Survey Options

Category

Calculation Options

Survey Range

Companent Inflows

Hide Related Inflaws MHew Inflow

CaC03

Hz0

Select a component inflow which will be waried over the specified range.

Cancel Apply Help

Now, click on the Survey Range tab. Enter the CO2 composition range from 0 to 1 mol, by increments of

0.05 moles. Then click OK.

Survey Options

Category

- War. 1 - Composition
- Caleulation Type
i Calculation Options

?
Companent | Survey Range
Compoziion Fange Urit: [ ol
Selected Range
0.0t 1.0in Mew
Delete

(®) Linear (O Log () Paint List

End Paints
Start
£rd
Step Size

Select one, the ather i
calculated

Ihcrement | 0.0500000 ® }

Mumber Steps 20 @]

Cancel Apply Help
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We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.

Analyzing the Results

Click on the Plot tab (ﬂ Plot ). The default plot is the pH as a function of total CO2 in moles. As the
concentration of CO2 increases, the pH decreases (as it was explained in the example above).

We are interested in understanding the dissolution of Calcite as a function of CO2. To see these results, we
need to study how the moles of solid calcite change as the concentration of CO:2 increases.

£

Click on the Variables button. This will open the Select Data to Plot window.
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Double click or use the << button to remove the pH variable

Look for Solid section and click on the # box to show all the available
variables. Select CaCO3 (Calcite) — Sol and put it in the Y1 Axis using the >>
button. Click OK.

The default plot now shows the selected variable: CaCO3 (Calcite) — Sol as a function of COs-.
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As expected, the amount of CaCOs (Calcite) decreases with increasing CO.. In an oil production setting, when
there is a significant pressure drop, CO2 will be lost. This will decrease the solubility of CaCOs and will increase
the likelihood of scale formation.
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pH Survey

In the Survey by pH, the software adjusts the flowrate of acid or basic titrants to at a predefined set of pH values
and computes the solution properties of a solution based on a given composition of species (or set of species)
at a specific temperature and pressure.

Example 21: A Speciation Diagram for the Carbonic Acid System as a Function of pH

In this survey calculation, a 0.001 molal CO2 solution is titrated with HCI and NaOH. Instead of defining the
amount of acid/base to add, the pH will be specified, and the software will compute the amounts of HCI and
NaOH needed.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

pH Survey Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Survey Stream Amount Calculated
Stream Name pH Survey Temperature 25°C
Survey Name Carbonic Acid System Pressure 1 atm
Name Style Display Formula H20 55.5082 moles
Unit Set Metric, Moles CO2 0.001 moles
Framework MSE pH range 4-12

Step Size Increment by 0.1

Add a new Stream

Click on the new Stream and press <F2> to change the name to pH Survey
Select the MSE (Default) thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Select pH as Type of Survey

Change the Survey name to Carbonic Acid System using the <F2> key

The calculation can be run without modification. The default titrants are HCI and NaOH, and the default pH
range is set from 0 to 14 with a step size of 1 increment. However, this pH range is too broad for the carbonate
system, in which most of the speciation occurs between pH=4 and 12. Additionally, it is ideal to specify finer
increments to see a smoother curve.
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Click on the Specs button. This will open the Survey Options Window
In the pH Titrants tab, leave the default pH Titrants: HClI and NaOH

pH Titrants | Survey Range

Select an acid and base to adjust to meet the specified pH.

[Juse Single Titrant

Hide Related Inflows New Inflow
Acid Base
co2 coz
H20

H20

NAOH

Now, click on the Survey Range tab. Enter the pH range from 4 to 12, with increments of 0.1. Then click OK.

pH Titrants | Survey Range

Target pH Range

e
Delete
(®) Linear " Log () Paint List
End Pairts
Start | 4.00000
End [12.0000
Step Size

Select one, the other is
calculated

Increment (O] }

Mumber Steps 80 @)

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Survey Calculations.
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Analyzing the Results

Click on the Plot tab (il Plot ) The default plot is the moles of added HCI and NaOH vs Target pH. This is not
the target variable, and you will change it to display the carbonate-containing species.
Click on the Variables button
Remove the NaOH and HCI from the Y1 axis (double click or use the << button)
Look for Liquid-1 section and click on the # box to show all the available species. Select the following
species: CO2-Aq, HCO3-1, CO3-2, and H3O* and put them in the Y1 Axis using the >> button or by double

clicking. When you are done, click OK.
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You can also present this plot on a semi-log scale.

Click on the Options button. This will bring the Customize Plot window

Select Y Axis in the Category window
Check the Logarithmic scale box, and then click OK.

Custornize Plot ! X
Category Soale  Format Title
- General
- Legend
- 24 Ais Auto
Minirnurn
- Curves
M awirnum 1.0%e-3
Major Unit
Finar Uit

Logarithmic scale

Cancel Apply Help

Before analyzing the plot, let's add the OH- species.
Click on the Variables button, look for OH-1 in the Liquid-1 section, add it to the Y1 Axis, and then click

OK. Now we are ready to analyze the plot.
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At lower pH, CO2-Aq dominates the system, and notice how the HCO3-1 slope is 1 and the CO3-2 slope is 2.
Likewise, in the pH region where CO3-2 dominates (high pH), the HCO3-1 slope is -1 and the CO2-Aq slope is

l . . . .
-2. These %slopes are based on the number of H+ ions added or removed in the chemical reactions. See
reactions below.

COz4q + 2H,0 & H;0* + HCO3
HCO; + H,0 & H;0% + C0%~
Note the pH where the CO2(q) and HCOs™ lines intersect (pH~8.3), and where the HCO3-1 and CO3-2 lines

intersect (pH~10.3). These pH values are the same as the pKa values (the equilibrium equations the specific
equilibrium reactions).
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As NaOH is added to convert HCO3 to CO32, a portion of the NaOH remains as free base, OH-'. This fraction
increases at higher pH values, and its concentration is reflected in the calculated pH. A similar pattern is seen
at pH below ~3 for HCIl and H+.

Vapor Fraction / Vapor Amount Survey

The purpose of the Vapor Fraction/Vapor Amount Survey calculation is to set a specific fraction of the stream
to the vapor phase, and compute the temperature or pressure required to achieve the specified Vapor
Fraction/Vapor amount.

Example 22: Seawater Evaporation

Seawater contains a variety of salts, and when seawater evaporates, these solids are left behind. The most
abundant salt in seawater is sodium chloride (NaCl) which is commonly referred to by its mineral name halite.

You will evaporate seawater to dryness and look at the solids that form. What is interesting is the number of
phases that can be produced when seawater evaporates, giving you a sense of how certain natural systems
build up sediment of a particular nature.

In this example we will also introduce the Object Library tool.

Starting the Simulation

Open the Object Library window — from the menu, View > Toolbar > Object Library. The Object Library appears
on the right-hand side of the window.
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Drag the Seawater (Molecular inflows) stream to the navigation panel in the white space below the other
streams and calculation objects or on top of the “Streams” at the top of the Navigator tree
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The inputs and parameters are automatically populated when selecting the Seawater (molecular inflows) from
the Object Library.

Click on the new Stream and press <F2> to change the name to Vapor Fraction Survey
Go to the Add Calculation button and select Survey calculation

Change the Survey name to Seawater Evaporation using the <F2> key

Select Vapor Fraction as Type of Survey

Click on the Specs button. This will open the Survey Options Window

The default Vapor Fraction range is from 0-1 with an increment of 0.1. Change the Vapor Fraction Range to
Survey End to 0.95. Set the Step Size to 0.05 increments. Then click OK.

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Survey Calculations.
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Analyzing the Results

Click on the Plot tab (ﬂ Plot ). The default plot is the Vapor Fraction plot (as the dependent variable) vs
Temperature. It shows that seawater boils initially at 100°C, and at near complete evaporation (95%) the

temperature is 109.4°C.

110.0

109.0

108.0

107.0

106.0

104.0

Temperature [°C]

102.0

101.0
I %
r’/.-

100.0

99.0

We are also interested to know which solid phases precipitate as the water evaporates.

Click on the Variables button
Remove Temperature from the Y1 axis (double click or use the << button)

105.0

103.0

—a@— Temperature [°C]

L 3

e .

a

R

|
o
.13‘5\

Vapor Fraction (Vapor/Inflow [mol]) [mol/mal]

|
o
.u'_b

v)

"I S

o, ©
B R R 9 % %

Look for Solid section and click on the # box to show all the available species. Select the option Dominant

Solids and put it in the Y1 Axis using the >> button or by double clicking. When you are done, click OK.
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The default plot is not very easy to read because halite dominates the solids and because the units are in mg/I
and the liquid volume decreases from left-to-right on the plot. To see the plot more clearly, right click on any
number in the Y axis, and select the Logarithmic Scale option.

340000
320000 _
300000 _
280000 [ —g— NaCl (Halite) - Sol [mg/L] b
260000 [ —&— CaS04 (Anhydrite) - Sol [mgiL] h
240000 [ —m— Mg1.5(304)(0H) - Sol [mg/L] N
i Mg(OH}2 (Brucite) - Sol [mg/L
- 220000 - —4— Mg(OH)Z (Brucite) - Sol [mgiL] ]
E 200000 L —— 5r304 (Celesting) - Sol [mgiL] ]
£ 180000 [ ]
m L
= qenann
’ Format ¥ Axis...
1 Adjust Scale...
I Logarithmic Scale
Label Style ¥
Label Font...
Format ¥ Axis Title...
Title Font...
. . o 7 B 7 ] o0 7 B B oo &
Hide Title s % % Y Y % %8 % % 9 N % % % %% Ty

WVapor Fraction (Vapor/Inflow [mol]) [mol/mol]

Plot in semilogarithmic scale
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As the water evaporates CaSOs4, Mg(OH)2 and SrSO4 salts precipitate at all temperatures. NaCl and a
Mg/SO4/0OH double salt starts to precipitate at 95% vapor fraction.
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Dual Surveys

Dual Surveys allow you to study the effect of two independent variables on your system under study.

The option for the dual survey is highlighted in the red box in the image below. There are three options available
in the optional survey, Temperature, Pressure and Composition.

You also have the option of varying the selected variables independently or together. We will explore this in
more detail in upcoming examples.

Description Definition [l Plot [E Report L2 File Viewer

=
Stream Amaount (mzl)
Temperature (*C)
Pressure (atm)

=
H20

Input

Adwanced Search

J Variable

Stream Parameters

Inflows (mol)

Add a5 Stream

E=port

Value

55.5082

55.5082

Survey by

Then by [optional)

Temperature - Specs...

Range 25.0to0 100.0 °C
Stepsize 5.0°C
Mo. steps 15

Pressure survey
Range 1.0 te 10.0 atm
Step size 1.0 atm
MNo.steps O

Primary and secondary survey
variables
move independently

Tetal points: 160

Unit Set: Metric (moles)

Autematic Chemistry Model

Agqueous (H+ ion) Databanks:

I Pressure: vI Specs...
Wary
(®) Independently
() Together
Calculate 48
Summary
Temperature survey:
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Temperature and Pressure Survey

In this type of survey two variables are adjusted simultaneously, temperature and pressure. This type of survey
creates a matrix of results, which can then be interpreted using the plot function in different ways.

Example 23: Dissolution of CO: in water as a Function of Temperature and Pressure

In Example 19, the dissolution of CO2 in water was studied only as a function of pressure. In this case, we are
going to study the effect of both temperature and pressure on the CO:2 dissolution.

In this example the Contour Plot will be used to analyze the results.
Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Temperature and Pressure Survey Calculation

Calculation Settings Stream Composition and Conditions

Calculation Type Survey Stream Amount Calculated

Stream Name T/P Survey Pressure Range 5-100 atm

Survey Name CO2 dissolution — T/P Step Size Increment by 5 atm

Name Style Display Formula Temperature Range 5-100 °C

Unit Set Metric, Moles Step Size Increment by 5 °C

Framework MSE-SRK Vary Independently
H20 55.5082 moles
CO2 10 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to T/P Survey
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Change the Survey name to CO2 dissolution T/P using the <F2> key
Select Temperature and then by Pressure

Click on the Temperature Specs button. This will open the Survey Options Window
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Change the Temperature Range to 5-100 °C. Set the Step Size to 5 °C increments.
Click on Var. 2 — Pressure, in the Category Window to define the Pressure Range.
Change the Pressure Range to 5-100 atm. Set the Step Size to 5 atm increments. Then click OK.

Survey Options ? had

Categary Survey Range

Pressure Range Unit: | atm

-Calculation Type
- Caleulation Options

Selected Range

5.0 to 100.0in 19

Mews

Delete

(@) Linear (O Log (O Paint List

End Points
Start
e
Step Size
erement ® } Select one, the other is
Mumber Steps 19 0 calculated

Cancel Apply Help

In the summary box, notice that a total of 400 points will be calculated. We are ready to perform the calculation.
Click on the Calculate button or press the <F9> key

Description Definition i Plot [ Report L3 File Viewer

J Variable Value - Survey by
= Stream Parameters Temperature -
Stream Amount (mol) 65.5082
(mof Thentby [optional)
Temperature (°C)
Pressure (atm) Pressure - Specs...
& Inflows (mol) ary
H20 55.5082 (®) Independently
coz 10.0000 O Together
Calculate @8
Summary
~
3 Temperature survey
Range 5010 100.0°C
Stepsize 50°C
MNo. steps 19
Pressure survey
Range 5.0to 100.0 atm
Stepsize 5.0 atm
No. steps 19
Primary and secondary survey
variables
move independently
w Total peints: 400
Unit Set: Metric (moles)
Input
Automatic Chemistry Mode! (vl
Advanced Search Add as Stieam Export MSE-SRK (H30+ ion) Databanks:
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It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.

Analyzing the Results

Click on the Plot tab (ﬂ Plot ) The default plot is the phase amounts in grams of Liquid-1 (Aqueous Phase),
Liquid-2 (Organic Phase), Solid and Vapor.

We are interested in the solubility of CO2 in water, i.e., in the Liquid-1 phase. We can change the default plot to
show the molecular CO2 dissolved in water (CO2-Lig1).

Click on the Variables button. This will open the Select Data to Plot window.
Double click or use the << button to remove the Phase Amount variables.

Look for Liquid-1 and click on the [# box to show all the available variables.
Select CO2-Lig1 and put it in the Y1 Axis using the >> button. Then click OK.

Select Data To Plot ? et
Curves
A X Axis
> Temperature
Y1 fis |
CO2-Ligl
Y2 fis |
=3
(- Vapor
[+ Liquid-2
[+- Solid
1 Rl ol Tl A
[ Use short names
Hide zero species Z Bz
Plot data which is only within temperature range. | Pressure [
OK Cancel Apply Help
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The default plot now is showing the dissolved COz2 in the water (Liquid-1 Phase) in the Y1 Axis as function of
pressure. Unfortunately, the legend is covering the plot.

To move the legend to the side without interfering with the results, right click on any white space within the plot
and Allow Layout Changes. This option allows you to select and reposition the plot.
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Resize the plot to make it smaller and create space for the legend. Drag the legend to the right.
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As the temperature increases (at a fixed pressure) the solubility of CO2decreases. This is to be expected since
at higher temperatures it is easy to overcome the vapor pressure and CO: is released as gas. As the pressure
increases (at a fixed temperature) the solubility of CO2 in solution increases.

The plot above can be represented better using a Contour Plot. To convert the results into a contour plot view,
simply click on the contour plot icon (E).

The resulting plot is now a pixilated color plot showing the moles of molecular CO2 dissolved in the Liquid-1
(Aqueous) phase, at each T and P value.

The number of moles of COz is characterized by a different color that is shown in the legend (maximum value
is given in red, and minimum value is given in blue). You can mouse over any location in the plot and the moles
of CO2 dissolved in the Liquid-1 phase at each T and P value will be shown in the left corner box.

|co2 - Liq1 (5.0, 95.0) = 2.03232 |a = | Yiew Data
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| Wariables

| Options |

Pressure [atm)]

T s % BB D B H B B 0 DS

Temperature ["C]

Note: The legend scale can also be optimized by either right-mouse-clicking on the Legend and selecting Options>Plot
Options>Contour or clicking on the Options button in the upper right and selecting Contour. Both open to the Contour
options window, where the color and range can be modified.

In the contour plot, you can see the effect of both Temperature (x-axis) and Pressure (y-axis) on the solubility
of COz2 in water. Higher solubilities are obtained at high pressures and low temperatures, while lower solubilities
are obtained at high temperatures and low pressures.
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Survey by changing the single point calculation type

The sections presented so far have presented single and dual surveys. In addition to adjusting these survey
variables, you can select one of several single point calculations embedded within the survey. The embedded
single point calculations include Isothermal (default), bubble point, dew point, vapor amount, vapor fraction, set
pH, precipitation point, composition point, and isochoric.

Survey Options ? X

Category Calculation Type
~ar, 1 - Temperature

. itinn Type of Calculation
~ Calewlation Type Temperature Specs.
alculation Uphons Pressure

~  lsothermal

Bubble Paint Edlitiee New Inflow

Dew Point

Vapor Amount
Vapor Fraction

Set pH
Precipitation Point

Composition Point

Isochoric

Cancel Apply Help

Temperature Survey with a Precipitation Point Calculation

In this Temperature Survey, the Calculation Type will be changed from Isothermal Calculation to Precipitation
Point. This will allow us to model the solid solubility vs temperature.

Example 24: Solubility of Halite as a Function of Temperature
In this example, we are going to study the solubility of NaCl (halite) as a function of temperature.
Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Temperature Survey with a Precipitation Point Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Survey Stream Amount Calculated
Stream Name Solubility vs T Pressure 1 atm
Survey Name Halite Solubility vs T Temperature Range 5-100 °C
Calculation Type Precipitation Point Step Size Increment by 5 °C
Name Style Display Formula H20 55.5082 moles
Unit Set Metric, Moles NaCl 0 moles
Framework MSE

Add a new Stream
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Click on the new Stream and press <F2> to change the name to Halite Solubility vs T and P
Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Change the Survey name to Halite Solubility vs T using the <F2> key

Select Temperature as the type of survey

Click on the Temperature Specs button. This will open the Survey Options Window
Change the Temperature Range to 0-100 °C. Set the Step Size to 5 °C increments.
Click on Calculation Type, in the Category Window to define the Type of Calculation

Under Type of Calculation Change the Default Isothermal to Precipitation Point (use the drop-down arrow)

Select NaCl (Halite)-Sol as the Solid Precipitate and NaCl as the Adjusted Inflow. Then click OK.

Survey Options ? x

Categorny Calculation Type

Type of Calculation

Calculation Tupe
i Lalculation Ophions

Temperature

Frecipitation Point - | Specs...

Pressure

Llze Single Titrant Hide Related Inflows Mew |nflow

Solid Precipitate Adjusted Inflow

Hz20 - 5al ~
HCL.1H20

HCL.2H20

HCL 320

MaCl [Halite] - Sal

all wdrohalle
MalH - Sal
MalH.1H20
MalH.2H20
MalH.3.5H20
MalH.4H20 v

Cancel Apply Help
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The Calculation Parameters section is

(Halite)) and the Adjusted Inflow (NaCl).

now shown in the Definition Tab, highlighting the Precipitant (NaCl

|

Variable

Stream Amount (mol)
Temperature (°C)
Pressure (atm)

Calculation Type
Precipitant:
Adijusted Inflow:

H20
NaCl

Stream Parameters

Caleculation Parameters

| T P pra——"i 1
T T

Value

Precipitation Point
NaCl (Halite)
NaCl

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

55.5082

1.00000

wn
(4]
oh
=]
5]
M

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.

Analyzing the Results

Click on the Plot tab (ﬂ Plot ). The default plot is the amount of NaCl in moles added to 1 kg of water before
Halite precipitates as a function of Temperature.

—g—NaCl [mel]

MaCl [mal]

1
o % 9 % %

Temperature [*C]
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Halite solubility increases slightly with temperature, from 6.16 moles/1kg H20 at 25°C to 6.68 moles/1kg H20
at 100°C.
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Example 25(Part ll): Solubility of Halite as a Function of Temperature and Pressure

The effects of pressure on mineral solubility is generally less important than temperature. There is still an effect
that can be observed. The same stream created on as in example 25 will be used.

Starting the Simulation

Under the Solubility vs T stream add a new Survey (see Stream information in Example 24)

Change the Survey name to Halite Solubility vs T and P using the <F2> key

Select Survey by Temperature and then by Pressure (This is a dual survey)

Click on the Temperature Specs button. This will open the Survey Options Window

Change the Temperature Range to 0-100 °C. Set the Step Size to 5 °C increments.

Click on Var. 2 — Pressure, in the Category Window to define the Pressure Range.

Change the Scale to Log, change the Pressure Range from 1 to 1000 atm, and set the Number of Steps to
3 (i.e. it will plot the following pressures: 1, 10, 100 and 1000 atm). Then click OK.

Survey Options ? x
Categary Survey Range
War. 1 - Temperature
ar. 2 - Prezsure Pressure Rangs Urit: | atm
- Caleulation Type Selected Range

- Calculation Options 1.0 to 1000.0

Mew

Delete

() Linear (®) Log () Paint List
End Pairnts

Start |1.00000
End |1000.00

Step Size

Select one, the other is

Increment  333.000
} caloulated

Mumber Steps

Cancel Apply Help

Click on Calculation Type, in the Category Window to define the Type of Calculation

Under Type of Calculation Change the Default Isothermal to Precipitation Point (use the drop-down arrow)
Select NaCl (Halite)-Sol as the Solid Precipitate and NaCl as the Adjusted Inflow. Then click OK.

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key.

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named as Survey Calculations.
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Analyzing the Results

Click on the Plot tab (Ml Plot ) The default plot is the amount of NaCl in moles added to 1 kg of water before
Halite precipitates as a function of Temperature.
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The effect of pressure is significant between 100 and 1000 atm relative to the effects between 1 and 100 atm.

We can also present the Halite Solubility using a Contour Diagram. It would be ideal to define a finer range of
temperature and pressure.

Return to the Definition Tab

Click on the Temperature Specs button.

Change the Temperature Range to 0-150 °C. Set the Step Size to 2 °C increments.
Click on Var. 2 — Pressure, in the Category Window to define the Pressure Range.

Change the survey to Linear scale, change the Pressure Range from 20 to 1000 atm, and set the Step Size

to 20 atm increments. Then click OK.

Note: In the Summary box we can see that survey creates a matrix of 75 steps x 49 steps for a total of 76
temperature and 50 pressure points, or 3800 points in total.

Click the Calculate button. This calculation will take a few minutes to compute.

Click on the Plot tab and change the Plot to contour (E).
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The solubility is shown to increase as temperature and pressure increase. The increase is up to 50% from the
low values. A few of the points failed to converge at the low temperature and high-pressure conditions (shown
in gray).
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Composition Survey with a Bubble and Dew Point Calculation

In this Composition Survey, the Calculation Type will be changed from Isothermal Calculation to Bubble and
Dew Point calculations. This will allow us to model the vapor liquid equilibria (VLE) of mixtures.

Example 25: Ethanol-Water Azeotrope

In this example, you are going to calculate both the bubble point and dew points as a function of Ethanol-Water
composition.

The two data sets will then be transferred to a spreadsheet where the curves will be plotted together to locate
the azeotrope. You will need a spreadsheet/plotting software to complete this case.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Composition Survey with a Bubble and Dew Point Calculation

Calculation Settings Stream Composition and Conditions
Calculation Type Survey Stream Amount Default — 1kg
Stream Name Composition survey - Azeotrope Pressure 1 atm
Survey Name Ethanol-Water Azeotrope Temperature It will be calculated
Calculation(s) Type | Bubble Point/ Dew Point H20 100 mass % - default
Name Style Display Name Ethanol 0 mass%
Unit Set Metric, Mass Frac. Composition Range | 0-100 mass%
Framework MSE Step Size Increment by 2 mass%

Calculating the Bubble Point

Add a new Stream

Click on the new Stream and press <F2> to change the name to Composition survey - Azeotrope
Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Display Name option

Click on the Units Manager Icon, and select Metric, Batch, Mass Frac.

Enter the composition of the stream given in the table above

Go to the Add Calculation button and select Survey calculation

Select Composition as the type of survey

Change the Survey name to Ethanol-Water Azeotrope using the <F2> key

Click on the Composition Specs button. This will open the Survey Options Window
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Under the Component tab, select Ethanol

Click on the Survey Range tab. Change the Composition Range to 0-100 mass%. Set the Step Size to 2
mass% increments.

Survey Range Companert | Survey Fange
Companent | nflows Composition B ange Urit:

Hide Related Inflows Mew [nflow Selected Range

0.0ta 100.0in 50

(®) Linear ) Log () Paint List

End Paints
Start
Step Size
Select a component inflaw which will be varied aver the specified range. Increment ® } Select ane, the ather is
Mumber Stepz 50 0 calculated

Click on Calculation Type, in the Category Window to define the Type of Calculation

Under Type of Calculation Change the Default Isothermal to Bubble Point (use the drop-down arrow). Then
click OK.

Survey Options ? x

Category Calculation Type
¢ War. 1 - Composition

Type of Calculation

alculation Dptions Bubble Point - @) Temperature

“ Galvert (_) Pressure

Specs...

Use Single Titrant Hide Related Inflows M Inflaw

Cancel Apply Help
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We are ready to perform the calculation. Click on the Calculate button or press the <F9> key.
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named as Survey Calculations.

Analyzing the Results

Click on the Plot tab (ﬂ Plot) The default plot is the bubble point temperature vs the mass fraction ethanol.
As the mass% of ethanol increases the bubble point temperature decreases.

| @ 5|8 = |View Datal ariables Options

o1+ L L L N N B B L BN B S B BN B B B B B B

99 E\ Q Options > ]
97 —\ —a— Temperature [C] SR 4

Allow Layout Changes

9

L b\ Hide Legend ]
93 =
L b\ Zoom > |
nr . Load Default Plot il

89-— Copy | —-
871 Export csv...l 0

85

Temperature [°C]

Copy Scaled Image...

Save Image As... 1

83

ar ““.‘.“'-."““‘. _
79 -
L see® |

I

Ethanal [mass %]

You have 3 different options to retrieve this data to use in your preferred plotting software.
Option 1: Right-click on the white region of the plot to open the drop-down menu and select Copy.
Option 2: Right-click on the white region of the plot to open the drop-down menu and select Export CSV.

Option 3: Click on the View Data button, select all data by clicking on the upper left corner of the table, and
copy the data using Ctri+C.

W Ethanol | Temperature
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In this case let’s use Option 1. Right click and Copy the data, then open your preferred plotting tool and Paste
the data.

Calculating the Dew Point

Return to the Definition tab

Click on the Composition Specs button. This will open the Survey Options Window
Click on Calculation Type, in the Category Window to define the Type of Calculation
Change the calculation type to Dew Point (use the drop-down arrow). Then click OK.
Recalculate, and click on the Plot tab

Right click and Copy the data, then open your preferred plotting tool and Paste the data

Plot the two temperature curves vs mass% of ethanol and format as needed

Ethanol-Water VLE at 1 atm

100 +
98
96
94
92
90
88
86
84
82
80

0 10 20 30 40 50 60 70 80 90 100

Ethanol [mass %]

Temperature [°C]

——Dew Point Temperature [°C] Bubble Point Temperature [°C]

The azeotrope occurs at about 95% ethanol where the two curves intersect, at 78.15 °C.
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Section 3. Water Analysis (lonic Inputs)
OLI Studio: Stream Analyzer can accept two input types: molecular inflows and ionic inflows.
Sections 2 and 3 focused on molecular inflows. In this section, we will focus on ionic inflows, and we will learn

how to enter cations and anions using the object called Water Analysis. Additionally, we will show how the
reconciled sample can be converted into a molecular representation.

& Ol Studic - [Water Analysis.oad)] — O =
[®7 File Edit Streams Calculations Chemistry Tools View Window Help = | =] e
DSE| L0002 | hasetz Res mallsms | MBS G FE
| Navigator g x|
Water Analysis.oad | o
&} Streams Description Analysis [ Report
Variable | Value -
= Analysis Parameters Template Manager
Stream Amount (L) 1.00000
Temperature (*C) 25.0000
Pressure (atm) 1.00000
= Recorded Properties
Total Dissolved Solids (mg/L) 0.0 Surnmary
Measured pH 0.0
Measured Alkalinity (mg HCO3/L) 00 Unit Set: Metric (mass concentration)
Density (g/ml) 0.0 Automatic Chemistry Model
Specific Electrical Conductivity (umho/cm) 0.0 Aqueous (H+ ion) Databanks:
Agueous (H+ ion)
= Neutrals (mg/L) Using K-fit Polynomials
H20 T-zpan: 25.0 - 225.0
coz 0.0 P-span: 1.0 - 1500.0
| Actions L - x H2s 00
Actions si02 00 >
B(OH)3 0.0
Adfi_ Add Wa_ter = Cations (mgiL)
Reconciliat..  Analysis
Na+1 0.0
K+1 0.0
Ca+2 0.0
Mg+2 0.0
|Plot Template Manager L - x a2 00
Ba+2 0.0
Fe+2 0.0
v
Measured
| Advarced |
Save —
For Help, press F1 @ NUM
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Basic Terminology

When reviewing laboratory analysis of water samples, it is quite common for the positive ions (cations) and the
negatively charged ions (anions) in solution to not balance. This may be due to the precision limits of the various
experimental procedures used to measure the ions - i.e., some ions may not have been analyzed. These
solutions must have a neutral charge. Stream Analyzer will adjust/modify inflows in order to balance the charges
and make the solution neutral. This adjusting procedure is referred to as Reconciliation.

The pH and the alkalinity of the solution are frequently measured. However, since the analysis is experimental
and subject to errors, the pH and alkalinity values that are calculated by the Water Analysis tool may be different
from what is measured experimentally. Stream Analyzer can also reconcile this difference.

Scaling

Scaling is the deposition of a mineral salt on processing equipment. Scaling is a result of supersaturation of
mineral ions in the process fluid. Through changes in temperature, or solvent evaporation or degasification, the
concentration of salts may exceed the saturation, leading to a precipitation of solids (usually crystals). The
saturation level of a salt in water is a good indicator of the potential for scaling.

The potential for scaling is calculated using the solubility product constant (K,) and lon Activity Product (/AP)
definitions.

Solubility Product Constant, K g,

The solubility of ionic compounds of salts and minerals in water are governed by a solubility equilibrium
expression and a solubility product constant known as K, It is important to note that the solubility product, K,

is a function of both temperature and pressure. Consider the general dissolution reaction below (in aqueous
solutions):

aA(S) = bB(aq) + dD(aq)

With equilibrium constant K, defined as:

Ksp = (aB)b ' (aD)d

Where, ag and aj are the activities of the aqueous species. The activity of any species i is defined as the
product of its concentration in molality by its corresponding activity coefficient:

a; = myy;

lon Activity Product, IAP

A real solution may not be in the state of equilibrium. This non-equilibrium state is described by the ion activity
product (IAP). It has the same form as the equilibrium constant K;,,, but involves the actual activities of the
species in solution.

IAP = (aB)thual' (aD)gctual
Scaling Tendency and Scale Index
The Scaling Tendency (ST) is defined as the ratio of the lon Activity Product (IAP) divided by the equilibrium
constant (K,).

o — IAP
K¢y

Equation (1)
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Scaling tendencies are essentially saturation ratios. Thus, if

ST < 1 Indicates sub-saturation, and the solid is not expected to form
ST = 1 Indicates saturation, and the solid is in equilibrium with water
ST > 1 Indicates supersaturation, and solids will form

The Scale Index (Sl) (aka: Saturation Index in the literature), is given by the following relationship:

IAP
SI =logyg (—) Equation (2)
K

Thus, if
SI < 0 Indicates sub-saturation, and the solid is not expected to form
SI = 0 Indicates saturation, and the solid is in equilibrium with water
SI > 0 Indicates supersaturation, and solids will form

Pre-scaling Tendency and Scale Index

Pre-Scaling tendency is defined as the scaling tendency before any solids are formed (this can be seen as all
the species suspended in solution). The same equations (Equations 1 and 2) are used for calculating ST and
SlI.

The Pre-Scaling tendency is reported in the software as Pre-Scale, with its respective Sl, index.

Difference between Post-scale and Pre-scale

Pre-Scale: The saturation ratio before solids precipitate.

Post-Scale: The saturation ratio after solids precipitate (if solids are selected).

Another way to interpret these two definitions is:

Pre-Scale represents the condition before any solids are allowed to form. This is a non-equilibrium condition
and can be viewed as the condition where time = 0.

Post-Scale Tendency is the saturation ratio after all potential solids come to equilibrium with water. This is the
true equilibrium condition (time = o).

Example 26: Calculation the Scaling Tendency and the Scale Index of CaS0,-2H,0

Let’s calculate the Scaling Tendency and the Scale Index of 0.01 moles of gypsum (CaS0, - 2H,0) dissolved in
1 kg of water at 25°C and 1 atm.

The equilibrium expression for the dissolution reaction is:
CaSO4_'2H20 = Ca2+ + 504__ + 2H20

Where, K, = 3.2 x 1073
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The molal concentration and the activity coefficients for each one of the species are:
[Ca*?] = 0.0093 m Ycat2 = 04663
[S0;2] = 0.0093 m Vsor2 = 0.4663

ay,0 = 0.9997

Calculating the IAP

With the information given above, we can calculate the IAP as follows:

2
IAP = acg+2 - Agp 2 - (ayzo)

2
IAP = (mgg+2 Veg+2) (mso;2 Vsogz) “(an,0)
IAP = (0.0093 X 0.4663) - (0.0093 x 0.4663) - (0.9997)>
IAP = 1.879 x 107°

Calculating the Scaling Tendency

_1.879x107°
T 32x10°5

ST =~ 0.587
This result indicates that the solution is under-saturated with respect to calcium sulfate.
Calculating the Scaling Index

IAP
SI = loglo_ = 10g10 ST
Ksp

SI = 10g10(0.587)

SI =~ —0.231

Entering Data for Water Analysis

The grid for water analysis has 5 different grids where we need to enter information: Analysis Parameters,
Recorded Properties, and Neutrals, Total lons, Cations and Anions concentration in solution.

The Analysis Parameters grid is where you enter the conditions at which the sample properties were
measured. The default values are 1 L, 25°C and 1 atm.
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& Analysis Parameters

Stream Amount (L) 1.00000
Temperature (*C} 25.0000
Pressure (atm) 1.00000

The Recorded Properties grid is where you enter the laboratory measured properties of the solution. These
are: Total Dissolved Solids (TDS), Measured pH, Measured Alkalinity, Measured Total Inorganic Carbon (TIC),
Density, and Specific Electrical Conductivity. You can always change the units of these properties by clicking
on the units highlighted in blue. This action will open the Units Manager Window.

e Recorded Properties
Total Dissolved Solids (moil) 0.0
Measured pH 0.0
Measured Alkalinity (mg HCO2/L) 0.0
Measured TIC (mol C/L)y 0.0
Density (giml) 0.0
Specific Electrical Conductivity (pmho/cm) 0.0

The concentration of Neutrals, Total lons, Cations and Anions is entered in the section. The Water Analysis
grid comes already prepopulated with some of the most common cations, anions, and neutrals species found
in laboratory water analyses. If your species is not present in the prepopulated grid, simply click on the white
grid and type the ion or neutral of interest. If it is a cation, type the element followed by a plus (+) sign and the
corresponding oxidation state, e.g. Cu+2. If it is an anion, type the element followed by a minus (-) sign and
the corresponding oxidation state, e.g. Br-1. If it is a neutral, simple type the species either using the formula
name or its name, as has been shown in the previous sections.

= Neutrals (mogil)
Hz20
coz 0.0
H2S 0.0
si02 0.0
BIOH)3 0.0
= Total lons (mgiL)
P as PO4-3 0.0
Sias 5i02 0.0
B a= B(OH)3 0.0
= Cations (mg/L)
Ma+1 0.0
K+1 0.0
Ca+2 0.0
Mg+2 0.0
Sr+2 0.0
Ba+Z 0.0
Fe+2 0.0
T Aniong (mail)
CH 0.0
S04-2 0.0
HCO3-1 0.0
HS-1 0.0
C2H302-1 0.0

The Water Analysis grid also contains search aids to find a specific cation or anion. The first search aid is the
drop list located in each the cation, anion, and neutral grid sections. The list is alphabetic and is activated using
the drop-down arrow within the cell, after the first few letters of the ion is typed.
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= Cations (mgiL)
Na+1 0.0

K+1 0.0
Ca+2 0.0
Mg=2 0.0
Sr+2 0.0
Ba+2 0.0
Fe+2 0.0
Cu j

Display Marme OLI Name

OLLCSION CSION

R v

SN Cu(++) CUION

HHCu(+1) CUIION

$HCu(+2) CUION

If a name is misspelled or if the text is unrecognized, then a red ‘X’ appears to the left of the name. This name
needs to be corrected or the row deleted before proceeding. To delete the row, simply select the wrong entry
(which will turn black) and hit the key <Delete>.

e Neutrals (mgiL)
Hz0
coz 0.0
HZS 0.0
Si02 0.0
B(OH)3 0.0

Water Analyses - Reported Elements as Total lons

Water analysis data obtained from ICP measurements will contain concentrations for B, P, S, and Si. These
elements do not exist in the water, rather they exist as dissolved ions. If they are part of your analysis, then you
should convert them to the following before entering them into the Water Analyses object. Some of these ions
are already entered into the Total lons section, and the software will do the conversion automatically.

Converting element concentration to species for Brine or Water Analysis

B, boron Boric Acid H3BO3 B (mg/l) x 5.72 = H3BO3 (mg/l)
Si, Silicon Silica Si02 Si (mg/l) x 2.14 = SiO2 (mg/l)
P, Phosphorus Dihydrogen Phosphate H2P0O4-1 P (mg/l) x 3.13 = H2PO4 (mg/l)
S (mg/l) x 1.03 for HS-1 (mg/I
HS-1 or SO4-2 (ma) (ma/)
S, Sulfur Sulfate or Sulfide or

(Cannot tell from total S only)
S (mgl/l) x 3.0 for SO4-2 (mg/l)

A Basic Water Analysis

A brief introduction to the water analysis tool will be shown in the example below. As we go through the example,
the basic definitions, functionalities, and reporting for the Water Analysis tool will be introduced.
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Example 27: Ground Water Analysis

Will calculate the pH and density of a Ground Water sample based upon its measured composition at 1 atm
and 25 °C. Then we will create a molecular stream based on the ionic inflows.

Starting the Simulation

Use the inputs and parameters from the table below to create the water analysis. Certain inputs, such as the
name style, units, etc. will require further adjustments, and will be described as necessary.

Ground Water Analysis
Analysis Parameters/Settings

Recorded Properties

Stream Amount

1 L (Default)

Total Dissolved Solids

Not recorded

Temperature 25°C Measured pH 6.7

Pressure 1 atm Measured Alkalinity Not recorded

Name Style Display Formula Density Not recorded

Unit Set Metric, Batch, Specific Electrical Not recorded
Concentration Conductivity

Framework MSE

Calculation Type Water Analysis

Analysis Name

Basic Water Analysis

Composition

Neutrals (mg/L) Cations (mg/L) Anions (mg/L)

CO2 150 Na+1 1060 Cl-1 3896
H2S 15 K+1 50 S04-2 54
NH3 5 Ca+2 773

Mg+2 177

Sr+2 0.18

Ba+2 0.46

Fe+2 62.1

Mn+2 2.80

Al+3 0.74

Setting the Water Analysis

Add a Water Analysis

Click on the new Water Analysis and press <F2> to change the name to Basic Water Analysis

Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Concentration (it may be defined by default)
Under the Analysis Tab, enter the Analysis Parameters, Recorded properties, and composition of the water
given in the table above.

Go to the Add Reconciliation button of the top right corner or select Add Reconciliation from the Actions
Panel.
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B’ File Edit Streams Calculations Chemistry Tools View Window Help - & X

== 2N | LL1vasol2 Red|m3lt s ghEme T EE
Mavigator L o« X
™
Documentt |
Example 28 - Water Analysis.oad* | Description (¥ Analysis E Report
- & MNon-Standard Rxn Kinetics —
& Mickel Waste J Variable Value Add Reconcilistion
- & Temperature Survey - E (D (M E Template tanager
Stream Amount (L) 1.00000
- & Pressure Survey k ( 4 - Standard "
& Composition Survey Temperature ("C) 25.0000
& pH Surve}r Pressure (atm} 1.00000 Save as..
- & Vapor Fraction Survey s Recorded Properties
& 4F Seawater Evaporation Total Dissolved Solids (mg/L) 0.0 Summary
T/P Survy Measured pH 6.70000
ey
. Unit Set: Matric (mass itration)
- & Example 25 (Part | & II) - Solubility vs. T Measured Alkalinity (mg HCO3/L) 0.0 i Set Hstne mass coneentration)
- & Example 26 - Composional survey - Azeof Measured TIC (mol CiL) 0.0 Automatic Chemistry Model
.| Example 28-Basic WaterAnalysis Density (g/ml} 0.0 MSE (H30+ ion) Databanks:
: - - — MSE (H30+ ion)
Specific Electrical Conductivity (pmhofocm) 0.0 Using Helgeson Direct
= Neutrals (mg/L)
Ach.mns q o+ X H20
GETRTE coz 150.000
E‘ H2S 15.0000
o 5i02 0.0
4dd Reconciliation BOH) 0.0
}Q NH3 5.00000 &
Add Water Analysis
= Total lons (mgiL)
PO4-3asP 0.0
Si02 as Si 0.0
H3BO3 as B 0.0
= Cations (mg/L)
Na+1 1060.00
K+1 50.0000
Flot Template Manager g o+ x Ca-2 773.000
Mg+2 177, Dﬂh
Sr+2 0.18000
Ba+2 0.450000
Fe+2 62.1000
Measured
Advanced
Save
For Help, press F1 @ NUM

Note: You may notice that after selecting Add Reconciliation option, the navigator panel displays a sub-stream
called Reconcile, and this Reconcile sub-stream opens a new tab named Reconciliation. The Reconcile sub-
stream copies the original inputs entered in the Water Analysis. Any changes made in the sub-stream will not
change the original Water Analysis.

Additionally, four different types of reconciliation are enabled in the upper right corner of the window: (1) No
Reconcile, (2) Reconcile pH, (3) Reconcile pH/Alkalinity, and Reconcile pH/Alkalining/TIC . These types of
reconciliation will be described in more detail later in the next section.

The selected default calculation is No Reconcile. This option means that the software will compute the water

properties based on the current concentration of neutral, cations, and anions species. The calculation will not
use the measured pH, or the measured alkalinity entered (if any).

The Calculate Alkalinity box ( [1Calculste&kalinity ) allows you to compute the alkalinity, also based on the
concentration entered.

Select the No Reconcile option
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W7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 x
DEE 00228 unse res mslEsms | MEs GG
| Navigator g o~ x| B
Document
Example 28 - Water Analysis.oad* Description Reconciliation Molecular Basis Report
b Nickel Waste A -
: econciilation
- & Temperature Survey Variable . | Value
b.& Pressure Survey = Analysis Parameters ] Specs...
b4 Composition Survey Stream Amount (L) 1.00000 Reconcile
b & pH Survey Temperature (°C} 25.0000 © Mo Reconcile
0. & Vapor Fraction Survey Pressure (atm) 1.00000 () Reconcils pH
a@ Seawater Evaporatian - Recorded Properties () Reconcile pHAAlk alirity
b.d T/P Survey Total Dissolved Solids (ma/L) 0.0 () Reconcile pHAAlkalinity/TIC
b-& Example 25 (Part | & II) - Solubility vs. T Measured pH 8.70000 () Caloutate Akl
0. & Example 26 - Composional survey - Azeol Measured Alkalinity (mg HCO3/L) 0.0 ISR
bl Example 28-Basic WaterAnalysis Measured TIC (mol C/L) 0o
‘.8 Reconcile Density (g/m) 00 Calculate & I
Specific Electrical Conductivity (pmho/cm) 0.0 Summary
- e Neutrals (mgiL)
|Act|f:ns £t H20 Unit Set: Metric (mass concentration)
oS coz 10.000 ) )
it tic Chemistry Model
= 15.0000 MSE (H30+ ion) Databanks:
Sioz 0.0 MSE (H30+ ion)
BOH)3 00 Using Helgeson Direct
NH3 500000 b Dominant lon Charge Balance (eqiL):
Isothermal Calculation
25.0000 *C 1.00000 atm
- UEEI DI Calculation not done
PO4-3asP 00
Si02 as Si 00
H3BO3 as B 00
= Cations (mg/L)
Na+1 1060.00
K+1 50.0000
Plot Template Manager L s x a2 773.000
Mg+2 177.000
Sr+2 0.180000
Ba+2 0.480000
Fe+2 §2.1000
Meazured
Advanced Search Add as Stream Expoit
Save
For Help, press F1 @ NUM

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Create a new file and name

it: Water Analysis Calculations.

Analyzing the Results

Viewing the Summary Box

Review the Summary Box. Let’s analyze it in detail since it contains several pieces of important information, as
shown in the image below.
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S

- Neutrals (mgiL)

H20 Unit Set: Metric {(mass concentration)
coz 150.000 i .
- Automatic Chemistry Model
S 15.0000 MSE (H30+ ion) Databanks:
5i02 0.0 MSE (H30+ ion)
B(OH)3 00 Using Helgeson Direct
NH3 < 00000 Dominant lon Charge Balance (eg/L):

Cation Charge:  0.102945 eg/L
Anion Charge:  -0.111016 eg/L Charge Ba|ance

= Total lons (mg/L) Imbalance: -8.07170e-3 egil i .
information
FasP04-3 00 185.568 mo/L of Na+1
Sias Si02 0.0 ke is needed to balance.
B as B(OH)3 0.0 Isothermal Calculation -
25.0000 °C 1.00000 atm Calc"”atlon Type
T Cations (mg/L) Phase Amounts
Ha+1 1060.00 Agueous  1001.98 g Phase Amounts
. Saolid 00116370 g
K+1 50.0000
Ca+? 773.000 Agueous Phase Properties
Mg+2 177.000 PH 4.49376
Mg : lonic Strength  2.49813e-3 Aqueous
Sr+2 0.130000 mol’mol :
Ba+2? 0.450000 Density  1.00158 g/ml Propertles
Fed 621000 Calc. elapsed time: 18.727 sec
Mn+2 2,30000
Al+3 0.740000 Calculation complete

The top section contains the charge balance information showing the total equivalent charge (positive and
negative), and the charge imbalance. This example has a negative imbalance of -8.072x10-3 eq/L, indicating
that more cations are needed in solution in order to reach electroneutrality. The software calculates that 185.568
mg/L of Na+ are needed to balance the solution. The software adds this amount of Na+ to the solution. This
information can be further confirmed in the Report Tab in the Charge Balance table.

The calculation type information shows the calculation type the software used. In this example, the software
performed a default isothermal calculation at 25 °C and 1 atm. If we selected other calculation specifications,
they would appear here.

The phase amounts information shows the distribution of species in the different phases. This analysis
contains two phases: aqueous and solid.

The aqueous properties information shows the computed pH, ionic strength, and density of the solution. It is
important to note here that the measured pH is 6.70 and the computed pH is 4.49. The density of this solution
is 1.00198 g/ml. Remember, for this example the software used only the concentration of neutrals, cations, and
anions in solution to do a reconciliation.
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Viewing the Molecular Basis Tab

Let's review the Molecular Basis Tab. The Molecular Basis tab is one of several tabs of the Reconciliation
object. The information contained in this tab is the molecular composition of the solution after it has been
reconciliated. In other words, the software has converted the ionic inflows into a molecular stream.

Description Reconciliation I Molecular Basis I B Report L3 File Viewer

J Variable Value ~
e Analysis Parameters
|$_| Stream Amount (L) 1.00000
|_ Wolume - Liguid-1 (L) 1.00000
L volume - Solid (=m3} 2.40298e-3
Temperature (*C} 25.0000
Pressure (atm) 1.00000
= Molecular Totals (mg/L)
AICI3 361208
ANOHYS 0.0262829
BaCl2 0.631654
BaS04 0.0738067
CaCl2 208278
Cal 24,1585
coz 150.000
FeClZ 124.35%
FesS 11.4757
H20 9.95556e5
H25 10.5511
KCl 95.3381
MgC2 693.363
MnC2 6.41382
NaCl 3166.36
NH3 4.99999
503 44 9809
SrCi2 0.325663
v

Add as Stream E xport

Note: The software generates molecular concentrations based on two priorities. The first priority is to create
the least number of molecular inflows. This example contains eighteen inflows (plus H20 not shown). The
second priority is to create the least number of total moles. Moles are not shown here, since the units are mg/I.
The moles are shown in the Report tab.

You can use this molecular form as a new Stream in OLI Studio, by using the Add as Stream button, or it can
be exported to a separate software like OLI Flowsheet: ESP , Aspen Plus, UniSim Design, or other simulators.
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Converting the lonic Inflows into a Molecular Stream
For practice, let's add this Molecular Basis as a Stream into the Navigator Panel.

Click on the Add as Stream button. This will open a new window

Save Selected Result Streams ? hed

Export
=l A Molecular Export of Recondle
Indude the following phases in the stream(s)

Agqueous Vapor
Second Liquid Solids

Optional

Phases that are not induded may be exported
separately.

Agqueous
Vapor
Second Liquid

Solid

Cancel

Note: By default, the name of the stream is Molecular Export of Reconcile. You can change the name if you
prefer. Additionally, you can include or exclude the phases that you want to export into your stream by checking
or unchecking the corresponding boxes.

Leave the defaults and click OK. The program automatically adds a new stream in the navigation panel.

¢ OLIStudio - [Water Analysis Calculations.oad] — [m] X
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 x
D | B A L11vasSol?2 Ret mrtifdwed MEm: 5 EE
Navigator p e X A
Document1 \
Water Analysis Calculations.oad | Description Definition [Z] Report
4 Streams -
£ Basic Water Analysis J Variable Value ~ Add Caloulation -
H — - Stream Parameters N .
e» Reconcile 5 = T 1 00000 Special Conditions
Molecular Export of Reconcile ream Amount () .
Temperature (*C) 25.0000 [ Salds Oy
Pressure (atm) 1.00000
Summary
= Inflows (mgiL)
H20 Unit Set: Metric (mass concentration)
coz 150.000
cc Automatic Chemistry Mode!
Hes tossn WSE (H30+ ion) Databanks:
NH3 4.99999 MSE (H30+ ion}
AICI3 361208 Using Helgeson Direct
BaCl2 0831654
CaClz 208278
Cal 241585
Betitns B ok Fecl2 124399
AEDTS Kl 95 3381 ;
[&] Add Stream Add Stabi MocE G93.358
i:: 2‘_4'“" . 55 Add Com 1ncE 641382
= ingle Point NaCl 3166 35
) Add Survey
[8) Add Chemical Diagram s03 44.9609
Srci2 0.325663
< > BasD4 0.0738067
FeS 11.4757
Plot Template Manager p - x
AIIDH)3 0.0262829
v
Input
Advanced Search Add as Stream Expart
Save
For Help, press F1 @ NUM
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Viewing the Report Tab

The Report tab is slightly different from the Single Point report described in Section 1. This Report contains
three additional tables, all of which are located at the top. These tables are the Reconciliation Summary, Stream
Inflows, and Charge Balance.

Description Reconciliation Molecular Basis | @ Report |L3 File Viewer

Jumpto: | Reconciliation Surmmary w @ ag Custamize Export

Stream |nfloves
Charge Balance A
Recon sy o Farameters
Spe Total and Phase Flows [Amounts)
Scaling Tendencies
Charg Species Output [True Species]
pH ReqElement Balance

The Reconciliation Summary table confirms the specifications for the reconciliation such as the charge
balance method and the reconciliation type (these concepts will be discussed in more detail later in the manual).
Additionally, shows the conditions at which the calculation was run, in this case 25°C and 1 atm. And finally,
shows a comparison between the measured and calculated properties, in this case it shows the measured vs
calculated pH.

Reconciliation Summary

Specification
Charge Balance Method Dominantlon
pH Reconciliation Type Mo reconciliation

Measured Calculated
Temperature, °C 25.0000
Pressure, atm 1.00000
pH 6.70000 449375
Density, g/ml 1.001498
Water, mg/L 9.95555¢5

The Stream Inflows table summarizes all the species that were entered in the water analysis grid.

Stream Inflows
Row Filter Applied: Only Mon Zero Values

Input Output
Species malL mai/L
H20 1.00000e6 9.95555e5
Na+1 1060.00
K+1 50.0000
Ca+2 773.000
Mg+2 177.000
Sr+2 0.180000
Ba+2 0.450000
Fe+2 62.1000
Cl1 3896.00
504-2 54.0000
co2 150.000 150.000
H2S 15.0000 15.0000
HH3 5.00000 4.99899
Mn+2 2.80000
Al+3 0.740000
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The Charge Balance table contains the concentrations entered and the final balanced values. In this case only
the sodium (Na+1) concentration was changed.

Charge Balance

Cation Charge: 0.102845 eqgiL

Anion Charge: -0.111016 eqil

Imbalance: -8.07170e-3 eqlL

Adjusted Species: Ma+1

Charged Species Input Balanced Difference
maiL magiL %

Na+1 1060.00 124557 17.51

K+1 50.0000 50.0000

Ca+2 773.000 773.000

Mg+2 177.000 177.000

Sr+2 0.130000 0.180000

Ba+2 0.460000 0.460000

Fe+2 62.1000 62.1000

Mn+2 2.30000 2.80000

Al+3 0.740000 0.740000

Ci1 3896.00 3896.00

504.-2 54.0000 54.0000

HCO3-1 0.0 0.0

HS-1 0.0 0.0

C2H30241 0.0 0.0

191



Exploring Reconciliation Options
When reconciling a Water Analysis, there are three options for reconciliation:

No Reconcile: The software will run an electroneutrality reconciliation only, and then compute the water

properties such as pH, density, etc., based on the entered concentration of neutral, cations, and anions species.

In the No Reconcile option you may allow the program to pick the species to adjust for electroneutrality or

you may manually choose the species to perform the adjustment. (See electroneutrality options).

Reconcile pH: The software will run both an electroneutrality and pH reconciliation. This type of reconciliation

will match your recorded pH. Additionally, the software will compute the water properties such as, density,
electrical conductivity, etc. The pH of the solution is automatically adjusted by the software by adding either

HCI or NaOH, or you may select your preferred acids and bases to adjust the pH.

Reconcile pH/Alkalinity: The software will run an electroneutrality, pH and alkalinity reconciliation. This type
of reconciliation will match your recorded pH and alkalinity values. Additionally, the software will compute the
water properties such as density, electrical conductivity, etc. The pH of the solution is automatically adjusted
by the software by adding either HCI or NaOH or you may select your preferred acids and bases to adjust the
pH. The Alkalinity is automatically adjusted by the software, using CO2 as the alkalinity titrant, H2SO4 as the
alkalinity pH titrant and 4.5 as the alkalinity end point pH.

Reconcile pH/Alkalinity/TIC: The software will run an electroneutrality, pH, alkalinity and Total Inorganic
Carbon (TIC) reconciliation. This type of reconciliation will match your recorded pH, alkalinity and TIC values.
Additionally, the software will compute the water properties such as density, electrical conductivity, etc. The TIC
is automatically calculated by the software, using CO; as the titrant, H2SO4 as the alkalinity pH titrant and 4.5
as the end point pH. The (total) Alkalinity is adjusted by the software by adjusting the acetate concentration
(organic acids) to match the target Alkalinity. The Alkalinity is adjusted by adding or removing acetic acid. In
this calculation, you cannot change the CO: or Acetic Acid for the alkalinity adjustment, these are fixed by the

software.

Additionally, there is the option to Calculate Alkalinity: [1Calculate kaliity |t js important to note, that this is only
an alkalinity calculation based on the concentration entered, it is not an alkalinity reconciliation.

We will explore the different types of reconciliation and introduce the different specification options according
to the reconciliation type.

In this section we will create a new file. We will run a basic water analysis, from which the various reconciliation
options will be explored.
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Example 28: Water Analysis — No Reconcile Option

In this example we will calculate the pH and different properties of a Produced Water sample based upon its
measured composition at 1 atm and 25 °C.

Starting the Simulation

Use the inputs and parameters from the table below to create the water analysis. Certain inputs, such as the
name style, units, etc. will require further adjustments, and will be described as necessary.

Water Analysis — Reconcile Options

Analysis Parameters/Settings

Recorded Properties

Stream Amount 1 L (Default) Total Dissolved Solids 36500 mg/L

Temperature 25°C Measured pH 7.8

Pressure 1 atm Measured Alkalinity 160 mg HCO3/L

Name Style Display Formula Density 1.013

Unit Set Metric, Batch, Specific Electrical Not recorded
Concentration Conductivity

Framework MSE

Calculation Type Water Analysis

Stream Name

Water Analysis —
Reconcile Options

Composition

Neutrals (mg/L) Cations (mg/L) Anions (mg/L)
SiO2 16 Na+1 10000 Cl-1 19000
Ca+2 500 S0O4-2 2700
Mg+2 1200 HCO3-1 142
Sr+2 200 AsO4-3 12
Ba+2 5 HCOO-1 20
Fe+2 5 C2H302-1 50

Calculating the pH
Setting the Water Analysis
Add a Water Analysis

Click on the new Water Analysis and press <F2> to change the name to Water Analysis — Reconcile Options

Select the MSE thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Concentration (it may be defined by default)

Under the Analysis Tab, enter the Analysis Parameters, Recorded properties, and Composition of the water

given in the table above.
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Go to the Add Reconciliation button of the top right corner or select Add Reconciliation from the Actions

Panel, and name it No Reconcile.

Select the No Reconcile option (selected by default)

Description Reconciliation Molecular Basis [ Report

Variable | Value
= Analyzsis Parameters
Stream Ameunt (L) 1.00000
Temperature (*C} 25,0000
Pressure (atm) 1.00000
= Recorded Properties
Total Dissolved Solids (ma/L) 0.0
Meazured pH 7.20000
Measured Alkalinity (mg HCO3/L) 160.000
Measzured TIC {mol CiL) 0.0
Density (o/ml) 1.01300
Specific Electrical Conductivity (pmh 0.0
= Neutrals (mg/L)
H20
coz 0.0
H25 0.0
S0z 16.0000
B{OH)3 0.0
= Total lons (mgiL)
P as PO4-3 0.0
Siag Si02 0.0
B as B(OH)3 0.0
= Cations (mg/L)
Na+1 10000.0
K+1 0.0
Cas2 500.000
Mg+2 1200.00
Sr+2 200.000
Ba+Z 5.00000
Fe+2 5.00000
= Anions (mg/L)
CH 18000.0
S04-2 2700.00
HCO3-1 142.000
H5-1 0.0
C2H3021 50.0000
HCOO-1 20.0000
As04-3 12.0000
Meazured
| Advanced || Search Add as Stream E «port

~

Reconcililation

Reconcile

(®) Mo Reconcile

(_) Reconcile pH
() Reconcile pH A&k alinity
(") Reconcile pH A8k alinity/T1C

] Caleulate &k aliity

Calculate &8 |

Surnmary

Unit Set: Metric (mags concentration)

Autematic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion)
Using Helgeson Direct

Dominant lon Charge Balance (eg/L):
Cation Charge: 0.553486 eg/L
Anion Charge: -0.595011 eg/L
Imbalance: -0.0325252 eg/L

747753 mg/L of Na+1
is needed to balance.

lsothermal Calculation
25.0000 °C 1.00000 atm

Calculation not done
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Note: In the No reconcile option, the software runs an electroneutrality reconciliation. The type of balance
for reconciling electroneutrality is the Dominant lon method. You can select different types of balance for
electroneutrality by clicking on the Specs button.

Types of Balance for Electroneutrality

Click on the Specs button. This will open a new window.

Reconciliation Data ? >
Balance  Calculation Options  Convergence
Type of balance New Inflow
Cations +~  Dominant lon

Nas1 Prorate

Ca+2 Prorate Cations

Mg+2 .

co Prorate Anions

ar+L

Ba+2 Na/Cl

Fes2 Make-up lon !

User Choice
Needed to balance:
747753 mg/L of Na=1
Charges on the Cations and Anions is needed to balance.
must be evenly balanced
Cation charge: 0.563486 eq/L
Anion charge: -0.596011 eq/L
Imbalance: 0.0325252 eq/L
QK Cancel Apply Help

There are 7 different Types of Balance:

Dominant lon: This is the default method. The largest counter ion is used to adjust the electroneutrality. In our
example,747.753 mg/L of Na+1 are added since there is an excess of negative charge (see the above image).

Prorate: This option keeps the relative amount of the counter ions (for this example, the cations) the same and
are adjusted up or down equally until reaching electroneutrality.

Prorate Cations: All cations are adjusted up or down equally
Prorate Anions: All anions are adjusted up or down equally

Na+/Cl-: Sodium is added when there is an excess of negative charge. Chloride is added when there is an
excess of positive charge.

Make-up lon: This option allows for a single ion species to be adjusted. User selects an ion to increase or
decrease.

User Choice: The software determines if an anion or cation is needed to balance the solution and the user
choses the specific ion.
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Keep the default option, Dominant lon, as the balance type then press OK

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named Water Analysis Calculations.

Analyzing the Results
Once you run the simulation there are two options to analyze the results: The summary box and the Report

1. Go to the Report Tab and look at the Reconciliation Summary Table.

Description Reconciliation Molecular Basis

Jump o | Reconciliation S ummary w @, E)Q, Customize Export

Reconciliation Summary

Specification
Charge Balance Method Dominantlon
pH Reconciliation Type  MNo reconciliation

Measured Calculated
Temperature, °C 250000
Pressure, atm 1.00000
pH 7.80000 7.48301
Density, g/iml 1.01300 1.02256
Water, mg/L 9.88309e5

The calculated pH and density are different to the measured values. The software only used the concentration
data to calculate these properties.
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Example 29: Water Analysis — pH Reconcile Option

In this example we will reconcile the sample by pH and also calculate the alkalinity of the same Produced
Water sample used in the previous Example 28: Water Analysis — No Reconcile Option.

Starting the Simulation

Under the Water Analysis — Reconcile Options Stream go to the Add Reconciliation button

Click on the new Reconcile-1 icon and press <F2> to change the name to Reconcile pH

The default units, names and framework have been previously defined

Select the Reconcile pH option

Description Reconciliation Molecular Basis [ Report

J Variable Value - Reconcililation
= Analysis Parameters Specs...
Stream Amount (L) 1.00000 Recaoncile
Temperature (*C) 25.0000 () Mo Reconcile
Pressure (atm) 1.00000
— Recorded Properties () Reconcile pHAAlk alinity
Total Dissolved Solids (ma/L) 0.0 () Reconcile pH Alkalinity/TIC
Measured pH 7.20000
.I Measured Alkalinity (mg HCOZ/L] 1au.uuul [] Ealeulate Alkaliity
Measured TIC {mel C/L) 0.0
Density (g/mi} 1.01300 M
Specific Electrical Conductivity (pmh 0.0 Summary
= Calculation Parameters
Uze Single pH Titrant Mo Unit Set: Metric (mass concentration)
pH Acid Titrant HCL i .
Autematic Chemistry Model
pH Base Titrant NAOH MSE (H30+ ion) Databanks:
= Neutrals (mgiL) MSE (H30+ ion)
HZ0 Using Helgeson Direct
coz 00 D-u:lmin_ant lon Charge Balance (egi/lL):
Cation Charge:  0.553488 eg/L
HZ5 0.0 Anien Charge:  -0.595011 eg/L
sinz2 18.0000 Imbalance: -0.0325252 eq/lL
B(OHI3 oo T47.753 mg/L of Na+1
* iz nesded to balance.
= Total lons (mgiL) Set pH Calculation
P as PO4-3 0.0 Measured pH: 7.80000
Sias Si02 0.0 pH;gﬁnHtE
B as B{OH)3 0.0 Ba&-?:: HalH
Calculation not done

Note that by selecting the Reconcile pH option, now the measured pH is a fixed value (and brown dot appears
in front of this cell). To match the measured pH, the software added a Calculation Parameters section which
indicates the acid and basic pH titrants to adjust the pH. By default, HCl and NaOH are selected by the software.
This is similar to the set pH single point calculation.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the
same file that we created before named Water Analysis Calculations.
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Analyzing the Results
1. Go to the Report Tab and look at the Reconciliation Summary Table.

Description Reconciliation Molecular Basis

Jump te: | Reconciliation Summary w @, EJ% Customize Export

Reconciliation Summary ~
Specification

Charge Balance Method Dominantlon

pH Reconciliation Type Reconcile pH

Measured Calculated
Temperature, °C 250000
Pressure, atm 1.00000
pH 7.80000 7.80000
pH Titrant Acid: HCI, mg/L * 0.0
pH Titrant Base: NaOH, mg/L * 0.0 44 65356
Density, g/iml 1.01300 1.02248
Water, mg/L 9.88319e5

* Calculated value indicates added or removed amount.

The measured and calculated pH are the same. The software added 44.6585 mg/L of NaOH to match the
experimentally measured pH.
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Calculating Alkalinity
Now we will instruct the software to calculate Alkalinity.

Go back to the Reconciliation Tab and check the Calculate Alkalinity box.

& Description &¥ Reconciliation &¥ Molecular Basis [& Report 2 File Viewer

J TR [ Value [ Reconcililation
= Analysis Parameters Specs...
Stream Amount (L) 1.00000 Reconcile
Temperature (*C) 25.0000 (O No Reconcile
Pressure (atm) 1.00000 | ® Reconcile pH |
= Recorded Properties () Reconcile pH./Alkalinity
Total Dissolved Solids (ma/L) 0.0 (O Reconcile pH/&lkalinity/TIC
@] Measured pH 7.80000 T Caeiiate Ao
¥
Weasured Alkalinfty (mg HCOL) | 160.000 | EACaleulate Akanity |
Measured TIC (mel C/L) 0.0
Density (g/mi) 1.01300 Colcyate @
Specific Electrical Conductivity (umho/c 0.0 Summary
= Calculation Parameters =
Alkalinity pH Titrant [ H2504 ‘ Unit Set: Metric (mass concentration)
Alkalinity End Point pH 4.50000 ; .
- : 5 Automatic Chemistry Model
Use Single pH Titrant No MSE (H30+ ion) Databanks:
pH Acid Titrant HCL MSE (H30+ ion)
pH Base Titrant NAOH Using Helgeson Direct
= Meutrals {mgil) Dominant lon Charge Balance (eq/L):
! : . Cation Charge: 0.563486 eg/L
H20 Anion Charge: -0.596011 eg/L
co2 0.0 Imbalance: -0.0325252 eq/L
H2S 0.0 747.753 mg/L of Na+1
Sio2 16.0000 is needed to balance.
B(OH)3 0.0 Set pH Calculation
Measured pH: 7.80000
[< Total lons (mg/L) - ::;:";E
P as PO4-2 0.0 v Base: NaOH
Calculation not done
Measured
Advanced Search Add as Stream Export

[N

Notice that by selecting the Calculate Alkalinity box two more rows were added to the Calculation Parameters
section: Alkalinity pH Titrant and Alkalinity End Point pH, besides the pH titrants rows. These two new rows
indicate that the software will add H2SOu4 (selected by default) until the pH reduces to 4.5. The software then
converts the amount of additional H2SOs into the alkalinity value.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key.

It is time to save your file (File >Save as...) or using the save icon in the tool bar.

199



Analyzing the Results
1. Go to the Report Tab and look at the Reconciliation Summary Table.

Reconciliation Summary
Specification

Charge Balance Method Dominantlon

pH Reconciliation Type Reconcile pH

Alkalinity pH Titrant: H2S04

Measured Calculated

Temperature, °C 25.0000
Pressure, atm 1.00000
pH 7.80000 7.80000
pH Titrant Acid: HCI, mg/L * 0.0
pH Titrant Base: NaOH, mg/L * 0.0 44 6585

kalinity, mg HCO3/L 160.000 249667
Density, g/iml 1.01300 1.02249
Water, mg/L 9.88319e5

* Calculated value indicates added or removed amount.

The calculated alkalinity value is different to the measured value. This is because the software is not doing an

alkalinity reconciliation, rather the software is using only the concentration data to calculate alkalinity. You can
see this as single point alkalinity calculation.

Note that in this example, the alkalinity being reported because we checked the Calculate Alkalinity box; if the
box wasn’t checked we would not see the calculated value in the Reconciliation Summary table.
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Example 30: Water Analysis — Reconcile pH/Alkalinity Option

In this example we will reconcile the sample by pH and alkalinity and also calculate the pre-scaling
tendencies of the same Produced Water sample used in the previous Example 28: Water Analysis — No
Reconcile Option.

Starting the Simulation

Under the Water Analysis — Reconcile Options Stream go to the Add Reconciliation button

Click on the new Reconcile-1 icon and press <F2> to change the name to Reconcile pH/Alkalinity
The default units, names and framework have been previously defined

Select the Reconcile pH/Alkalinity option

& Description &¥ Reconciliation &¥ Molecular Basis [& Report 2 File Viewer

J Variable Value o Reconcililation
|S Analysis Pirameters Specs...
Stream Amount (L) 1.00000 Reconcile
Temperature (*C) 25.0000 (O No Reconcile
Pressure (atm) 1.00000 O Reconcile pH
[« Recorded Properties ' Reconcile pH/&lkalinity
| Total Dissolved Solids (mg/L) ' 0.0 econcile pH/Alkalnity/TIC
@ Weasured pH i 7.80000 | .
- Calculate Allkalirity
an J
HCO31) ! 160 000‘
Measured TIC (moel C/L) 0.0 Coloulete @
Denstty (g/mi) 1.01300 &‘
Specific Electrical Conductivity (pmho/c 0.0 Summary
= Calculation Parameters
Alkalintty Trtrant 1 co2 | Unit Set: Metric (mass concentration)
Alkalinity pH Titrant H2504 ) :
— - t 5 Automatic Chemistry Model
@ Alkalinity End Point pH 4.50000 MSE (H30+ ion) Databanks:
Use Single pH Titrant No MSE (H30+ ion)
pH Acid Titrant I HCL Using Helgeson Direct
oH Base Thrant NAOH Dominant lon Charge Balance (eq/L):
= : Reconcile pH Alkalinity Calculation
{mail)
Heutrals (ma . Alkalinity: 160.000 mg HCO3/L
H20 . Titration End Pt: 4.50000
co2 0.0 Alkalinity Titrant: CO2
1 Alkalinity pH Titrant: H2S04
i | o pH Reconciliation:
Si02 | 1519900_ Measured pH: 7.80000
B(OH)3 0.0 pH Titrants:
Acid: HCI
| 1 | Base: NaOH
N Total lons (mgft.) v Calculation not done
Measured
Advanced Search Add as Stream Export

M

Note that by selecting the Reconcile pH/Alkalinity option, now both the measured pH and alkalinity values are
fixed values (and brown dot appears in front of this cell).
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To match the measured alkalinity value, the software added a Calculation Parameters section which indicates
the alkalinity titrant and the pH titrant used to adjust the alkalinity. CO2 is used by default as the alkalinity titrant.
This is similar to an alkalinity single point calculation.

To match the measured pH, the software also added a Calculation Parameters section which indicates the
acid and basic pH titrants to adjust the pH. By default, HCl and NaOH are selected by the software. This is
similar to the set pH single point calculation. Also notice that the alkalinity box is grayed out. This is because
we have asked the software to match the measured alkalinity value. This means that calculated alkalinity value
is no longer needed.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save under the

same file that we created before named Water Analysis Calculations.

Analyzing the Results
1. Go to the Report Tab and look at the Reconciliation Summary Table.

Description Reconciliation Molecular Basis

Jump ta: | Reconciliation Summary A @ a@, Cugtomize Export

Reconciliation Summary ~
Specification

Charge Balance Method Dominant lon

pH Reconciliation Type  Reconcile pH and Alkalinity

Alkalinity pH Titrant: H2504

Measured Calculated

Temperature, “C 25.0000
Pressure, atm 1.00000

H 7.80000 7.80000
pH Titrant Acid: HCI, mg/L * 0.0 14.9320
pH Titrant Base: NaOH, mg/lL * 00
Alkalinity Titrant: CO2, mg/L * -35.0147
Alkalinity, mg HCO3IL 160.000 160.006
Density, g/ml 1.01300 1.02245
Water, ma/L 9.88327e5

The measured and calculated pH and alkalinity values are the same. The software added 14.9320 mg/L of HCI
to match the experimentally measured pH and removed 35.0147 mg/L of CO2 to match the experimentally
measured alkalinity value.
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Calculating Pre-scaling Tendencies

Now we will instruct the software to calculate Pre-scaling tendencies. In OLI Studio: Stream Analyzer, Pre-

scaling tendencies are turned OFF by default. We need to enable this option.

Setting the Water Analysis

Go back to the Reconciliation tab of the Reconcile pH/Alkalinity water analysis

Click on the Calculation Options icon ﬂ This will open the Calculation Options window.

Check the Pre-scaling Tendencies box and select the Rigorous method. Then click OK.

Calculation Options - Reconcile pH/Alkalinity ? X

Calculation Options  Convergence

General Diagnostics
Show status dialog [CJenable trace
Verbose

Optional Properties
Diffusivities and Mobilities
[ piffusivities Matrix
Viscosity
Electrical Conductivity
[[JHeat Capacity
Activities, Fugacities, and K-Values
["] Gibbs Free Eneray
[JEntropy
Thermal Conductivity
Surface Tension
Interfadial Tension
[[] Total Dissolved Solids (TDS)- Rigorous method

[[] scaling Induction Time(s) Advanced...

| [1Pre-scaling Tendencies I

Method
O Estimated @ Rigorous

Cancel Apply Help

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key
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It is time to save your file (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

1. Go to the Report Tab and search for the Scaling Tendencies Table.

& Description [&¥ Reconciliation [£¥ Molecular Basis & Report =1 File Viewer

Jumpta: | Sealing Tendencies v @ e\ @\ Customize Export
Scaling Tendencies A
FRow Filter Applied: Values > 1.0-4
Solids Post-Scale Pre-Scale
SrS04 (Celestine (celestite)) 1.00000 454260
CaCO3 (Calcite) 1.00000 10.8568
FeCO3 (Siderite) 1.00000 434174
BaSO4 (Barite) 1.00000 134.339
H20 0.774208 0.774173
(CaCO3 (Aragonite) 0.736014 7.99073
SrCO3 (Strontianite) 0.330589 14.9453
'CaS04.2H20 (Gypsum) 0211114 0.230285
'CaSO4 (Anhydrite) 0.166722 0.181878
Si02 (lechatelierite) 0.143303 0122612
CaS04.0.5H20 (Bassanite) 0.0500906 0.0546430
IAM:;:;?;{OHM(PDOLCWSHHIIE 0.0200948 114319
|lla2$04.10l’|20 (Mirabilite) 3.05314e-3 3.24993e-3
|lIaCL2HZO (hydrohalite) 2.98497e-3 297781e-3
|lla€| (Halite) 2.93868e-3 2.93190e-3
|CaHAsO4.1H20 2.86125¢e-3 2.95330e-3
|Mg€03 1.78918e-3 0.0187455
|I'e|OH)2 (Amakinite) 6.69700e-4 0.255146
|MgSO4.7H20 (Epsomite) 5.97715e-4 6.29050e-4
|IIaHCO3 (Nahcolite) 4.64170e-4 5.10099e-4
|lla2$04(‘|‘henardile) 4.46418e-4 475411e-4
|MgSOA.12IIZO 4.20631e-4 4.42580e-4
|Hg(0H)2 (Brucite) 276487e-4 0.0254191
|ugsm.6H20 (Hexahydrite) 26274304 2.76530e-4
[Na2504.cas04 (Glauberite) 170179e4  |1.97708e-4
|Mg$04.5H20 (Pentahydrite) 9.50880e-5 1.00082e-4
[Baco3 witnerite) 329741e5  |0.0440846
|MgSSiZOS{OH)4 (Antigorite amorphous) 5.44916e-10 3.10002e-4

v

This table reports both the Post-Scale and Pre-scale Tendencies. See the section 3.1 Basic Terminology to see
a more detailed explanation.

The Scaling Tendencies (reported in the software as Post-Scale), are essentially saturation ratios. When the
scaling tendency for a given mineral is equal to 1.0 (saturation conditions) it indicates that the mineral is in
equilibrium with water, a solid phase has formed. A scaling tendency below 1.0 indicates sub-saturation and
that the solid phase will not form. A solid is at risk of forming when the scale tendency value is greater than 1.0
(supersaturation conditions).

The Pre-Scaling Tendencies (reported in the software as Pre-Scale), is defined as the scaling tendency before
any solids are formed (this can be seen as all the species suspended in solution).

Note: The Post-Scale and the Pre-Scale tendencies are equivalent if the solid phase is turned OFF.
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Section 4. Hydrocarbons and Pseudocomponents

So far, we have learned how to enter molecular and ionic inflows in Stream Analyzer. Stream Analyzer also
allows you to enter assays or pseudocomponents in order to enter crude oils as streams.

Crude oils are complex groups of organic molecules containing hundreds, perhaps thousands, of pure
components in a single oil. Modeling crude oils using pure components is impractical because analyzing for
each pure component is cost-prohibitive and the number of species would make calculations overwhelming. A
convenient solution to this problem and to modeling the properties of a crude oil is to create pseudocomponents.

Crude oil properties may be defined through a distillation curve, where each boiling point range is a progression
of molecular weights, densities, solubilities, viscosities, and other properties associated with that section. It is
reasonable for low boiling point molecules to be low molecular weight, low density, low viscosity, and more
soluble in water. We can dice boiling point curves using well accepted methods standard to create
pseudocomponents that in combination reflect the property of the whole oil.

There are two ways to create a crude oil stream on Stream Analyzer:

The first is to start with a PVT curve and create pseudocomponents using one of the three thermodynamic
methods coded into the software.

The second is to enter the pseudocomponent data directly and using the same thermodynamic methods to
predict the component properties.

The three thermodynamic methods are: API, Lee Kesler, and Cavett. More details about this method can be
found in Section 11. .

A brief introduction of how to enter PVT curves and/or pseudocomponents will be shown in the examples below.

Entering a PVT Analysis

Example 31: Creating an Assay
In this example, we are going to learn how to enter a simple PVT analysis in order to create a Crude Oil Stream.

Starting the Simulation

Add a new Stream

Click on the new Stream and press <F2> to change the name to Crude Oil
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the conditions of the Stream T= 25 °C and 1 atm

Crude Oil Stream

Calculation Settings Conditions
Stream Name Crude Qil Stream Amount Default
Name Style Display Formula Temperature 25°C
Unit Set Metric, Moles Pressure 1 atm
Framework MSE-SRK

In the inflows grid, in the white cell below H20, type ASSAY and then press <Shift + Enter>. You can assign
another name to your Assay; however, you are limited to 5 characters for the name of the Assay.
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Note: The <Shift + Enter> action instructs the software to create an Assay rather than look for a species

or pure component from the database.

Description Definition 5| Report

J Variable
=
Stream Amount {moly
Temperature (*C)
Pressure (atm)

=
Hz0
As5AY

Shift

Value
Stream Parameters

Inflows (mol)

=

+ Enter

55.5082
25.0000
1.00000

55.5082

Add Caleulation -

Special Conditions
[ 5alids Only

Surmrmary

Unit Set; Metric (moles)

Automatic Chemistry Model
MSE-SRK (H30+ ien) Databanks:

MSE-SRK (H30+ ion)

MSE (H30+ ien)

Second Liguid phase
Using Helgeson Direct

Note: After typing the name of your Assay, immediately press Shift + Enter command keys together.

Use the information provided in the table below to complete the grid.

Assay Information

Calculation Settings

Distillation Data

Assay amount 1000 moles Volume % Temperature, °C
Assay Data Type ASTM D86 1 20
Average Bulk Density Type | API Gravity 5 30
API Gravity 40 10 50
Distillation Curve Cuts 10 20 60
Distillation Data See next two columns 40 80
Thermo Method API-8 60 120
80 150
90 180
95 200
99 220
100 240

Your screen should look like the image below:

207



Add Calculation -

Special Conditions
[ 5olids Oriy

Summary

Variable | Value
= Stream Parameters
Stream Amount (moly 1055.51
Temperature (*C) 25.0000
Pressure (atm) 1.00000
< Inflows (mol)
H20 55.5082
A |C] ASSAY 1000.00
— As=ay Data Type ASTM D86
— Average Bulk Density Type AP| Gravity
— APl Gravity 40.0000
x| (— Distillation Curve Cuts 10
x| (— Distillation Data Edit...
L— Thermo Method APLE -

Note: You can change the Assay Data Type, the Average Bulk Density Type, and the Thermo Method options by
clicking on the white cells. This will enable a drop-down arrow that will show you the different options.

Unit Set: Metric (moles)

Autematic Chemistry Model
MSE-SRK (H30+ ion) Databanks:
MSE-SRK (H30+ ion)
MSE (H30+ ion)
Second Liguid phase
Using Helgeson Direct

Species ASSAY iz not valid.
Insufficient distillation data.

Click on the Edit button next to the Distillation Data. This will open a new window. Complete the Distillation

Data using the information given in the table above. Then click OK.

Note: Ctrl+C and then Ctrl+V can be used to copy and paste the data in the Distillation Data table.

Assay ASSAY b ? >
Distillation Data
Volume % Temperature “C
1.000 30.00
5.000 30.00
10.00 30.00
20.00 60.00
40.00 a0.00
60.00 120.0
a0.00 150.0
90.00 180.0
95.00 200.0
95.00 200.0
99.00 2200
100.0 240.0
Cancel Apply Help

The Distillation Curve Cuts will eventually become individual pseudocomponents, each with its own critical

parameters and thermodynamic reference data.

At this point we are ready to perform a calculation. Add a Single Point calculation, and then select an

Isothermal calculation.
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Change the SinglePoint name to Assay using the <F2> key

Click on the Calculate button or press the <F9> key to run the simulation

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Save the calculations of this
section under the name Hydrocarbons and Pseudocomponents.

Analyzing the Results
We will review the results first in the Output Tab and then in the Report Tab.

Click on the Output Tab

The Output Tab shows a grid with 10 different pseudocomponents, identified with the letter P,
corresponding to each distillation cut of the crude. Notice that the name of each cut is the combination of

the oil name (ASSAY for this example) plus its boiling point in K.

The '+’ sign adjacent to each Assay expands a sub-table that contains the critical properties of each cut.

These properties are: Normal boiling point, density, and molecular weight.

J Variable Value = Tuwpe of calculation
- Stream Parameters |zothermal - Specs...
|_|:_| Stream Amount {mol) 105551
[~ Moles (True) - Liquid-1 (mol) 55,0810 Calculate &
L Moles (True} - Liquid-2 (mal) 1000.43 Summary
Temperature (*C) 25.0000
Pressure (atm) 1.00000 Unit Set: Metric (moles)
Infl |
= nflows (mol} Automatic Chemistry Model
H20 55.5082 MSE-SRK (H30+ ion) Databanks:
P[5 45547 243K | 87 6615 MSE-SRK (H20+ icn)
MSE (H30+ ion)
[~ Thermo Method APLE Second Liquid phase
l— MNormal Beiling Point (*C) -30.2795 Using Helgeson Direct
|— Specific Gravity 0.717258 lsothermal Calculation
L Molecular Weight 471886 5| | 25.0000°C 1.00000 atm
P [ ASSAY 278K 823275 Phase Amounts
Agueous  55.0810 mol
P ASSAY 307K 200.8459 apor 0.0 mol
' ASSAY_33TK 173140 Solid 0.0 mol
P|[F ASSAY_370K 109,658 2nd Liguid 100043 mol
P ASSAY_403K 131.728 Agueous Phase Properties.
P ASSAY _4MK 110845 pH 699753
P ASSAY AB4K £7 04583 lenic Strength  1.81245e-5 molimol
= Density  0.997043 g/ml
P ASSAY 405K 352169
P ASSAY 524K 11.6247 Calc. elapzed time: 1.137 sec
v Calculation complete
Advanced Search Add az Stream Ewport
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Click on the Report Tab and scroll down to the Species Output table.

This table shows how the pseudocomponents are distributed between the Liquid-1 and Liquid-2 phases.

Notice how the Liquid-1 (or aqueous) solubility decreases with each increasing boiling point.

Description Definition

Jump to: | Species Output [True Species) ~ a & Custorize Expart
Species Qutput (True Species) .
Row Filter Applied: Onhy Non Zero Values
column Fitter Applied: Onhy Mon Zero Values

Total Liquid-1 Liquid-2

mol moal mal
ASSAY 307K 200.849 8.35967e-5 200.849
ASSAY_33TK 17314 2.54502e-5 173.14
ASSAY_ 403K 131.728 1.3826e-6 131.728
ASSAY 431K 110.846 3.835%e-7 110.846
ASSAY_3TOK 109.657 4.50941e-6 109.657
ASSAY 243K 87.6615 27479e-4 87.6612
ASSAY_278K 82.2275 5.8662e-5 822274
ASSAY_464K 57.0493 4.39268e-8 57.0492
H20 555082 55.08086 0427678
ASSAY_496K 35.2169 4.91447e-9 35.2169
ASSAY 524K 11.6246 2.99999e-10 11.6246
OHA1 9.98321e-8 9.98321e-8
H30+1 9.98321e-8 9.98321e-8
Total (by phase) 1055.51 55.081 1000.43

v
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Entering Pseudocomponents to a Stream

There are times when the user does not have (or does not want to use) distillation data. Rather, the user had
the individual properties for a single pseudocomponent. OLI allows the user to enter the individual
pseudocomponents. In the following example, we will illustrate how.

Example 32: Creating Pseudocomponents

In this example, we will enter two properties - boiling point and density. The software will use one of four
thermodynamic models (API-8, API-5, Cavett, or Kessler-Lee) to calculate critical properties of
pseudocomponents.

Starting the Simulation

Add a new Stream

Click on the new Stream and press <F2> to change the name to Crude Oil - Pseudocomponents
Select the MSE-SRK thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the conditions of the Stream T= 15 °C and 1 atm

Change H20 from the default value to 20 moles

Crude Oil Stream

Calculation Settings Conditions
Stream Name Crude Oil - Pseudocomponents | Stream Amount Calculated
Name Style Display Formula Temperature 15°C
Unit Set Metric, Moles Pressure 1 atm
Framework MSE-SRK H20 20 moles

In the inflows grid, in the white cell below H20, type PC1 and then press <Crtl + Enter>

Note: The <Crtl + Enter> action instructs the software to create a pseudocomponent rather than look for a

species or pure component from the database.

Description Definition 5 Report

J Variable Value ~ Add Calculation -
= Stream Parameters
Special Conditions
Stream Amount {mol) 20.0000 )
Temperature (*C} 15.0000 [ Selids Only
Pre=szure (atm) 1.00000
Surnrnary
el Inflows (mol)
HZ0 20.0000 Unit Set: Metric (moles)
Pe| R
Automatic Chemistry Model
MSE-SRK (H30+ ion) Databanks:
MSE-SRK [(H30+ ion)
MSE (H30+ ion)
Ctri + Enter Second Liquid phase
Using Helgeson Direct

Note: After typing the name of your pseudocomponent, immediately press Ctrl + Enter command keys together.
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Repeat step 8 four more times with the following names: PC2, PC3, PC4, and PC5. Use the information
provided in the table below to complete the grid. The molecular weight will be calculated by the software. In
general, only two of the three parameters need be entered.

Pseudocomponents Information

Pseudocomponent name PC1 PC2 PC3 PC4 PC5
Inflow (moles) 100 200 250 250 180
Thermo Method API-8 API-8 API-8 API-8 API-8
Boiling Point (°C) 33 60 100 140 190
Specific Gravity 0.72 0.76 0.8 0.85 0.9

Your screen should look like the image below:

Description Definition [E] Report

J Wariable Value -~ Add Calculation -
e Stream Parameters X .
Special Conditions
Stream Amount (mol) 1000.00 )
Temperature (C) 15.0000 L] Solds Only
Pressure (atm) 1.00000
Summary
e Inflows (maol)
Hz0 20.0000 Unit Set: Metric (moles)
| JISH 100.000
Automatic Chemistry Model
= W=t APLS MEE-SRK (H30+ jon) Databanks:
|— MNormal Beiling Point (*C) 33.0000 MSE-SRK (H30+ ion)
— Specific Gravity 0.720000 MSE (H30+ ion)

Second Liguid phase

— Wei - i
Molecular Weight Using Helgeson Direct

Calculated Properties

P PC2 200.000
— Thermo Method APLE
|— Mormal Beiling Point (*C) §0.0000
— Specific Gravity 0.750000

— Molecular Weight
Calculated Properties

P PC3 250.000
— Thermo Method APLE N
|— Mormal Beiling Point (*C) 100.000
— Specific Gravity 0.200000

— Molecular Weight
Calculated Properties

P PC4 250.000
— Thermo Method APLE
— Mormal Boiling Peint (*C) 140,000
— Specific Gravity 0.850000

— Molecular Weight
Calculated Properties

P PCS 180.000
— Thermo Method APLE
— Mormal Boiling Peint (*C) 190,000
— Specific Gravity 0.500000

— Wolecular Weight
Calculated Properties

Input

Advanced Search Add az Stream E wport
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Notice that at the bottom of each pseudocomponent there is a “+” and a field called “Calculated Properties.”
Stream Analyzer immediately predicts all the calculated properties for each pseudocomponent. Click the “+”
sign next to PC1 to expand and see these properties.

Description Definition [Z] Report

N Variable Value
= Stream Parameters
Stream Amount {mol) 1000.00
Temperature (*C) 15.0000
Pressure (atm) 1.00000
e Inflows (mol)
H20 20.0000
| JISHS 100.000
— Thermo Method APLE
— Mormal Boiling Point (*C}) 33.0000
— Specific Gravity 0.720000
— Melecular Weight
=] Calculated Properties
— Calc:Molecular Weight 70.3287|
— Calc:Specific Gravity 0.720000
— Calc:Boiling Point {*C} 33.0000
— Calc:Critical Temperature ("C) 213.813
— Calc:Critical Pressure (atm) 42 1427
— Calc:Critical Volume: (L/'mal) 0.271025
— Calc:Acentric Factor 0197144
— Calc:HREF Vapor -1.28412e5
— Calc:GREF Wapor 0556264
— Calc:SREF Vapor 343.881
— Calc:CPREF Vapor 103,303
|— Calc:VREF 24 4483
|— Calc:HREF Agueous -1.39845e5
|— Calc:GREF Agueous 5143364
— Calc:SREF Agueocus 242 380
— Calc:CPREF Agueous 244425
\— Calc:Rackett 0.277609
P L|:_| PC2 200.000
[~ Thermo Methad APLE
I— Nermal Boiling Point (*C) 50.0000
[ Specific Gravity 0.760000
I— Melecular Weight
Calculated Properties
P |_|=_| PC3 250.000
!_ Thermo Methed APLE .
Inpt
Advanced Search Add az Stream E xpoit

The values in the green boxes can be edited to match data from other programs.

At this point we are ready to perform a calculation. Add a Single Point calculation, and then select an
Isothermal calculation.

Change the SinglePoint name to Pseudocomponents using the <F2> key

Click on the Calculate button or press the <F9> key to run the simulation
It is time to save your file (File >Save as...) or using the save icon in the tool bar. Save the calculations of this

section under the name Hydrocarbons and Pseudocomponents.
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Analyzing the Results
Click on the Report Tab and scroll down to the Species Output table.

This table shows how the pseudocomponents are distributed between the Liquid-1 and Liquid-2 phases.

Jump to: | Species Output [True Species) A @ 9@, Customize E xport
Species Qutput [True Species) A
Row Filter Applied: Only Non Zero Values
column Filter Applied: Onby Mon Zero Values

Total Ligquid-1 Liquid-2
mal mol mal
PC3 250.0 1.97215e-6 250.0
PC4 250.0 4 54519e-7 250.0
pC2 200.0 8.03965e-6 200.0
PC5 180.0 5.40506e-8 180.0
PC1 100.0 1.1074e-5 100.0
H20 20.0 19.7405 0.259476
H30+1 2.40152e-8 2.40152e-8
0OHA1 2.40152e-8 2.40152e-8
Total (by phase) 1000.0 18.7405 980.259
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Section 5. Mixers

Mixers are a useful tool to mix one or more streams. This tool allows you to mix Molecular Streams or
Reconciled Streams.

¢ 0Ll Studio - [Mixers.oad] - ] g
W7 File Edit Streams Calculations Chemistry Tools View Window Help - & X
DSd| (2K asor? [Res moi Mk | MBS |G FE A
| Navigator L - x|
Mixers.oad | &
8 Streams Description Definition (il Plot [ Report L3 File Viewer
& Stream —
& Stream-1 Awailable Streams Selected Mixing Method
Sheam - [40] Single Point Misi  «| | Specs..
Shream-1 - [A0
l o #*  Single Point Mix
&8 Volurne
Ratio
Multiplier
5
Variable | Value "
Wultiplier | Meed at least 1 input stream.
Stream Parameters
Total Inflow

| Actions L Temperature (*C) 25.0000

Actions Pressure (atm) 1.00000 b

| Plot Template Manager L o+ x

W
Input
Advanced Search Add as Stream Export
Save

Cit ~ X |

For Help, press F1

@ 3 HUM

In this section, you will learn how to set up a Mixer and differentiate the different mixing options to get the most
out of your simulation results.
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Mixing Options (Definitions)

The Mixer Object has four different mixing options: Single point mix, Volume, Ratio, and Multiplier. A quick
summary of what each mixing option allows you to do is summarized here.

Single Point Mix
This option allows you to multiply up or down a stream inflow. When selecting the streams to mix, this option

will enable the multiplier option for both streams. You can leave the default values that are set by default to 1.0
or change the multiplier values to any other number.

Volume

In this option, one stream stays at a constant volume, while the other stream’s volume changes within a range
specified by the user, as is illustrated in the table below:

Stream 1 Stream 2

1L 1L
1L 2L
1L nL

Ratio

In the ratio mixing type, both streams change at the same time. For example, stream will be 100% and Stream
will be 0%, then Stream 1 will be 90% and Stream 2 will be 10%, and so on, until it reaches Stream 1 0% and
Stream 2 100%.

Stream 1 Stream 2

100 % 0%
90 % 10%
0% 100 %

Multiplier

In this mixing option, one stream stays constant, while the other stream changes using a multiplier. The range
of the multiplier values is given by the user.

Stream 1 Stream 2

1 Stream 2 x 0
1 Stream 2 x 1
1 Stream 2 x n

216



A Basic Mixer Calculation

A brief introduction to the Mixer tool will be shown in the example below. As we go through the example, basic
definitions, functionalities, and reporting for the Mixer tool will be introduced.

Example 33: Calculating the Heat of Mixing

You will mix 1 L of a 10 wt% Ca(OH)2 solution with 1 L of a 10% HCI solution, and then you will ask the software
to calculate the heat of mixing and the final temperature of the mixture.

Starting the Simulation
In this example, we need to create two different streams: a 10 wt% Ca(OH)2 solution and a 10% HCI solution.

Use the inputs and parameters from the table below to create each stream. Certain inputs, such as the name
style, units, etc. will require further adjustments, and will be described as necessary.

Basic Mixing Calculation

1t Stream 2"d Stream
Stream Name Ca(OH)2 Stream Name HCI
Name Style Display Formula Name Style Display Formula
Unit Set Metric, Batch, Mass Frac. Unit Set Metric, Batch, Mass Frac.
Framework MSE Framework MSE
Stream Amount 1 kg Stream Amount 1 kg
Temperature 25°C Temperature 25°C
Pressure 1 atm Pressure 1 atm
H20 Calculated H20 Calculated
Ca(OH)2 10 mass% HCI 10 mass%

After creating the streams, Add a Mixer. The Mixer object can be accessed from the Menu Bar by selecting
Calculations > Add Mixer or by selecting the Add Mixer in the Actions Pane.

Press <F2> to rename the mixer to Basic Mixing

Notice that the display layout for the Mixer tool is slightly different. There are two different windows (see image
below).

The first window displays all possible streams available for the mix calculation. There is no limit to the number
of streams to be mixed.

The second window allows you to change the mixing conditions, e.g., temperature, and pressure of the mixing.
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[P — e —
¢ oLl Studio - (m] X
|
BT File Edit Streams Calculations Chemistry Jools View Window Help - & X
DFH 52X 1Mvasol2 [Red |me ks MEF: G RGN
{[Navigator 3 - x|
| Document1* | A
|88 Streams & Description &¥ Definition i Plot (& Report
| & Ca(OH)2 s
& Ha Available Streams Selected Mixing Method
ﬂ Basic Mixing Cal0H)2 - [MSE] Single Point Mix - Specs...
HCI - [MSE]
Type of calculation
S Isothermal v
Window that displays all the possible 5
= ol Calculate
streams available for mixing
Summary
: - FITESE \{al_dable Value
Actions Mumpder | | Need at least 1 input stream
| Stream Parameters "
[ Total Inflow
| Temperature (-:C)| 25.0000
Pressure (atm) 1.00000
: Window that allows you to change
|| Plot Template Manager - . ans
(e 3o x the mixing conditions
| Input
| . Advanced Search Add as Stream Ezport
Dave
x
8
i
2
13
8
118
5
3
;‘ForHeIp, press F1 @@ NUM

Select the Ca(OH)2 stream from the available streams and use the >> button to put it under the Selected

window

Select the HCI stream from the available streams and use the >> button to put it under the Selected window

Specs...

Available Strearns Selected Miring Method
Cal0H)2 Single Point Mix -
33 HCI
Type of calculation
o |zothermal -
Calculate 48 |
Summary
Variable Value | Ca(OH)2 HCI ~ Unit Set: Metri sy
Multiplier 1.00000 1.00000 nit Set: Metric (moles)
Stream Parameters Automatic Chemistry Model
Total Inflow 1000.00 g 1000.00 g WSE (H30+ ion) Databanks:
- MSE (H30+ ion}
Temperature (*C} | 25.0000 | 25.0000 25.0000 Using Helgeson Direct
Pressure (atm) 1.00000 1.00000 1.00000 \sothermal Calculation
* 25.0000 *C 1.00000 atm
Single Point Mix
Calculation not done
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Also notice that the default calculation is the Single Point Mix Method at Isothermal conditions. In this
example, we want to calculate the heat of mixing and the final temperature of the mixture. Thus, an adiabatic
calculation is required to see this effect.

Click on the Type of Calculation button and select the Adiabatic calculation
option

Note: Once the streams for the mixing have been selected, notice that the multipliers of both
streamsCa(OH)2 and HCI can be edited. This specific calculation will be carried out at a constant pressure
of 1 atm, and the final temperature of the mixture will be calculated.

Available Streams Selected Mixing Method
Ca[dH)2 Single Point Mix ~ » | | Specs..
3 HCI
Type of calculation
“ Adiaatic -
Calculate 4
Summary
J Variable Value Ca(0H)2 HCI ~ Unit Set: Metric (moles)
T -
Multplier 1.00000 1.00000 nit Set: Hetric (moles)
Stream Parameters Automnatic Chemistry Model
Total Inflow 1000.00 g 1000.00 g MSE (H30+ ion) Databanks:
" MSE (H3O+ ion)
| Temperature (C) 25.0000 25.0000 25.0000 Using Helgeson Direct
i Pressure (atm) 1.00000 1.00000 1.00000 Isenthalpic Calculation
> 0.0 cal
1.00000 atm
Single Point Mix
Calculation not done
W
Irput
Advanced Search Add az Stream Expart

Now, we are ready to perform the calculation. Click on the Calculate button
or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool
bar. You can save it and name it as Mixer Calculations.

Analyzing the Results
Review the Summary Box. After mixing these two streams, the temperature increased from 25 °C to

approximately ~48.65 °C at a constant pressure of 1 atm. This indicates that the enthalpy (or heat) of mixing is
exothermic.
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A Titration Experiment

In this example, you will explore the volume mixing option to recreate a titration experiment. As we go through
the example, different functionalities, reporting, and plotting for the Mixer tool will be introduced.

Example 34: HF Titration with CaCl,

In this example, we will first create two new streams, a 0.1 m HF solution, and a 0.1 m CacCl: solution. What is
the pH of these individual streams?

Second, we will mix these two streams in equal amounts. What is the final pH of the mixture?

And finally, the 0.1 m HF solution will be titrated with a 0.1 m CaClz solution. What will the titration curve look
like?

Starting the Simulation
For this example, we need to create two different streams: a 0.1 m HF solution and a 0.1 m CacCl: solution.
Note that we have switched thermodynamic frameworks to the AQ framework. Please make sure that this

framework is selected for both streams in this example.

Use the inputs and parameters from the table below to create each stream. Certain inputs, such as the name
style, units, etc. will require further adjustments, and will be described as necessary.

Titration Calculation

1t Stream 2" Stream
Stream Name 0.1 HF Stream Name 0.1 CaCl2
Name Style Display Formula Name Style Display Formula
Unit Set Metric, Batch, Moles Unit Set Metric, Batch, Moles
Framework AQ Framework AQ
Stream Amount Calculated Stream Amount Calculated
Temperature 30°C Temperature 30°C
Pressure 1 atm Pressure 1 atm
H20 55.5082 moles H20 55.5082 moles
HF 0.1 moles CaCl2 0.1 moles

Calculating the pH of the individual streams

Add a Single Point — Isothermal calculation for each stream

Change the name to pH 0.1 m HF and pH 0.1 m CaCl2, respectively, using the <F2> key
Calculate the isothermal calculation for each stream

Check the pH values of the individual streams in the Summary Box

Results — pH of the individual streams

pHO0.1m HF pHO0.1 m CaCl2
| 2.13 | 6.82 |
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Calculating the pH of the Mixture

After creating the streams, Add a Mixer. The Mixer object can be accessed from the Menu Bar by selecting
Calculations > Add Mixer or by selecting the Add Mixer in the Actions Pane.
Press <F2> to rename the mixer to Titration

Note: Notice that the Available Streams window is showing all the available streams for the mixing
calculation. Also notice that this window is showing both Streams and Single Point calculations. Additionally,
the available streams’ thermodynamic framework appears within brackets, e.g., AQ, MSE, or MSE-SRK.
This is important because in order to carry out mixing calculations, the selected streams need to use the

same thermodynamic framework.

Description Definition [l Plot [ Report

Available Streams Selected

Cal0H)2 - [M5E]
HCI - [M5E] oS
0.1 HF - [40]
0.1 CaCl2 - [40] 124
Basic Mixing - [M5E]

pH 0.1 HF - [40]

pH 0.1 CaClz - [4Q]

Select the 0.1 HF — [AQ] stream. Use the >> button to move it to the Selected window

Select the 0.1 CaCl2 stream. Use the >> button to move it to the Selected window

Select Single Point Mix as the Mixing Method and Isothermal as the Type of Calculation

Leave the default values for the multipliers (1.0) and change the temperature at which the mixture takes place

to 30 °C.

Available Strearns Selected Miring Mathod
pH 0.1 HF - [403] 0.1 HF Single Point Mix - Specs...
pH 0.1 CaCl2 - [40] b5 0.1 CaCl2
Type of calculation
o |zothermal -
Calculate &8
Summary
J Variable Value 0.1 HF 0.1 CaCl2 - Unit Set Metric (moles)
nit Set: Metric (moles)
| Multiplier 1.00000 1.00000 | ' ’
Stream Parameters Automatic Chemistry Model
Total Inflow 55.6082 mol 55.6082 mol Aqueous (H+ ion) Databanks:
— Agueous (H+ ion)
| Temperature (°C) | 30.0000 30.0000 30.0000 Using K-fit Polynomials
Pressure (atm) 1.00000 1.00000 1.00000 T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
lsothermal Calculation
30.0000 *C 1.00000 atm
3| | Single Point Mix
Calculation not done

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

At this point is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save
under the same file that we created before named as Mixer Calculations.

Check the pH values of the individual streams in the Summary Box
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Results — pH of the individual streams

The resultant pH is 1.44. How can this be? An acid stream (the HF stream had a pH of approximately 2.13) and
a nominally basic stream (the CaClz stream had a pH of 6.82) are mixed, and the pH is outside the value of
either stream.

We will continue using Stream Analyzer to further examine the chemistry in more detail. We will titrate the HF
stream with CaCla.

Titrating HF with CaCl;
Change the Single Point Mix as the Mixing Method to the Volume option.
Note: You will receive a warning message: Need 1 stream selected as the variable stream (Specs...)

Click on the Specs button. This will open a new window indicating you to select the Stream to vary.
In the Select Stream tab, Select the 0.1 m CaCl2 stream

Volume Survey Options ? *
Categorny Select Steamn Survey Range
- Wariable - Yolumne .
‘... Caleulation Options Select inlet stream to vamy

Select the Survey Range tab. Change the Volume Range from O Lto 1 L.
Change the Number of Steps to 50. Then click OK.

Volume Survey Options ? x
Category Select Stream  Survey Range
Wariable - Yolume
- Caleulation Options Wolume Range Uit
Selected Range
Mew
Delete
(®) Linear () Log () Paint Lizt
End Pairnts
End |1.00000
Step Size
Increment | 1.00000
O } Select one, the other is
Mumber Steps ® calculated
Cancel Apply Help
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Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or use the save icon in the tool bar. You can save under the same
file that we created before named as Mixer Calculations.

Titration Results and Plotting
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Click on the Plot tab. Note: You will see an empty plot, since we need to
define the variables that we want to report.

Click on the Variables button and expand the Aqueous section. Select and
put the following species in the Y1 axis using the >> button: HF-Aq, H+1, F-1,
Ca+2. Expand the Solid section and select CaF2(s).

Next, expand the Additional Parameters Section and Select pH. Put it in the
Y2 Axis using the >> button. Then click OK.
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As you can see, adding CaCl: to this solution lowers the pH to values as low as 1.33. The pH does begin to
slowly increase after 0.48 L of CaClz have been added.

Why the unusual pH behavior? You can see that a small amount of Ca*? in solution, causes the formation of
the solid CaF,. This effectively removes F~ from solution according to the following equation:

Ca*? 4+ 2 F~ - CaF,

As we add more CaCl: in solution, more CaF: is formed. As a result, the molecular HF decreases because it
dissociates in order to maintain the equilibrium by producing more F~ ions. This shifts the following equilibrium

to the right:

HF > H* + F~
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This causes an increase of H* in solution and, as a result, a decrease in the pH. At some point, at around 0.48
L of 0.1 m CaClz, the solid reaches a steady value, indicating that the solid has reached its saturation (maximum
formation) value.
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Cascading Mixers

Example 35: Cascading Mixers
In this example, we will mix two streams, one basic and one acidic, and mix them together under adiabatic

conditions. The output of this mixer will then be used as the input to a second mixer where a new caustic
stream is added. The schematic in the figure below illustrates the layout.

Base Waste j |/_

SinglePoint1

Acid Waste

Caustic

For this example, we need to create three streams. You have already done this in other examples, so we will
only give you the input data (for all streams, we will use the AQ thermodynamic framework)

Cascading Mixer Stream Data

Stream Name Base Waste

Temperature 25.0 °C

Pressure 1.0 Atmospheres
Stream Amount 55.5082 (Default) Mole

H20 55.5082 Mole

CO2 0.1 Mole

NH3 0.01 Mole

SO2 0.01 Mole

Stream Name Acid Waste

Temperature 25.0 °C

Pressure 1.0 Atmospheres
H20 55.5082 Mole

HCI 0.1 Mole

H2S04 1.0 Mole

Stream Name Caustic

Temperature 25.0 °C

Pressure 1.0 Atmospheres
H20 55.5082 Mole

NaOH 1.0 Mole

To test that our streams are representing their respective names, perform a single point isothermal flash on
each stream. When you are done you should have a window that looks like the image below.
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{ OLIStudio - [Chapter 8 Tour.cad"] (=@ =]
X File Edit Stresms Calculations Chemistry Tools View Window Help [=1=]x]
LEW (52 W | Al re s [ () BE % B |
| Navigatar el
A
Chapter 8 Tour.oad* |
£-& Stream = |« Description | &¥ Definition E Hepnﬂlg File Viewer‘
£ Survey 1
Lo Seamd e T e = Tope of calculation
AP Survey-1 = stream Isathermnal =] [ Specs.. |
= Stream-2 f"“mﬁ"'"“”_'c(m"" ;’:z:‘:ﬁ Bubbie/Dew Point
. % emperature (* i
-4 Survey-2 : P t‘ ) o000 @ Temperatuie
- & Citric Acid ressure (atmj - Pressure
- & NaOH < Inflows (mol)
A Mixer 5 H20 555082
E-& BaseWaste NaOH 1.00000 Calcylate @
L4y SinglePoint SR
E- & Acid Waste P
i SinglePoint-1 Unit Set: Metric (moles)
- & Caustic .
H . Automatic Chemistry Model
A SinglePoint-2 P AQ (H+ ion) Databanks:
L Fublic
| Actions g o+ x Isothermal Calculation
Adions 25.0000 *C 1.00000 atm
Phase Amounts
Aqueous  57.5082 mol
vapor  0.0mol
Soid 0.0 mol
Agqueous Phase Properties
pH 13.3891
fonic Strength 0.0173888 mokmol
Density 1.03546 giml
Eiotien il en o, £ ox Calc. elapsed time: 0.250 sec
Calculation complete
Input | Dutput
| Advanced |[ Seach |[AddasSteam|[  Expot v
Save
For Help, press FL @ NUM

| Navigator

b ax)

Chapter 8 Tour.oad*

Citric Acid

MaOH
A Miscer

5. & BaseWaste
-4y SinglePoint

& Acid Waste
iy SinglePoint-1

& Caustic

- £ SinglePaint-2

&
& Stream-
&
&

| Actions Fi g -
Actions
] E :
= i T
Add Stream  Add Mixer
-]
Add Water Add
Analysis  Standard E...
Add Brine Add il
Analysis Analysis
Add Gas Add
Anaheic Sabirstnr =

Now we are ready to begin. Click on the “Streams” at the top of the tree-view in the left-hand window, and then
select Add Mixer from the actions panel.

We can now add the “Base Waste” and “Acid Waste” stream as we have done in previous examples. The only
difference here is that we are selecting an Adiabatic calculation instead of the default isothermal calculation.
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&

Available Streams

Stream

Stream-1

Stream-2

Citric: Acid

MalH

Caustic

Mizer - [A0]
SinglePaint - [A0]
SinglePaint-1 - [A0]

-

EX

<

Selected

Base Waste
Acid Waste

LI Variahla

Walna

I Bacalacta |

Aricl Wacta

Mixing M ethod
[ Single Paint bix V] [ Specs... ]
Tupe of calculation

Bubble/Dew Paint
(@) Temperature

Pressure

Let's calculate this mixer. Click the Calculate button. If everything is set up correctly the resultant mixed pH

should be approximately 0.3.

In the stream tree-view panel, locate your mixer and click the “+” sign.

,ﬁ Basic Mixing
2-& 01mHF

L fy pHOI mHF
=& 0.1mCaCl2

Ly pHOI m CaCl2
,ﬁ Titration

E| & BaseWaste

E ‘Q" SinglePoj

b

-

Click the “+” sign to expand the tree.

Acid W
Ic

SinglePoint-2
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gy pHOImHF

EI & 01mCaC2

. Ly pHO.1 m CaCl2

ﬂ Titration

=& Base Waste

,{y SinglePoint

= Acid Waste

.. & SinglePoint-1

= Caustic

.8 SinglePoint-2
i £y Flash of Base Waste
. & Flash of Acid Waste

,{y 1of1

You can see that the program has performed an equilibrium calculation on each of our input streams as well as
calculated the mixer. The results of the mixer are stored in the object “1 of 1”.

We will now add a second mixer from the actions panel.

=& 0.1mCaCl2

Ly pHO.1 m CaCl2
[j...ﬂ Titration

=& BaseWaste

,Qf SinglePeoint

=& Acid Waste

.. & SinglePoint-1

- & Caustic

{y SinglePoint-2
Elﬂ Mixer

,@- Flash of Base Waste
4y Flash of Acid Waste

;{y 1of1
ﬂ Mixer-1

- Description [&F Definition {{li Plot [ Report T File Viewer

Available Streams

Caustic - [A0]
Basic Miring - [M5E]
pH 0.1 mHF - [40]
pH 0.1 m CaCl2 - [A0]
Titration - [A0]
SinglePaint - [A0]
SinglePoint-1 - [A0]
SinglePoint-2 - A0

Selected

b

<

J Variable
Multiplier

Total Inflow

L

Value

Stream Parameters

When we add a subsequent mixer, we will see all our previous objects still displayed. It is possible to reuse a
stream that we already used (this is not possible in OLI's other simulators such as OLI Flowsheet: ESP except
by using a virtual stream.) We want to connect the output from our first mixer (Mixer) to the inlet of the Caustic

stream. Click the object

Mixer - [AQ].

Then add the Caustic stream. Select the type of calculation as Isothermal.
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&l
Description Definition [jill Plot [ Report L& File Viewer

Avyailable Streams Selected Mixing tethod

0.1 mHF A Pl et Single Point Mix - - Specs...
0.1 m CaCl2 vy Caustic

Baze Waste Type of calculation

Acid Waste £

pH 0.1 m HF - [40] | zothermal -

pH |:|._'| m CaCl2 - [a0]
Titration - [&01] Calculate &8

SinglePaint - [40]

g!ng!efn!nt-l : ['é‘@] e Surnrnary
J Variable Value Mixer Caustic L T
- I )
Multiplier 1.00000 1.00000 it L HEE (motes)
Stream Parameters Automatic Chemistry Model
Total Inflow 113 236 mol 56 5082 mol Aqueous (H+ ion) Databanks:
Ti t *C) | 25.0000 25.0000 25.0000 Aqueous (F+ ion)
emperature (°C) | 25. 5. 5. Using K-fit Polynomials
Pressure (atm) |1.00000 1.00000 1.00000 T-=pan: 25.0 - 225.0

P-span: 1.0 - 1500.0

¥ lzothermal Calculation

We are now ready to calculate the second mixer. Press the calculate button.

The resultant pH should be approximately 1.0. We want to increase this value. Change the Multiplier value
for Caustic Stream from 1.0 to 2.4

| Variable | Value Mixer Caustic
Multiplier 1.00000 2.40000
Stream Parameters
Total Inflow 113.236 mol 135.620 mol
Temperature (*C) 25.0000 25.0000 25.0000
Pressure (atm) 1.00000 1.00000° 1.00000

Click the calculate button again. The new pH should be approximately 12.1.

The real value of the cascading mixer is the quick ability to re-calculate the objects if we want to change
something. Let’s add some diethanolamine to the series of calculations. Click the Acid Waste stream (not the
single point calculation below it) and add the component DEXH 10 to the grid with a value of 10.0 moles.

10 This is the OLI Tag name for diethanolamine, which is easier to type if you know the name.
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Stream

: Stream-1 Variable Value
& Stream-2 E Stream Parameters
[
[

Citric Acid Stream Amount (mol) 66,6082

MNaOH Temperature ("C} 25.0000
ﬂ Mixer Pressure (atm) 1.00000
& Base Waste e Inflows (mol)
- &y SinglePoint Water 55.5082
Acid Waste Hydrogen chioride 0.100000
-4 SinglePoint-1 Sulfuric(V1) acid 1.00000

& Caustic DEXH] =] 10.0000
- &y SinglePoint-2

Return to the last mixer you created (Mixer-1 in our example) and then reduce the Caustic Multiplier back to
1.0

To recalculate all the objects at once, press the control+F9 keys and all objects will be calculated. Now if you
look at the summary of Mixer-1 you will see that the pH has changed to approximately 10.

& Description &% Definition {}l Plot Report
Available Stieams Selecled Mixing Method
0.1 mHF Mixer Single PointMix ~ ~  Specs...
0.1 m CaCl2 Caustic .
Base Waste Type of calculation
Acid Waste
pH 0.1 mHF - [A0] Isothermal -
pH 01 m CaCR2 - [A0)
Titration - (0] Colculate @
Titration-1 - [A0Q]
ShglePoirt - AL Summaty
—l S Vaiwe L Cantic Unit Set: Metric (moles ~
T T T 1 o ic(
Multipher 1.00000 1.00000| |
Stream Parameters Automatic Chemistry Model
| Total Inflow [123.236 mol 56,5082 mol | Aqueous (H+ ion) Databanks
T . t 1 Agueous (H+ ion
Temperature (°C) |25.0000 25.0000 25.0000 Using K-fit Polynomials
Pressure (atm) | 1.00000 1.00000 1.00000 T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
Isothermal Calculation
25.0000 “C 1.00000 atm
5 Single Point Mx
Caiculation Results:
Temperature 25.0000 °C
Heat Duty -224496)
Isothermal Calculation
25.0000 *C 1.00000 atm
Phase Amounts
Aqueous 179.430 mol
Vapor 0.0 mol
Solid 0.0 mol
Aqueous Phase Properties.
pH 10.0785
lonic Strength  0.0158160 moVmol
Density 1.05215 g/mi
Calc. elapsed time: 1.172 sec
Caiculation complete
Input
Calculation complete v
Advanced Searct Add as Stieam Export
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Section 6. Chemical Stability Diagrams

“Predicting the stability of chemical compounds as a function of solution chemistry is crucial towards
understanding the electrochemical characteristics of materials in real-world applications. There are several
commonly considered factors that affect the stability of a chemical compound, such as metal ion concentration,
mixtures of ion concentrations, pH, buffering agents, complexation agents, and temperature. Chemical stability
diagrams graphically describe the relative stabilities of chemical compounds, ions, and complexes of a single
element as a function of bulk solution chemistry (pH and metal ion concentration) and also describe how solution
chemistry changes upon the thermodynamically driven dissolution of a species into solution as the system
progresses towards equilibrium” 7,

Stream Analyzer has the capability of building chemical stability diagrams by using the Chemical Diagram tool
that allows to study the precipitation of species as function of ion concentration and other parameters such as
pH. In this section we will explore with different examples how to set up cases to use the Chemical Diagram
tool.

¢y 0Ll Studio - [Chemical Diagrams.oad”] — [m] x
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 x
D& TA | Lvasol? Red w3 MEms | G REE A
Navigator - %
22 £ &}
Chemical Diagrams.oad* |
treams ¥ Description initi emical Diagram epoi
&S & D ption [&¥ Definition Ch I Diag Reporl
(=~ & Stream T  di
. e of diagram
-|@ Chemical Diagram N Variable Value A _',"D g
= Stream Parameters Species vs, Species: v Specs...
Stream Amount (mol) 55.5082
Species vs. Species
Temperature (*C) 25.0000
Solids Yield
Pressure (atm) 1.00000
lwacan,
= Inflows (mol)
H20 55.5082 Unit Set: Metric (moles)
Automatic Chemistry Mode!
Agueous (H+ ion) Databanks:
Aqueous (H+ ion)
Using K-fit Polynomials
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
Stability diagram: vs
Specify an X variable component
for this diagram type.
Actions L Specify at least 1Y variable
Actions » component for this diagram type.
Calculation not done
Plot Template Manager g -~ X
v
Input
Advanced Search Add sz Stream Expart
Save
* [Calculation Completel X
v
For Help, press F1 @ NUM

1" Santucci, R.J., McMahon, M.E. and Scully, J.R., 2018. Utilization of chemical stability diagrams for improved understanding of
electrochemical systems: evolution of solution chemistry towards equilibrium. npj Materials Degradation, 2(1), p.1.
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Building a Chemical Diagram

In this section, first we will go through the steps of building a basic chemical diagram, and then we will explore
how the concentration of species and other variables such as temperature and pressure have a significant
influence on the stability of chemical species.

Example 36: La(C2H50.); — KsPO4 Chemical Diagram
For this example, we are going to reproduce the work found in the following paper: Andelman, T., Tan, M. C.,

& Riman, R. (2010). Thermochemical engineering of hydrothermal crystallization processes. Materials
Research Innovations, 14(1), 9-15. https://doi.org/10.1179/143307510X12599329343123.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

La(C2H302)3 — K3sPO4 Chemical Diagram

Calculation Settings Stream Composition and Conditions

Stream Name Chemical Diagrams Stream Amount Calculated

Name Style Display Formula Temperature 25°C

Unit Set Metric, Batch, Moles Pressure 1 atm

Framework AQ H20 55.5082 moles

Type of Calculation Chemical Diagram La[C2H302]3Note 0.1 moles
K3PO4 0.1 moles
HNO3 0.0 moles
NaOH 0.0 moles

Note: Notice the use of square brackets instead of the traditional parenthesis

Add a new Stream

Click on the new Stream and press <F2> to change the name to Chemical Diagrams

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition of the stream given in the table above. Notice that the concentrations of La(C2H302)3
and K3PO4 are held at a 1:1 molal ratio.

Go to the Add Calculation button and select Chemical Diagram calculation or by selecting the Chemical
Diagram icon in the Actions Pane

Select Species vs Species as Type of Diagram — Default

Change the Chemical Diagram name to Lanthanum/Phosphate using the <F2> key
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0 OLl Studio (Version 11.5.1 Beta) - [6.1 Chemical Diagrams - Example_37.0ad*] — O >
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DS & B TN | L1vasol2 Red me 0¥ s | dhgms O EE
Mavigator R
F— [
6.1 Chemical Diagrams - Example_37.0ad* |
&% Streams Description Definition i Chemical Diagram [E] Report _J File Viewer
- #& Chemical Diagrams T i
: e of diagram
/@ Lanthanum/Phosphate | Variable Value A o &
= Stream Parameters Species vs. Species  +
Stream Amount (mol) 55.7082
Temperature (*C) 25.0000 Calculate i@
Pressure (atm) 1.00000
Summary
= Inflows (mol)
H20 55.5082 Unit Set: Metric (moles)
La[C2H302]3 0.100000 ) )
K3P04 0.100000 Autumatlc Cljeml.str?r Model )
Agquecus (H+ ion) Databgks:
HNO3 0.0 Aguecus (H+ ion)
MaOH 0.0 Using K-fit Polynomials
T-span: 25.0 - 225.0
ﬂ P-span: 1.0 - 1500.0
Actions PR Stability diagram: vs
Actions Only one redox syste.m
5 can be selected for display
in Species vs Species diagrams.
Specify an X variable compenent
for this diagram type.
Specify at least 1 variable
compenent for this diagram type.
Calculation not done
Flot Template Manager L o« x
v
Input
Advanced Search Add as Stream Export
Save
For Help, press F1 @ NUM

Notice that the calculation is not ready

Click on the Specs button. This will open the Chemical Diagram Options window

In the Display Choices tab, select the No Aqueous lines button and check the box for Lanthanum as the

subsystems to display
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Chemical Diagram Options

? X
Categary Dizplay Choices
----- Diizplay
L e Agueous and Solid Lines Shading
perimnose line () Mo shading
(®) shade selected subsystem

(_) Only Aqueous lines

[(5odium
[mitrogen
[JPhosphorus

Cancel Apply Help

Click on the Axes category. The dialog changes to display the X Axis tab.

In the Variable section select the pH option. Leave the default pH Range: 0-14. This also enables the Titrants
button.

Chemical Diagram Options

? X
Category R Awis Y A
Digplay
; Variable Spedes
() Spedies Amount Hide Related Inflows
(®)pH Titrants H20
HMO3
K3P0O4
pH Range La[C2H302]3
=
Log scale

Cancel Apply Help

Click on the Titrants button. Select HNO3 as the acid titrant and NaOH as the base titrant. Then click OK.

Note: These titrants were added in the stream definition, and that's why they appear as possible titrants.
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Select Titrants

7 b4
Titrants
Hide Related Inflows New Inflow

Acid Base

H20 H20

HNO3 HNO3

K3P04 K3P04

La[C2H30213 La[C2H302]3

NaOH NaOH

’Select the acid and the base which will be used to vary the pH.

Cancel Apply Help

Select the Y Axis tab. Select the Species Amount button as the variable to change
Select La[C2H302]3 and K3PO4 species

For the Inflow Range keep the default range: from 1E-14 to 1.0 moles on a log scale.

Note: This means we will have initially 1.0E-14 moles of La(C2H302)3 and 1.0E-14 moles of K3POs
increasing equally until we have 1.0 moles of each.
Click OK

Category W hwis ' D |
- Display i
L e Variable Spedes (maximum of 4)

(®) Species Amount Inflow(s) Hide Related Inflows i
|
() Temperature [H20 |
| e
o
Inflow Range

a[C2H302]3 [
Start | 12014 | mol Er=om ’

End

II

|
mol |

Log scale

QK Cancel Apply Help
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We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file using (File >Save as...) or using the save icon in the tool bar. You can save it and

name it Chemical Diagrams.

Analyzing the Results

Click on the Chemical Diagram tab ( il Chemical Diagram ). This tab displays the Species vs pH diagram for
the Lanthanum species.

The X axis of the diagram is pH, varied by adding HCI or NaOH, and the Y axis variable is the concentrations
of La(C2H30z2)s and KsPOs, held at a 1:1 molar ratio. From this figure, we can see that at room temperature
there is a large pH range over which lanthanum phosphate will be the thermodynamically stable product. As pH
increases, and more OH- ions are present, La(OH)s begins to form. The pH range in which La(OH)s forms is
the right bounded region in the diagram. The area below the lines is where only aqueous species exist.
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Example 37: Adding 50% Lanthanum Acetate

In this second example we will add 50% more to the lanthanum acetate species and see the effect of this
increase in concentration on the chemical diagram.

Starting the Simulation
Copy the Lanthanum/Phosphate chemical diagram calculated in the Example 36: La(C2H302); — K3PO4
Chemical Diagram, and paste it under the Chemical Diagrams stream.

Change the name to Lanthanum 50% increase using the <F2> key

Change the Lanthanum Acetate amount to 0.15 moles

¢ 0L Studio - [Chemical Diagrams.oad*] — O e
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DSHE| 4 B TN | L1vasSol2 Ret me 3t | dhigns O BE
Mavigator L o~ X
i =
Chemical Diagrams.oad*® |
&% Streams Description Definition {ili Chemical Diagram [ Report
=& Chemical Diagrams T i
: e of diagram
[ Lanthanum/Phosphate u Variable Value A i d
| Lanthanum 50% increase e Stream Parameters Species vs. Species Specs...
Stream Amount (mel) 55.7582
Temperature (*C) 25.0000 Calculate g
Pressure (atm) 1.00000
Summary
e Calculation Parameters
Use Single Titrant Mo Unit Set: Metric (moles)
pH Acid Titrant HNO3
- Automatic Chemistry Model
il SEEIET NaOH Agueous (H+ ion) Databanks:
o Inflows (mol) Aqueous (H+ ion)
H20 555082 Using K-fit Polynomials
T-zpan: 25.0 - 225.0
| tercerzozs 0.150000 | P-span: 1.0 - 1500.0
= K3P0D4 0.100000
Actions I
R HNO3 0.0 N Stability dlagram: La[C2H302]3 vs pH
NaOH 0.0 User-selected titrants.
Acid: HNO3
j Base: HaOH
Range on La[C2H302]3:
1.00000e-14 to 1.00000 mol
Range on pH:
0.0 to 14.0000
Subsystems
Flot Template Manager L o+ X Lanthanum
Calculation complete
v
Input  Output
Advanced Search Add az Stream Export
Save
* - ’ ~
,||Calculation Complete!
v
o
For Help, press F1 @ MNUM

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file using (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

Click on the Chemical Diagram tab ( Wl Chemical Diagram ). It is important to note that the Y axis label has
changed to reflect the increased amount of the lanthanum acetate.

From this figure, we can see that by increasing amount of Lanthanum acetate, it favors the stability of La(OH)s
over a wider range of pH.
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Example 38: Changing temperature and pressure

In this third example we will use the original amount of the lanthanum acetate species and see the effect of this
increase in temperature and pressure on the chemical diagram.

Starting the Simulation

Copy the Lanthanum/Phosphate chemical diagram calculated in the Example 36: La(C2H302); — K3PO4
Chemical Diagram, and paste it under the Chemical Diagrams stream.

Change the name to Lanthanum HTHP using the <F2> key

Change the temperature to 200 °C and the pressure to 25 atmospheres

¢ 0Ll Studio - [Chemical Diagrams.oad*] — O e
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
=y TN | L11vasSol2 Ret medlfs | dhiEgns S EE N
Mavigator L o~ X
i [
Chemical Diagrams.oad*® |
&% Streams Description Definition i Chemical Diagram (& Report
- #& Chemical Diagrams T i
; : e of diagram
[ Lanthanum/Phosphate u Variable Value A i d
= Stream Parameters Species ve. Species Specs...
Stream Amount (mol) 55.7082
Temperature (*C} 200.000 Calculate 48
Pressure (atm) 25.0000
Summary
e Calculation Parameters
Use Single Titrant | Mo ﬂ Unit Set: Metric (moles)
pH Acid Titrant HNO3
- Automatic Chemistry Model
il FEER LT NaOH Agueous (H+ ion) Databanks:
& Inflows (mol) Agueous (H+ ion)
H20 55 5082 Using K-fit Polynomials
T-zpan: 25.0 - 225.0
La[C2H302]3 0.100000 Pspan: 1.0 - 1500.0
= K3PO4 0.100000
Actions I
Aeions HHO3 0.0 N Stability dlagram: La[C2H302]3 vs pH
NaOH 0.0 Auto-selected titrants
Acid: HNO3
Base: HaOH
Range on La[C2H302]3:
1.00000e-14 to 1.00000 mol
Range on pH:
0.0 to 14.0000
Subsystems
Flot Template Manager L o+ X Lanthanum
Calculation not done
v
Input
Advanced Search Add as Stream Export
Save
= e -
,||Calculation Complete!
v
o
For Help, press F1 @ MNUM

We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file using (File >Save as...) or using the save icon in the tool bar.
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Analyzing the Results

Click on the Chemical Diagram tab ( ill Chemical Diagram ). This figure shows the stability diagram for
La(C2H30z2)s and KsPO4 over a range of pH values at 200 °C and 25 atm. Under these conditions, there is a
decrease in the pH range over which LaPOs is the stable product. This is because as temperature increases,
the insoluble rare earth hydroxides [RE(OH)s] become more stable. The aqueous area of the single-phase
increases at elevated temperatures due to the increased solubility of the different species. Again, at high pH
values, only La(OH)s will form.
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Corrosion Analyzer is a module within OLI Studio. A separate license enables this module. Corrosion Analyzer
is first-principles corrosion prediction tool. As in Stream Analyzer, for all calculations we will create one or more
objects, referred to as a Streams, which are used to define a particular chemistry, temperature, and pressure.

There are two different types of calculations that can be carried out in Corrosion Analyzer: Corrosion Rates and
Stability Diagrams (Potential vs pH and Potential vs Species Diagrams). A brief definition of each type of
calculation is given below.

as a function of T, P, and solution composition. With this tool you can draw
conclusions about the ranges of immunity to corrosion, possible passivation, and
dissolution of metals in the presence of species that promote or inhibit corrosion.

E Stability Diagram is used to predict the stability of metals, metal ions, oxides, etc.

Corrosion Rates is used to predict the general corrosion rate, the propensity for
localized corrosion (pitting or crevice corrosion) to occur, polarization curves, and
heat treatment effects of metallic materials at one specific equilibrium state. The
effects of temperature, pressure, pH, concentration of species, and velocity on
corrosion are also included.

Add Corrosion Rates

In this chapter several examples will be provided to cover these calculation types.
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Section 7. Stability Diagrams

In this section you are going to learn how to set up a Stability Diagram and how to interpret the results when
using this tool.

¢ 0oLl Studio - [Document1*] - O X
®7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DE@| 200 2R | vasei2 Res meifsms | MER: GBI
Mavigator L o~ X
| | B
Document1* |
&% Streams Description Definition i Stability Diagram (& Report
- Stream T i di
— 5 e of diagram
IE Stability Diagram I Variable | Value A e g
e Stream Parameters Specs...
Stream Amount (mol) 55.5082 Pourbaix Diagram
Temperature (°C) 25.0000 X X
Potential vs. Species
Pressure (atm) 1.00000 g
e Calculation Parameters
Use Single Titrant No Unit Set: Metric (moles)
pH Acid Titrant HCL
Autematic Chemistry Medel
il SEEIET NACH Agqueous (H+ ion) Databanks:
e Inflows (mol) Corrosion (AQ)
H20 55.5082 Agqueous (H+ ion)
Redox selected
Using K-fit Polynomials
|Acﬁon5 L o x e Contact Surface T-span: 25.0 - 225.0
AT P-span: 1.0 - 1500.0
5 Stability diagram: Evs pH
User-selected titrants
Enter the contact surface for this
calculation in the contact surface
section of the grid.
Alloy Activity Module:
Activated
Calculation not dene
|Plot Template Manager L - x
v
Input
Advanced Search Add as Stream Export
Save
For Help, press F1 @ NUM |
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How to Interpret a Stability Diagram

A Stability Diagram, also known as a Pourbaix Diagram or simply a Potential vs pH diagram, maps out the
possible stable species in an aqueous environment at different pH and potential combinations. This diagram,
however, does not provide information of reaction rates or kinetic effects.

A schematic representation of the Pourbaix diagram for copper in water at 25 °C and 1 atm is shown in the
image below.

The gray color represents the immune to
T ' corrosion region. It is the stability field of the
elemental metal. Cu is the base metal in the
plot on the left.
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possible passivation. It is the stability field
of a sparingly soluble compound (usually an
oxide,hydroxide, or salt). This compound
will form a layer on the surface of the metal,
which may protect the metal from corrosion.
Having determined that a layer is formed, it
is necessary to verify whether it is
protective or not because this depends on
the crystalline structure of the sparingly
2g soluble compound. In the above plot, the

0 40 &0 80 100 20 green area contains CuO and Cu20 as the

H
Acidic P Basic solid phases produced by oxidation of Cu.

E (SHE)

The light-yellow color represents the corrosion region. It is the stability field(s) of dissolved (ionic or neutral)
metal species in which neither the metal nor passivating solids are stable. In the plot above, Cu?* is the ionic
species that is the most stable.

The diagonal dashed lines, represented by the letters a and b, are the water reduction and water oxidation
lines, respectively.

Below the water reduction line (a): Water decomposes to form Hz gas. Above the water oxidation line (b): Water
decomposes to form Oz gas. The region within these lines (a and b) is called the stability region of water.

The lines that divide different species in the Pourbaix diagram show the equilibrium conditions. These lines
represent the equilibrium for chemical and electrochemical reactions.

Finally, as a reference, the values of the Natural pH and the Oxidation Reduction Potential (ORP) are
superimposed on the diagram. The natural pH line of the water sample is the water’'s computed pH before it is
adjusted using with acid or base to create the diagram. The ORP is represented by the red circle and indicates
the initial electrochemical potential of the water phase. This is the value before the potential is adjusted using
a potentiostat, for example.
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How to determine if corrosion in the absence of oxygen is possible?

In the absence of oxygen, the most common reduction reaction is the reduction of the proton to elemental
hydrogen (as shown by line a in the plot below). Depending on the pH, the reactions that can occur are the
following:

Acidic: 2HY +2¢ — H,
Basic: 2H,0 +2e - H, + OH™

For a corrosion process to proceed, the line a must lie above a line that corresponds to an equilibrium between
the metal and metal-containing ions.

In oxygen-containing solutions, O, can be reduced to H,O (as shown by line b). Depending on the pH, the
reactions that can occur are the following:

Acidic: 0, +4H* +4& > H,0
Basic: 0, + 2H,0 +4é - 40H™

For a corrosion process to occur, the line b must lie above a line that corresponds to an equilibrium between
the metal and metal-containing ions.

Passivation is likely if b lies above a line that corresponds to an equilibrium between the metal and a sparingly
soluble compound.
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Stability diagram for Copper in Water at 25°C and 1 atm
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Building a Pourbaix Diagram

Example 39: Pourbaix Diagram of Fe-H,O System

After completing this example, you will learn how to set up a Pourbaix Diagram using the Stability Diagram

tool.

Starting the Simulation

To start the software, double-click the OLI Studio icon on the desktop, which will take you to the OLI

Studio interface where you can start creating your calculations.

&

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Fe-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 2-12
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe

Add a new Stream

Click on the new Stream and press <F2> to change the name to Fe-H20 System

Select the AQ thermodynamic Framework
Click on the Names Manager Icon and select the Formula option
Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature, and pressure of the stream given in the table above
Go to the Add Calculation button and select Stability Diagram calculation or by selecting the Chemical

Diagram icon in the Actions Pane.

Actions

@Add Stream
Add Mixer
4] Add Single Point
) Add Survey

Add Chemical Thagram
/=] Add Stability Diagram

orrosion Rates

& OLI Studio - [Stability Diagrams.oad*] - m] x
B File Edit Streams Calculations Chemistry Tools View Window Help - &8 %
= TN MvasSol? Red m:dlfd it MAE:r S EHE
Navigator L - X N
Document* |
Stability Diagrams.oad* | Description Definition [ Report
d“ Streams T 5
& Fe-H20 System J Variable Value A itdd Calculation) =
= Stream Parameters 5 Single Point

Stream Amount (mel) 55.5082 3

Temperature (C) 25.0000 ey

Pressure (atm) 1.00000 . Sisare ez

ummary
= Inflows (mol) 4' Stability Diagram
5 5 _
H20 555082 Unit Set Corrosion Rates
Automatic Chemistry Mode!
Aqueous (H+ ion) Databanks:
Aqueous (H+ ion)

Actions g X Using K-fit Polynomials

T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
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Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-H20O Pourbaix Diagram

Note: Notice that two new sections appear in the Definition tab: Calculation Parameters and Contact
Surface grids. Additionally, the Redox button is turned ON.

In the Calculation Parameters grid is where the pH titrants need to be defined. These default pH titrants

selected by default are HCl and NaOH. You have the option to change the default titrants to your preferred

titrants.

In the Contact Surface grid is where the metal or alloy of interest needs to be defined. E.g. Fe, Cu, carbon

steel, etc.

The Redox button (Re) is turned ON for this calculation since reduction and oxidation reactions are needed

to create the Pourbaix Diagram. This option will enable the different oxidation states of the selected metal.

¢ OLI Studio - [Stability Diagrams.oad*] - m} *
B File Edit Streams Calculations Chemistry Tools View Window Help - & %
= = - BN | 11 VvasSol2 | Red me 0¥ 4 o | @HEGE |G B AT
Navigator - X
g I B
Document* |
Stability Diagrams.oad® | Description [&¥ Definition {}i Stability Diagram [l Report
“‘ Streams Type of diagram
El & Fe-H20 System J Variable Value ~ :
‘|8 Fe-H20 Pourbaix Diagram = Stream Parameters Pourbais Diagram — + | Specs..
Stream Amount (mel) 55.5082
Temperature (°C) 25.0000 Calculate @
Pressure (atm) 1.00000
= Sumrnary
= Calculation Parameters
Use Single Titrant No Unit Set: Metric (males)
pH Acid Titrant HCL
- Automatic Chemistry Model
pHIE =S MRt NAaoH Agqueous (H+ion) Databanks
= Inflows (maol) Corrasion (AQ)
Actions 5 e x H20 55.5082 Aqueous (H+ ion)
= Redox selected
HEIEE hd Using K-fit Polynormials
= Contact Surface T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
Stability diagranm: Evs pH
User-selected titrants
Enter the contact surface for this
calculation in the contact surface
section of the grid.
Alloy Activity Module:
Plot Template Manager L - X Activated
Calculation not done
v
Input
Advanced Seaich Add as Stream E=port
Save

Cap -~ ®

For Help, press F1

@B

NUM
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Leave the default titrants for this calculation: HCI and NaOH

Under the Contact Surface grid type Fe

Note: You also have the option to use the drop-down arrow to search for the metal or alloy of interest.

¢ 0Ll Studio - [Stability Diagrarms.oad*]

- O X
W7 File Edit Streams Calculations Chemistry Tools View Window Help - 5 X%
DSHE| $Be 22K | st [Res melisas | WE % FEFS
| Navigator g~ x|
=
Document1™ =
Stability Diagrams.oad* Description [&¥ Definition ({lj Stability Diagram [ Report
‘_6‘ Streams T | Val Tupe of diagram
£-& Fe-H20 System anal alue ~ :
L.[@ Fe-H20 Pourbaix Diagram = Stream Parameters Fourbais Diagram v | Spees...
Stream Amount (mol) 55.5082
Temperature (*C} 25.0000 Calculate @
Pressure (atm) 1.00000
Summary
~ Calculation Parameters
Use Single Titrant No Unit Set: Metric (moles)
pH Acid Titrant HCL
Automatic Chemistry Model
pH Base Titrant MNAOH Aqueous (H+ ion) Databanks
= Inflows (mol} Gorrosion (AQ)
| Actions L +x Hz0 | 555082 Agqueous (H+ ion)
= Redox selected
pactions | Using K-fit Polynomials
= Contact Surface T-span: 25.0 - 225.0
Fe jl P-span: 1.0 - 1500.0
Display Name OLl Name ™ Stability diagram Evs pH
OLIF2 F2 User-selected titrants
rE2 F2 Enter U‘I-E cc_mtact surface for this
calculaticn in the contact surface
g Fe FEEL | section of the grid.
OLTFEEL FEEL
M Flowers of sulphur SULFUREL -
i ” Alloy Activity Module:
|Plot Template Manager p o~ x i Flnnrine F2 Activated
G tion not done
v
Input
Advanced Search Add as Stream Export
Save
H "
v
1
L“; w
For Help, press F1 NUM
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At this point all the basic inputs to create a Pourbaix Diagram have been defined. Notice that in the summary
box the following default plotting settings have been defined:

e Potential range: -2 to 2 V (SHE) and
e pHrange: 0-14.

You can modify these default values before running the calculation.

& OLI Studio - [Stability Diagrams.oad*] - m] x
W7 File Edit Streams Calculations Chemistry Tools View Window Help - & X
DEE|$RB | PR | 1asel?|ret mefisme dME:|% FE
| Navigator L o~ x|
=
Documentt =
Stability Diagrams.oad* Description [&¥ Definition [}l Stability Diagram [l Report
“‘ Streams = Type of diagram
& Fe-H20 System Variable | Value -
i.[H@ Fe-H20 Pourbaix Diagram = Stream Parameters Foubaix Diagram v | Specs...
Stream Amount (moly 55.5082
Temperature (*C} 25.0000 Calculate 8
Pressure (atm) 1.00000
Sumrnary
= Calculation Parameters
Use Single Titrant No Unit Set: Metric (moles)
pH Acid Titrant HCI .
pH Base Tirant NaoH Automatic Chemistry odel
Agueous (H+ ion) Databanks:
e Inflows (maol) Corrosion (AQ)
H20 555082 Agueous (H+ ion)
Redox selected
hel v Using K-fit Polynomials
NaOH 0.0 T-span: 25.0 - 225.0
Fe 0.0 P-span: 1.0 - 1500.0
| Actions g~ x
Actions 5 | Stabilty diagram: E vs pH
= (Al SR () User-selected tirants
Fe [ Acid: HCI
| Basze: MaOH
Range on E:
-2.00000 to 2.00000 V (SHE)
Range on pH:
0.0 to 12.0000
Subsystems
Iron
|Plot Template Manager g o~ x Water
Alloy Activity Module:
Activated
v Calculation not dene
Ipt
Advanced Search Add az Stream Erpoit
Save
For Help, press F1 @ NUM

248



Click on the Specs button. This will open the Stability Diagram Options Window

Under the Display Category you will see the Display Choices tab. Under this tab make sure to select the
following options:

No Aqueous lines

Show natural pH

Show ORP

Under Display Subsystems check the Iron and Water boxes

Under Shading select the option Shade Subsystem and select Iron.

Click OK to close the window

— m} X
W7 File Edit Streams Calculations Chemistry Tools View Window Help - & x
D H | | ?R‘?|L1Va50L2 Rei\mzi?.a’éimi|ﬂ$i|ﬁ?ﬂt&‘
Navigator - %
[Navig 2 | =
Documenti®
Stability Diagrams oad* Description Definition [{li Stability Diagram 3 Report
“‘ streams = Type of diagram
£ Fe-H20 System Variable | Value ~ !
{.[A Fe-H20 Pourbaix Diagram - Stream Parameters Pourbaix Diagram
Stream Amount (moly 55.5082
Temperature (*C) 25.0000 Calculate &
Pressure (atm) 1.00000
Summary
= Calculation Parameters
Use Single Titrant No | Unit Set: Metric (moles)
3 Ll
Stability Options ? X ltomatic Chenistry Model
Pgueous (H+ion) Databanks
Category Display Choices ‘Corrasion (AQ)
.lD\s i I Aqueous (H+ ion)
Actions id Li " Redox selected
o Axes Aqueous and Solid Lines Shading . Lising K1t Potynomials
ions L Metal Activity (O superimpose lines () No shading T-span: 25.0 - 225.0
Shade subsystem: P-span: 1.0 - 1500.0
(®) No Agueous lines ® G
_
(O only Aqueous lines bility dlagran_'r Evs pH
er-selected titrants
id: HCl
[ show natural pH lse: NaOH
Show ORP Inge on E
Display Subsystems 2 00000 fo 2.00000 V (SHE)
p— [nge on pH:
[Ichiarine 0.0 1o 14.0000
[ATron Ipsystems
|Plot Template Manager [Awater Iron
[J50dium Water
py Activity Module:
Pctivated
fculation net done
Cancel Apply Help
F“— =
. o
For Help, press F1 @ NUM
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Click on the Axes Category. This will show you the Plot Variables tab.

Note: In the Axes Category you can modify the axes of the Pourbaix Diagram and change the default

titrants.
Stability Options ? X
Categary Plot Variables
- Disgl
AISpa}I iz W iz
L hnes
Lo Metal Activity pH Range Patential Fange
Start D Start Y (SHE]
)
Titrants
pH Titrants

Cancel Apply Help

Change the X Axis or pH range to 2-12

Leave the default values for the Y Axis of Potential Range -2 to 2 V (SHE)
Click OK to close the window

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it and name it as Stability Diagrams.
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Analyzing the Results
Click on the Chemical Diagram tab (il Stability Diagram ) This tab displays the Pourbaix Diagram for the Fe-
H20 system at 25 °C and 1 atm.

E (SHE)

290 . . 6.0

pH

The obtained diagram is useful for assessing the corrosion behavior of iron in pure water.

Elemental iron (gray section) is stable from -2 to -0.6 V SHE. At a potential greater than -0.6 V SHE, Fe oxidizes
to Fe*2. If the pH is above 10, the boundary is at a lower potential, for example, -0.7 V SHE at 12 pH.

The software computes that FesO4 (magnetite) is stable between a pH range of ~8.3 and 12. This is also known
as the Passive Film that protects the iron surface from active corrosion. At higher potentials, the software
computes Fe203 (hematite). Hematite is the dehydrated form of Fe(OH)s and Fe3Os, two forms of rust. These
phases provide less corrosion protection to the iron surface than the magnetite. These two phases are
represented in the plot by the green color.

The white sections of the plot represent the dominant iron-containing species dissolved in solution. The species
with the largest range is Fe*2. The software computes stability for this species from -0.6 V to 0.77 V SHE, at
low pH, and it is no longer stable at pH 10. Active corrosion of the iron surface is predicted if the pH is between
0 and 10. The actual corrosion rate cannot be predicted from this plot, nor can the pH of the water film (diffusion
layer) in contact with the iron surface. Therefore, the pH range of 0 to 10 is a guideline and not a direct prediction.

The natural pH and the oxidation reduction potential (ORP) of water, which is represented by the red circle, are

showing that when placing Fe in pure water at 25 °C and 1 atm. The point at which the natural pH and the ORP
intersect (7 pH, 0.4 V SHE) indicates that Fe203 (hematite) is the most stable species that forms.
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Additionally, notice that the oxidation of iron can be coupled with the reduction of water because water reduction
line (line a) lies above the lines that represent the oxidation of iron. Therefore, corrosion of iron can occur with
the evolution of hydrogen and formation of soluble iron-containing ions, e.g., Fe?*.

Selective Oxidation and Reduction Chemistry

Occasionally, you may want to remove a specific oxidation state for an element when building a Stability
Diagram. There are a variety of reasons to perform such an activity, one being that a specific oxidation state
may be kinetically unavailable for the reaction. Another case is that perhaps you need to compare and contrast
two systems. We will explore how to do this in the following example.

Example 40: Turning off the Fe*® oxidation state in the Stability Diagram

In this example you will create a Stability diagram for iron in water at ambient conditions (see previous example
for details on how to create this stream), learn how to change the default titrants, and turn off/on different specific
oxidation states of the metal of interest.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Fe-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe H2S04 0 moles

NaOH 0 moles

Under the Fe-H20 System add a new Stability Diagram calculation. Go to the Add Calculation button and
select Stability Diagram calculation or by selecting the Add Stability Diagram icon in the Actions Pane.
Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above. Add H2SO4 and
NaOH as inflows. Note: H2SO4 and NaOH will be used as titrants to adjust pH

Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-H20 Selective Oxidation
Under the Contact Surface grid type Fe
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Changing the Default Titrant

In the Calculation Parameters grid, click on HCI (which is default titrant). A drop-down arrow appears, click
on it and select H2S0O4. NaOH has been selected by default.

= Calculation Parameters
Use Single Titrant No
pH Acid Titrant
pH Base Titrant H20
= Inflows H2504
Fe
H20
H2504 [MAcH

Note: You can also change the default titrant using the Specs button

Click on the Specs button
Select the Axes option under the Category window
Click on pH Titrants. This will open a new window

W7 File Edit Streams Calculations Chemistry Tools View Window Help
D&M | ERL Rot |m iy | MBS G EE S
Mavigator - x

[Navig rex

Document1

Stability Diagrams. oad* | | <& Description [¥ Definition il Stability Diagram [ Repornt 3 File Viewer o

55‘ Streams . o
& Fe-H20 System Variable | Value ~ ¥PpE of diagram

o[ Fe-H20 Pourbaix Diagram = Stream Parameters Pourbais Diagram =

/A Fe-H20 Selective Oxidation Stream Amount (mal} | 55,5082

Stability Options ? X B 0|

Category Plot W ariables

.. Digpl.
oh Y = iz Y iz
- Metal Activity pH Range Patentizl Fange Boiel

Start D Start Y [SHE] forants
End End  [SHE]
Titrants 0

.0
[ Actions L «x e pH Titrants

Actions

L1 va So L2

W (SHE)

|Plot Template Manager L - x

Cancel Apply Help
! T
|

Input

Advanced Search Add as Stream Export
Save

For Help, press F1

[ JE] NUM |

Select H2S04 as the Acid titrant, and NaOH as the Base titrant. Then click OK to exit both windows.
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Select Titrants ? X

Titrants
Hide Related Inflows New Inflow
Acid Base
Fe Fe
H20 H20

H2504

NaOH

’Select the acid and the base which will be used to vary the pH.

Cancel Aoply Help

The screen should look like the image below after all the inputs and definitions have been entered:

¢ OLlStudio - [Stability Diagrams.oad™] — [m] X
W7 File Edit Streams Calculations Chemistry Tools View Window Help - & x
DMl S 2R vasolz Rt miBtcs | MEL GRS
Navigator - x
[Navig (] B
Documentt |
Stability Diagrams.oad* | Description &¥ Definition i Stability Diagram [&] Report 2 File Viewer
“‘ streams ry Type of diagram
£ & Fe-H20 System Variable | Walue ~
[ Fe-H20 Pourbaix Diagram = S RS Pourbais Diagram ~ ~ | Specs...
|B Fe-H20 Selective Oxidation Stream Amount (moly 55.5082
Temperature (*C) 25.0000 Calculate 68
Pressure (atm) 1.00000
Summary
= Calculation Parameters
Use Single Titrant Mo Unit Set: Metric (moles)
pH Acid Titrant H2504 -
Automatic Chemistry Model
£ FEEE T NAGH Agueous (H+ ion) Databanks:
= Inflows (mol) Corrosion (AQ)
H20 55.5082 Agueous (H+ion}
Redox selected
h2504 0.0 Using K-fit Polynormials
Fe 0.0 T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
|'ﬂdj°"s B < Contact Surface (mol) )
Actions 5 | Stabilty diagram: E vs pH
Fe | Auto-selected firants
| Acid: H2504
Base:
Range on E:
-2.00000 to 2.00000 V' (SHE)
Range on pH
0.0 to 14.0000
Subsystems
Iron
|Plot Template Manager L - x Water
Alley Activity Module:
Activated
v Calculation not done
Input
Advanced Search Add as Stream Export
Save
For Help, press F1 @ NUM

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key
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It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example

named Stability Diagrams.
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Analyzing the Results

Click on the Chemical Diagram tab (8 Stability Diagram ) This tab displays the Pourbaix Diagram for the Fe-

H20 system at 25 °C and 1 atm.

E (SHE)

pH

8.0

Marcell Pourbaix did not consider the FeO4% ion in his work. This is iron in the +6 oxidation state for which there
was little thermodynamic data available in the1960s. To reproduce his work, we need to remove the redox

subsystem that pertains to Fe(+6).

Selective Redox, removing an undesired oxidation state

In the Menu bar go to Chemistry > Model Options. This will open a new

window

@ OLI Studio - [Stability Diagrams.oad™]
7 File Edit Streams Calculations

‘DEH [ Be|&TNK

T,

5

Pre-built Models

Chemistry  Tools View Winfow Help

CEslies ME: GEE S

- 8 %

>

| Navigator
Documentt

Stability Diagrams.oad*

l.‘ Strearns
£ & Fe-H20 System

| Fe-H20 Pourbaix Diagram
.| Fe-H20 Selective Oxidation

po~x|

Actions

_efinitinn illl Stability Diagram & Report 4 File Viewer

|u.uz1n pH. 1.647 ¥ [SHE)

20 T

E (SHE)
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Select the Redox tab, expand the Iron Subsystems by clicking on the ‘4’ icon,
and uncheck the Fe(+6) oxidation state. Note that if you have an inflow
component with this oxidation state it will remain in the calculation. Click the
OK button to save your changes and close the window.

Fe-H20 Selective Oxidation Chemistry Model Options 7 4

Databanks Phases T/P Span
[ Include Redox Chemistry
Include Subsystems
=) L] ron
1%

D Sutfur

[————

[ ox || cancal Aoply || Hep |

We are ready to recalculate to consider the changes. Press the <F9> key or

go to the Definition tab and click on the Calculate button.

Analyzing the Results

Click on the Chemical Diagram tab (ﬂ Stability Diagram ) |n the figure below, you can see that the region
dominated by the FeQ4? ion is not present.

20

E (SHE)
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Modeling the Effects of Hydrogen Sulfide on Corrosion
Example 41: The Effect of Hydrogen Sulfide on the Corrosion of Iron

The H2S (S2) forms a relatively insoluble precipitate with Fe*2. This precipitate has the potential to cover the
metal surface and enhance the pH region where iron is protected from the water. We will model this using the
Stability Diagram tool.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Fe-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe H2S 1e-4 moles

Under the Fe-H20 System add a new Stability Diagram calculation. Go to the Add Calculation button and
select Stability Diagram calculation or by selecting the Add Stability Diagram icon in the Actions Pane.
Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above. Add 1e-4 moles of
H2S as an inflow.

Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-H20-H2S System

Under the Contact Surface grid type Fe

The screen should look like the image below after all the inputs and definitions have been entered:

¢ oLl Studio - [Stability Diagrams.oad®] — O X

B File Edit Streams Calculations Chemistry Tools View Window Help - & %
LEdE 2@ TN Lvasol2 Red me ¥ | MERE O BEE S

Navigator L o~ x

=
Description [&¥ Definition {}i Stability Diagram [ Report C2f File Viewer

Documentt
Stability Diagrams.oad*

l“ Streams T fd
iy & Fe-H20 System J Variable Value -~ ¥pe of diagram
L@ Fe-H20 Pourbaix Diagram = Stream Parameters Pourbaix Diagram — + Specs..
| Fe-H20 Selective Oxidation Streambmount fwol) 5 5032 |
E Fe-H20-H25 System Temperature (°C) 25.0000 Calculate &8
Pressure (atm) 1.00000
Summary
= Calculation Parameters
Use Single Titrant Ho Unit Set: Metric (moles
pH Acid Titrant HCL
Automatic Chemistry Model
PGS I ATE NAOH Aguecus (H+ ion) Databanks:
= Inflows (mol) Corrosion (AQ)
H20 55,5082 Agueous (H+ion)
Redox selected
H2s 1.00000e-4 Using K-fit Polynomials
Fe [ 0.0 T-span: 25.0-225.0

Actions L o+ x
Actions |

Fe

Contact Surface (mol)

P-gpan: 1.0 - 1500.0

Stability diagram: E vs pH
Auto-selected tirants
Acid:

.....
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Note: By default, only the transition metals are turned ON. The different oxidation states of elements that are
not transition metals are not turned on automatically. You need to turn them ON manually.

Go to the Redox button (Re), and click on the drop-down arrow
Select Sulfur. This will turn the oxidation states of sulfur ON

0 OLI Studio - [Stability Diagrams.oad™]

DEM 0@ = 2w

B File Edit Streams Calculations Chemistry Tools View Window Help

L1 Va So L2 ng\mzi’;"ééi

| Navigator g =

x|

Documentt

=

Stability Diagrams.oad®

6“ Streams

£ & Fe-H20 System

ﬂv Fe-H20 Pourbaix Diagram
.| Fe-H20 Selective Oxidation
i|B Fe-H20-H2S System

. Iron
- Sulfur
Descriptju

Variable

=

Stream Amount (moly

Temperature (*C}

- O X
- &8 X
os | MEs | GRS
Stability Diagram @ Report Q File ¥iewer
| alie A Type of diagram
Stream Parameters Pourbaix Diagram = Specs.
55.5083
250000 Calculate 8

Pressure (atm)

1.00000
Summary

=]

Calculation Parameters

Use Single Titrant

Mo

Unit Set: Metric (moles)

pH Acid Titrant

HCL

pH Base Titrant

NAOH

Automatic Chemistry Model
Agueous (H+ ion) Databanks:

=

Inflows (mol)

Corrosion (AQ)

H20

Agueous (H+ien)
Redox selected

55.5082

H23

1.00000e-4 Using K-fit Polynomiale

Fe

0.0 T-span: 25.0 - 225.0

P-span: 1.0 - 1500.0

Analyzing the Results

We are ready to perform the calculation. Click on the Calculate button or

press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example
named Stability Diagrams.

Click on the Chemical Diagram tab (il Stability Diagram ) Thijs tab displays the Pourbaix Diagram for the Fe-
H20-H2S system at 25 °C and 1 atm.

E (SHE)

20 T — T T
8 o FeO2 i
C- et :
1o .
05r : .. Fe(OH)Jfaq)
L Ee0fs)
0o Tt~ !

24

pH

14.0

Inspection of the diagram reveals a
profound effect of H2S on the corrosion of
iron. New stability fields of FeS and FeS:2
are observed. Elemental iron is found to be
in equilibrium with FeS over for pH values
ranging from ca. 6.0 to 12.5.

Since the Fe/FeS equilibrium line lies
below the H* reduction line (a), a process
consisting of the reduction of H* to H® and
oxidation of Fe to FeS is likely to occur in
de-aerated environments. FeS forms a
passive film and offers some protection
against corrosion.

In fact, the protection due to the formation
of FeS is possible over a much wider pH
range than that due to the formation of
Fes04 (magnetite) in the absence of H2S.

This has important implications for corrosion in refinery installations, where H2S is frequently present.
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Modeling Corrosion at High Temperature

Example 42: High Temperature Iron in Water

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings

Stream Composition and Conditions

Stream Name Fe-H20O System Stream Amount Calculated
Name Style Display Formula Temperature 300 °C

Unit Set Metric, Batch, Moles Pressure 150 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles

Contact Surface

Fe

Under the Fe-H20 System add a new Stability Diagram calculation. Go to the Add Calculation button and
select Stability Diagram calculation or by selecting the Add Stability Diagram icon in the Actions Pane.
Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-H20 High T

Under the Contact Surface grid type Fe

The screen should look like the image below after all the inputs and definitions have been entered:

& OLI Studio - [Stability Diagrams.oad*] - m] x
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 %
== BN 11VasSol2 Red |me dIE S | @MERE S B AY
Navigator L o~ X
=
Documentt | B
Stability Diagrams.oad* | Description [&¥ Definition il Stability Diagram B Report 02 File Viewer
“‘ Streams Type of diagram
S & Fe-H20 System J Variable Value -~ —
.| Fe-H20 Pourbaix Diagram = Stream Parameters Pourbaix Diagram = | | Speca..
- Fe-H20 Selective Oxidation Stream Amount (mol} 585082
B Fe-H20-H2S System Temperature (*C) 300.000 Calculate 4
L@ Fe-H20 High T Pressure (atm) 150.000 B
= Calculation Parameters
Use Single Titrant Unit Set: Metric (moles)
pH Acid Titrant HCI
- Automatic Chemistry Model
(i TR NaoH Agueous (H+ ion) Databanks:
= Inflows (mol) Corrosion (AQ
H2O 55 L0582 Agueous (H+ ion)
Redox selected
Hel 0.0 Using K-fit Polynomials
MNaOH 0.0 T-zpan: 25.0 - 225.0
Fe 0.0 P-zpan: 1.0 - 1500.0
Actions L o~ x
Actions > Stability diagram: E vs pH
| = ETHEH ST en] User-selected titrants
Fe Acid: HCI
Base: NaOH

We are ready to perform the calculation. Click on the Calculate button or

press the <F9> key
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It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example

named Stability Diagrams.
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Analyzing the Results
Click on the Chemical Diagram tab (Ul Stability Diagram ) This tab displays the Pourbaix Diagram for the Fe-

H20 system at 300 °C and 150 atm.

2.0 T T

E (SHE)

100 120 14.0

20 4.0 6.0 8.0
pH

We can see from the diagram above that passivation is only possible at moderate pHs.
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Example 43: Neutralization of Refinery Streams with Alkanolamines

In this example you will create a stability diagram for alkaline neutralization in an oil refinery.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such

as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings

Stream Composition and Conditions

Stream Name Fe-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 50 °C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe HCI 0 moles (Acid Titrant)
DEA 12 0 moles (Base Titrant)
C8H18 2E-07 moles
C7H16 8E-07 moles
C3H8 1.2E-04 moles
C4H10 2E-05 moles
C5H12 7E-6 moles
C6H14 2E-6 moles
H2S 0.01 moles

Under the Fe-H20 System add a new Stability Diagram calculation. Go to the Add Calculation button and

select Stability Diagram calculation or by selecting the Add Stability Diagram icon in the Actions Pane

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-H20-Alkanoamines

Under the Contact Surface grid type Fe
Change the Base Titrant to DEA
Turn Redox ON for Sulfur. Click on the drop-down arrow next to the Re button and select Sulfur

Note: You can also enable Redox reactions via the menu bar: Chemistry > Model Options > Redox tab.

Make sure that Sulfur is checked.

12 The OLI Flowsheet: ESP name for this species is DEXH, which can be used as an input to make your life easier. The formula name is:

HN(C2H40H)2
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The screen should look like the image below after all the inputs and definitions have been entered:
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We are ready to perform the calculation. Click on the Calculate button or

press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool

bar. You can save it under the same file created in the previous example

named Stability Diagrams.

264



Analyzing the Results
Click on the Chemical Diagram tab (Ul Stability Diagram ) This tab displays the Pourbaix Diagram for the Fe-

H20 system at 50 °C and 1 atm.

E (SHE)
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Modeling the Effects of Complexation on Corrosion

In this section we will simulate the reaction of Copper with Ammonia and Gold metal with Cyanide. This section
attempts to answer the question of how strong complexing agents affect the passivation of these metals.

Example 44: Copper and Ammonia
Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Cu-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Cu NH3 0 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Cu-H20 System

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Under the Cu-H20 System Stream add a new Stability Diagram calculation. Go to the Add Calculation button
and select Stability Diagram calculation or by selecting the Chemical Diagram icon in the Actions Pane
Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Cu-H20-NH3

Under the Contact Surface grid type Cu

The screen should look like the image below after all the inputs and definitions have been entered:

»Re® mx d IS ot | MY SRE N
=
Description Definition [l Stability Diagram [l Re
J Variable Value -
= Stream Parameters
Stream Amount (mol) 55.5082
Temperature (*C}) 25.0000
Pressure (atm) 1.00000
& Calculation Parameters
Use Single Titrant No
pH Acid Titrant HCL
pH Base Titrant NACH
- Inflows (mol)
H20 55.5082
NH3 0.0
Cu [ 0.0
e Contact Surface (mol)
Cu
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Analyzing the Results

We are ready to perform the calculation. Click on the Calculate button or

press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool
bar. You can save it under the same file created in the previous example
named Stability Diagrams.

Click on the Chemical Diagram tab (il Stability Diagram ) This tab displays the Pourbaix Diagram for the Cu-

20

Effect of NH3 on the Stability of Copper

Go to the Definition tab, and change the amount of NH3 from 0 to 0.1 moles

Cu(OHY,

Analyzing the Results
20 T T
1.5+ 1
Lo Y
cuc cu™ CuNH? :sz = N 5| E
o TS0 13 3] cunwyt 8 28
i e z |&: 0l q
05 _T:‘ -E

H20 system at 25 °C and 1 atm.

In the absence of oxygen (looking at only the a line),
we can see that the copper equilibrium line lies
above the hydrogen a line. This means there is
insufficient oxidizing power in the water to corrode
copper metal in pure water.

What happens if Ammonia (NHs) is added to the
solution? The next step is to understand the effect
of NHs on the stability of copper.

Click on the Calculate button or press the <F9> key

Click on the Chemical Diagram tab (

il Stability Diagram ) This tab displays the
Pourbaix Diagram for the Cu-H20-NH3 system at
25°C and 1 atm in a 0.1 m of NH3 solution.

Notice that a large area of corrosive liquid has
appeared in the stability field for the copper oxides.
This means that it is thermodynamically possible for
the ammonia to break down the passivation layer of
copper oxide in the presence of oxygen. Notice that
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in the absence of oxygen (the a line only), copper is still stable.
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Now repeat the exercise with 1.5 moles of NH3

Go to the Definition tab, and change the amount of NHs from 0 to 1.5 moles
Click on the Calculate button or press the <F9> key

Analyzing the Results

Click on the Chemical Diagram tab ([l Stability Diagram ) This tab displays the Pourbaix Diagram for the Cu-
H20-NH3 system at 25 °C and 1 atm in a 1.5 m of NH3 solution.

20 T

+2
1

(Cu(NH);?

“oe--oCugl'
10k Cuel N CuNH;

{Cu(NH,)

051 : At this concentration of ammonia, most, if not all the

passivating copper oxide, has been reacted away.

Only at very high pH values are there any stable
oxides.

E (SHE)
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Example 45: Gold in the presence of Cyanides

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Au-H20 System Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Au NaCN 0 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to Au-H20 System

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Under the Au-H20 System Stream add a new Stability Diagram calculation. Go to the Add Calculation button
and select Stability Diagram calculation or by selecting the Chemical Diagram icon in the Actions Pane
Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Au-H20

Under the Contact Surface grid type Au

The screen should look like the image below after all the inputs and definitions have been entered:

2| Ret m:+IE L st | M S REE N

=
Description Definition i Stability Diagram (& Re
J Variable Value -
= Stream Parameters
Stream Amount (mol) 55.5082
Temperature (*C) 25.0000
Pressure (atm) 1.00000
& Calculation Parameters
Use Single Titrant No
pH Acid Titrant HCL
pH Base Titrant NaCH
= Inflows (mol)
H20 55.5082
NaCN 0.0
Au 0.0
-
= Contact Surface (mol)
Au

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool
bar. You can save it under the same file created in the previous example
named Stability Diagrams.
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Analyzing the Results

Click on the Chemical Diagram tab (ﬂ Stability Diagram ) This tab displays the Pourbaix Diagram for the Au-

H20 system at 25 °C and 1 atm.
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You can see that without oxygen, gold
metal is immune to corrosion. The
hydrogen line a is below the gold
equilibrium line. In the presence of oxygen,
gold is still immune to corrosion except at
very low pH.

One of the most commonly used leaching
processes for gold extraction is the
cyanidation process. This process is a
hydrometallurgical technique for extracting
gold from low-grade ores by converting
the gold to a water-soluble coordination
complex. Basically, this approach adds
cyanide salts to water. We are going to
simulate this using the software.

Go to the Definition tab, and change the amount of NaCN from 0 to 1e-4 moles
Click on the Calculate button or press the <F9> key

Analyzing the Results

Click on the Chemical Diagram tab (il Stability Diagram ) This tab displays the Pourbaix Diagram for the Au-
H20-NaCN system at 25 °C and 1 atm.

E (SHE)

In the presence of oxygen, gold completely
corrodes with cyanide. This is primarily due
to the formation of the gold complex:
Au(CN)3. This complex is stable over all
regions where water is also stable. This
means that now gold can be processed in
water in a variety of conditions.
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Modeling the Effect of Oxidizing Inhibitors on Corrosion

In this chapter we will look at the effect of modeling corrosion inhibitors. We will do this by superimposing two
stability diagrams over one another. If one solid field overlaps the corrosion range of the other system, then
passivation is likely.

Example 46: Iron in the presence of chromates

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Inhibitors Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe
Contact Surface Cr

Add a new Stream

Click on the new Stream and press <F2> to change the name to /nhibitors

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Under the Inhibitors Stream add a new Stability Diagram calculation. Go to the Add Calculation button and
select Stability Diagram calculation or by selecting the Chemical Diagram icon in the Actions Pane

Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-Cr-H20 Pourbaix Diagram

Under the Contact Surface grid type Fe and then Cr

Note: Make sure that both Fe and Cr are enabled for Redox reactions. Use the arrow next to the Re button
to expand the list.

You can also enable Redox reactions via the menu bar: Chemistry > Model Options > Redox tab. Make
sure that Fe and Cr boxes are checked.
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The screen should look like the image below after all the inputs and definitions have been entered:

¢y OLIStudio - [Stability Diagrams.oad®] — [m] X
g
W7 File Edit Streams Calculations Chemistry Tools View Window Help - & x
DEE|[$BE |2 2R uus|re: msfltal | A GREC
|Navigator B e x| ~  Chromium
Stability Diagrams.oad* | B o =
d“ Streams GUSTIpOonT S t ﬂ Stability Diagram @ Report Q File ¥iewer
£ & Fe-H20 System
| Fe-H20 Pourbaix Diagram Variable [ Value & Type of dagiam
[ Fe-H20 Selective Oxidation Xz BT B Poutbaix Diagram = | Specs...
@ Fe-H20-H2S System Stream Amount (moly 55.5082
" i Temperature (*C} 25.0000 Calculate
| Fe-H20 High T
*-[@ Fe-H20-Alkanoamines Pressure (atm} 1.00000 5
- LTy
£ & Cu-H20 System = Calculation Parameters
| Cu-H20-NH3 Use Single Titrant No Unit Set: Metric (moles)
| Cu-H20-MH3 0.1 moles pH Acid Titrant HCL .
& Cu-H20-NH3 1.5 moles pH Base Titrant NAOH Automatic Cheml.stry Model
Aqueous (H+ ion) Databanks:
Au-H20 System = Inflows (mol) Corrosion (4Q)
| Au-H20 Pourbaix Diagram Hz20 555082 Agueous (H+ ion)
Au-H20-NaCN 1e-4 moles Redox selected
lﬁ bit Fe 0.0 Using K-fit Polynomials
nhibitors cr 0.0 T-span: 25.0 - 225.0
[ Fe-Cr-H20 Pourbaix Diagram = P-zpan: 1.0 - 1500.0
= Contact Surface (mol)
3 Stabilty diagram: E vs pH
Fe Auto-selected firants
Cr Acid:
Base:
| Actions g - %
Actions Range on E:
-2.00000 to 2.00000 V' (SHE)
Range on pH:
0.0 to 14.0000
Subsystems
Chromium
Iron
Water
|Plot Template Manager g o+ x
Alley Activity Module:
Activated
W
Calculation not done
Input
5 Advanced Search Add as Stream Export
ave
For Help, press F1 NUM

Click the Specs button and under the Display Choices tab check the following options:

No Aqueous lines
Show ORP

Stahility Options

Category

- PReS
- M etal Activity

Dizplay Choices

Agueous and Solid Lines

() superimpose lines

(®) No Aqueous lines

() Only Aqueous lines

Display Subsystems

Shading
(C) No shading
(®) shade subsystem:

[Cchlorine
[~]Chromium

[ water
[Opotassium
[sodium

Cancel Apply Help
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Click OK to close the Stability Options window

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool
bar. You can save it under the same file created in the previous example

named Stability Diagrams.

Analyzing the Results

Click on the Chemical Diagram tab (Ml Stability Diagram ) This tab displays the Pourbaix Diagram for the Fe-
Cr-H20 system at 25 °C and 1 atm.

20

E (SHE)

6.0 8.0 X . 14.0

pH

As you can see in this diagram, the shaded chrome passivating solid (Cr(OH)sppt) overlays the corrosive region
of the iron system. This means that there is potential for passivating the metal in that region.

The Cr(OH)s field overlaps with the corrosion range of Fe in most of the pH range. This causes inhibition
because of the coupling of the following: oxidation of Fe to Fe2*, reduction of chromates to Cr(OH)s, and the
deposition of a protective layer of Cr(OH)s.
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Example 47: Iron in the presence of arsenates

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings

Stream Composition and Conditions

Stream Name Inhibitors Stream Amount Calculated
Name Style Display Formula Temperature 25°C

Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe

Contact Surface As

Under the Inhibitors Stream add a new Stability Diagram calculation. Go to the Add Calculation button and
select Stability Diagram calculation or by selecting the Chemical Diagram icon in the Actions Pane
Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-As-H20 Pourbaix Diagram

Under the Contact Surface grid type Fe and then As

Note: Make sure that both Fe and As are enabled for Redox reactions. Use the arrow next to the Re button

to expand the list.

You can also enable Redox reactions via the menu bar: Chemistry > Model Options > Redox tab. Make
sure that Fe and As boxes are checked.

The screen should look like the image below after all the inputs and definitions have been entered:

¢ OLlStudio - [Stability Diagrams.oad™] — O X
B File Edit Streams Calculations Chemistry Tocls View Window Help - & %
D & & T K 11 vasolz[Red medifd b | MEme S BE S
Navigator g o~x| [ L Arcenic
Stability Diagrams.oad* | B ron -
d“ Streams TCSCITPaoTT S fi ﬂ Stability Diagram @ Report Q File Viewer
o & Fe-H20 System .
I_@ Fe-H20 Pourbaix Diagram H Variable Value @ jlipstlccoisy
B Fe-H20 Selective Oxidation e Stream Parameters Pouwrbaix Diagram — + Specs.
L@ Fe-H20-H2S System Stream Amount (mol) 55.5082
B Fe-H20 High T Temperature (*C) 25.0000 Calculate &8
@ Fe-H20-Alkanoamines Pressure (atm) 1.00000 5
ummary
£ & Cu-H20 System = Calculation Parameters
| Cu-H20-MH3 Use Single Titrant No Unit Set: Metric (moles
[ Cu-H20-NH3 0.1 moles pH Acid Tirant HCL ) )
.| Cu-H20-NH3 1.5 moles pH Base Titrant NAOH A”__‘__UNT?EET:T'?FWE";:ELN_q_
=& Au-H20 System - Inflows (mol) Corrosion (AQ)
i--[ Au-H20 Pourbaix Diagram H20 55,5087 Agqueous (H+ ion)
o[ Au-H20-MaCH 1e-4 moles Redox selected
& %ﬁhitnrs Fe 0.0 Using K-fit Polynomials
= d L Ag 0.0 T-span: 25.0 - 225.0
@ Fe-Cr-H20 Pourbaix Diagram - P-span: 1.0 - 1500.0
L8 Fe-As-H20 Pourbaix Diagram - T
» Stability diagram: E vs pH
Fe User-selected titrants
As Acid:
Base
Actions L o~
Actions Range on E:
-2.00000 to 2.00000 V (SHE)
Range on pH:
0.0 to 14.0000
Subsystems
Arsenic

Iren
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Click the Specs button and under the Display Choices tab check the following options:

No aqueous lines
Show ORP

Categomn

Stability Options

Dizplay Choices

- Digplay
i fes

L Metal Activily

Agueous and Solid Lines

(") Superimpose lines

(®) No Agqueous lines

(O only Aqueous lines

Show natural pH

Show ORP

Display Subsystems

Shading

(C)No shading
(®) Shade subsystem:

Arsenic

[ Arsenic
[Atren
[ water

Cancel Apply Help

Click OK to close the Stability Options window
We are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. You can save it under the
same file created in the previous example named Stability Diagrams.

Analyzing the Results

Click on the Chemical Diagram tab (il Stability Diagram ) Thjs tab displays the Pourbaix Diagram for the Fe-
As-H20 system at 25 °C and 1 atm.

E (SHE)

2% 20 40

6.0

pH

8.0

120

14.0

The elemental arsenic field overlaps with
the corrosion range of Fe in most of the pH
range provided that the conditions are
reducing (absence of oxygen). This
promotes inhibition because of the coupling
of the following: oxidation of Fe to Fe*2 and
the reduction of arsenates to elemental As.
This promotes the deposition of a
protective layer of As. This can only work in
reducing environments; otherwise, the
protective layer of As will oxidize and
dissolve.
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Implications of Stability Diagrams on Cathodic Protection

Cathodic protection works by shifting the potential of the metal into its immunity range. Stability diagrams can
help you to answer the following questions:

What is the potential range that ensures that the metal stays in the immunity range?

What is the effect of environmental variables on the immunity domain?

We will explore the Fe-H20 system at different temperatures and pressures to answer these questions.

Example 48: Effect of Temperature and Pressure on the Pourbaix Diagram of Fe-H20 System

Starting the Simulation
Iron at 30 °C and 1 atm

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Stability Diagram Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Cathodic Protection Stream Amount Calculated
Name Style Display Formula Temperature 30°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ pH Range 0-14 (Default)
Calculation Type Stability Diagram H20 55.5082 moles
Contact Surface Fe

Add a new Stream

Click on the new Stream and press <F2> to change the name to Cathodic Protection

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Under the Cathodic Protection Stream add a new Stability Diagram calculation. Go to the Add Calculation
button and select Stability Diagram calculation or by selecting the Chemical Diagram icon in the Actions Pane
Select Pourbaix Diagram as Type of Survey — Default

Click on the new Stability Diagram and press <F2> to change the name to Fe-H20 at 30C and 1 atm

Under the Contact Surface grid type Fe
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The screen should look like the image below after all the inputs and definitions have been entered:

tudic - [Stabili lagrams.oa —
& 0Ll Studio - [Stability Diag d*] m} X
W7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 x
DSE| BB 5 2R sz ket mafews | BE: GHEN
| Navigator g - x|
=
Stability Diagrams.oad* =
treams ’ Description & Definiti ability Diagram epo ile ¥iewer
b s %/ Descript Definition (i Stability Diag Report i File Vi
o & Fe-H20 System
| Fe-H20 Pourbaix Diagram Variable [ Value ) Type of dagram
[ Fe-H20 Selective Oxidation T SiEanilarsmcler: | PoubaisDisgiam = | Specs.. |
@ Fe-H20-H25 System Stream Amount (moly 55.5082
[ Fe-H20 High T Temperature ("C) 30.0000 Calculate &8
| Fe-H20-Alkanoamines Pressure (stm} 1.00000 5
Lmmary
Cu-H20 System = Calculation Parameters
| Cu-H20-NH3 Use Single Titrant No Unit Set: Metric (moles)
| Cu-H20-MH3 0.1 moles pH Acid Titrant HCL
Cu-H20-NH3 1.5 1 Automatic Chemistry Model
& Y meles piiticax) oot NAOH Agueous (H+ ion) Databanks:
b Au-H20 System = Inflows (mol) Corrosion (AQ)
|B¥ Au-H20 Pourbaix Diagram Hz20 555082 Agueous (H+ ion)
Au-H20-NaCN 1e-4 moles Redox selected
%wibitor; Fe 0.0 Using K-fit Pelynomials
— T-span: 25.0 - 225.0
| Fe-Cr-H20 Pourbaix Diagram = Contact Surface (mol) P-span: 1.0 - 1500.0
| Fe-As-H20 Pourbaix Diagram Fo |
Cathodic Protection 5| | Stabilty diagram: E vs pH
LB Fe-H20 at 30C | Auto-selected titrants
Acid:
Base:
Range on E:
| Actions e - x -2.00000 to 2.00000 V (SHE)
Range on pH:
GEDTE 0.0 10 14,0000
Subsystems
Iron
Water
| Plot Template Manager g - X Alloy Activity Module:
Activated
v Calculation not done
Input
5 Advanced Search Add as Stream Export
ave d
For Help, press F1 @& MUM

Analyzing the Results

Click on the Chemical Diagram tab (lll Stability Diagram ) This tab displays the Pourbaix Diagram for the Fe-
H20 system at 30 °C and 1 atm.

2.0

T Fe(GH)faq)

\\EL"EQZQ?{S} 7 the whole pH range, cathodic protection
will require shifting the potential to
moderately negative values.

0.5

E (SHE)

14.0

pH
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Iron at 300 °C and 100 atm

Go to the Definition tab, and change the Temperature and Pressure to 300°C and 100 atm
Click on the Calculate button or press the <F9> key

Analyzing the Results

Click on the Chemical Diagram tab (i Stability Diagram ) This tab displays the Pourbaix Diagram for the Fe-
H20 system at 300 °C and 100 atm.

The immunity range in acidic and neutral
solutions is weakly affected by
temperature. However, the immunity
range in alkaline solutions is shifted to
much lower potentials which makes
cathodic protection much more difficult.

E (SHE)
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Section 8. Introduction to Rates of Corrosion

In this section you are going to learn how to set up a Corrosion Rate calculation, how to study the effect of
different variables on the corrosion rates of different alloys, such as temperature, pH, flow velocity, etc., and
how to interpret the results when using this tool.

We will also explore how to interpret the results for the propensity to localized corrosion, polarization curves,

and heat treatment effects.

6“ Streams

Stream

For Help, press F1

Actions I

Actions

Flot Template Manager L o x
Save

Description Definition [l General Corr. Rate [l Localized Corr. [l Polarization Curve B 1 * "

J Variable
e Stream Parameters
Stream Amount (mol)
Temperature (*C)
Pressure (atm)
e Calculation Parameters
Flow Type
Effect of FeCO3 / FeS Scales
= Inflows (mol)
Hz0
Fe
e Contact Surface
Carbon steel G10100 (generic)
Input
Advanced Search Add as Stream Export

Value

Static
Include

55.5082

1.00000

55.5082
0.0

Ll

¢ oLl Studic - [Document1*] - O X
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DEE % B TR | 11vasol2 Red me 3L s | ME: | 5 BRI

Mavigator L X =3

Document1® | A

Survey by
Temperature - Specs...
Then by  [optional)
Mone - Specs...
Wary
Independently
Together
Calculate &8
Summary

Unit Set: Metric (moles)

Automatic Chemistry Model
Agueous (H+ ion) Databanks:
Corrosion (AQ)
Agueous (H+ ion)
Redox selected
Using K-fit Pelynomials
T-zpan: 25.0 - 225.0
P-span: 1.0 - 1500.0
Isothermal Calculation
25.0000 *C 1.00000 atm

Calculation not done

Temperature survey:
Range 25010 100.0 °C
Step size 50°C
No. steps 15

No secondary survey selected

Polarization Curve Range
Range -2.0to 2.0V (SHE)

@8

MNUM
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A Basic General Corrosion Rate Calculation

A brief introduction to the corrosion rate tool will be shown in the example below. As we go through the example,
the basic definitions, functionalities, and reporting for the Corrosion rate tool will be introduced. Note: As of
version 11.5 and earlier, only the AQ thermodynamic framework supports the corrosion rate calculation.

Example 49: Corrosion rate of an oxygenated 0.1 m NaCl solution

Starting the Simulation

To start the software, double-click the OLI Studio icon on the desktop, which will take you to the OLI Studio
interface where you can start creating your calculations.

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Corrosion Rate Calculation

Calculation Settings Stream Composition and Conditions
Stream Name CR of carbon steel Stream Amount Calculated
Name Style Display Formula Temperature 25°C
Unit Set Metric, Batch, Moles Pressure 1 atm
Framework AQ H20 55.5082 moles
Calculation Type Corrosion Rates 02 2.5e-4 moles
Contact Surface Carbon Steel G10100 (generic) | NaCl 0.1 moles

Add a new Stream

Click on the new Stream and press <F2> to change the name to CR of carbon steel

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Moles

Enter the composition, temperature and pressure of the stream given in the table above

Go to the Add Calculation button and select Corrosion Rates calculation or by selecting the Add Corrosion
Rates icon in the Actions Pane. Your screen should look like the image below.
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0 OLl Studio - [Corrosion Rates.oad*] = (m]

BT File Edit Streams Calculations Chemistry Tools View Window Help
(= =] TR | L1vasol2 |Res mxals s | MER | U EE N
Mavigator L o~ X
" I
Corrosion Rates.oad |
% Streams Description [&¥ Definition [{il General Corr. Rate @l Localized Corr. [l Polarization Curve [ Repol * | *
=-# CRof carbon steel
LJA single CR N Variable Value Sursey by
- Stream Parameters Single Point Rate  « Specs...
Stream Amount (mol 55.6085 q
- (mol) | Thenby  [optional)
Temperature (°C) 25.0000
Pressure (atm) 1.00000 Specs...
= Calculation Parameters Yary
Calculation Type Isothermal Independently
Flow Type Static Together
Effect of FeCO3 / FeS Scales Include
= Inflows (mol) Calculate &
Actions L osx H20 555082 Summary
Aclions 02 2.50000=-4
NaCl 0100000 3 | Unit Set: Metric (moles) ~
Automatic Chemistry Mode!
= Contact Surface Agueous (H+ ion) Databanks:
Carbon steel G10100 (generic) Corrosion (AQ)
Agueous (H+ ion)

Note: By default, the software has selected Carbon steel G10100 (generic) as the default contact surface to
perform the corrosion rates on. You can click on the white space of the Carbon steel G10100 (generic) name,
and it will show a drop-down arrow. You can then click on the dropdown arrow, and you will be able to see and
select any alloy present in the Alloy database.

- Contact Surface
Carban steel G10100 (generic) j
Display Mame OLl Name =
b Carbon steel G10100 (generic) Carbon steel G1070...
* Carbon steel 1018 Carbon steel 1018
* Stainless steel 304 Stainless steel 304
* Stainless steel 316 Stainless steel 316
* Alloy 2545M0O Alloy 2345M0O
# Munley ctainlezs 2205 Munley etainleee 2205 <

Additionally, the Calculation Parameters grid shows two options: (1) Flow Type and (2) Effect of FeCO3 /FeS
scales on corrosion rates.

By default, the software selects Static as Flow Type. There are 7 options for Flow Type, and a brief description
of the first five options will be given below.

= Calculation Parameters
Flow Type Static
Effect of FeCO3 | FoS Soales
Pipe Flow
Infl
i MHOWS | natating Disk
H20 Rotating Cylinder
oz Complete Agitation
NaCl Defined Shear Stress
Approximate Multiphase Flow
Fe (]

Static

The solution is not flowing in this calculation.
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Pipe Flow

The fluid is flowing through a pipe. The pipe diameter and flow velocity must be defined. The default pipe
diameter is 0.1 meters and the default flow velocity is 2 m/s.

Rotating disk

This reproduces a type of experiment that is used quite frequently in the laboratory. A disk is rotated to bring
fluid to the surface of the electrode in a predictable manner. The diameter of the disk is specified as well as the
revolutions per minute (RPM). The default diameter is 0.01 meters, and the default RPM is 5000 RPM.

Rotating Cylinder

This reproduces a type of experiment that is used quite frequently in the laboratory. A cylindrical rotor is rotated
to bring fluid to the surface of the electrode in a predictable manner. The diameter of the rotor is specified as
well as the revolutions per minute (RPM). The default diameter is 0.01 meters, and the default RPM is 5000
RPM.

Complete Agitation
In this calculation, the liquid phase is completely agitated, and no mass transfer limitations apply.
Leave the default alloy Carbon steel G10100 (generic) as the contact surface

Go to the Survey by option and select Single Point Rate. This option will allow you to calculate the corrosion
rate at the temperature and pressure specified.

G
Description Definition il General Corr. Rate [l Localized Corr. [illl Polarization Curve [ Repol * | *
J Variable Value Survey by
T Stream Parameters
Stream Amount (mol) ss.auasl + Single Point Rate
Temperature (*C) 25.0000
: Temperature
Pressure (atm) 1.00000
= Calculation Parameters Pressure
Calculation Type lzothermal Composition
Flow Type Static pH
Effect of FeCO3 / FeS Scales Include Pipe Flow
= Inflows (mol} Retating Disk
H20 55.5082 . .
S Retating Cylinder
0z 2.50000=-4 .
NaCl 0100000 N Thermal Aging Temp.
Thermal Aging Time
= Contact Surface Shear Stress
Carbon steel G10100 (generic) Liquid Flow in Pipe

Note: You can also study the effect of other variables such as temperature, pressure, (chemical species)
composition, pH, pipe flow, etc. on the corrosion rate. The effect of these variables can be set up as a survey
calculation. In the upcoming corrosion rate examples, survey calculations to study corrosion rates will be shown
in more detail.

A brief description of the most common survey types for studying corrosion rates is given below.

pH Survey — This calculation is like the pH survey available in OLI Studio: Stream Analyzer. The specification
requires a titrant acid and base to change the pH.
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Temperature Survey — The default range is from 25-100 °C. Any range may be used by changing the Range
option. The user should consider that some points in the survey may not converge due to phase changes (e.g.,
boiling off of aqueous liquids).

Composition Survey — The composition of a chemical compound, for example NaCl, can be varied to study its
effects on corrosion rates. The range of the chemical compound defaults from 0 to 1 mole with an increment of
0.1 moles. This range can be changed via the Range option.

Care should be taken when adding salts that can form hydrates (e.g., CaCl2.6H20). When these hydrated salts
begin to precipitate from solution, large amounts of water may be complexed with the crystal. The solution may
dehydrate, and non-convergence may be the result.

Pressure Survey — The pressure of the system can also be varied. The default range can be changed via the
Range option. Care should be taken when working at very low pressures since the solution may inadvertently
boil off the liquid and non-convergence may result.

Flow Velocity Survey — In systems that are flowing, the flowrate of the stream can be varied.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. Create a new file and name
it: Corrosion Rates.

Analyzing the Results

Click on the General Corr. Rate tab (il General Cor. Rate ) This tab displays a plot showing the results of
corrosion rate and pH.

Description [&¥ Definition ﬂ General Corr. Rate [jli Localized Corr. [illi Polarization Cur * | *
‘ 17 =N =] | wiewDats Wariables Optians

[]143 T T T T T T T T T T T T ] ?771
0.142 1768
0141 - —#— Corrosion Rate [mmiyr] __ 7.61
0140 | ——PH (Y2} 7788
4751

0139 ]
— - 746

£ 0138 f
£ o 1

5 1736 <
© 0136 1 *

5 — 73

g 0135 1
3 172
0134 1721
0133 1718
0132 | J711
0131 | 1708

0.130 ]
e 1701
0129 1 1 1 1 L 1 1 1 1 1 L 1 1 1 1 Il 1 1 1 1 1 1 L 1 1 1 1 595

S S D S S O S Sy D S S O S S 2

W 5y 3 g 5y T -y & ) . -3 - > - —
":Pd‘ '%‘ ‘*?5‘ R 6‘\5‘ ‘(?é‘ i A 6:5‘ ‘(%‘ %‘ "‘?3‘ RS 6‘\5‘
Temperature [*C]
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Click on the View Data button to see the results in tabulated form.

Temperature | Corrosion Rate pH
*C mmiyr
1 25.0000 0.125801 | 6.99516

The predicted corrosion rate of carbon steel at 25 °C and 1 atm is ~0.13 mm/year when exposed to an
oxygenated 0.1 m NaCl solution. It is important to highlight that this predicted corrosion rate is the corrosion

rate once the system has reached a steady state.

Click on the Localized Corr. Rate tab (ﬂ Localized Corr.) This tab displays a plot showing the results of
three different calculated data:

Corrosion Potential (red dot)

Repassivation Potential (yellow triangle)

Maximum Pit Current Density (blue square)

Description Definition [l General Corr. Rate Iﬂ Localized Corr. I il Polarization Curve | *|"*

‘ 2 s 8 = Yariables Options

2-0 T T T T T T T T T T T T T T T T T T T T T T T T T T U 01595
18 - 17
16 L 4 0.01585
14 - - 0.01575
—a— Corrosion Potential [V (SHE)] 4
= e Repassivation Potential [W (SHE]] 7 0.01565
= oL —k—Rep ) 1 -
% 0-8 —@— Maximum Pit Current Density [A/sg-m] (¥2) - 0.01585 @
o 08F _ =3
S 06} - 0.01545 g
= 04l ~0.01535 T
g 02 ~ 001525 £
o i =
& oor 4001515 2
Z 02f ] g
= - 0.015056 =
S 04 . . Z
— =
3 o6l 7008 =
S 08 4 0.01485 2
1 3
S 10 001475 =
&) L 4
12 1 0.01465
14 L _
a6l - 0.01485
4L ™ + 0.01445
_2_[] 1 | | | | | 1 | | | | 1 | 1 1 | | 1 | 1 1 | 1 1 | 1 1 001435
S S O G S D S S S % % S S S o
Lo S S O ST S T N M < S N~ S
Temperature ["C]

Click on the View Data button to see the results in tabulated form.
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Temperature

Corrosion Potential

Repassivation Potential

Maximum Pit Current Density

“C

V (SHE)

V (SHE)

Alsg-m

1 25.0000

-0.472418

-0.451502

0.0144536

Notice that in this case, the corrosion potential has a higher value than the repassivation potential. This

indicates that carbon steel at 25 °C and 1 atm when exposed to an oxygenated 0.1 m NaCl solution will

likely suffer localized corrosion (pitting or crevice corrosion). The maximum pit current density gives the

worst-case pitting rate for these conditions.

Now, click on the Polarization Curve tab ( il Polarization Curve) This tab displays a plot showing the

calculated polarization curve of carbon steel.
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The net polarization curve is given by the red curve. This red curve is obtained by adding up all the currents
of the half reactions at a given potential. The corrosion potential is calculated by applying the mixed potential
theory, and it is represented by this red triangle. Once the corrosion potential is obtained, the corrosion

current density is also computed and, subsequently, so is the corrosion rate.

Exploring corrosion rate calculation options

Example 50: Corrosion in a Water-Filled Carbon Steel Tank

In the following example, you are going to study the corrosion rate of a carbon steel tank with a volume of 10
m?3 (3.2 cm high and 200 cm in diameter) that is filled to the top with water. The tank’s wall thickness is 1.27
cm.

These are the operation conditions:

Sometimes the water in the tank remains static (mixer off), closed to the atmosphere

Some other times the tank is fully mixed (complete agitation)

The tank when operating has a variable speed mixer with a rotation speed between 0 and 12,000 rpm
At other times, the tank is open to the atmosphere. The effects of O2, COz2, and flow will be studied.
We will evaluate each instance to compute the corrosion risk.

dels=62
@ .d' ?':7‘

e
o

Starting the Simulation

First operation condition: Static flow, tank closed to the atmosphere at ambient conditions

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc., will require further adjustments, and will be described as necessary.

Corrosion rate calculation of tank as a function of flow

Calculation Settings Stream Composition and Conditions
Stream Name CR vs flow Stream Amount 10000 L
Calculation Type Corrosion Rates Temperature 25°C
Name Style Display Name Pressure 1 atm
Unit Set Metric, Batch, Concentration Water Calculated
Framework AQ
Contact surface Carbon Steel G10100 (generic)
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Add a new Stream

Click on the new Stream and press <F2> to change the name to CR vs flow
Select the AQ thermodynamic Framework

Click on the Names Manager Icon, and select the Display Name option, and click OK
Click on the Units Manager Icon, and select the Metric, Batch, Conc. option, and click OK

Units Manager - CR s flow ? *

Units Manager

Metric ~ Batch Conc, ~ 4
In the Definition tab, notice that the units of the Stream Amount changed from moles (mol) to liters (L).

Enter the composition, temperature, and pressure of the stream given in the table above
Go to the Add Calculation button and select Corrosion Rates calculation or select the Add Corrosion
Rates icon in the Actions Pane.

Change the Rates name to Static Flow, 25C using the <F2> key.

Leave the default Calculation Type as Isothermal

Leave the default Flow Type as Static

Leave the default alloy Carbon steel G10100 (generic) as the contact surface

Go to the Survey by option and select Single Point Rate. This option will allow you to calculate the corrosion
rate at the temperature and pressure specified.

Your screen should look like the image below.

|
B File Edit Streams Calculations Chemistry Tools  View Window Help - 8 X
DEE| %8 7K 1vasSol2 Red m Il ME: UGREEN
Navigator L o+ X
[
Document?
Corrosion Rates.oad Description Definition ([l General Corr. Rate [l Localized Corr. [l Polarization Cur * | *
6“ Streams - Susep by
+-- & CRof carbon steel | [danabic e : .
S & CRuvsflow =~ Stream Parameters Single Point Rate  »  Specs..
N Static Flow, 25°C LI:_| Stream Amount (L) 10000.0 Themby ()
I— Density correlation Parent stream condition
l— Stream: Temperature (*C} 25.0000 Specs..
L stream: Pressure (atm}) 1.00000 Wary
Temperature (*C} 25.0000 Independentiy
Pressure (atm) 1.00000 Together
e Calculation Parameters
Acti -
;Ct?ns 2o Calculation Type Isothermal Calculate 4
Aclions N
Flow Type Static + Summary
Effect of FeCO3 / FesS Scales Include
= Inflows (mgilL) Unit Set: Metric (mass concentration) ~
HZ0
Automatic Chemistry Model
ﬂ Aqueous (H+ ion) Databanks:
e Contact Surface Corrosion (AQ)
Y Agueous (H+ ion)
Plot Template Manager P o« x Carbon steel G10100 (generic) Redax selec‘lied !
Using K-fit Polynomialz
T-span: 25.0 - 225.0
i P-span: 1.0 - 1500.0
14
i lsothermal Calculation v
25.0000 *C 1.00000 atm
Arvanred Serarch A Az Stream Fnirt

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key.
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It is time to save your file (File >Save as...) or use the save icon in the tool
bar. You can save it under the same file created in the previous example
named Corrosion Rates.
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Analyzing the Results

Click on the output tab labeled 1 (next to the input tab), and check the results located in the Corrosion Values

tab.

Description Definition [l General Corr. Rate [l Localized Corr. [l Polarization Cur * | *

J Variable Value
e Stream Parameters
|_|:_| Stream Amount (L) 10000.0
L volume - Aqueous (L) 10000.0
Temperature (*C) 25.0000
Pressure (atm) 1.00000
w7 Corrosion Values
Repassivation Potential (v (SHE)) 95.5000
Corrosion Rate (mm/yr) 7.126896e-3
Corrosion Potential (W (SHE}) -0.552268
Corrosion Current Density (A/sg- 6.14631e-3
& Inflows (mg/L})
Hz0 9.96987eS
w7 Contact Surface
Carbon steel G10100 (generic)
Input
Advanced Search Add as Stream Expart

~

Survey by
Single Point Rate = Specs...

Thenby  [optional]

Specs..
Wary
Independantly
Together
Calculate &8
Summary

Unit Set: Metric (mass concentration)

Automatic Chemistry Model
Aqueous (H+ ion) Databanks:
Corrosion (AQ)
Aguecus (H+ion)
Redox selected
Using K-fit Polynomials
T-span: 25.0 -225.0
P-span: 1.0 - 1500.0
Isothermal Calculation
25.0000 °C 1.00000 atm

Calculation complete

~

The corrosion rate is 7.13e-3 mm/yr. This is a negligible rate, since the thickness of the tank is ~12.7 mm, then

corroding half the wall thickness would take about 900 years.

Second operation condition: Turbulent flow, tank closed to the atmosphere at ambient conditions

Under the stream ‘CR vs Flow’ add new corrosion rate calculation. Go to the Add Calculation button and
select Corrosion Rates calculation or select the Add Corrosion Rates icon in the Actions Pane

Change the Rates name to Turbulent Flow, 25C using the <F2> key.
Leave the default Calculation Type as Isothermal

Change the default Flow Type to Complete Agitation
Leave the default alloy Carbon steel G10100 (generic) as the contact surface
Go to the Survey by option and select Single Point Rate.

Your screen should look like the image below.
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g.7 Corrosion Kates - Example_51.0ad” | -
b:“ Streams Description Definition [} General Corr. Rate il Localized Corr. [l Polarization Curve [ *|*
=& CR of carbon steel - N
@, Single CR J Variable Value ~ e
CR e flow = Stream Parameters Single Point Rate - Specs...
Static Flow, 25C LI:_| Stream Amount (L) 1.00000 4t
..... Turbulance Flow, 25C l— Density correlation Parent stream condition
I— Stream: Temperature (*C) 25.0000 Specs..
L stream: Pressure (atm} 1.00000 Wary
Temperature (*C) 25.0000 Independently
Pressure (atm) 1.00000 Together
e Calculation Parameters
Calculation Type Isothermal Calculate &8
Flow Type Complete Agitation
Actions F - x J.'_ us 1 pele g Al]\’ Summary
. Effect of FeCO3 /FeS Scales | Include
Actions |
= Inflows (mg/L) B3 Unit Set: Metric (mass concentration) M\
Hz0
Automatic Chemistry Model
Fe 0.0 Agueous (H+ ion) Databanks:
Corrosion y
= Contact Surface Aqueous (H+ ion)

Analyzing the Results

Click on the output tab labeled 1 (next to the input tab), and check the results located in the Corrosion
Values tab.

Description Definition [l General Corr. Rate [l Localized Corr. [l Polarization Cur * | *

J Variable Value - Survey by
= Stream Parameters Single Point Rate  + Specs..
Stream Amount (L} 10000.0
g Lo Thenby  [optional]
L volume - Agueous (L) 10000.0
Temperature (:C) 25,0000 S
Pressure (atm) 1.00000 Wary
— Corrosion Values Independently
Repassivation Potential (' (SHE)) 99.3000 Taogether
Corrosion Rate (mm/yr) 0.0196420
Corrosion Potential (V (SHE)) -0.535169 Calculate
Corrosion Current Density (A/sg- 0.0169394 Summary
2 Inflows (mag/L) b3
H20 5.96987e5 Unit Set: Metric (mass concentration) A
= Contact Surface
== Automatic Chemistry Model
Carbon steel G10100 (generic) Aqueous (H+ ion) Databanks
Corrosion (AQ)
Agquecus (H+ ion})
Redox selected
Using K-fit Polynomials
T-span: 25.0 - 225.0
W P-span: 1.0 - 1500.0
Isothermal Calculation
Leu 25.0000 °C 1.00000 atm
" v
Calculation complete
Advanced Search Add as Stream Expart "

The corrosion rate increased 0.0196 mm/year, still a relatively low value.

Third operation condition: Varying flow, tank closed to the atmosphere at ambient conditions

Under the stream ‘CR vs Flow’ add new corrosion rate calculation. Go to the Add Calculation button and
select Corrosion Rates calculation or by selecting the Add Corrosion Rates icon in the Actions Pane
Change the Rates name to Varying Flow, 25C using the <F2> key

Go to the Survey by button and select Rotating Disk

Under the Calculation Parameters grid. change the Disk Diameter to 200 cm

Note: At this point, the vertical dimensions of the tank are unimportant. We will assume that the tank can be
modeled like a rotating cylinder. The propeller rotates at 1200 rpm, although it is not expected that the wall
velocity will approach this value, and so a lower value will be used (we still want it to be high enough to see the
effects of shear).
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The next step is to set the speed of the mixer. Go to the Specs button next to the Rotating Disk option
Change the Disk Rotation Speed Range from 0 to 300 cycles/min with an increment of 10 cycles/min. Then
click OK.

Category Survey Range
Polarization Curve Disk Retation Speed Range Urit
Calculation Type Selected Range
Calculation Options
Hew
Delete

(@ Linear (O Log (O Poirt List

End Points
St
Step Size

Select one, the other is
calculated

Increment ® }

Murnber Steps 30 (@]

Leave the default alloy Carbon steel G10100 (generic) as the contact surface

Your screen should look like the image below.

DEE|$BE[02K Uvaslz|Res(miffs s WE: | GEE W
Mavigator Lo X
| Documentt |
Corrosion Rates.oad* Description Definition [l General Corr. Rate [l Localized Corr. (il Polarization Curve | * | *
%‘ Streams - Survey b
- & CRof carbon steel ariablc | ahic v
E| & CRvsflow & Stream Parameters Fotating Disk. - Specs...
7 Static Flow, 25°C [=] Stream Amount (L) 10000.0 Timnby (el

Jg& Turbulent Flow, 25°C |— Density correlation Parent stream condition

i} Varying Flow, 25°C — Stream: Temperature (*C} 25.0000 Nane h Specs..
L Stream: Pressure (atm) 1.00000 Wary
Temperature (*C) 25.0000 Independently
Pressure (atm) 1.00000 Together
= Calculation Parameters
Calculation Type Isothermal Calculate 0 |
Flow Type Rotating Disk S
Disk Diameter (cm) 200.000
| Actions g o~ x - = = —_— - -
= Disk Rotation Speed (cyclemin) Unit Set: Metric (mass concentration)  #
Actions Effect of FeCO3 / FeS Scales nclude _ _
5 Automatic Chemistry Model
= Inflows (mgiL) Agueous (H+ ion) Databanks:
H20 Corrosion (AQ)
Fe 0.0 Agueous (H+ien)
. Redox selected
Using K-fit Polynomials
= Contact Surface T-zpan: 25.0 - 225.0

Carbon steel G10100 (generic) | P-span: 1.0 - 1500.0

lsothermal Calculation
25.0000 °C 1.00000 atm

|Plot Template Manager g o+ x Calculation not done

Rotating Disk survey:
Range 0.0 to 300.0 cycle/min
Stepsize  10.0 cycle/min
No. steps 30

Input

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key
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It is time to save your file (File >Save as...) or use the save icon in the tool
bar. You can save it under the same file created in the previous example
named Corrosion Rates.
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Analyzing the Results

Click on the General Corr. Rate tab ( il General Corr. Rate ) This tab displays a plot showing the results of
corrosion rate and pH.

Description Definition @l General Corr. Rate |[{il Localized Corr. [l Polarization Cur * | *

‘ @l =S % = Wariahles Optiors

QO0FBOE ™ T T T T T T T T T T T T T T T T T T T T -
L . |
0.007555 |- 'I'I,r' - 7.66
I —a— Corrosion Rate [mmiyr] - 7.61
o« |
0.007505 oH D) s 1756
~ 7.5
0.007455 17
= I 4 7.46
E 0.007405 [ ./0’ 1741
g _ 7.36
@ 0.007355 - 1736 =
s 4 7.31
8
£ 0007305 172
L]
- 7.21
0.007255
- 7.16
0.007205 1711
- 7.06
0.007155
| 4 7.01
0_00?105 PR I I T I I | | | I I AT NN T N T N T ] 695
© % o B % g B, m e B D e W B Y
Disk Rotation Speed [cycle/min]

The corrosion rate is computed to increase as the bulk liquid velocity increases from 0 to 300 rpm near the wall
surface. The reason is straightforward; the higher velocity reduces the static water film thickness on the metal
surface. This diffusion layer film limits the mass transfer of corrosion products and bulk chemicals to and from
the surface. As the liquid velocity (and therefore shear force) increases, the film thickness decreases, and the
concentration gradient increases. This increases the flux of materials to and from the surface, which increases
corrosion rates.

Fourth operation condition: Static flow, tank open to the atmosphere (aerated with O, only) at ambient
conditions

Open steel tanks are in contact with oxygen in the air. To simulate this, follow the steps below.

Under the stream ‘CR vs Flow’ add new corrosion rate calculation. Go to the Add Calculation button and
select Corrosion Rates calculation or press the Add Corrosion Rates icon in the Actions Pane

Change the Rates name to Static Flow, O2 using the <F2> key

Add Oxygen (02) to the inflow grid

Leave the default Flow Type as Static

Go to the Survey by button and select Composition
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The next step is specifying the concentration range of oxygen. Go to the Specs button next to the Composition
option. This will open a new window.

Under component select (click on) O2. Then select the Survey Range tab and enter the Survey Range as
follows: Log Scale, Start=1e-6, End=10, Steps=10. Then click OK.

Composition Rates Calculation ? X Composition Rates Calculation ? X
Category Component  Survey Range Category Component Survey Range
~%ar. 1 - Composition ~%ar. 1 - Composition .
- Polarization Curve Eomparent Inflaws - Polarization Curve Composition Range Urit:
- Calculation Type Hide Relatad Inflaws Mew Inflaw - Calculation Type Selected Range
Calculation Options Calculation Options 1 Oinl
- New
Delete
O Linear @ Log O Foint List
End Paints
Start
End
Step Size
Increment  1.00000
Select a companent inflow which wil be varied over the specified rangs. } Sel\eclt ?”ET' the other is
Mumber Steps calculate
Caneel Apply Help Caneel Apply Help

Leave the default alloy Carbon steel G10100 (generic) as the contact surface
Your screen should look like the image below.

BT File Edit GStreams Calculations Chemistry Tools View Window Help

- &
DS E TN LLvasol2 Red mi¥s s ME S BE
lavigator P
[
Documentd
Corrosion Rates.oad* Description Definition [l General Corr. Rate (il Localized Corr. [ill Polarization Curve | * | *
6“ Streamns - —
& CR of carbon steel J Variable Value
CRvs flow & Stream Parameters Compositian hd Specs
7 Static Flow, 25°C |_|:_| Stream Amount (L) 10000.0 TR TRl
I Turbulent Flow, 25°C '— Density correlation Parent stream condition Nere . _—
E Varying Flow, 25°C I— Stream: Temperature (*C) 25.0000 PECs...
q Static Flow, 02 L stream: Pressure (atm) 1.00000 ary
Temperature ("C) 250000 Independsntly
Pressure (atm) 1.00000 Together
T Calculation Parameters
Calculation Type lsothermal Calculate @
T N 1
I Flow Type Static I Summary
Effect of FeCO3 / FeS Scales | Include |
\ctions g x = Inflows (mgiL) Unit Set: Metric (mass concentration) /M
4ctions | 720 |
\ Automatic Chemistry Model
Fe 0.0 Agqueous (H+ ion) Databanks:
0z Corrosion (AQ)
Agqueous (H+ ion)
Redox selected
= Contact Surface Using K-fit Polynomials
Carbon steel G10100 (generic) T-span: 25.0 - 225.0
P-zpan: 1.0 - 1500.0
Isothermal Calculation
25.0000 °C 1.00000 atm
‘lot Template Manager L - x Calculation not done
Composition survey:
oz
Range 1.0e-6 to 10.0 mgiL
Step size 1.0 mg/L
Input No. steps 10
P . P oo Mn =reandans sirueys zalacted
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We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool
bar. You can save it under the same file created in the previous example
named Corrosion Rates.

Analyzing the Results

Click on the General Corr. Rate tab ( il General Corr. Rate ) This tab displays a plot showing the results of
corrosion rate and pH.

Right-mouse click on the X-axis and change it to Logarithmic Scale

&’ Description Definition @l General Corr. Rate {ili Localized Corr. il Polarization Cur * | *

\ 2 & al[=]= Vernies || Optons

017 T T T T i
ik » | sssesas
os [ / - 5.906545
014 - —g— Corrosion Rate [mm/yr] / - 6.996546
013k —A—pH (v2) 4 V
e / - 6.996546
ol yd + 6996546
=
: /
€ g0l / -{ 6.996546
2 009 L
F s - 6996545 =
= 0.08 -
5 { 6996545
2 ook
|- s . - 6.996545
005 - / { 6996545
0.04 b e { 6996545
0.03 L
- 6.996545
002 -
v L2 . | e
L —— e e e e SOS
7 . Y o . ’ ) g
o Q Format X Axis... e e e %
Adjust Scale...
| Logarithmic Scale

Right-mouse click on the pH curve and select Remove
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Description ¥ Definition @l General Comr. Rate [{ll Localized Corr.  jl Polarization Cur * | *

| R EE

017 i : : . .
016 1 [ 5.996546
| pH (Y2) Options...
5| 6.996546
014 [ | Hide
o3l | Switch to ¥ Axis 6996546
12l | 6.996646
R 6.996546
E o0r 6.996546
2 [
g oot 6.996646 2
c 008 |
2 [ 5996545
2 007 [ |
8ol 6.996545
005 [/ \ 6996545
el | 6.996545
0.03
i 6.996545
002 [l
0otk | 6996545
0.00 - - P P - - = ! 5.936545
@.06\ &%\ @-0‘? thu) &% Q‘o, CY 9, &0}_
02 [mg/L]

& Description [&¥ Definition @l General Corr. Rate i Localized Cor. [l Polarization Cur * | *

| al s |9 (55) Wariables Options

017 T T T T
0.16 -
015 -

014 - —m— Corrosion Rate [mm/yr]
013 -
012 -
011 -
010 -
0.09 -
0.08 -
0.07 -
0.06 -
0.05 -
0.04 -
0.03 -
0.02 -

Corrosion Rate [mmi/yr]

001 &= > - - -

0.00

The resulting plot shows the impact of oxygen on the corrosion rate. Corrosion increases by a factor of 20 once
the concentration increases beyond 100 ug/l. Aerated water contains approximately 8 mg/l O2. Corrosion on
the tank wall is 0.16 mm/yr. At this rate, 50% of the 12.3 mm wall will be dissolved in 40 years.

Fifth operation condition: Static flow, tank open to the atmosphere (aerated with Oz and CO;) at ambient
conditions

The atmosphere contains ~400 ppmV CO2. At this concentration, 0.6 mg/l CO: is dissolved in water as
molecular COz; this CO2 hydrolyzes water to form the following reactants:

€0, + H,0 = H* + HCO3
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The resulting pH is about 5.6 at ambient conditions.
The impact of CO2 on corrosion is two-fold, as two separate reactions occur at the metal surface:
1
H*+e” & -H,
2
1
HCO; +e™ = EHZ + €032

To test the CO2 impact, you will recalculate the corrosion rate using two CO:2 concentrations: 0 and 0.6 ppm.

Under the stream ‘CR vs Flow’ add new corrosion rate calculation. Go to the Add Calculation button and select
Corrosion Rates calculation or select the Add Corrosion Rates icon in the Actions Pane

Change the Rates name to Static Flow, 02 and CO2 using the <F2> key

Add Oxygen (02) and carbon dioxide (CO2) to the inflow grid

Leave the default Flow Type as Static
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Go to the Survey by button and select Survey by Composition and then by Composition (as shown below)

Survey by
Compozition - Specs...

Then by  [optional]

Composition - Specs...

Wary
(®) Independently

() Together

The next step is the concentration range of oxygen and carbon dioxide. Go to the Specs button next to the
Composition option. This will open a new window.

Under the Category section, make sure to select Var. 1 -Composition. Go to the Component tab, and select
02

Composition Rates Calculation ?

Survey Range

Component Inflows

Folarization Curve Hide Related Inflows
Calculation Type

Mew Inflow

- Calculation Dptions e

[62]

Select a component inflow which wil be varied over the specified range.

Cancel Apply Help

Then select the Survey Range tab and enter the Survey Range as follows: Log Scale, Start=1e-6, End=10,
Steps=10. Then click OK.

Composition Rates Calculation ?

Category Comporent  Survey Range

“ar. 1 - Composition

Va2 Composion | Compesion Range Ui
- Palarization Curve Selected Range
- Calculation Type

J 1.0
- Calculation Options New

Delete

() Linear ® Log () Paint List

End Paints
Start  |1.00000=-6
End |10.0000
Step Size
Increment 100000 )
} Select ane, the other is
Number Steps calculated

Cancel Apply Help
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Under the Category section, select Var. 2 -Composition. Go to the Component tab, and select CO2

Composition Rates Calculation

? =
ey Component Survey Range
Var_1 - Composiion
K postion| Component Inflaws
- Polsrization Curve Hide Related Inflows Moo o
- Caleation Type

- Caleulation Dptions

Select a component inflow which wil be varied over the specified range.

Cancel Apply Help

Then select the Survey Range tab. Select the Point List option. Create two points with values of 0 and 0.6
mg/L. Then click OK.

Composition Rates Calculation ? *
Category Component  Survey Fange
~Var. 1 - Compostion )
Vol 2-Conposiion. | Campasion Range Uni
- Palarization Curve Selected
- Calculation Type P "
- Calculation Options e
Delete
O Linear O Log ®) Foint List
Value
1 0.0 Add Paint
2 0.4
Remove Pt
Cancel Apply Help

Leave the default alloy Carbon steel G10100 (generic) as the contact surface
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Your screen should look like the image below.

B File Edit Streams Calculations Chemistry Tools  View Window Help [
=y PR LLvasol2|Ret metUEr st | ME: O RE N
Mavigator L o~ X
%
Document1
Corrosion Rates.oad Description Definition ([} General Corr. Rate [ill Localized Corr. il Polarization Curve | * | *
6“ Streams - Sumenlp
& CR of carbon steel | darsahl ke -
& CRvsflow = Stream Parameters Compozition - Specs...
3 . = Sh A it (L) 10000.0
Static Flow, 25°C G Stream Amount (L) Thenby  [optional)
ﬁ Turbulent Flow 25°C l— Density correlation Parent stream condition
ﬁ Varying Flow, 25°C l— Stream: Temperature (*C) 25.0000 Camposition T Specs..
& Static Flow, 02 L stream: Pressure (atm) 1.00000 Yary
Static Flow, 02 and CO2 Temperature (*C) 25.0000 © Independently
Pressure (atm) 1.00000 (O Together
e Calculation Parameters
Calculation Type Izothermal Calculate &
Flow Type Static e
Effect of FeCO3 / FeS Scales Include
: N C iti :
Ach?ns P = Inflows (magiL) ulr]ngus on survey ~
Actions H20 Range  1.0-5to 10.0 mgilL
Fe 0.0 5 Logarithmic Scale
0z No. steps 10
coz Composition survey
coz
Range: List with 2 points
e Contact Surface (0.0, 0.6 mg/L}
Carbon steel G10100 (generic)
Primary and secondary survey
wariables
Plot Template Manager g - x move independently
Total points: 22
Polarization Curve Range
Range -2.0to 2.0V (SHE)
Step size  0.01 WV (SHE)
| ‘ No. steps 400
npul
Metal: Iron/Mild steel v
5 Advanced Search Add as Stream E=port Carbon steel G10100 (generic)
ave

We are ready to perform the calculation. Click on the Calculate button or
press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool
bar. You can save it under the same file created in the previous example
named Corrosion Rates.
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Analyzing the Results

Click on the General Corr. Rate tab ( il General Corr. Rate ) This tab displays a plot showing the results of
corrosion rate and pH.

Right-mouse click on the X-axis and change it to Logarithmic Scale
Right-mouse click on the Y-axis and change it to Logarithmic Scale
Right-mouse click on the pH curve and select Remove Series

Description [£¥ Definition il General Corr. Rate [l Localized Corr. [l Polarization Cur| * | *

‘ @ EEN = “ariables COptions

1e+00 T

—u#— Corrosion Rate [mméyr] - CO2 = 0.0 mg/L
— & Corrosion Rate [mmiyr] - CO2 = 0.6 mg/L

1e-01 |

Corrosion Rate [mmdyr]

1e-02 |

N A
* 3 * 3 x +_———./
1e-03 wl il il 1 sl ul
yd z z z yd z z z
2 %, 2, %, 2, 2, 6&00 &O)
02 [mgiL]

The effects of CO2 are small, particularly in relation to the oxygen effects. The Corrosion rates at low Oz content
are about 0.0071 mm/yr with no CO2 and 0.0083 mm/yr with 0.6 mg/l CO2; a small difference between two small
rates. At 10 mg/l Oz the corrosion rate is 0.16 mm/yr, and it is the same with and without CO2. Thus, CO2 has
no effect on corrosion at high Oz concentrations meaning that the surface is corroded by oxygen; small
concentrations of CO2 does not change this rate.
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Sixth operation condition: 300 cycles/min flow, tank open to the atmosphere (aerated with O, and CO;) at

ambient conditions

Lastly, you will look at the effects of shear rates on the tank in contact with CO2 and O2.

Copy (right-mouse click or Ctrl+C) ‘Static Flow, O2 and COZ2’ corrosion calculation, and paste (right-mouse
click or Ctrl+V) on the stream ‘CR vs Flow’

&% Streams
£-& CRof carbon steel
f@ Single CR
& CRvsflow
-2 Static Flow, 25C
E Turbulent Flow, 25C
g Varying Flow, 25C
- Static Flow, 02
£ T
Armange >
Cut

Copy
Paste

Delete

&% Streams

- CRof carbon steel
B Single CR

- ~

= ﬁ' st Arrange
@ Cut
mEY
R St Py
B st Paste
Delete
Rename

Add As Stream

Clear Results

Clear Status

Change the Static Flow, 02 and CO2-1 name to 300 rpom flow, O2 and CO2 using the <F2> key
Add Oxygen (O2) and carbon dioxide (CO2) to the inflow grid
Change the Flow Type from Static to Rotating Cylinder

Set the Rotor Diameter to 200 cm

Set the Rotor Rotation to 300 cycles/min

Leave the default alloy Carbon steel G10100 (generic) as the contact surface

Your screen should look like the image below.

B File Edit Streams Calculations Chemistry  Tools  View Window Help - 8 %
=y = TAK | L1WvasSol2 Red m:difs e ME:| S PRES
Mavigator L o~ X
]
Documentt
Corrosion Rates.oad* Description Definition [l General Corr. Rate (il Localized Corr. [l Polarization Curve | *|*
6“ Streams - SRty
- & CR of carbon steel | darsabl i —
=& CRuvsflow = Stream Parameters Composition -
7 Static Flow, 25°C LI:_| Stream Amount (L) 10000.0 Tiemly [t
@ Turbulent Flow 25°C l— Density correlation Parent stream condition —
@ Varying Flow, 25°C l— Stream: Temperature (*C} 25.0000 Earmposition T Specs..
: -Bgd Static Flow, 02 L stream: Pressure (atm) 1.00000 Wary
-[Z& Static Flow, 02 and CO2 Temperature (*C) 25.0000 © Independently
- 300 rpm flow, 02 and CO2 Pressure (atm) 1.00000 () Together
e Calculation Parameters
Calculation Type \sothermal Calculate &
Flow Type Rotating Cylinder SLE
Rotor Diameter (cm) 200.000 =
Ach.ons po® Rotor Rotation (cycle/min) 300.000 Unit Set: Metric (mass concentration) M
HETTS Effect of FeCO3 / FeS Scales nclude
5 Automatic Chemistry Model
= Inflows (mgiL) Aguecus (H+ ion) Databanks:
H20 Corrosion (AQ)
o0z Aguecus (H+ion)
Redox selected
coz Using K-fit Polynomials
T-span: 25.0 - 225.0
- Contact Surface P-span: 1.0 - 1500.0
Carbon steel G10100 (generic) Isothermal Calculation
25.0000 *C 1.00000 atm
Plot Template Manager P+ X Calculation not done
Composition survey:
oz
Range 1.0e-5 to 10.0 mg/L
Logarithmic Scale
Input No. steps 10
~ Advanced Search Add az Stream Export Composition survey
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We are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or use the save icon in the tool bar. You can save it under the
same file created in the previous example named Corrosion Rates.

Analyzing the Results

Click on the General Corr. Rate tab ( Ml General Corr. Rate ). This tab displays a plot showing the results of
corrosion rate and pH.

Right-mouse click on the X-axis and change it to Logarithmic Scale

Right-mouse click on the Y-axis and change it to Logarithmic Scale

Right-mouse click on the pH curve and select Remove Series

Double click on the “CO2 = 0.6 mg/L” curve. This will open a new window. Change the color to blue.

Curve Properties ? x

Curves

Comosion Rate [mm/r] - CO2 = 0.0mg/L

Comosion Rate mm/yr] - CO2 = 0.6 ma/L

Auto Legend Text
|CDITUS\UH Rate [mm/yr] - CO2 = 0.6 mg/L |

[ Auto Line Style [A Auto Line Weight [ Auto Color

| ] i ] 5. —

[ Auto Symbol [ Auto Sealing Factor [ Hidden

Fled Tiangle |~ El:
o | |

The plot should look like the image below.

Description [£¥ Definition il General Corr. Rate fih Localized Corr. ({8 Polarization Cur| * | *

| a a4 B | ViewData | Varisbles Options

1e+02 T T T T

—a— Corrosion Rate [mmiyr] - CO2 = 0.0 mgiL

Corrosion Rate [mi r] - CO2 = 0.6 mgiL
1e+01 b —h— (o] o 4

1e+00

Corrosion Rate [mm/yr]

1e-01

1e-02
7

02 [mglL]

304



The 0.6 mg/L COz2 curve shifted to higher values at low Oz concentrations compared to no COz presence. Now,
when comparing the corrosion rate for the 0.6 mg/L CO: concentration at 300 rpm vs static conditions, the rates
are 0.067 mm/year and 0.008 mm/year, respectively. The effect of shear at high Oz concentrations (right side
of the plot) is also pronounced. Corrosion is still dominated by O: attack, but the rate is now over 10 mm/year,
about 100x greater than the static conditions.

Gas condensate corrosion

Example 51: Condensed overhead gas and mitigation strategies
An alkanolamine gas sweetening plant has corrosion problems in the condensed overhead gas.

Diethanolamine is used to neutralize an acid gas containing carbon dioxide (CO:) and hydrogen sulfide (H2S).
The diethanolamine is regenerated and the acid gases are driven off in a stripper. The off gas from this stripper
is saturated with water vapor. As these gases cool, they will condense. This condensate can be very corrosive.
The plant’s service life can be shortened considerably due to these condensed acid gases.

In this example, you will calculate the gas dew point temperature, remove the condensed aqueous phase, and
perform a Corrosion Rate calculation with the condensed water. Lastly, you will consider mitigation strategies
for the pipes.

You are introducing fluid velocity and liquid condensation into the calculation. The software uses a diffusion
layer model to compute mass transfer to and from corroding surfaces. Higher rates produce thinner layers,
resulting in faster mass transfer rates, and thus higher corrosion rates. The liquid condensation point is
straightforward; it calculates the temperature (or pressure) where the first liquid drop forms.

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc., will require further adjustments, and will be described as necessary.

Corrosion Rate Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Gas condensate Stream Amount 1e5 moles
Name Style Display Formula Temperature 38 °C

Unit Set Metric, Batch, Mole Fraction Pressure 1.2 atm
Framework AQ H20 Calculated (mole%)
Calculation Type Corrosion Rates CO2 77.4

Survey Single Point Rate N2 0.02

Flow Type Pipe Flow H2S 16.6

Pipe Diameter 10 cm CH4 0.5

Pipe Flow Velocity 2m/s C2H6 0.03

Contact Surface Carbon Steel G10100 (generic) | C3H8 0.03

Add a new Stream

Click on the new Stream and press <F2> to change the name to Gas Condensate

Select the AQ thermodynamic Framework

Click on the Names Manager Icon and select the Formula option

Click on the Units Manager Icon, and select Metric, Batch, Mole Fraction




Enter the composition, temperature, and pressure of the stream given in the table above

Go to the Add Calculation button and select Corrosion Rates calculation or select the Add Corrosion Rates

icon in the Actions Pane.

Go to the Survey by option and select Single Point Rate. Change the name to Gas Cond. Dew Point.

Change the Flow Type from Static to Pipe Flow.

Specify the Pipe Diameter = 10 cm and the Pipe Flow Velocity = 2 m/s.

Leave the default alloy Carbon steel G10100 (generic) as the contact surface

Your screen should look like the image below.

BT File Edit Streams Calculations Chemistry Jools View Window Help - 8
D= E K2 11 vasol2 Red mcdifd e | GhERE| Sk BE

Mavigator L o= =

Documentt

Corrosion Rates.oad*

6“ Streams

+¢ CR of carbon steel
+ & CRvsflow

- & Gas Condensate

Actions § o+ X
Actions

Flot Template Manager

Save

For Help, press F1

Now that the gas condensate stream is created, the next task is to isolate the condensed water at the dew point

temperature.

Description Definition [l General Corr. Rate

B Variable Value

G Stream Parameters
Stream Amount {mol) 1.00000e5
Temperature (*C) 38.0000
Pressure (atm) 1.20000

= Calculation Parameters
Calculation Type Izothermal
Flow Type Pipe Flow
Pipe Diameter {cm}) 10.0000
Pipe Flow Velocity (m'z} 2.00000
Effect of FeCO3 / FeS Scales Include

= Inflows (mole %)
Hz0 5.42000
coz 77.4000
N2 0.0200000
H25 16.6000
CH4 0.500000
C2HE 00300000
C3HB8 00300000
Fe 0.0

= Contact Surface
Carbon steel G10100 (generic)

Input
Advanced Search Add az Stream Export

Survey by
Single Point Rate  + Specs...
Then by [optional]
Specs...
Wary

Independently
Together

Calculate @

Summary

jlll Localized Corr. [ill Polarization Curve [ 4 *

Unit Set: <Custom:

Automatic Chemistry Model
Agqueous (H+ ion) Databanks:
Corrosion
AQUEDUS (
Redox selected
5 Using K-fit Pelynomials
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0
lsothermal Calculation
38.0000 °C 1.20000 atm

Calculation not done

nj

Single Point
No secondary survey selected

Polarization Curve Range
Range -2.01t0 2.0V (SHE)
Step size 0.01 V' (SHE)
Mo. steps 400

Metal: Iron/Mild steel
Carbon steel G10100 {generic)

Flow Type: Pipe Flow

Diameter  10.0000 cm

Velocity 2.00000 m'z
Scales included - passivating fims
included.

@8

v
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Click on the Specs button. This will open a new window

Under the Category section, select Calculation Type

Change the Type of Calculation from Isothermal to Dew Point. Make sure that radio button for temperature is
selected since we are going to calculate the Dew Point temperature for this example. Then click OK. Notice
that the input grid has been updated:

= Calculation Parameters
Calculation Type Dew Point ﬂ
Calculate Temperature
Flow Type Pipe Flow
Pipe Diameter (cm} 10,0000
Pipe Flow Velocity (m'z) 2.00000
Effect of FeCO3 / FeS Scales Include

— beFlnasin femclo &4

You could have also used the drop-down arrow next to the “Calculation Type” box to directly pick a dew point

(or any other required) calculation type.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or use the save icon in the tool bar. You can save it under the
same file created in the previous example named Corrosion Rates.

Analyzing the Results
Click on the General Corr. Rate tab ( il General Corr. Rate ).

Click on the View Data button to see the results in tabulated form.

Temperature | Corrosion Rate pH
“C mmilyr
1 37.5851 0.704502 | 3.92719

Notice that the calculated dew temperature is 37.6°C, corrosion rate is 0.7 mm/year, and the dew point pH

is 3.9. To further interpret the results of this calculation, we are going to study the polarization curve.

Click on the Polarization Curve tab (il Polarization Curve ) Before interpreting this plot, we will format it for easy
viewing.

Click on the Options button. This will open a new window.

il Polarization Curve [ Report [ **

ﬂ =] | viewData Yariahles

Under the Category section select X axis. Change the Minimum to 1e-6 and Maximum to 1e6.

Now, select Y axis. Change the Minimum to -1.5 and Maximum to 1.5. Then click OK.
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Click on the Variables button. This will open a new window.

(il Polarization Curve [g] Report | *|°*

§|E] Wiew Data Optionz

Remove the following variables by unchecking them. See image below. Then Click OK.

Select Data To Plot ? *

Survey Points & Reactions

Half-Reactions

ity
02 + 4H(+) = 2H20 - 4e
Peak Cument Density

Clear all reactions Select all reactions

Cancel Aoply Help

Your polarization curve should look like the image below.

[&¥ Definition [l General Corr. Rate [fll Localized Corr. [l Polarization Curve & Report | ¢|°

| @ o A [8]/@ | vewoss Optons

15 T T
13 B
—2H20 =02+ 4Hi+) + 4e
11 ¥ Corrosion Potential T
09 Fe=Fa(2+) + 2¢ 4
07 Hi+)=0.5H2 - ¢ ]
H2C03 = 0.5H2 + HCO3(-} - &
05 — _H20=05H2 + OH(-}- & T
@ 03 —H2Sag=0.5H2 +HS(-) - e ,
@, 01  HS(-)=05HZ +5(2-)-& ]
s o
Z 01 E
g
5 -03 - ]
045 4
07 u
09 \ 4
|
1.1 4
13 u
15 I I L L I | I L | i~ I
g 2 7 7 7 7 g 2 7 g 7 7 7
£ 5 Gy £ By B £S5
% % % fe e e Ty %o g Yy g Yo g

Current Density (Afsg-m)

You can click and drag the legend of the polarization curve to your desired position.

This is a measured potential vs. current density plot. The anodic portion (green curve) is the carbon steel. There
are cathodic reactions. The sum of the cathodic currents adds up to the anode curve at a single point: The
corrosion potential (represented by the inverted red triangle V) with a value of -0.43 V vs SHE. At the corrosion
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potential, the anodic and cathodic currents are equal, and this value is also known as the icorr. For this example,
icorr=0.61 A/m2.

Notice that the cathodic reaction that contributes the most to corrosion is H2CO3 ( ). The next
contributors are Hz2S ( ) and HS-' (blue line) equally. After that is H* (turquoise line). Water reduction
(light blue line), contributes the least to corrosion.

Mitigation Strategies
There are several mitigating solutions to this corrosion problem.

One is adding insulation to prevent temperature drops. The dew point is very close to the overhead gas
temperature so this may not be a suitable option. Adding heat to keep the temperature above the dew point is
usually considered along with insulation.

Changing the chemistry to change the partial oxidation and reduction processes is also an option.
Changing alloys could mitigate the corrosion problems as well.

We will explore the change of chemistry and the change of alloys for this example.

Adjusting the solution chemistry

The condensate pH is approximately 3.9. We can try to add a base to increase the pH. In this section, we will
add Diethanolamine to raise the pH to 7.5.

Single Point— Set pH Calculation

Click on the ‘Gas Condensate’ stream and go to the Add Calculation button and select Single Point
calculation or select the Add Single Point icon in the Actions Pane.

Change the name to DEA using the <F2> key.

Add DEA in the inflows grid. (It should have changed to the formula name: HN(C2H40OH)2

Go to the Type of Calculation option and select Set pH

Change the Target pH to 7.5

Click on the drop-down arrow for the pH Base Titrant and select DEA (or HN(C2H40H)2)

We have set up the calculation to adjust the amount of DEA to match the target value of pH=7.5.

Your screen should look like the image below.
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G QLI Studio - [Corrosion Rates.oad*] — X
@7 File Edit Streams Calculations Chemistry Tools View Window Help o (=]
DSHE| =@ 2N | vasote res meflsin: | A |G BE |
Mavigator - x
[Navig 1 | o
Document
Corrosion Rates.oad™ Description Definition [3 Report LJ File Viewer
& Streams 3 Type of calculation
& CR of carbon steel aralic | e ~
G- & CRwvsflow = Stream Parameters SetpH - Specs...
o ‘ Gas Condensate Stream Amount (moly 1.00000e5
B Gas Cond. Dew Point Temperature (°C) 38.0000 Calculate @ |
A DEA Pressure (atm) 1.20000 Summary
= Calculation Parameters
@| TargetpH 7.50000 Unit Set: Metric (mole fraction)
&2 5'_"gle A Ne Automatic Chemistry Mode!
pH Acid Titrant HCL Aqueous (H+ ion) Databanks:
pH Base Titrant HN(C2H40H)2 Agqueous (H+ ion}
Using K-fit Polynomials
= ol T—ipan: zsz -225.0
H20 5.42000 P-span: 1.0 - 1500.0
coz T7.4000 Set pH Calculation
: N2 0.0200000 332;3333 ?
Actions L o+ X A atm
e = 16.6000 TargetpH  7.50000
CH4 0.500000 Acid Titrant:
C2HE 0.0300000 Base Titrant: HN(C2H40H)2
C3HE 0.0200000 Calculation not done
HN(C2H40H)2 0.0
Plot Template Manager P
A4
Input
5 Advanced Search Add as Streamn Ezport
ave
For Help, press F1 @ NUM

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. You can save it under the
same file created in the previous example named Corrosion Rates.
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Analyzing the Results
Check the summary box to analyze the results.

Summary

Unit Set: Metric (mole fraction)

Automatic Chemistry Model

Agueous (H+ ion) Databanks
Aguecus (H+ ion)

Using K-fit Polynomials
T-span: 25.0 - 225.0
P-gpan: 1.0 - 1500.0

Set pH Calculation

32.0000°C

1.20000 atm
cid Titrant: H
Total 0.0 mole %

Base Titrant: HN{C2ZH40H)2
Total 5.96844e-4 mole %

Phase Amounts
Agueous  31.6062 mol
Vapor 99968.5 mol
Solid 0.0 mol

Agueous Phase Properties
pH 7.50001
lonic Strength  0.0160370 molmol
Density 1.02548 g/ml

The pH is set to 7.5 and the inflow of DEA to the total gas is approximately 5.97e-4 mole%.

The DEA concentration in the condensing water and the amount remaining in the vapor phase can both be
viewed in the Report tab.

Click on the Report Tab and go to the Total and Phase Flows and Species Output tables

Species OQutput (True Species)

Row Filter Appiisd: Only Mon Zero Vsluzs

oolumn Filter Applied: Gnly Non Zero Values

Total Aqueous Vapor
mole % mole % mole %
co2 77.3094 0.0416672 77.4239
H2S 16.5999 0.0271211 16.6052
H20 5.41962 96.6827 5.39076
CH4 0.499999 1.37153e-5 0.500157
C2H6 0.03 9.08534e-7 0.0300094|
C3HE 0.03 7.06434e-7 0.0300094|
Total and Phase Flows {Amounts) N2 0.02 2.56549e-7 0.0200063
column Filter Applied: Only Non Zero Values NH2(C2H40H)2(+1) 5.02996e-4 159145
HCO3-1 3689e-4 116718
Total Aqueous Vapor CSH10NO4-1 5.87352e-5 0.217474
mal mal mal HS-1 5761285 0.182281
Mole (True) 1.00000e5 316062 99968 5 HN{C2HA0H)2 2.51153e-5 0.0778779 5.01249e-7
Mole {App) 1.00001e5 32.0477 99968.5 C03-2 3.86088e-6 0.0122441
[ [ 1 52 3.93925e-9 1.24636e-5
Mass 4.08064e6 642188 4.08000e6 OH-1 6.55471e-10 2.07387e-6
L L L H+1 2.47871e-11 7.8425e-8
Volume 2.11456e6 0.625619 21145666 Total (by phase) 100.0 100.0 100.0
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Recalculating the corrosion rate with DEA

We first need to capture the condensate from the DEA pH calculation. We want only the liquid portion to perform
our corrosion rate calculation. This would represent the first drop of condensate from the gas stream.

0 OLl Studio (Version 11.5.1 Beta) - [8.1 Corrosion Rates - Example_52.0ad*] — O >
W7 File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
DEHE $B@ 52N Uvasoz Ret mefisms ME: GEE N
| Navigator g - x| o
8.1 Corrosion Rates - Example_52.0ad* |
&% Streams Description Definition [ Report L File Viewer
=& CR of carbon steel .
@ Single CR Variable | Value Type of calculation
& CRuvsflow = Stream Parameters SetpH - Specs...
@ Static Flow, 25C Stream Amount (mol) 1.00000e5
@ Turbulance Flow, 25C Temperature (*C) 38.0000 Calculate & |
g Varying Flow, 25C Pressure (atm) 1.20000 Surnmary
@ Static Flow, 02 = Calculation Parameters
@ Static Flow, 02 and CO2 @ | Target pH 7.50000 Unit Set: Metric (mole fraction) ~
-¥gz 300 rpm flow, 02 and CO2 Use Single Titrant N
i 300 rp EEE Sl o Automatic Chemistry Model
¢ Gas condensate pH Acid Titrant HCI Agqueous (H+ ion) Databanks:
@ Gas Cond. Dew Pont. pH Base Titrant HN(C2H40H)2 Agueous (H+ ion)
. Using K-fit Polynomials
4 DEA = T TR E ) T-Espan: 253 _225.0
Hz20 5.42000 P-span: 1.0 - 1500.0
. coz 774000 Set pH Calculation
[ftions B x Nz 0.0200000 38.0000 °C
Actions 1.20000 atm
= 16.6000 5| TargetpH 7.50000
CH4 0.500000 Acid Titrant: HCI
C2H6 0.0300000 Total 0.0 mole %
Base Titrant: HN{C2H40H)2
i 0.0300000 Total: 5.97097e-4 mole %
HN{C2H40H)2 0.0 Added: 5.57057e-4 mole %
HCI 0.0 Phase Amounts
= Agueocus  31.6157 mol
Vapor 59968.5 mol
Solid 0.0 mol
|Plot Template Manager L - x
Agueous Phase Properties
pH 7.50001
lenic Strength  0.0160371 mol'mol
Density 1.02648 g/ml
Input Dutput Calc. elapsed time: 0.111 sec
Calculation complete v
Advanced Search | Add as Stream | Export
Save
* P-span: 1.0 - 1500.0 ~
L3
b4
-_% Calculating Rates for 1 of 1
E Calculation Complete!
5 v
For Help, press F1 @ NUM

Click the Add as Stream button
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Save Selected Result Streams ? x>

Export
Name: | DEA-Lig1 |

Indude the following phases in the stream(s)
Agueous |:| Vapor
[ ] second Liguid [ ] solids

Optional

Phases that are not induded may be exported
separately,

AgQueous

|:| Vapar
[ ]second Liquid

[ ]5olid
Cancel

Uncheck the following boxes: Second Liquid, Vapor, and Solid. This removes these phases from the saved
stream. Click the OK button

We now can recalculate the corrosion rate with DEA in the stream. This represents some DEA entrained in the
vapor phase as the gas leaves the regenerator.

e Copy ‘Gas Cond. Dew Point’ corrosion calculation from the Gas condensate stream, and paste it on the
stream ‘DEA-Lig1’ so that it appears under ‘DEA-Lig1.’
¥z& 300 rpm flow, 02 and CO2

& Gas condensate
[ Gas Cond. Dew Pont.

& DEA
¢ =3
5.8 Gas condensate ‘ ‘ anae i =4
@ - : Hons u x
‘- 4y DEA i 2 clions -
. o -
& DEA-Ligl ot J; Py »
| [ Paste
tons 1 [ CoRyfy s
ciions - Paste Add S Delete
Delete Rename
Rename Add As Stream
Add As Stream add Survey Clear Results l
Clear Results — e —— =
Clear Status =
] Calculation Options
————————  Calculation Options
ot Template Manager

Change the name to Gas Cond. Dew Point DEA using the <F2> key

The added DEA is already in the inflows gird.
Leave the default alloy Carbon steel G10100 (generic) as the contact surface
Change the calculation type to Isothermal

Your screen should look like the image below.
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X

Navigator x| =
3
Document1 |
Corrosion Rates. 0ad* | Description [&¥ Definition [{li General Corr. Rate [}l Localized Corr. [}l Polarization Curve Report | ¢ °*
0.‘ Streams Survey by
% & CRof carbon steel ._.l Variable 1 Value
d-& CRvsflow = Stream Parameters I Single Point Rate ~  Specs...
=& GasCondensate | Stream Amount (mol) | 32.0613 Thenby [optional)
#-[@# Gas Cond. Dew Point JIRTE——T | 28,0000 ) . =
Ae DEA Pressure (atm) 1.20000 = ol i
o |
& & DEA-Liql |5 C ion P Vary
#-B@ Gas Cond. Dew Point-DEA | Calculation Type [ isothermal HEmRI
Flow Type Pipe Flow Together
Pipe Diameter (cm) 10.0000
Pipe Flow Velocity (m/s) 2.00000 Calcylate
Effect of FeCO3/ FeS Scales | Include 5
! ummary
< Inflows (mole %)
H20 96.5139 Unit Set: <Custom> ~
coz2 1.41875 A ooatie 01 try Model
T T omatic Chemist
| N2 | 253014e-7 Aqueous (H+ ion) Databanks
H2S 0.206530 Corrosion (AQ)
|[Actions + +xl| || che 1.35263¢-5. CEEUR L 0
| = 4 t Redox selected
Belor C2He 8.96017e-7 Using K-fit Polynomials
C3H8 6.96702e-7 s T-span: 25.0-225.0
HN(C2H40H)2 1.86081 P-span: 1.0 - 1500.0
" Fe I 0.0 Isothermal Calculation
- 38.0000 “C 1.20000 atm
| J C complete
= Contact Surface
Carbon steel G10100 (generic) Single Point
No secondary survey selected
Polarization Curve Range
Range -2.0to 2.0 V (SHE)
Step size 0.01V (SHE)
PotT = | No. steps 400
Metal: Iron/Mild steel
Carbon steel G10100 (generic)
Flow Type: Pipe Flow
Diameter 10.0000 cm
Velocity 2.00000 m's
Scales included - passivating fims
included.
Input L There are species for which the
kinetic data has not been calbrated: V'
Advanced Search Add as Stream Export

P-span: 1.0 - 1500.0

x
v
+
g;(alculating Rates for 1 of 1 I
E Calculation Complete!

3|

For Help, press F1 @B\ NUM

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. You can save it under the
same file created in the previous example named Corrosion Rates.

Analyzing the Results
Click on the General Corr. Rate tab ( il General Corr. Rate ),

Click on the View Data button to see the results in tabulated form.

Temperature | Corrosion Rate| pH
C mimiyr
i 33.0000 0.480801 |7.50001
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Notice that the corrosion rate has decreased from 0.7 mm/year to 0.48 mm year. The pH is 7.6, and it
remained like the target value of 7.5. Based on these results, neutralizing the pH had a partial effect on

corrosion reduction.

Changing the Alloy

Since treating the acid gas with a base is probably not a good idea for metal hydroxides, perhaps we can
change the alloy. We will add a new corrosion rates calculation and test different alloys.

13%Cr Stainless Steel

Copy ‘Gas Cond. Dew Point’ corrosion calculation, and paste it under the stream ‘Gas Condensate’

Change the name to Gas Cond. 13%Cr using the <F2> key.
Notice that in the inflows, copying and pasting does not bring the DEA and its composition to this corrosion
calculation. The reason why is because the DEA was added at the corrosion rate calculation level, and not
at the stream level.

Change the contact surface to Super13%Cr stainless steel

Your screen should look like the image below.
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B File Edit Streams Calculations Chemistry Tools View Window Help -
DEd & B2E R K 11VaSol2 Red me 303 o M S BF A
Navigator g 4 x =
Documenti I
Corrosion Rates.oad | | & Description &¥ Definition [l General Corr. Rate @l Localized Corr. [l Polarization Curve ¢ |
&
4 Streams - Sun
- & CRof carbon steel J Variable Valuo Vﬁ}' o
@& CRvsflow | Stream Parameters Single Point Rate  + Specs...
& & GasCondensate | Stream Amount (mol) 1.00000e5 Thee 2 loptionall
&3 Gas Cond. Dew Point 0| Tempersture (C) 38.0000 T =
0 DEA ._ Pressure (atm) 1.20000
Gas Cond. 13%Cr < Calculation Parameters Vary
@& DEA-Liql Calculation Type Dew Point Independently
Calculate Temperature Together
Flow Type Pipe Flow
Pipe Diameter (cm) 10.0000 Calcylate @
| Pipe Flow Velocity (m/s) 2.00000 Summary
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H20 5.42000 Unit Set: <Custom> ~
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emistry
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H2S 16.6000 > Corrosion (AQ)
| CHa 0.500000 Aqueous (H+ ion
. ! Redox selected
c2H8 0.0300000 Using K-fit Polynomials
C3H8 0.0300000 T-span: 25.0 - 225.0
I Fe 00 P-span: 1.0 - 1500.0
T Dew Point Calculation
1.20000 atm
ko HNENCE Calculation not done
Super13Cr stainless steel ™ |
Plot Template Manager p 4 x Single Point
No secondary survey selected
Polarization Curve Range
Range -2.0 to 2.0 V (SHE)
Step size 0.01V (SHE)
No.steps 400
Input
Metal Stainless steel (V]
Advanced Search Add as Stream Expor SUpSc3Cr atainions slos!
e T-span: 25.0 - 225.0
’ P-span: 1.0 - 1500.0
+
I
'3 Calculating Rates for 1 of 1
|‘3 Calculation Complete!
\For Help, press F1 a®@ NUM

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. You can save it under the
same file created in the previous example named Corrosion Rates.

Analyzing the Results

Click on the Report tab to see the results. (You may need to use the € » buttons to move the tabs and find

the Report tab).

Go to the Calculated Rates table
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[£¥ Definition [l General Corr. Rate [l Localized Corr. @il Polarization Curve ﬂ D

Jump to: | Caleulation Summary ~ @ Ek Customize Export

|cane | oo3ooooo]  0.0300000]

Calculated Rates

Corrosion Rate 1.20223e-3 mmlyr
Corrosion Potential -0.263434, V (SHE)
Repassivation Potential =20 V(SHE)
Corrosion Current Density 1.10783e-3 Alsg-m

The corrosion rate of Super 13% Cr is several orders of magnitude lower when compared to the corrosion
rate for Carbon Steel, i.e., at 0.0012 mm/year for 13%Cr vs 0.7 mm/year for Carbon Steel. This is consistent
with the use of Super 13% Cr to protect against CO2 corrosion.

Click on the Polarization Curve tab (il Polarization Curve ),

Click on the Variables button. This will open a new window.

il Polarization Curve [F Report [ *|°*

QE] Wiew Data Options

Remove the following variables by unchecking them as See image below. Then Click OK.

Select Data To Plot
Survey Poirts & Reactions

Half-Reactions

{Fe Critxs) +xe
2H! )2 + 4H(x) + de
Corrosion Potential
Fe(3+) = Fel2+)-e

e

Clear all reactions Select all reactions

Cancel oy Help

The polarization curve (after some layout modifications) should look like the image below.
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Potential (\/ (SHE))

-2.5

e

R T T

Current Density (A/sg-m)

——13Crss =
H2C03 = 0.5H2 + HCO3(-) - &
— HSION=05H2+S(2)-e  —02+4H(+)=2H20 -4e

{FeCriix+) +xe  — 2H20 = 02+ 4H(+) + 48
H20 = 0.5H2 + OH(-) - &

¥ Corrosion Potential
— H2Saq=0.5H2 + HS(-) -

The layout of the plot was changed for easy reading. To change layout, you can rightclick on any part of the plot and select the
option Allow Layout Changes to modify the appearance of your plot.

The corrosion potential of Super 13%Cr is -0.25 V vs SHE and the corresponding corrosion current
icor=0.001A/m2. The icorr for Carbon Steel was 0.61 A/m2, this means that 13%Cr is 10x more resistant to
corrosion under the same conditions.

Stainless Steel 304

Copy ‘Gas Cond. Dew Point’ corrosion calculation, and paste it under the stream ‘Gas Condensate’

Change the name to Gas Cond. SS304 using the <F2> key
Change the contact surface to Stainless Steel 304

Your screen should look like the image below.

| @7 File Edit Stresms Calculstions Chemistry Tools View Window Help

DS d & B RMN Livasol2 Res m el s ME: UG EEF
Navigator 2 =] [
7%
Document1
Corrosion Rates.oad” &b [&¥ Definition |{lj General Corr. Rate |l Localized Corr. [l Polarization Curve | *|*
1 4¢ Streams
¥ Survey
48 CRof carbon steel [T Variable Value L
| B-# CRvsflow Stream Parameters Single Pont Rate v Specs.
& & Gas Condensate THBER ARG B, it Then by (optional)
[# Gas Cond. Dew Point 0| Temperature ('C) 38,0000 -
& DEA @ Pressure (sim) 1.20000 e
4G Gas Cond. 13%Cr S Calculation Parameters Vary
-7 Gas Cond. 55304 Calculation Type Dew Point Independently
i| @ & DEA-Liql Calculate Temperature Together
Flow Type Pipe Flow
| Pige Diameter (cm) 10.0000 Caloate @
Ppe Flow Veloctty (mis) 2.00000 I
Thermal Aging Temperature. (*C) 399,000
Thermal Aging Time (hr} 0.0 Unt Set: «Custom> A~
Ackors TV 5 Inflows (mole %) sy ek
| matic Chemist B
potons | 20 542000 Acuieous (+ fon) Databenks:
€02 77.4000 [ )
| [ 0.0200000 Fcpaous Hiv
Redox selected
| H2E .6000 Using K-fi Polynomials
| CcHa 0.500000 T-span: 25.0- 225.0
I C2HE 0.0300000 P-span: 1.0 - 1500.0
| Dew Point Calculation
| fsus 0.0300000 e
| s e Calculation not done
é%ﬂ‘m‘aw— Menager g - x Contact Surface Single Point
| | Fe(71.830)Cr{19.000)NiS.000)C(0 No secondary survey selected
Thermal Aging Temperature: 389,000
©
Thermal Aging Time: 0.0 hr
Input Polarization Curve Range
Range 201020V (SHE) ¥
Advanced Search ddassnan]  Ex Stepsize 0.01V (SHE)
1* P-span: 1.0 - 1500.0

ICalculating Rates for 1 of 1
(Calculation Complete!

culaion =

8

I_Fm Help, press F1
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Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. You can save it under the
same file created in the previous example named Corrosion Rates.

Analyzing the Results

Click on the Report tab to see the results. (You may need to use the €4 » buttons to move the tabs and find
the Report tab).
Go to the Calculated Rates table

Calculated Rates

Corrosion Rate 240183e-3 mmiyr
Corrosion Potential -0.293505 V (SHE)
Repassivation Potential »2.0 V{SHE)
Corrosion Current Density 2.21614e-3 Alsg-m

The corrosion rate of 304 SS is now 0.0024 mm/year. This is a negligible value.

Click on the Polarization Curve tab (il Polarization Curve ),
Click on the Variables button. This will open a new window.
Remove the following variables by unchecking them. See image below. Then Click OK.

Select Data To Plot ? X
Survey Paints & Reactions
Half-Reactions
2H20 = 02 + 4H{+) + 4o

Comosion Potertial
Fe(3+) = Fe(2+)-

H20 = 0.5H2 + OHK) - e
H2Sag = 0.5H2 + HS() -e

Clear all reactions | | Select all reactions

Cancel Aoply Help

The polarization curve (after some layout modifications) should look like the image below.
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Potential (v (SHE))

25 L L L L L L L L L L L
z z z z z z z z 7 7 Z Z Z
a, a, a, a, a, a, T T C CY CH & CY
% "o fe Tu ta Sy T To %y, Ty Ty Uy Ty
Current Density (A/sg-m)
—13Cr S5 ={Felnix+)+xe  —2H20=02=4H(+)+4e ¥ Corrosion Potential

H2C03 = 0.5H2 = HCO3(-) - & H20 = 0.5H2 = OH(-) - —H2Sag=0.5HZ = HS(-)-&

— HSION=05HZ+S(2)-& 02+ 4H(+) = 2H20 - 4¢

The layout of the plot was changed for easy reading. To change layout, you can right-click on any part of the plot and select
the option Allow Layout Changes to modify the appearance of your plot.

The corrosion potential of SS304 is -0.17 V vs SHE and the corresponding corrosion current icor=3.3e-3 A/m2,

With this low corrosion current density, sour gas regeneration can be remedied using a higher-grade alloy such
as SS304.
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Section 9. Thermal Aging and Variations in Alloy Composition

Overview and Basic Terminology

Localized corrosion of engineering alloys is a complex function of metallurgical factors and environmental
conditions. Among metallurgical factors, effects of thermal instabilities are of interest for assessing the
performance and expected service life of industrial components fabricated from nominally corrosion-resistant
stainless steels and nickel-base alloys.

Fabrication processes such as heat treatment and welding are known to introduce microstructural changes that
may affect both the mechanical performance and corrosion resistance of an alloy. In particular, thermal
instability of stainless steels and nickel-base alloys may lead to the formation of complex metal carbides of the
type MsC2, M7Cs, MeC, or M23Cs in which the metallic component M represents Cr, Mo, W, and Fe. The carbide
is chromium- or molybdenum-rich depending on the carbide type, which in turn depends on the alloy
composition and temperature. Also, various chromium-rich intermetallic phases can form in many alloys.
Precipitation of such phases may occur at temperatures ranging from 500 to 900 °C depending on alloy
composition. Formation of grain boundary carbides often results in the depletion of chromium and, possibly,
molybdenum in the vicinity of the grain boundary because of the slow diffusion of substitutional elements such
as chromium relative to the interstitial carbon.

Similarly, the corrosion resistance of welded components may be affected by the segregation of alloying
elements and precipitation of intermetallic phases, carbides, or nitrides in the solidified weld and unmixed zones
as well as the precipitation of carbides and other phases in the heat-affected zone adjacent to the weld.

Sensitization of Fe-Ni-Cr-Mo alloys and its effects on intergranular attack and intergranular stress corrosion
cracking is the most directly observed effect of Cr depletion. It may result in intergranular attack and
intergranular stress corrosion cracking. Localized corrosion can be also affected by Cr and Mo depletion.

Corrosion Analyzer contains the following technology that can help address these issues:

. A grain boundary microchemistry model for predicting the chromium and molybdenum depletion in
the vicinity of grain boundaries as a result of carbide formation.
. An electrochemical model for calculating the repassivation potential of Fe-Ni-Cr-Mo-W alloys as a

function of alloy composition and environmental conditions including temperature and concentrations of
aqueous solution species.

. A procedure for calculating the observable repassivation potential that corresponds to macroscopic
localized corrosion by applying the electrochemical model to the depletion profiles and performing suitable
integration.

More details about this technology are described by Anderko et al. (2008), Tormoen et al. (2009), Anderko et
al. (2009), and Sridhar et al. (2009).

Alloy Chemistry

Simulations can be performed, in general, for alloys that belong to the Fe-Ni-Cr-Mo-W-N-C family (i.e., for
stainless steels and nickel-base alloys).

Depletion profiles in the vicinity of grain boundaries and depletion parameters can be obtained for austenitic
alloys (including stainless steels and Ni-base alloys). Also, the effect of Cr and Mo depletion on localized
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corrosion can be calculated. This effect can be examined using the repassivation potential, which provides a
threshold potential for the stabilization of localized corrosion (Anderko et al., 2009).

For other alloys from the Fe-Ni-Cr-Mo-W-N-C family, the repassivation potential can be calculated if the alloy
composition is known. This also includes experimental alloys and separate phases that may be formed as a
result of various forms of heat treatment (Sridhar et al., 2009).

Calculation types

Thermal aging is an additional phenomenon that can be simulated within the framework of corrosion kinetics.
All calculation types and, in particular, survey types, that are supported for corrosion kinetics are also supported
in conjunction with the study of thermal aging.

If it is desired to make calculations on a thermally aged sample, the thermal aging temperature and time need
to be specified in the Calc Parameters section in the Definition tab. The default values are 399 °C for the
thermal aging temperature and 0.0 hours for the thermal aging time. If either of these default values is used, no
thermal aging effects will be predicted. Thus, by default, Corrosion Analyzer performs calculations on samples
that have not been thermally aged.

Thermal Aging Temperature Survey

This calculation makes it possible to vary the thermal aging temperature within a certain range. A fixed value of
thermal aging time is assumed as specified by the user. Typically, the temperatures for which thermal aging
effects can be observed range from ~500 °C to ~900 °C, with the effects being most pronounced in the middle
of this range.

Thermal Aging Time Survey

This calculation can be used to examine the effect of aging time at a fixed thermal aging temperature.
Output Specific to Thermal Aging

The following output can be generated:

Chromium and molybdenum depletion profiles, i.e., the variation of Cr and Mo concentration within the grain
as a function of grain boundary.

The depletion parameter, which provides compact information on the extent to which the depletion process
reduces the grain boundary concentration below a certain critical value of, which can be defined by well-
known criteria for maintaining passivity (e.g. x5, = 0.11 or 0.12). This parameter can be calculated as the area
of the depletion profile below the threshold concentration x;,., divided by bulk Cr concentration, x2,.:
1 (7
66e) == | (xty = 30Dz
xC‘r 0

where z* is the distance from the grain boundary that corresponds to the threshold concentration x;,.

The repassivation potential, which is a key parameter for determining whether localized corrosion can occur,
may be affected by thermal aging in a rather complex way.
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Thermal Aging and Variations in Alloy Composition

We will show examples of simulating the effects of thermal aging on Fe-Ni-Cr-Mo-W-C-N alloys (i.e., stainless
steels and nickel-base alloys). Specifically, we will show how to predict:

Chromium and molybdenum depletion profiles in the vicinity of grain
boundaries, which result from heat treatment of austenitic alloys.

Depletion parameters for sensitized austenitic alloys, which provide an
indicator of whether the alloy is susceptible to intergranular corrosion.

Effect of thermal aging on the repassivation potential of austenitic alloys,
which provides a threshold condition for localized corrosion (pitting or crevice
corrosion).

The repassivation potential of alloys with compositional variations that may or
may not result from thermal aging. This facility can also be used for bulk
alloys that are not in the database or for hypothetical or experimental alloys
as long as they belong to the Fe-Ni-Cr-Mo-W-C-N family. An example will be
given for a duplex alloy, either annealed or thermally treated.

Example 52: Thermal aging of alloy 600

We will be studying the behavior of thermally aged alloy 600 in a dilute aqueous solution of sodium chloride,
and will simulate how the time of thermal aging affects alloy 600 at a fixed thermal aging temperature of 700°C.

Starting the Simulation

Thermal Aging Calculation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Thermal Aging Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Thermal Aging Stream Amount | Calculated
Calculation Type Corrosion Rates Temperature 60 °C
Survey by Thermal Aging Time Pressure 1 atm
Name Style Display Name H20 Default — 55.5082 moles
Unit Set Metric, Batch, Moles NaCl 0.04 moles
Framework AQ

Add a new Stream

Click on the new Stream and press <F2> to change the name to Thermal Aging
Select the AQ thermodynamic Framework (selected by default)

Click on the Units Manager Icon and select Metric, Batch, Moles

Click on the Names Manager Icon and select Display Name

Enter the stream composition and conditions specified in the table above
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Go to the Add Calculation button and select Corrosion Rates

Note: Even though the thermal aging simulation facilities do not predict corrosion rates per se, they belong

to the category of corrosion kinetics and, therefore, they are included in the Corrosion Rates section of the
Corrosion Analyzer.

Select the Survey by Thermal Aging Time

Change the name from Rates to Alloy 600 using the <F2> key or by right-mouse clicking on the object and
select Rename

Select Alloy 600 from the Contact Surface grid

In the Calculation Parameters grid, change the default value for the Thermal Aging Temperature to 700°C.

Note that the default value for the Thermal Aging Temperature is 399 °C, which is a low value so that, in
the default case, no effects of thermal aging are being calculated.

Your screen should look like the image below.

& OU Studio - [Corrosion Rates.cad®] — O e
B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X
== TN | L1vasol2 |Red |m i3 s | MEL S R
Mavigator L o~ X
Corrosion Rates.oad |
&% Streams Description Definition i General Corr. Rate [l Localized Corr. il Polarization Curve [ Report * | *
& CRof carbon steel
‘ CR vs flow J Variable Value - Survey by
& Gas Condensate = Stream Parameters Thermal Aging Time Specs...
‘ Localized Corrosion Stream Amount (mol) 55.5482 Then by (optional]
E|‘ Thermal Aging Temperature (*C) 60.0000
. Alloy 600 Pressure (atm} 1.00000 Specs..
e Calculation Parameters Yary
Flow Type Static Independently
| Thermal Aging Temperature (*C) 700.000 | Together
Thermal Aging Time (hr}
- Inflows {mol) Calculate &
Water [ 55.5082 | Summary
Sodium chloride 0.0400000
Actions L - x Hickel 0.0 Unit Set: Metric (moles) ~
I 1 A i Chemistry Model
= Contact Surface Agueous (H+ ion) Databanks:
Alloy 600 Corrosion (AQ)
Agueous (H+ ion)
Redox selected
Using K-fit Polynomials
T-zpan: 25.0 - 225.0
P-span: 1.0 - 1500.0
Isothermal Calculation
Plot Template Manager L - x 50.0000 *C 1.00000 atm
Calculation not done
A Thermal Aging Time survey:
Range 0.0to 10.0 hr
Input Step size 2.0 hr
Mo. steps S W
Advanced Search Add as Stream Export
Save
For Help, press F1 @ NUM

Now we need to specify the Thermal Aging Time range. Click on the Specs button. This will open a new
window.
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Under the Survey Range tab, change the range for Thermal Aging Time from 0 to 22 hours with an increment
of 4.4 hours (of 5 steps).

Rates Calculation ? X
Category Survey Fange
- Var. 1 - Thermal Aging Time )
Flateaon Ctee Themal ing Tne Farge e
- Thermal Aging

- Calulation Type
Caloulation Options

Delete:

@) Linear O Log (O Point List
End Points

Step Size

Increment ® }

MNumber Steps & O

Select one, the other is
calculated

Cancel tipply Help

Under the Category section, select the Thermal Aging option.

Rates Calculation ? x

Category Thermal Aging
~Var. 1 - Themal 4ging T

Erp Directly from Conelation:. @ Mo (O)'Yes
#lloy Composition i

Calculation Options Fe |B 534 | Cr |7 E.408 | Hi ‘ 75.032 ‘
Mo [0 | c oo | nfo |
Carbide 5toichiometry:
Fe [0 | o7 | nifn |
Mo [0 | cf3 | Nl |
Catbids Themoshemisty: & [405190 | B [2s7es |
Cr Diffusion Caefficient: i) |4.4U1 Ge-006 | [#] ‘-243000 ‘
Mo, W Diffusion Coefficient 00 [0 | afo |
Ci Sensization Thisshold wiz [11 | Grain Sias: [122 |

Revert to Default

Cancel Epply Help

In this Thermal Aging Category, you can change all parameters that are necessary for calculating chromium
and (if applicable) molybdenum depletion profiles. You can change:

. The alloy composition (for example, to analyze the effect of different carbon content);

. The stoichiometry of the carbide phase that may form at the grain boundary; the typical carbide
stoichiometry is M7Cs or M23Cs (where M = Cr, Mo) but can be adjusted

. The parameters that define the equilibrium constant for the formation of the carbide

. The diffusion coefficient of Cr and, if applicable, Mo

. The threshold concentration of Cr for sensitization. This threshold concentration is used for
calculating the depletion parameter.

. The average grain size, which affects the process of healing of chromium depletion as a function of
time
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Also, you can indicate whether the repassivation potential (Erp) should be calculated directly from the correlation
developed by Anderko et al. (2008), which expresses Erp as a function of alloy composition or not. If it is not
calculated directly, then the repassivation potential is calculated first using the alloy-specific parameters for the
alloy of interest and only the decrement of Ex, (i.€., Erp, thermally aged — Erp, bulk alloy) is Obtained from the correlation.
This decrement is then added to the alloy-specific Erp value. This option is set by default to “No” because this
maximizes the accuracy of calculations for alloys that are already in the database.

For now, we will accept the default settings. Click OK.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. You can save it under the
same file created in the previous section named Corrosion Rates.

Analyzing the Results

Click on the Depletion Profile tab (lll Depletion Profile) £\, don't see it in your screen, use the <P buttons
to move the tabs.

[£¥ Definition [lll General Corr. Rate [l Localized Corr. [illl Polarization Curve [ Report @ Depletion Profile Ig ai[t I

| a % 9 [=] | wiewData Wariables

% - Thermal Aging Time=0.0hr

T Weight % - Thermal Aging Time=4.40000hr
Cr Weight % - Thermal Aging Time=2.80000hr
Cr Weight % - Thermal Aging Time=13.2000hr
Cr Weight % - Thermal Aging Time=17.6000hr 7
Cr Weight % - Thermal Aging Time=22.0000hr —
WMo+ Weight % - Thermal Aging Time=0.0hr -

Weight %

WMo+ Weight % - Thermal Aging Time=4.40000hr
Mo+ Weight % - Thermal Aging Time=8.20000hr

Mo+ Weight % - Thermal Aging Time=13.2000hr
WMo+ Weight % - Thermal Aging Time=17.6000hr
Mo+ Weight % - Thermal Aging Time=22.0000hr
Corrected Cr Weight % - Thermal Aging Time=0.0hr
I Corrected Cr Weight % - Thermal Aging Time=4.40000hr 1
-— Corrected Cr Weight % - Thermal Aging Time=8.80000hr -
-_ Corrected Cr Weight % - Thermal Aging Time=13.2000hr 4

[ O N - T I -~ -}
T T T T
1

L 1 |1 ——Corrected Cr\Weight % - Theqmal Aging Tipes17,80000h )y oy v 0 gy
2 A R n A | A B, E O, & FA 3

D oy | By—afotbpleaty ey Weghefg sty Thes22 B0, 0, | S T B % % %, 7,
Corrected Mo+ Weight % - Thermal Aging Time=0.0hr
Corrected Mo+W '.'welgngﬁaﬁr@mmmmgguuunr
Corrected Mo+ Weight % - Thermal Aging Time=3.80000hr

Note: Since alloy 600 does not contain any molybdenum, the molybdenum curves will always be equal to zero.

This plot will show the concentrations of chromium and molybdenum within a grain as a function of the distance
from the grain boundary (in um). You will see that, for each condition, there are four lines:
Cr weight %: concentration of Cr in weight %

Mo+W weight %: sum of the concentrations of molybdenum and tungsten in weight %

Corrected Cr weight %: concentration of Cr corrected for beam scattering and related effects so that it can
be directly compared with experimental results. The procedure for calculating the correction is described by
Anderko et al. (2009).

Corrected Mo+W weight %: sum of the concentrations of Mo and W corrected in the same way as those for
Cr.
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Let's customize the plot

Click on the Options button. This will open a new window.

Since alloy 600 does not contain Mo or W, eliminate the Mo+W curves. To do this, go to the Category section

and select the Curves option

Highlight the Mo+W weight % curves by pressing the Shift key and the down key (Shift + {). After highlighting

these curves, check the Hidden button.

Customize Plot

Category Curves

- General

Cr'weight % - Themal Aging Time=17.6000hr
= bz Crwieight % - Themmal Aging Time=22.0000h

Auto Legend Text

Auta Line Style Auta Line Weight Auta Color

—— [

V] [ |

[ Asuto Symbal Auta Scaling Factar Hidden

Mane ~

Cancel Apply Help

After hiding the Mo+W weight % curves, do the same for the Corrected Mo+W weight % curves. Then click

OK.

The plot should look like the image below.

L e e L B

165 E

16.0 F
155 [
150 [
1451
140
135 F
13.0
125
12.0

15 F
110 [

Wyeight %

Cr Weight % - Thermal Aging Time=0.0nr 1
Cr Weight % - Thermal Aging Time=4 40000hr T
Cr Weight % - Thermal Aging Time=8.80000hr
Cr Weight % - Thermal Aging Time=13.2000hr
Cr Weight % - Thermal Aging Time=17.6000hr
Cr Weight % - Thermal Aging Time=22.0000hr
Corrected Cr Weight % - Thermal Aging Time=0.0hr
Corrected Cr Weight % - Thermal Aging Time=4.40000hr ]
Corrected Cr Weight % - Thermal Aging Time=8.280000hr ]
Corrected Cr Weight % - Thermal Aging Time=13.2000hr —:
Corrected Cr Weight % - Thermal Aging Time=17.6000hr

7.0 L Corrected Cr Weight % - Thermal Aging Time=22.0000hr ]

6.5 b

EU C 1 1 1 1 L 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1

TO 8y B D D By & =5 A A d D & T
0 Y B Y Y Y B Y B % Y Y B Y B, Y Y Y Y Y

Grain Boundary Distance

The legend of this plot was modified for clarity. The border style of the legend was modified by double-clicking on the legend,
and selecting None as the Border Style
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Differences between Uncorrected and Corrected Depletion Profiles

Now, let’s focus on the differences between the uncorrected and corrected depletion profiles. To have a clear
picture of the difference between them, we will analyze the depletion profiles results obtained at 4.4 hours of
thermal aging.

Click on the Options button, and select the Curves category
Highlight all curves (hold CTRL and left-click to highlight/unhighlight) except the ones labeled as:

Cr Weight % - Thermal Aging Time = 4.40000 hr, and
Corrected Cr Weight % - Thermal Aging Time = 4.40000 hr

Check the Hidden box, then click OK.

Your plot should look that the image below.

17.0 L AL A L L L B —T T T T T T * T "~ T T "1 T T ]
16.5 - B
16.0 [ ]
1556 [ ]
15.0 [ ]
1456 [ ]
140 [ ]
136 [ ]
13.0 L Cr Weight % - Thermal Aging Time=4.40000hr 4

125 - Corrected Cr Weight % - Thermal Aging Time=4.40000hr 7]
12.0 - a

115 F J
1.0 F J
105 [ ]
10.0 F J
a5 [ ]
90 F ]
2
8.0 | .
75 i ]
o .
= n
60 L PR | PR | PR | P PR | PR | PR | Pl PR I | PR |
W g By N Y By B B Y B B B T

Weight %

P Fy e & ‘QII
D W % W W Y

Grain Boundary Distance

In the obtained plot, you can see the difference between the two curves for small distances from the grain
boundary (roughly below 30 um). The corrected concentration is much more rounded in the vicinity of the
minimum because of instrumental measurement effects. At larger distances from the grain boundary, there is
no difference between the two curves.
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Effect of Cr depletion on corrosion

After analyzing the depletion profiles, let's focus on the effects of Cr depletion on corrosion. We will do it by
analyzing two parameters — the depletion parameter and the repassivation potential.

To have more meaningful results, let's expand the range of thermal aging time and reduce the interval for

calculations.

Copy the Alloy 600 corrosion calculation, and then paste it under the Thermal Aging Stream
Rename the new calculation as Alloy 600 — Cr depletion
Go back to the Definition tab and click the Specs button

In the Var.1 Thermal Aging Time category, change the Survey Range as follows: Start=0 hours, End= 60
hours with an Increment= 1 hour. Then click OK.

Your screen should look like the image below

6 QLI Studio - [Corrosion Rates.oad™]

B File Edit Streams Calculations Chemistry Tools View Window Help

#h & &

% B

- 8 X

For Help, press F1

DEE % B 7R | 11 VaSol2 Red me It s
Navigator 4o
Corrosion Rates.oad* ‘ 2
l: Streams
+ & CRof carbon steel
+0 CR ve flow B Variable
i-# Gas Condensate =
& Localized Corrosion o ool
ey Thermal Aging Temperature (*C)
i@ Alloy 600 Pressure (stm)
-
Flow Type
Thermal Aging Temperature ("C)
Thermal Aging Time (hr)
-
Water
Sodium chioride
£ >
-
Actions g% Alloy 500
Actions
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Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. You can save it under the
same file created in the previous section named Corrosion Rates.
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Analyzing the Results

Click on the Localized Corr. tab ( ¥l Localized Corr.y By default, this tab will show a plot of the corrosion potential
and repassivation potential.

&J Description [£¥ Definition [l General Corr. Rate illl Localized Corr. flll Polarization Curve [ Report 1 D/ "

@ |8 |8 = | viewData
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Let's add a new parameter to the plot: The Depletion Parameter.

Click on the Variables button. This will open a new window.

Look for the Corrosion Values section, click on the ‘+’ icon, and select the Depletion Parameter option.
Click on the >> button that belongs the Y2 Axis. This action will place the new variable under the Y2 Axis.

Then click OK.

%

o

Select Data To Plot

Curves

- Survey Variables
- Stream Parameters
toCalculation Results ____
I Comrosion Values
-~ Comosion Cumert Density
i~ Comosion Rate
=
W
- Additional Stream Parameters

Melecular Totals
- MBG Totals - Totals

MDC Todde Aemeem

A X Pz

-3 |Therrna| Aging Time

7 Awis

bl

Repassivation Potential
Comosion Patential

2 Axis

[ Use short names
Hide zero species

Plot data which is only within temperature range

imum Pit Cument Density

Z Muis

- Select -

Cancel

Apply

Help

330



The plot should look like the image below.
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Itis clear that the depletion parameter reaches a maximum for aging time of about 10 hours. Since the depletion
parameter is a measure of the susceptibility of an alloy to intergranular corrosion, we can expect that the alloy
will be most susceptible to intergranular corrosion at intermediate aging times. When the depletion parameter
is zero, intergranular corrosion or intergranular stress corrosion cracking are unlikely. The decrease of the
depletion parameter as a function of time is a manifestation of the phenomenon of healing of Cr depletion.

The repassivation potential shows a minimum as a function of aging time (see the option View Data). This
indicates that the tendency of the alloy to undergo localized corrosion is enhanced as a result of thermal aging.
However, the effect of thermal aging on the repassivation potential of alloy 600 is small (cf. Tormoen et al.,
2009, Anderko et al., 2009). The repassivation potential shows a minimum at low aging times (ca. 1-2 hours).
Therefore, the susceptibility to localized corrosion is enhanced the most for these aging times. It is noteworthy
that the maximum in the depletion parameter does not coincide with the minimum in the repassivation potential.
This is due to the fact that intergranular corrosion (which is related to the depletion parameter) and localized
corrosion (which is controlled by the repassivation potential) are subject to different mechanisms. A general
discussion of these differences is given by Tormoen et al. (2008).

In general, the alloy will be susceptible to localized corrosion if the corrosion potential exceeds the repassivation
potential. In the above example, the corrosion potential is low because we have no oxidizing agents in the
system. Therefore, the alloy will not undergo localized corrosion at the conditions of this example. However, a
rise in the corrosion potential due to the presence of oxidizing agents may cause localized corrosion.
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Example 53: Thermal aging of alloy 825

Alloy 825 is appreciably different from alloy 600 because alloy 825 contains molybdenum and, also,
substantially more chromium in addition to other alloying elements.

In this example, we will simulate how the temperature of thermal aging affects alloy 825 at a fixed thermal aging
time of 15 hours.

Starting the Simulation
Thermal Aging Calculation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Thermal Aging Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Thermal Aging Stream Amount | Calculated
Calculation Type Corrosion Rates Temperature 95°C
Survey by Thermal Aging Temperature | Pressure 1 atm
Name Style Display Name H20 Default — 55.5082 moles
Unit Set Metric, Batch, Moles NaCl 2.846e-3 moles
Framework AQ

Under the Thermal Aging stream add a new calculation rate. Go to the Add Calculation button and select
Corrosion Rates or select the Add Corrosion Rates icon in the Actions panel

Change the name from Rates to Alloy 825 using the <F2> key or by right-mouse clicking on the object and
selecting rename

Select the Survey by Thermal Aging Temperature option

Change the stream composition and conditions to the specified values in the table above

Select Alloy 825 from the Contact Surface grid

In the Calculation Parameters grid, change the default value for the Thermal Aging Time to 15 hours

Note that the default value for the Thermal Aging Temperature is O hours, which means that no thermal
aging is considered by default.

Your screen should look like the image below

Navigator g o~ x =
- " 7
Corrosion Rates.oad ‘
& Streams Description Definition {{ll General Corr. Rate [l Localized Corr. [illl Polarization Curve [ Report [l D * | *
[ CRof carbon steel 5 z
__ & CRusflow J Variable Value ~ VRIS
__ & Gas Condensate = Stream Parameters Thermal Aging Temp. = Specs
__ & Localized Corrosion Stream Amount {mel) 555111 Then by [optional]
=& Thermal Aging Temperature (*C) 95.0000
51-E@ Alloy 600 Pressure (atm) 1.00000 Spees.
w-fg# Alloy 600-Cr depletion =~ Calculation Parameters Yary
LA Alloy 825 Flow Type Static Independently
Thermal Aging Temperature (*C) Together
| Thermal Aging Time (hr) 150000 |
< N - Inflows (mol) Calculate &8
Water [ 555082 |
Actions - x ; : SRR
L2 Sodium chloride 2.845008-3 |
Actions Nickel 0.0 Unit Set: Metric (moles) ~
Automatic Chemistry Model
54 Contact Surface Agueous (H+ ion) Databanks
Alloy 825 p Corrosion (A0Q)
Agueous (H+ion)
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Now we need to specify the Thermal Aging Temperature range. Click on the Specs button. This will open a
new window.

Under the Survey Range tab, change the range for Thermal Aging Temperature from 550 to 900 °C with
increments of 50 °C. We will keep the other parameters at their default values. Click OK.

Rates Calculation ? x
Category Survey Range
War, 1 - Themmal Aging Tempe X
Polatization Curve Thermal Aging Temperature Fange Urit:
Thermal Aging Selected Range
Calculation Tupe 5
Caloulstion Options Mew
Delete
(®) Linear O Log () Paint List
End Faints
Start | 550.000
End |500.000
Step Size
Increment | 50.0000
® } Select one, the other is
Mumber Steps 7 @ 4 EREE
< >
Cancel Apply Help

We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or use the save icon in the tool bar. You can save it under the
same file created in the previous section named Corrosion Rates.

Analyzing the results

Click on the Depletion Profile tab (ﬂ Depletion Profiley it v don't see it in your screen, use the <€ buttons
to move the tabs.

Since alloy 825 contains Mo in addition to Cr, you will see the depletion profiles for both Cr and Mo.

i General Corr. Rate [l Localized Corr. (il Polarization Curve [ Report |l Depletion Profile |(3 File Viewerm
| a 2 % 5] Variables
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Thermal Aging Temperature=850.000°C
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For clarity, let’'s customize the plot by removing the corrected depletion profiles and leaving only the uncorrected
(or directly calculated) ones.

Click on the Options button, and select the Curves category, highlight the Corrected curves and check the
hidden box. Then click OK.

Customize Plot ? *

Category Curves
- General
- Legend
- 24 Ais

&

- Curves

Auto Legend Test
Auto Line Style Auto Line ‘Weight Auto Color
[——] [e——] 1 -]
[ &uto Symbal Auto Scaling Factor
Nane ~ =

Cancel Apply Help

Your plot should look like the image below
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Grain Boundary Distance
The plot was modified by right clicking on it and selecting the option Allow Layout Changes. This option allows to move and

rearrange the plot and legend. Additionally, the color of the lines was changed for each temperature in order to distinguish the
temperature effect.
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As shown in the plot above, the depletion profile is very narrow at the lowest temperature, i.e., 550 °C. On the
other hand, it becomes flat at high temperatures, and it has a high minimum. The high minimum value is
particularly important because it indicates that the local depletion of Cr and Mo is much less severe at high
temperatures (due to much faster diffusion of substitutional elements and subsequent healing).

It should be noted that the Mo profile qualitatively parallels the Cr profile but has somewhat different slopes
because of differences in diffusion coefficients of Cr and Mo.

Effect of Cr and Mo depletion on corrosion

To look at the effect of Cr and Mo depletion on corrosion

Click on the Localized Corr. tab ( ¥l Localized Corr.y By default, this tab will show a plot of the corrosion potential
and repassivation potential.
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Let's add a new parameter to the plot: The Depletion Parameter.

Click on the Variables button. This will open a new window.

Look for the Corrosion Values section, click on the ‘+’ icon, and select the Depletion Parameter option. Click
on the >> button that belongs the Y2 Axis. This action will place the new variable under the Y2 Axis. Then click
OK.
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It is evident that both the depletion parameter and repassivation potential show their extreme values at
intermediate temperatures of thermal aging. In the case of the depletion parameter, it is a maximum and, in the
case of the repassivation potential, it is @ minimum. This is in agreement with experimental data (Anderko et
al., 2009). Non-zero values of the depletion parameter indicate the possibility of intergranular corrosion. A
depression in the repassivation potential indicates an increased tendency for localized corrosion.
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Thermal Aging and Localized Corrosion of Annealed and Thermally Aged
Duplex Alloy 2324

In the previous examples, we used the Corrosion Analyzer’s capabilities to predict the Cr and Mo depletion
profiles for austenitic stainless steels and nickel-base alloys. However, we are not limited to such calculations.

We can also use the Corrosion Analyzer to predict the localized corrosion behavior of other alloys and other
phases, including those that are not stored in the database. This facility is based on a generalized correlation
for predicting the repassivation potential of Fe-Ni-Cr-Mo-W-N alloys as a function of alloy composition (Anderko
et al., 2008). This correlation can be applied to both bulk alloys that are not in the database and to phases that
may result from thermal aging.

In this section, we will go through two simulations:

First, we will predict the tendency for localized corrosion for the duplex alloy 2324 in an aerated chloride
solution. Alloy 2324 (a.k.a. AlSI 329) is not in the database, so the repassivation potential will be calculated
from the generalized correlation (Anderko et al., 2008). The corrosion potential will be calculated for a
similar alloy because the corrosion potential does not differ much for many Fe-Cr-Ni-Mo alloys in the
passive state in neutral solutions.

Second, we will predict the localized corrosion tendency for alloy 2324 after thermal aging. Thermal aging
of duplex steels in the temperature range of 900°C to 600°C leads to the formation of various phases - y,
o, M23Ce-type carbide, and secondary austenite (y2). The secondary austenite phase is primarily responsible
for the increased tendency of the alloy for localized corrosion. This is due to a very significant depletion of
chromium in the secondary austenite over relatively wide spatial areas (Sridhar et al., 2009). Since the
composition of the secondary austenite cannot be predicted at present, we will use experimental
microstructural data (Sridhar et al., 2009) in conjunction with the generalized correlation for the
repassivation potential.

Example 54: Prediction of Localized Corrosion for Alloy 2324 Before Thermal Aging in an
Aerated NaCl Solution

Starting the Simulation

Use the inputs and parameters from the table below to create the stream’s composition. Certain inputs, such
as the name style, units, etc. will require further adjustments, and will be described as necessary.

Thermal Aging Calculation

Calculation Settings Stream Composition and Conditions
Stream Name Thermal Aging — Alloy 2324 | Stream Amount | Calculated
Calculation Type Corrosion Rates Temperature 60 °C
Survey by Composition Pressure 1 atm
Name Style Display Name H20 Default — 55.5082 moles
Unit Set Metric, Batch, Moles NaCl 0 moles
Framework AQ 02 0.02 moles
N2 0.08 moles

Note: The oxygen and nitrogen have been added to simulate the presence of air
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Add a new Stream

Click on the new Stream and press <F2> to change the name to Thermal Aging — Alloy 2324
Select the AQ thermodynamic Framework (selected by default)
Click on the Units Manager Icon and select Metric, Batch, Moles
Click on the Names Manager Icon and select Display Name

Enter the stream composition and conditions specified in the table above

Go to the Add Calculation button and select Corrosion Rates
Select the Survey by Composition
Change the name from Rates to Alloy 2324 — before aging using the <F2> key or by right-mouse clicking
on the object and selecting Rename

Since alloy 2324 is not available in the database, we will select stainless steel 316 as the contact surface. This
will ensure that the predicted corrosion potential is very similar to that for alloy 2324.

Select Stainless Steel 316 from the Contact Surface grid

Unlike in the previous examples, do not make any changes in the Calc Parameters section. We will not make
Cr depletion calculations; rather, we will be specifying the compositions of the phases.

Your screen should look like the image below.
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@ HUM

We will be running a composition survey to see how the concentration of NaCl affects the propensity for

localized corrosion.

338



We need to specify the NaCl concentration range. Click on the Specs button. This will open a new window.

Under the Component tab select Sodium Chloride

Composition Rates Calculation ? x
Catsgory Component  Survey Range
- War. 1 - Composition
- Polarization Curve Eemponent [naws
i Themmal Aging Hide Related Inflows New Inflow

+- Calculation Type
% Calculation Dptions

lran
Mitrogen
Oxpgen

aler

Select a component inflow which will be varied over the specified range.

Cancel tipply Help

Click on the Survey Range tab and change the concentration range as follows: Start=0.0001 moles, End=6
moles, and number of steps=20. Then, click on the Log radio button.

Composition Rates Calculation ? x

Categary Component  Survey Range

- War. 1 - Compasition

i Polatization Curve: Composiion Range Unit [mal
- Theimal Aging Selected Range
i Caleulation Type 1.0e-4

.- Caleulation Options m < New

Delete

O Linear ® Log () Paint List
End Paints
Start

Step Size

Select one, the other i
calculated

Increment 0233335 }

Murmber Steps

Cancel Apply Help

Under the Category section, select the Thermal Aging option. The screen will be populated with default
parameters for type 316 stainless steel.

In the following steps we are going to enter the alloy 2324 composition and use the repassivation potential (Erp)
correlation (embedded in the software) to calculate the Erp of the alloy. This is necessary because no

parameters for alloy 2324 are stored in the databank and we have to rely exclusively on the correlation to predict
the repassivation potential.
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First, click on the Yes button next to “Erp Directly from Correlation:”

Then, enter the composition of alloy 2324 by replacing the default values for alloy 316.

Enter the following composition of alloy 2324

Fe 67.245*

Cr 254

Ni 5.75
Mo+W 1.5

C 0.025

N 0.08

*which is the balance that includes many minor elements

The remaining parameters in the Thermal Aging screen can remain the same because we will not be using

them in this example (i.e., we will not be calculating any depletion profiles). After entering the values, the screen
should look as follows:

Composition Rates Calculation ? *

Categom Themnal Aging
Var. 1 - Composition
~ Polarization Curve Eip Directly from Correlation: (Mo (@) Tes
« Thermal Aging .. .
Alloy Composition wiz:
Calculation Type
« Caloulation Options Fe |E7 245 ‘ Er ‘25'4 | Ni | 575 ‘
Mosw [15 | c[ooes | w[oos |
Carbide Staichiometny:
Fe [0 | crf1am e |
hovw [3.28 | cls | nfo |
Carbide Thermochemisty: 4 ‘41221 | B |—BEE ‘
O Dilfusion Cosfficisnt. D0 00016318 | 0 [-283000 |
Mo, % Diffusion Cosffisient D0 |7.93¢-005 | 0 [-274000 |
Cr Sensitization Threshold vtz ‘12 | Grain Size: |‘\UU |

Revert to Default

Cancel Apply Help

Click OK to accept the changes

We are now ready to perform the calculation. Click on the Calculate button
or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. You can save it under the
same file created in the previous section named Corrosion Rates.
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Analyzing the results

Click on the Localized Corr. tab ( Il Localized Corr.) By default, this tab will show a plot of the corrosion and
repassivation potentials as a function of NaCl concentration. In the Y2 axis the Maximum Pit Current Density is
also plotted.
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To visualize the results better, change the horizontal axis to a logarithmic scale.
Right-mouse click on the X Axis and select Logarithmic Scale

The plot should look like the image below.
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These results indicate that alloy 2324 is susceptible to localized corrosion in aerated solutions when the chloride
concentration exceeds ~0.3 molal. Above this concentration, the repassivation potential drops below the
corrosion potential and, therefore, localized corrosion can be stabilized at these conditions.
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Example 55: Prediction of Localized Corrosion for Alloy 2324 After Thermal Aging

Now, we will perform the same prediction of localized corrosion calculations for thermally aged alloy 2324. We
will run the same concentration survey as in the previous case so that we can compare the results for bulk alloy
2324 with those for a heat-treated sample.

Sridhar et al. (2009) found that after aging alloy 2205 at 700 °C for 24 hours, the formation of a chromium-
depleted secondary austenite phase is responsible for a much-increased tendency for localized corrosion. We
will use this experimental data to approximate the localized corrosion tendency of alloy 2324.

Starting the Simulation
Copy the Alloy 2324-before aging calculation and paste it under the Thermal Aging — Alloy 2324 stream

4 Streams 4 Streams
a-& CR of carbon steel @& CRof carbon steel
+¢ CRvs flow +0 CRvs flow
+¢ Gas Condensate +¢ Gas Condensate
+¢ Localized Corrosion +¢ Localized Corrosion
il-& Thermal Aging il- & Thermal Aging
S & Thermal Aging -Alloy 232 B Y Thermal Agingetliadand
E75] Alloy 2304 -hatareain B Alloy232¢ ~ Amange
Arranc
Cut
Cut Copy
Copy Paste
Paste
Delete
Delete Rename
Renarr

Rename the calculation as Alloy 2324 — after aging by using the <F2> key or by right-mouse clicking on the
object and selecting Rename

Set Thermal Aging Temperature to 700°C. Set Thermal Aging Time to 24 hr.
Click on the Specs button. This will open a new window.

Under the Category section, select the Thermal Aging option. The screen will be populated with default
parameters for type 316 stainless steel.

Click on the Yes button next to “Erp Directly from Correlation:” — because we will be running calculations for a
completely new phase

Then, enter the composition of the secondary austenite phase by replacing the default values for alloy 316.

Note: we are using experimental data obtained for alloy 2205 for illustration purposes. For more details on
how these compositions were determined, see the paper of Sridhar et al. (2009).

Enter the following composition:

Fe 80.774*
Cr 12.512
Ni 5.134
Mo+W 1.399
Cc 0.017
N 0.164

*which is the balance that includes many minor elements
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The remaining parameters in the Thermal Aging screen can remain the same because we will not be using
them in this example (i.e., we will not be calculating any depletion profiles). After entering the values, the screen
should look like the image below.

Composition Rates Calculation ? x

Calegory Thermal Aging
+-War. 1 - Composition
i Polarization Curve
- Thermal Aging
Caleulation Type

Erp Directly from Correlation: (Mo @) Yes
Allay Composition wt:

“ Caloulation Options Fe |EU A | G |12 512 ‘ N‘|5 3 |
Mosw [1.293 | ¢ |om? | n[ots4 |
Carbide Stoichiometry:
Fe [0 | crf1are | nifo |
Mosa/ [326 | cfs | nfo |
Catbide Theimochemistry: 4 [41221 | & [%s |
Ci Diffusion Coefficiert, DO [0.00016818 | 0 [-289000 |
Mo, w Diffusion Cosfficiert: DO [7.93¢-008 | 0 [-274000 |
Cr Sensitization Threshold wt?; ‘12 | Grain Size: |1[||J |

Fevert to Default

Cancel tipply Help

Click OK to accept the changes

We are now ready to perform the calculation. Click on the Calculate button
or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool

bar. You can save it under the same file created in the previous section
named Corrosion Rates.
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Analyzing the results

Click on the Localized Corr. tab ( il Localized Corr.) By default, this tab will show a plot of the corrosion and
repassivation potentials as a function of NaCl concentration. In the Y2 axis the Maximum Pit Current Density is
also plotted.

To visualize the results better, change the horizontal axis to a logarithmic scale.

Right-mouse click on the X Axis and select Logarithmic Scale

The plot should look like the image below.
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The obtained plot shows that the repassivation potential is much lower than that for bulk alloy 2324. Because
of the strong depression of the repassivation potential, the corrosion potential exceeds the repassivation
potential at chloride concentrations of ~0.0007 m. Thus, localized corrosion is predicted to be possible at
concentrations above 0.0007 m. This indicates a very strong increase in the propensity for localized corrosion
compared with bulk alloy 2324, for which the predicted threshold is ~0.3 m.

In general, you can use this facility to predict the repassivation potential for any alloys, including unknown and
experimental ones, as long as they belong to the Fe-Ni-Cr-Mo-W-N-C family.
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Section 10. EVS Overview

Overview and Theoretical Foundation

Engineering systems may have many pits and corroded areas of varying degree of severity. The first
perforation, whose time and location will be a matter of probability, may cause the failure of the construction.
Accordingly, the probability of such failure must be known as accurately as possible.

Extreme value statistics (EVS) is one of the most powerful statistical techniques that have been used
extensively to extrapolate damage (maximum pit depth) from small samples in the laboratory to larger area
samples in the field (see, for example, Eldridge G. 1957, Shibata T. et al. 1988, Kowaka et al. 1994). Thus, it
was shown (Shibata T. et al. 1988) that probability of failure of a construction, Py, i.e. the probability that at least
one pit reaches the critical dimension, d, (for example wall thickness) in the system with area S, is described
by the equation:

szl—exp{_M} (1)

where location parameter, u, and scale parameter, a, are measured by using small samples with constant area,
s. Equation (1) is used to extrapolate corrosion damage from a small reference area, such as a coupon to a
larger operation area, S. This is the classical use of Extreme Value Statistics.

Experimental studies demonstrate that both the shape and location parameters are time-dependent. However,
those dependencies must be established empirically, and since no theory contained within classical EVS is
available for the functional forms of u(t) and a(t), it is necessary to know the answer (prediction) in advance for
predicting the damage at long times. This has proven to be a severe constraint of the applicability of classical
EVS.

This problem can be overcome by applying a damage function analysis (DFA) method that considers
propagation of corrosion damage by drawing an analogy between the growth of a pit and the movement of a
particle (Engelhardt and Macdonald, 2004). In many cases, DFA yields an analytical expression for u and a in
terms of time of the hyperbolic form:

_ _at —
U= and a = ast (2)

where a1, az, and as are readily determined by calibration from short term data in order to predict damage over
the longer time. Namely, equations (2) are used now by OLI software for predicting damage in corroding
systems. It must be noted that a different (power) form of such dependencies has been used by Laycock et al.,
1990.

Input and Output Specific to EVS

For applying this technique, the user has to provide a set of experimental data (x;, ti, si), i = 1,2,...,N, where X;
is the depth of the deepest pit over area si, of a metal exposed to corrosion attack. The separate area, si, could
be distinct coupons from a designed experiment or random samples at various times from different locations in
the system. Experiments must be performed for at least two different times.

The output of the code yields the probability of failure as a function of time for a large system with area S. The

code also allows the user to answer several engineering questions: for example, what service life, t, will the
pipe have with the width, d, and length L in order to ensure acceptable performance (probability of failure, P+ ).
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Advantages and Disadvantages of EVS

The advantage of this approach is self-evident. The prediction of corrosion damage for long times will be done
by using experimental data for short times without requiring the explicit determination of any information about
the kinetic parameters of the system. However, such approach has evident disadvantages, as follows:

The results of the analysis cannot be transferred for predicting corrosion damage to other systems (for
example, pipelines) due to the different technological and environmental conditions that generally exist. The
results cannot be used for predicting damage in the same system if technological and environmental
conditions change.

We can expect that when the depth of the pit increases some critical value, the nucleation of cracks can
occur. A purely statistical method cannot predict such a transition. This method also cannot predict any
catastrophic event.

This method cannot be used for design of new constriction because it relies upon calibration upon a pre-
existing system.

Extreme Value Statistics for Predicting Pitting Damage

We will show examples of applications of Extreme Value Statistics for predicting pitting damage. Specifically,
we will show how to predict:

The depth of the deepest pit in the engineering structure or laboratory systems as a function of time and the
surface area of the system

Probability of failure for a given penetration depth and the area of the system as a function of observation time
Probability of failure for a given observation time and the area of the system as a function of penetration depth
Probability of failure for a given penetration depth and observation time as a function of the area of the system
Foundations of Extreme Value Statistics can be found in the following references: Aziz, 1956; Kowaka et al.,
1994; Laycock et al., 1990; Engelhardt and Macdonald, 2004.

Example 56: Corrosion of Aluminum Alloy in Tap Water

In this example, we will consider the classical data for pitting corrosion (Aziz, 1956). In this paper, we can find

particularly the experimental data for the maximum pit depths developed on Alcan 2S-O coupons with area
s=129 cm? immersed in Kingston tape water at 25 °C. The experimental data is summarized in the table below.

Maximum pit depth (in ym) developed on Alcan 2S-O coupons with immersed in Kingston tape water for different observation
times. Area of all coupons is s=129 cm?

Coupon# One Week One Month Three Months Six Months One Year

7 days 30 days 90 days 180 days | 365 days
1 180 460 480 620 640
2 266 500 578 620 680
3 290 510 610 620 700
4 306 580 610 680 760
5 334 580 610 680 800
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6 340 640 660 720 810
7 340 654 690 740 820
8 410 680 718 740 840
9 410 692 760 760 840
10 545 692 798 760 900

Calculating the Depth of the Deepest Pit
Starting the Simulation

Add a new EVS calculation. Select the Add EVS Calculation icon in the Actions Pane

Actions |

Add Streamn

&) Add Mixer

Add Water Analysis
=] Add EVS Calculation |
Add Brine Analysis

Click on the new EVS calculation and press <F2> to change the name to EVS-Aluminum samples. Notice that
the default calculation is the Pit Depth Prediction.

All samples have a constant area s = 129 cm?. Under the Calculation Parameters grid, enter 129 cm? for the
Surface Area and Default Value cells.

& oL Studio - [EVS.0ad] - ul X
B File Edit Streams Calculations Chemistry Tools View Window Help - & X
D& 7N Iz w4 L0 s AEL R W
MNavigator L =~ X% 5
y,
Documentt [ 17
EVS.0ad | Description &F Definition {i§ Plot [& Report
bt
‘ [Streams ; Description Pit Depth (pm) Area (sg-cm)
" BVS-Aluminum samples Calculation Parameters . .
Pit Depth Prediction  + Specs...
Surface Area 129.000
- Experiment Start {day) 0 =] Cakuate @
Default Value 129.000

TF Sample Group 01 (day) 717214 Summary

EV'S Calculation Type: Pit Depth
Prediction

Calculation Parameter(s):
Surface Area  129.000 =sg-cm

Experiment Start: 01/01/2000

€ > Range 0.0 to 365.0 day
Step size 5.0 day

Actions PR Mo. steps 73

Actions >

Default Area Value: 129.000

Plot Template Manager L - x

AddGroup || (@) Elapsed () Actual Time

For Help, press F1 & NUM

Save
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There are experimental data sets for 5 different periods of time. This means that we need to enter 5 different
sample groups.

By default, Sample group 01 is created. Click on the = button to edit this field. This will open a new window.

Change the title to One Week, enter the number 7 for the number of elapsed days, and check the box ‘Include
for Calculation’. Then click OK.

EVS Sample Group Info Editor ? X

Title:
| One Week

Elapsed: {(day)

Induded for Calculation

Concel

Enter the Pit Depth data (second column) obtained for 1 week

Description Pit Depth (pm) Area (sg-cm)
Calculation Parameters

Surface Area 129.000
= Experiment Start (day) o

Default Value 125.000
~[v One Week (day) 7.0 J
1 180.000 129.000
2 265.000 128.000
3 250.000 128.000
4 306.000 129.000
5 334.000 129.000
] 340.000 128.000
7 340.000 129.000
8 410.000 129.000
9 410.000 128.000
10 545.000 128.000

Now we need to add 4 more groups.
Click on the Add Group button (located at the bottom of the window). This will open a new window.

Change the title to One Month, enter the number 30 for the number of elapsed days, and check the box
‘Include for Calculation’. Then click OK.

Enter the Pit Depth data (second column) obtained for 1 month.

Click on the Add Group button, and repeat the same procedure for one month, three months, six months and
one year.

348



< Description & Definition §i§ Plot (& Report

Description Pit Depth (ym) Area (sqcm) | A

v One Manth (day) 30.0

1 460.000 129.000
2 500.000 129.000
3 510.000 129.000
4 580.000 129.000
5 580.000 129.000
6 £40.000 129.000
7 654.000 129.000
8 £80.000 129.000
s £92.000 129.000
10 £92.000 129.000

BuSE = | Three Months (day) 89.9999

1 430.000 129.000
2 578.000 129.000
3 £10.000 129.000
4 610.000 129.000
5 610.000 129.000
5 660.000 129.000
7 £90.000 129.000
8 718.000 129.000
9 760.000 129.000
10 788.000 129.000
< Six Months (day) 180.0

1 £20.000 129.000
2 620.000 129.000
3 620.000 129.000
4 660.000 129.000
5 660.000 129.000
5 720.000 129.000
7 740.000 129.000
8 740.000 129.000
9 760.000 129.000
10 760.000 129.000
< One Year (day) 385.0 .
1 £40.000 129.000
2 £80.000 129.000
3 700.000 129.000
4 760.000 129.000
5 800.000 120.000 |

AddGroup | @) Elapsed O Actual Time

Note the following:

Here, for the description of different experiments, we simply used the number of the corresponding row in
Table 1. However, this description can be done in an arbitrary form.

For each group, the order of samples’ relative depth can be arbitrary (not necessary in ascending order as in
Table 1)

If coupons have different areas, each area must be specified in the column Area
Radio button Elapsed means the time after corrosion attack is used in calculations and, namely, this time is

used usually in scientific publication. However, it is possible to use also Actual Time of the experiments.

At this point, the experimental data has been entered. Now we need to define the period of time for which we
want to do the prediction of failure due to pitting.

Click on the Specs button. This will open a new window.

Under the Survey Range tab, enter the range for Pit Depth Prediction as follows: Start=0 days, End=365
days, and number of steps=50. Then click OK
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EVS Calculation Options ? X
Survey Range

Pit Depth Prediction Range Unit:  [day
Selected Range

0.0to 365.0in 50 steps of 7.3

New

Delete

(®) Linear (O Log () Paint List
End Faints

Step Size

Increment | 730000 @] }
Mumber Stepz @

Select one, the other is
calculated

Cancel Aply Help

Before running the calculation, we are going to study two different cases:
The first case will include the experimental data for 1 week and 1 month — short term experiments

The second case will include all the experimental data — long term experiments
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Predicting the Worst Pit Depth for 1 year of service life using short term experiments (Experimental Data for 1

week and 1 month)

Check the boxes for 1 week and 1 month only to include them into the calculations

We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. Save this new file as EVS

calculations.

Description Definition i Plot [E] Report

Description | PitDepth (um) | Area(sqcm)
Calculation Parameters
Surface Area | 129.000
e Experiment Start (day) 1]
Default Value | 129.000
o One Week (day) 7.0
1 180.000 129.000
2 266.000 129.000
3 280.000 129.000
4 306.000 129.000
5 334.000 129.000
§ 340.000 129.000
7 340.000 129.000
3 410.000 129.000
9 410.000 129.000
10 545.000 129.000
~[v One Month (day) 30.0
1 450.000 129.000
2 500.000 129.000
3 510.000 129.000
4 580.000 129.000
5 580.000 129.000
§ £40.000 129.000
7 £54.000 129.000
3 £30.000 129.000
9 £92.000 129.000
10 £92.000 129.000
<" Three Months (day) 89.9999
1 430.000 129.000
2 573.000 129.000
3 £10.000 129.000
4 £10.000 129.000
5 £10.000 129.000
§ 660.000 129.000
7 £90.000 129.000
3 718.000 129.000
9 760.000 129.000
10 795.000 129.000
<" Six Months (day) 180.0
1 £20.000 129.000

Add Group (® Elapsed () Actual Time
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Analyzing the results

Click on the Plot tab (lll Plot). You will see a plot of the predicted mean value of the depth of the deepest pit,
xm and the plots of values xm — 0 and xm + 0, where o is the standard deviation of xm.

It is important to note that only data for short term experiments (for 1 week and 1 month) are shown as
black circles in the plot. The additional data are shown as red diamonds, only for demonstrating the
accuracy of prediction.
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Click on the Report tab, and to the Calculation Results table.

The predicted depth of the deepest pit at 365 days is 610.43um < 825.373um < 1040.31um (based on the
short-term experimental data).

Predicting the Worst Pit Depth for 2 years of service life using long term experiments (all data sets)

The accuracy of prediction increases when additional group of experiments are included into consideration. For
this case, we are going to add the experimental data for 3 months, 6 months, and 1 year.

Go back to the Definition tab
Include (check) the experimental data for 3 months, 6 months, and 1 year
Click on the Specs button. This will open a new window

Under the Survey Range tab, enter the range for Pit Depth Prediction as follows: Start=0 days, End=730
days, and number of steps=50. Then click OK

Then Click on the Calculate button or press the <F9> key

352



Analyzing the results

Click on the Plot tab ([l Plot).
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Click on the Report tab, and to the Calculation Results table.

The predicted depth of the deepest pit at 730 days (2 years) is 617.57 um < 780.873 um < 944.18 um.

Calculating Fail Probabilities

When doing engineering design, information regarding the probability of failure is of importance to consider.
The next set of calculations will involve calculating the Probability of Failure for a given:

Penetration depth
Observation time (life)

Area of the system

Pit Depth Prediction: vl Specs...

~  Pit Depth Prediction
Fail Probability: Depth

2 Fail Probability: Life

| Fail Probability: Area

Firmdimdinm
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Fail Probability: Depth

Let’s start with the calculation of Probability of Failure for a given penetration depth and the area of the system
as a function of observation time.

We are going to answer the following question:

Which thickness, d, does an aluminum pipe with the area of S= 1 m2 have to have in order to ensure acceptable
performance (probability of failure Pi«< 5% at design service life, ts =5 years)?

Starting the Simulation
Use the data entered in the example above. Change the Calculation Type to Fail Probability: Depth

Under the Calculation Parameters grid, enter 1 m2 for the Surface Area and 5 years for the Service Life.
Change units by clicking on the blue hyperlinks.

Make sure all data sets are selected (checked)

Your screen should look like the image below.

B File Edit Streams Calculations Chemistry Tools View Window Help
O=HE 7N [ T b i M ?.} E " |
|
Mavigator L o~ X .
g’
| Documentt s
i EVS.oad Description Definition i Plot [E Report
St I ]
e reams ) Description Pit Depth (pm) IAreatsq-ml I ~
g EVS-Aluminum samples e n 3
..Ey EVS-Fail Probability alculation Farameters Fail Probability: Depth - Specs...
s Surface Area 1.00000
Service Life (yr) 5.00000 Calculate 48
= periment Start (yr) 1]
Defautt Value 0.0128000 SuiInEL ‘
= |7 2 TECEEEETL R EV'S Calculation Type: Failure
1 180.000 0.0128000 Probability - Critical Depth Based
2 266.000 0.0125000 |
Calculation Parameter(s): |
3 290.000 0.0125000 Surface Area 1.00000 sg-m
4 305.000 0.0125000 Service Life 5.00000 yr
5 334.000 0.0125000
Experiment Start: 01/01/2000
= 5 [ 340.000 0.0125000
7 340.000 0.0125000 Range 0.0 to 2000.0 pm
Actions B oex 8 410.000 0.0129000 Stepsize 10.0ym
n No. steps 200
Actions 9 410.000 0.0129000 >
10 545.000 0.0125000 Default Area Value:  129.000
¢|7 One Month (yr) 0.0821918 J
1 450.000 0.0125000
2 500.000 0.0125000
3 510.000 0.0125000
4 580.000 0.0125000
Plot Template Manager L - x 5 530,000 0.0129000
[ 540.000 0.0125000
7 §54.000 0.0125000
8 §80.000 0.0125000
9 B892.000 0.0125000
v
Add Group (® Elapzed (O Actual Time |
Save |
For Help, press F1 @ NUM
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We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar.

Analyzing the results

Click on the Plot tab (ﬂ Plot), You will see a plot of predicted probability of failure
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Click on the Report tab, and to the Calculation Results table.

We can conclude that the acceptable pipe wall width is reached at d > 1950 um.

Fail Probability: Life

Let’'s continue with the calculation of probability of failure for a given service time (life) and the area of the
system as a function of penetration depth.

We are going to answer the following question:

What service life, t, will the aluminum pipe have with the width,\ d=1850 um and area S=10 mZ2in order to ensure
acceptable performance, i.e. probability of failure, Pi< 5 %?

355



Starting the Simulation

Change the Calculation Type to Fail Probability: Life
Under the Calculation Parameters grid, enter 10 m? for the Surface Area and 1850 um for the Critical Pit
Depth. Change units by clicking on the blue hyperlinks (If needed).

For this calculation, we need to specify the period of time at which we want to bound the calculation.
Click on the Specs button. This will open a new window.

Change the Service Life range as follows: Start=0 years, End=3 years and Increments=0.2 years. Then click
OK.

EVS Calculation Options ? *

Survey Range

Failure Probability - Service Life Based Unit: ICI

Selected Range

(@) Linear O Log (O Paint List
End Paints

Step Size
| t _D.2DDDDD
e ® } Select one, the other is
Humber Steps 15 O calculated

Cancel Apply Help

Your screen should look like the image below.

Description Definition ([iii Plot [ Report

Description Pit Depth (pm) Area (sg-m) ~
Calculation Parameters

Surface Area 10.0000
Critical Pit Depth 1850.00

[= Experiment Start (yr) 0 -
Default Value 0.0125000
¢|7 One Week (yr) 0.0191781 -
1 180.000 0.0128000
2z 286.000 0.0128000
3 280 000 0.0125000
4 306.000 0.0128000
s 334.000 0.0128000
[} 340.000 0.0125000
7 340.000 0.0125000
8 410.000 0.0128000
g 410.000 0.0128000
10 545 000 0.0125000
v|7 One Month (yr) 0.0821918 .
1 480.000 0.0128000
2 500.000 0.0125000
3 510.000 0.0128000
4 580.000 0.0128000
5 580.000 0.0125000
6 640.000 0.0125000
7 654.000 0.0128000
8 B80.000 0.0128000
9 692.000 0.0125000 -

AddGroup | @ Elapsed (O Actual Time
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We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar.

Analyzing the results

Click on the Plot tab (ﬂ Plot). You will see a plot of predicted probability of failure. We need to modify the plot
to see the results in more detail.
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Double-click on the Y axis. This will open a new window.
Check the boxes Minimum and Maximum. Then click OK.

Y Axis - Properties ? X

Scale

Auto
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ply Help
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The plot should look like the image below.
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The maximum probability of failure seems to be at around 10%.

Click on the Report tab, and to the Calculation Results table.

We can conclude that the lifetime of this pipe before failing is <0.6 years.

Fail Probability: Area

Finally, let’s do the the calculation of Probability of failure for a given penetration depth and service time as a

function of the area of the system.

We are going to answer the following question:

What area, S, can the aluminum pipe have with the width, d=2000 um and service life t=5 years in order to

ensure acceptable performance, i.e. probability of failure, Pr< 5 %?

Starting the Simulation

Change the Calculation Type to Fail Probability: Area

Under the Calculation Parameters grid, enter 2000 um for Critical Pit Depth and 5 years for the Service Life.

Change units by clicking on the blue hyperlinks (If needed).



For this calculation we need to specify the surface area range that we want to survey.

Click on the Specs button. This will open a new window.

Change the Surface Area range as follows: Start=0 sq-m, End=100 sg-m and Number of steps=50. Then click

OK.

EVS Calculation Options ? X

Survey Range

Failure Probability - Suface Area Based Urit:
Selected Range

0.0to 100.0in 50 steps of 2.0

New

Delete

(®) Linear O Log () Point List

End Paints

Step Size

Select one, the ather is
calculated

Increment | 200000 (@] }
®

Murmber Steps

Cancel Aoy Help

Your screen should look like the image below.

Description &¥ Definition i Plot (3 Report

Description | PitDepth (um) |  Area(sg-m)
Calculation Parameters

Critical Fit Depth [ 2000.00 |

Service Life (yr) | 5.00000
= Experiment Start {yr) (1] -
Default Value [ 0.0123000
TF One Week (yr) 0.0191781

1 180.000 0.0128000
2 266.000 0.0128000
3 290.000 0.0128000
4 306.000 0.0128000
5 334.000 0.0128000
6 340.000 0.0128000
7 340.000 0.0123000
8 410.000 0.0128000
9 410.000 0.0128000
10 545.000 0.0128000
[ One Month {yr) 0.0821918

1 450.000 0.0128000
2 500.000 0.0128000
3 510.000 0.0128000
4 580.000 0.0128000
5 580.000 0.0128000
8 640.000 0.0128000
7 654.000 0.0128000
8 680.000 0.0123000
9 692.000 0.0128000

AddGroup | @ Elapsed (O Actual Time

>
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We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar.

Analyzing the results

Click on the Plot tab (ﬂ Plot) You will see a plot of predicted probability of failure. We need to modify the plot
to see the results in more detail.
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The maximum probability of failure seems to be at around 30%.
Click on the Report tab, and to the Calculation Results table.

We can conclude that acceptable performance is reached at <14 m2.
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Example 57: Failure Analysis due to Corrosion in Pipelines

In this example, we will show how in some cases reliable prediction of corrosion damage can be done by using
a very limited number of experimental points.

In the table below, you can see the results of direct measurements of the depth of the deepest pits in the pipeline
between Samara and Moscow [Zikerman, 1972].

Pit depths (mm) for pipeline between Samara and Moscow

Group1 Group2 Group3 Group4 Group5 Group 6 Group 7 Group 8

Sample | 1440 h 5040 h 5760 h 8959 h 12624 h 17688 h 28032 h 28272 h

1 0.1 14 1.7 1.9 2.1

2 0.49 1.95 21 2.08 2.25

3 0.3 1.6 1.8

4 0.4 1.6 1.65 1.88

5 0.9 1.57 2.1 2.21 2.4 2.4

6 0.3 1.2 14 14 1.55 1.71

Calculation the Depth of the Deepest Pit

Starting the Simulation

Add a new EVS calculation. Select the Add EVS Calculation icon in the Actions Pane

Actions |

=] Add EVS Calculation

Add Brine Analysis

Click on the new EVS calculation and press <F2> to change the name to EVS-Pipeline samples. Notice that
the default calculation is the Pit Depth Prediction.

Under the Calculation Parameters grid, enter 1 cm?for the Surface Area and Default Value cells.

Note: Because the area of the pipelines metal was not changed with time, the information about this area
is not needed for extrapolation of corrosion damage in time.

Since the data is in hours, click on the blue hyperlink day and change it to hours (hr) for both the Experiment
Start and the Sample Group.
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Your screen should look like the image below:

& 0L Studio - [EVS.0ad*] - [m| X
B File Edit Streams Calculstions Chemistry Tools  View Window Help - 8 x
DEE| s8N e s [ st s s | RS | B A
Navigator Lo o
Document1 :
EVS.oad* Description Definition §ii Plot [ Report
Y]
‘ Streams . Description Pit Depth (pm) Area (sg-cm)
-t EVS-Aluminum samples Calculation Parameters Pit Depth Predicti &
. - it Depth Prediction - ECE...
fup E‘u‘S-F.a|I P.mbablllt_',f Surface Area 1.00000 = -
- Biy EVS-Pipeline samples -
|v Experiment Start (hr) o - Calculate &8
Default Value 1.00000
Brd Sample Group 01 (hr) 1.72174e5 Summary
EW'S Calculation Type: Fit Depth
Prediction

There are experimental data sets for 8 different periods of time. This means that we need to enter 8 different

sample groups.

By default, Sample group 01 is created. Click on the = button to edit this field. This will open a new window.

Leave the default name as Sample Group 01, enter the number 1440 for the number of elapsed hours, and

check the box ‘Include for Calculation’

Title:

EVS Sample Group Info Editer ?

Elapsed: (hr)

Induded for Calculation

Cancel

Enter the Pit Depth data (second column) obtained for 1440 hours.

Description Pit Depth (mm)
Calculation Parameters

Surface Area
e Experiment Start (hr) 1]
Default Value
=[v Sample Group 01 (hr) 1440.0
1 0.100000
3 0.300000
4 0.400000
5 0.500000
[ 0.300000

Now we need to add 7 more groups.

Click on the Add Group button (located at the bottom of the window. This will open a new window.

Area (sg-cm) |~

1.00000

-]

1.0000
1.000#
1.00000
1.00000
1.00000
1.00000

Leave the default name as Sample Group 02, enter the number 5040 for the number of elapsed hours, and

check the box ‘Include for Calculation’. Then click OK.
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Enter the Pit Depth data (second column) obtained for 5040 hours.
Click on the Add Group button, and repeat the same procedure for 5760, 8959, 12624, 17688, 28032, and

28272 hours.

Once you have entered all the experimental data, your screen should look like the image below.

- O X
Toels View Window Help - 0 X
Mo s o M e | AERE S N A
fug
Description Definition {1 Plot [l Report
Description Pit Depth (mm)| Area(sg-cm) | A
‘v|7 Sample Group 01 (hr) 14400 = Pit Depth Prediction  + | | Specs...
1 0.100000 1.00000
3 0.300000 1.00000 Calculate @
4 0.400000 1.00000
5 0.900000 1.00000 Sl
8 0.300000 1.00000 EWS Calculation Type: Pit Depth
Prediction
<[V Sample Group 02 (hr) 5040.0 .
Calculation Parameter(s):
0.490000 100000 Surface Area  1.00000 =g-cm
1.60000 1.00000
Experiment Start: 01/01/2000
= [w Sample Group 03 (hr) 5760.0 . Range 0.0 to 87600.0 hr
5 1.57000 1.00000 Step size 1752.0 hr
3 1.20000 1.00000 No. steps 50
Default Area Value: 1.00000
v Sample Group 04 (hr) 8959.0
1 1.40000 1.00000
2 1.95000 1.00000
3 1.80000 1.00000
4 1.60000 1.00000
5 210000 1.00000
6 1.40000 1.00000 5
\‘,7 Sample Group 05 (hr) 12624.0 .
1 1.70000 1.00000
2 210000 1.00000
4 1.65000 1.00000
5 221000 1.00000
3 1.40000 1.00000
<[ Sample Group 06 (hr) 17688.0 .
1 1.50000 1.00000
2 2.08000 1.00000
4 1.88000 1.00000
5 2.40000 1.00000
& 1.55000 1.00000
v|7 Sample Group 07 (hr) 28032.0 -
5 2.40000 1.00000
3 1.71000 1.00000
t|7 Sample Group 08 (hr) 28272.0 J v
Add Group (® Elapsed () Actual Time
@ NUM

Make sure that all the groups are selected (checked) to be considered for the calculation.

At this point, the experimental data has been entered. Now we need to define the period of time for which we
want to do the prediction of failure due to pitting.

Click on the Specs button. This will open a new window.

Under the Survey Range tab, enter the range for Pit Depth Prediction as follows: Start=0 hours, End=30000
hours, and Increment=2000 hours. Then click OK

363



EVS Calculation Options ? pd

Survey Range

Pit Depth Prediction Range Unit:

Selected Range

0.0to 30000.0in 15 steps of 2000.0

® Linear OLog O Poirt List
End Paints
Start
2
Step Size
neremert ® } Select one. the ather is
Murnber Steps | 15 @) calculated

Cancel Aoy Help

Before running the calculation, we are going to study two different cases:
The first case will include the experimental data from groups 01 to 05

The second case will include all the experimental data from groups 01 to 08

Calculation including Groups 01 to 05

Check the boxes for Group 01 to 05

We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key
It is time to save your file (File >Save as...) or use the save icon in the tool bar. Save it under the same file
that we previously created as EVS calculations.

Analyzing the results

Click on the Plot tab (il Plot). You will see a plot of the predicted mean value of the depth of the deepest pit,
Xm, and the plots of values xm — 0 and xm + 0, where o is the standard deviation of xm.
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As previously noted, only the points in black mean that were used for predicting propagation of corrosion
damage. The red diamonds mean that were not taken into account for the calculation and are shown only for
demonstrating the accuracy of prediction.

Calculation including Groups 01 to 08

Check the boxes for Group 01 to 08

We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. Save it under the same file
that we previously created as EVS calculations.

Analyzing the results

Click on the Plot tab (il Plot).
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The plot above shows how the predicted results improved with an increased number of subsequent inspections.

Note: The predictions can be substantially improved if they were obtained on the same part of the pipe where
conditions are approximately the same.

Click on the Report tab, and to the Calculation Results table.

You can see here that at 30,000 hours the maximum pit depth predicted is 1.55 um <2.54 um <3.53 um.
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Example 58: Predicting the Pit Depth with Insufficient Data

In some cases, the data that provided by the user may be insufficient for reliable prediction of corrosion damage.
The table below shows experimental data (obtained from Laycock et al., 1990) for depths of the deepest pits
that were measured on 316L coupons (2 x 2 x 1/2 in) in a 10% ferric chloride solution at 50 °C.

Pit Depth Data for an area of s= 25.8 cm?, depth in um

Sample Grp 1 Grp 2 Grp3 Grp 4 Grp 5 Grp 6 Grp 7 Grp 8 Grp 9
40.5h | 14417 h | 21533 h | 2925h | 331.0h | 3785h | 453.25h | 477.0h | 528.0 h

1 775 1326 1036 912 1361 1613 2101 1722 1714

2 1176 1199 1173 1534 1641 2024 1798 1767

3 1496 1775

Calculation the Depth of the Deepest Pit
Starting the Simulation

Add a new EVS calculation. Select the Add EVS Calculation icon in the Actions Pane

Actions |

@ Add Streamn
Add Mixer

=] Add EVS Calculation

Add Brine Analysis

Click on the new EVS calculation and press <F2> to change the name to EVS-Insufficient Data. Notice that
the default calculation is the Pit Depth Prediction.

Under the Calculation Parameters grid, enter 25.8 cm?for the Surface Area and Default Value cells.

Since the data is in hours, click on the blue hyperlink day and change it to hours (hr) (for both: The Experiment
Start and the Sample Group.

Your screen should look like the image below:

¢ 0Ll Studio - [EVS.0ad*] - O X

B File Edit Streams Calculations Chemistry Tools View Window Help - 8 X

=2y = 78 Ree & | wse & B0 e dhEms | S RE &
Mavigator L o~ X .
g
Documentt s
EVS.oad"* Description Definition i Plot [ Report
ab
‘ ‘Stre;\TSSAI . | Description Pit Depth (pm) Area (sg-cm)
...... E%'ﬁ ) .lelem .SIEmp = Calculation Parameters Fit Depth Prediction Specs...
44 EVS-Fail Probability Surface Area 25.8000
£ Lo 5.
g EVS-Pipeline samples :
Ex| t Start (h o
i EVS-Insufficient data = S (hr) J Caloulate 4

Default Value

[~

25.8000

Summary

Sample Group 01 (hr) 972.0

EV'S Calculation Type: Pit Depth
Prediction
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There are experimental data sets for 9 different periods of time. This means that we need to enter 9 different
sample groups.

By default, Sample group 01 is created. Click on the = button to edit this field. This will open a new window.
Leave the default name as Sample Group 01, enter the number 40.5 for the number of elapsed hours, and
check the box ‘Include for Calculation’

EVS Sample Group Info Editor ? s

Title:
| Sample Group 01

Elapsed: (hr)

Incuded for Calculation

Cancel

Enter the Pit Depth data (second column) obtained for 40.5 hours.
Now we need to add 8 more groups.

Click on the Add Group button (located at the bottom of the window. This will open a new window.

Leave the default name as Sample Group 02, enter the number 144.17 for the number of elapsed hours, and
check the box ‘Include for Calculation’. Then click OK.

Enter the Pit Depth data (second column) obtained for 144.17 hours.

Click on the Add Group button, and repeat the same procedure for the rest of the experimental data (groups)

Once you have entered all the experimental data, your screen should look like the image below.

%
&/ Description &% Definition §l§ Plot [ Report

Description Pit Depth () Area (sq-cm)
Calculation Parameters

Surtace Area
Experiment Start (hr) 0
Defaut Vake
v Sample Group 01 (h) 05

v Sample Group 02 {hr) 14417

v Sample Group 03 {hr) 21533
100,00
v Sample Group 04 (hr) 2025

v Sample Group 05 {hr) 3310

<

Sample Group 06 (hr) 785

<

Sample Group 07 (hr) 45325

v Sample Group 08 (hr) 4770

-[v Sample Group 09 {hr) 5280
STHI0

AddGroup @) Elapsed Actual Time

At this point, the experimental data has been entered. Now we need to define the period of time for which we
want to do the prediction of failure due to pitting.
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Click on the Specs button. This will open a new window.

Under the Survey Range tab, enter the range for Pit Depth Prediction as follows: Start=0 hours, End=580
hours, and number of steps=50 hours. Then click OK

EVS Calculation Options ? X

Survey Range

Pit Depth Prediction Range Unit-

Selected Range

0.0to 580.0in 50 steps of 11.6 New

(®) Linear () Log () Paint List
End Paints

580000 |

End |5B0.000

Step Size

Incremnent [ 11.6000 (@] }
MHumber Steps ®

Select one, the other is
calculated

Cancel Aply Help

Before running the calculation, we are going to study two different cases:

The first case will include the experimental data from groups 01 to 03
The second case will include all the experimental data from groups 01 to 09

Calculation including Groups 01 to 03
Check the boxes for Group 01 to 03
We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. Save it under the same file
that we previously created as EVS calculations.
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Analyzing the results

Click on the Plot tab ([l Plot).

2200 T T T T T T T T T T T T T T T T T T T T T T T T T T

2100 ~ * B
2000 - i -
1:33 : Maximum Pit Depth . :

_____ Pit Depth + StdDev
1700 |- ’ ¢

w00 L | Pit Depth - StdDev
1500 | * . i
1400 - o mmmmmm e e TTTTTT T ITITES SoToTooTTTTTmomTTTTITT -
1300 |- St i
1200 T e e — 4
1100 - - — i
w00 7 — I i - i

900 F T e « -
800 - //a i

700 F /. 4

600 | .
500 )/ i

*®

Maximum Pit Depth [pm]
'1

400

300 -}

200 ; —
o

100

Senvice Life [hris]]

We see that in this case the prediction cannot be considered satisfactory. The reason is that for the first, second,
and third observation times the observed mean value of deepest pit decreases. Obviously, such behavior of
maximum pit depth has no physical foundation. Generally speaking, such situation is the result of an insufficient
numbers of experiments (used coupons) for given observation times. Accordingly, we can expect that after
increasing the number of used coupons the situation can improve.

Calculation including Groups 01 to 09

Check the boxes for Group 01 to 09

We are now ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or use the save icon in the tool bar. Save it under the same file
that we previously created as EVS calculations.
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Analyzing the results

Click on the Plot tab ([l Plot).
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The plot above shows how the predicted results improved with an increasing number of subsequent inspections.

The plot above also shows that the results of approximation of the full set of available experimental data from
Laycock et al., 1990) can be reasonably approximated by using EVS approach.

Additionally, these results show that insufficient number of coupons (measurements at given observation times)
can be compensated by increasing numbers of observation at different times.

Click on the Report tab, and to the Calculation Results table.

You can see here that at 580 hours the maximum pit depth predicted is 1331.62 um < 1706.34 um < 2081.05
pm.
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ScaleChem is a module within the OLI Studio. A separate license enables this module.

Why Use OLI Studio: ScaleChem?

Scale problems arise when fluid, initially in equilibrium with its environment, is disturbed and becomes unstable.
The unstable fluid results in H20, COz2, and H2S partitioning across the water, oil, and gas phases, corrosion of
metal surfaces, and precipitation/dissolution of solids. think simulation | getting the chemistry right recognizes
all three effects, which are all important to the oil and gas production professional.

Precipitates form when mineral-forming elements increase the concentration of produced waters beyond
supersaturation, or the saturation point. The primary causes of supersaturation are pressure, temperature,
phase partitioning, and fluid mixing. think simulation | getting the chemistry right quantifies the effects on mineral
scale potential while calculating the physical and chemical properties of fluid and gas phases. Industry
professionals can use the software’s calculations to help determine the best methods to deal with scaling
situations.

think simulation | getting the chemistry right can be used to calculate scaling at one or more user specified
temperatures and pressures. Other calculation options include the ability to mix waters at user specified ratios
to find compatible waters, and the ability to saturate a water with respect to one or more solids to simulate
reservoir conditions.

There are different types of inputs and calculation objects that can be used in think simulation | getting the
chemistry right. A brief definition of each type of calculation is given below.

Input Objects

There are three different types of input objects, also referred to as analysis types, in the think simulation | getting
the chemistry right software: Brine Analysis, Oil Analysis and Gas Analysis.

think simulation | getting the chemistry right refers to all waters and aqueous samples as
brines. This option is added by double clicking on the Add Brine Analysis. A brine can be a
Add Brine surface water, an injection water, a formation water, a production water or any other type of

aqueous fluid you can create. Brine compositions are entered in terms of ionic concentrations.

Analysis
Y In addition, the brine pH, total inorganic carbon and alkalinity can also be specified.
H Add Oil Analysis allows you to enter an oil (non-aqueous phase). The oil sample may consist
Add Oil of pure component hydrocarbons (e.g., alkanes), distillation data, pseudocomponents or all
. three.
Analysis
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'ﬂg’.}' Add Gas Analysis allows you to enter any hydrocarbon mixture which may or may not contain
water, carbon dioxide or hydrogen sulfide. The default hydrocarbon is methane (CH4) but the

Add Gas hydrocarbon list may be expanded to include higher carbon numbers.

Analysis
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Calculation Objects

There are five different types of calculations that can be carried out in think simulation | getting the chemistry
right: Saturator, Facilities, Scale Scenario, Scale Contour, and Mixing Water. A brief definition of each type of
calculation is given below.

ﬂ_

Add Saturator object combines fluids at the specified temperature and pressure and

Add saturates the combined phases with the selected minerals.
Saturator
:It Add Facilities mixes and separates fluids. It is used to simulate production operations.
Add Facilities
I‘i Add Scale Scenario object calculates the scaling of minerals from a fluid as temperature
Add Scale and pressure changes, e.g. at different production locations..
Scenario
©
Add Scale Contour object calculates the scaling of minerals from a fluid over a matrix of
Add Scale temperature and pressure. It creates a 2D contour plot visual.
Contour
“ v
. B Add Mixing Water object mixes two potentially incompatible brines together to identify at

Add Mixing what ratios the scale will form.
Water

In this chapter we will model a hypothetical field and learn how to use and set up each one of the objects
presented above.
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Section 11. Entering a Brine Analysis in think simulation | getting the

chemistry right

Entering Data for a Brine Analysis

To add a Brine Analysis, go to the toolbar menu and click on Streams > ScaleChem > Add Brine, or by

selecting the Add Brine Analysis icon in the Actions Pane.

Streams  Calculations  Chemistry  Tools  View Windo

Add Stream l T o
Add New Analysis |
ScaleChem 1] Add Oil
Add Gas
Analysis Add Brine
-ancile Mame: |Stre

You will see three different tabs for this analysis. The Description, Design and Report tab.

Actions

Add Stream
Add Mixer
T Add Water Analysis

| Add EVS Calculation
1£) Add Brine Analysis|
Add Oil Analysis

P Add Gas Analysis
& Add Saturater

L Add 5cale Scenario
(@ Add Scale Contour
' Add Mixing Water
™ Add Facilities

The Brine Analysis open in the Design, which has 2 different sub-tabs: Data Entry and Reconcile, where we

need to enter the laboratory analysis information.
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Description & Report
= N Variable Value | Balanced | Entry Options
= Cations (mgiL) Uriits
i}
‘E Na+1 0.0 0.0 mg/L w
K1 0.0 0.0
a l Display
Ca+2 0.0 0.0
Mg+2 0.0 o0 | S -
O
= Sr+2 0.0 0.0 [ Show Men-zero Cnly
[ =4
g Ba+2 0.0 0.0 Show Balanced Column
o Fe+2 0.0 0.0

Template Manager

Standard ~
CH 0.0 0.0
s042 0.0 0.0 Save as...
HCO3-1 0.0 0.0
HS-1 0.0 0.0 Balance Options
C2H302-1 0.0 0.0|  Type

Dominant Ion w

Neutrals (mg/L)
coz2 0.0 0.0
HZS 0.0 0.0
Si02 0.0 0.0
B(OH)3 0.0 0.0

We will start in the Data Entry (red) sub-tab. Here you enter the concentration of Cations, Anions, and Neutrals.
This sub-tab comes already prepopulated with some of the most common cations, anions, and neutrals species
found in laboratory water/brine analyses (by default the units are in mg/L). If your species is not present in the
prepopulated grid, simply click on the white grid and type the ion or neutral of interest. If it is a cation, type the
element followed by a plus (+) sign and the corresponding oxidation state, e.g., Cu+2. If it is an anion, type the
element followed by a minus (-) sign and the corresponding oxidation state, e.g., Br-1. If it is a neutral, simply
type the species either using the formula name or its chemical name, as has been shown in the previous
sections.

The Brine Analysis grid also contains search aids to find a specific cation, anion, or neutral species. The first

search aid is the drop list located in each the cation, anion, and neutral grid sections. The list is alphabetic and
is activated using the drop-down arrow within the cell, after the first few letters of the ion is typed.
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Description Design 5] Report

[ = J Variable Value Balanced Entry Options
E Cations (mg/L) Units
i o v
= . . Dizplay
Ca+2 0.0 0.0
\ Mg=2 0.0 oo| | [Formd= h
O
= Sr+2 0.0 0.0 ] show Mon-zero Cnly
§ Ba+2 0.0 0.0 Show Balanced Column
o Fes2 0.0 0.0
Template Manager
Cu = |
Display Mame OLlI Name | | Standard ~
# Cs+ CSION e
OLICSION CSION
B v
S8 Cule+) CUION Balance Options
M Cu(+1) CUNON Type
Nl CHINM Ml ~
coz 0.0 0.0
HZ5 0.0 0.0
Si02 0.0 0.0
BIOH)3 0.0 0.0

If a name is misspelled or if the text is unrecognized, then a red ‘X’ appears to the left of the name. This name
needs to be corrected or the row deleted before proceeding. To delete the row, simply select the wrong entry
(which will turn black) and hit the key <Delete>.

Neutrals (mgiL)

coz 0.0 0.0
H2S 0.0 0.0
Si02 0.0 0.0
B{OH}3 0.0 0.0

The Reconcile sub-tab is used to define the measured properties of the brine. In this Reconcile sub-tab, we
will tell the software how to reconcile the brine.
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Description Design [ Report

= Calculate Brine Properties Using:
E (®) Concentration Data Only Specs... Calculate &8
m (O) Gas-Phase CO2 Content (male®s)
E (")Measured pH and Alkalinity [] allow solids to form
(C)Measured pH Only
@ (") Measured pH, Alkalinity, TIC
E Calculate Alkalinity
E N Properties Measured Calculated
Temperature (*C) 25.0000
Pressure (atm) 1.00000
pH 0.0
Alkalinity (mg HCOZ/L) 0.0
Density (g/ml} 0.0
Elec Cond, specific (umho/cm} 0.0
Total Dissolved Solids (mgi/L) 0.0

Composition Adjustments

Charge Balance Unknown.

The first step, however, is to enter the brine measured properties and conditions. To do this we need to start in
the Properties | Measured | Calculated table.

J Properties Measured Calculated

Temperature (*C}) 25.0000
Pressure (atm) 1.00000
pH 0.0
Alkalinity (mg HCO3/L) 0.0
Density (g/ml} 0.0
Elec Cond, specific (umho/cm) 0.0
Total Diszolved Solids (ma/'L) 0.0
Composition Adjustments
Charge Balance Unknown.

By default, the values of temperature, and pressure are 25°C and 1 atm. The cells indicate the
values that you need to enter if they were measured at the temperature and pressure specified, these are:
Measured pH, Measured Alkalinity '3, Density, Specific Electrical Conductivity and Total Dissolved Solids (TDS).

You can always change the units of these properties by clicking on the units highlighted in blue. This action will
open the Units Manager Window.

If you don’t have a measured property value, for example, the Specific Electrical Conductivity, just leave it blank.

13 This is generally a reliable value, unless solids have precipitated in the sample. Alkalinity is often but not always the same value as the
bicarbonate ion (HCO5). ScaleChem Analyzer can reconcile on a measured alkalinity by adjusting the solution composition.
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The yellow cells, under the Calculated column, will contain calculated values by the software and will be shown
once the simulation is run.

When reviewing laboratory analysis of brine samples, it is quite common for the positive ions (cations) and the
negatively charged ions (anions) in solution to not balance. This may be due to the precision limits of the various
experimental procedures used to measure the ions - i.e. some ions may not have been analyzed. These
solutions must have a neutral charge. think simulation | getting the chemistry right will adjust/modify inflows in
order to balance the charges and make the solution neutral. This adjusting procedure is referred to as
Reconciliation.

There are 5 different types of Reconciliation Options:

Concentration Data Only
Gas-phase CO2 content (mole%)
Measured pH and Alkalinity
Measured pH Only

Measured pH, Alkalinity, TIC

Additionally, there is the option to calculate the alkalinity value by checking the Calculate Alkalinity box.

Calculate Brine Properties Using:
(®) Concentration Data Only

- Specs... Calculate &8
() Gas-Phase CO2 Content (moles)

(C) Measured pH and Alkalinity [ Allow solids to form
(O Measured pH Only

(O Measured pH, Alkalinity, TIC

Calculate Alkalinity

When the Reconciliation Option is selected, the software will calculate the properties of the brine

A more detailed description of each reconciliation option is given in Section 11.3. Reconciliation Options in the
Brine Analysis below.

Brine Analyses - Reporting Elements

Brine analysis data obtained from ICP measurements will contain concentrations for B, P, S, and Si. These
elements do not exist in the water, rather they exist as dissolved ions. If they are part of your analysis, then you
should convert them to the following before entering them into the Brine Analyses object.

Converting element concentration to species for Brine Analysis

Aqueous Species Formula to enter Formula weight multiplier
B, boron Boric Acid H3BO3 B (mg/l) x 5.72 = H3BO3 (mg/l)
Si, Silicon Silica Sio2 Si (mg/l) x 2.14 = SiO2 (mg/1)
P, Phosphorus | Dihydrogen Phosphate | H2PO4-1 P (mg/l) x 3.13 = H2PO4 (mg/l)
S (mg/l) x 1.03 for HS-1 (mg/l
S, Sulfur Sulfate or Sulfide 18- or S04-2 or( o e

(cannot tell from total S only)

S (mg/l) x 3.0 for SO4-2 (mg/l)
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Reconciliation Options in the Brine Analysis - Definitions
When reconciling a Brine Analysis, there are five options for reconciliation:

Concentration Data Only: The software will run an electroneutrality reconciliation only, and then compute the
water properties such as pH, density, etc., based on the entered concentration of neutral, cations, and anions
species. In the Concentration Data Only option you may allow the program to pick the species to adjust for
electroneutrality or you may manually choose the species to perform the adjustment. (See_electroneutrality

options).

Gas-phase CO2 content (mole%): Frequently it is simpler and more stable to measure the gas-phase CO:
that is separated from the brine at the sampling point. When matched with another measured variable, usually
alkalinity, the concentration of the carbonate species and the pH can be calculated. think simulation | getting
the chemistry right performs a CO2 gas fraction calculation by taking the Pcoz and the calculated alkalinity
(based on the water analysis data) to reconcile the system for pH and carbonate properties. The CO: is adjusted
to match a saturated gas composition.

Measured pH Only: Many brines analyses report a measured pH. This pH may or may not match the pH
calculated by the software. The cause may be an incomplete and/or inaccurate brine description. The software
will run both an electroneutrality and pH reconciliation. This type of reconciliation will match your recorded pH.
Additionally, the software will compute the water properties such as, density, electrical conductivity, etc. The
pH of the solution is automatically adjusted by the software by adding either HCI or NaOH, or you may select
your preferred acids and bases to adjust the pH.

Measured pH and Alkalinity: The purpose of the Measured pH and Alkalinity reconciliations is to match the
computed pH and alkalinity values with those you measured. The software will run an electroneutrality, pH and
alkalinity reconciliation. Additionally, the software will compute the water properties such as density, electrical
conductivity, etc. The pH of the solution is automatically adjusted by the software by adding either HCI or NaOH
or you may select your preferred acids and bases to adjust the pH. The Alkalinity is automatically calculated by
the software, using COz as the alkalinity titrant, H2SO4 as the alkalinity pH titrant and 4.5 as the alkalinity end
point pH. You can also change to a different alkalinity titrant if you prefer.

Measured pH, Alkalinity, TIC: The purpose of this reconciliation is to match the measured pH, total alkalinity,
and the total inorganic carbon (TIC). The Total Inorganic Carbon (TIC) is adjusted using CO: as the alkalinity
titrant, H2SO4 as the alkalinity pH titrant and 4.5 as the alkalinity end point pH. The software adjusts the acetate
concentration (organic acids) to match the total Alkalinity value by adding or removing acetic acid. You cannot
however change the CO2 or acetic acid for the alkalinity adjustment. These are fixed by the software. The
target pH is obtained simultaneously by HCl or NaOH. You may select your preferred acids and bases to adjust
the pH instead of the default HCI and NaOH.

Additionally, there is the option to Calculate Alkalinity: []Calculate #kaliniy |t js important to note, that this is only
an alkalinity calculation based on the concentration entered, it is not an alkalinity reconciliation.
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A Basic Brine Analysis

A brief introduction to the brine analysis tool will be shown in the example below. As we go through the example,
the basic definitions, functionalities and reporting for the Brine Analysis object will be shown.

Example 59: Basic Brine Analysis

In this example, we will input dissolved species concentrations and other measured properties into a Brine
Analysis object to model a hypothetical water sample. We will calculate the pH and scaling tendency of a
brine sample based upon its measured composition at 1 atm and 25 °C.

Starting the Simulation

Use the inputs and parameters from the table below to create the brine analysis. Certain inputs, such as the
name style, units, etc. will require further adjustments, and will be described as necessary.

Brine Analysis Composition

Cations (mgl/L) Anions (mg/L) Neutrals (mg/L) Measured Properties

Na+1 20400 Cl-1 37000 CO2 150 pH 7.1
K+1 400 S0O4-2 2200 H2S 15 Alkalinity as HCO3-, mg/L 715
Ca+2 3800 HCO3-1 0

Mg+2 830 HS-1 0

Sr+2 15 C2H302-1 715

Ba+2 0.7

Fe+2 10

Setting the Water Analysis

Add a Brine Analysis. Go to the toolbar menu and click on Streams > ScaleChem > Add Brine, or by selecting
the Add Brine Analysis icon in the Actions Pane

Actions

Add Stream
Add Mixer

Streams Calculations  Chemistry Tools  View  Windo mAddW'aterAnal)rsis

Add Stream l [ ikl | Add EVS Calculation
'
Add New Analysis ! = Add Brine Analysis
I Add Oil Analysis

ScaleChem > Add Ol | %2 Add Gas Analysis
m Add Gas L & Add Saturator
Marne: |Stre ...

Add Brine I-'_’Add Scale Scenario
Add Scale Contour
" Add Mixing Water
e Add Facilities

Lnalysis

~oncile

Click on the new Brine and press <F2> to change the name to Brine Analysis
Select the AQ thermodynamic Framework (remember that MSE is the default so please switch it)

Click on the Names Manager Icon and select the Formula option (default)
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Click on the Units Manager Icon, and select Metric, Concentration (default)

Under the Design Tab, enter the Cation, Anion, and Neutrals composition given in the table above.
Your screen should look like the image below:

Description Design [ Report L2 File Viewer

i Summary
= J Variable Value Balanced Entry Options
E Cations (mgiL) Units Unit Set: Metric (mass concentration)
= Ma+1 20400.0 20400.0 ma/L -
- ) )
= Ko 400.000 400,000 Automatic Chemistry Model
fa * Display Agueous (H+ ion) Databanks:
Ca+2 3800.00 3800.00 Aqueous (H+ ion)
Mg+2 g30.000|  s3ooop| rorma s No Solid phase(s)
S Using K-fit Polynomials
— 3 g W =
S Sr+2 15.0000 15.0000 []show Mon-zero Only T-span: 25.0 - 225.0
o Ba+2 0.700000 0.700000 [+] Show Balanced Column P-span: 1.0 - 1500.0
o Fesl 10.0000 10.0000 Template M Stream Parameters:
Empiate Manager Temperature (-C) |25.0000
Anions (mgiL) Standard w Pressure (atm) 1.00000
CH1 37000.0 389331 Stream amount (L} 1.00000
Save as... b3 -
S04-2 2200.00 2200.00 Dominant lon Charge Balance
HCO3-1 0.0 0.0 (eqiL):
; c
He1 0o 00 Balance Optons Cation Charge| 1.15621
i - oy
C2H302-1 715.000)  715.000] | 1ype Anien Charge | -1.10155
Imbalance 0.0546661
Dominant I
Neutrals (mg/L) ominant ton - lon(s) needed to balance (ma/L)
coz 150.000 150.000 CH[1938.077
H2S 15.0000 15.0000 CoTCET “EE" DatE oy,
si02 0.0 0.0
B(OH)3 0.0 0.0

Note: It is highly unusual for the data to be electrically neutral. Therefore, the software reconciles the sample
for electroneutrality. After entering each species concentrations, you will notice that the software shows a
yellow column named Balanced. The software balances charges according to the selected option and displays
this in the yellow column.

There are 4 different Balance Options:

1) Dominant lon: This is the default method. The largest concentration ion is used to adjust the
electroneutrality. In our example,1938.077 mg/L of ClI-1 are added since there is an excess of positive
charge (see the above image).

2) Prorate Cations: All cations are adjusted up or down equally

3) Prorate Anions: All anions are adjusted up or down equally

4) Make-up lon: This option allows for a single ion species to be adjusted. User selects an ion to
increase or decrease.

Select Dominant lon as balance option

Click on the Reconcile (vertical blue tab)

Notice that the five different types of reconciliations are available in in the upper left corner of the window (see
image below). Also, you can see the Calculate Alkalinity box ( Mcaae=4kainty ) ontion which allows you to
compute the alkalinity, based on the concentration entered.
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Select the Concentration Data Only option. This option means that the software will compute the water
properties based on the current concentration of neutral, cation, and anion species. The calculation will not use
the measured pH, or the measured alkalinity entered (if any).

Enter the measured properties: pH = 7.1 and Alkalinity = 715 as mg HCO3/L

Description Design [ Report L2 File Viewer

-

Calculate Brine Properties Using:
I (®) Concentration Data Only I

() Measured pH and Alkalinity
(") Measured pH Only
(C)Measured pH, Alkalinity, TIC
Calculate Alkalinity

T Data Entry

(_)Gas-Phase CO2 Content (mole%s)

Specs...

[ allow salids to form

Calculate &

Properties Measured
Temperature (*C} 25.0000
Pressure (atm) 1.00000
pH 7.10000
WAlkalinity (mg HCO2/L) 715.000
Density (g/mil) 0.0
Elec Cond, specific (umho/cm) 0.0
Total Dissolved Solids (mgiL) 0.0

Add Charge Balance (mgiL CH1)

Composition Adjustments

Calculated

Summary

Unit Set: Metric (mass concentration)

Automatic Chemistry Model

Agueous (H+ ion) Databanks:
Agueous (H+ ion)

No Solid phase(s)

Using K-fit Polynomials
T-span: 25.0 - 225.0
P-span: 1.0 - 1500.0

Stream Parameters:
Temperature (*C) |25.0000
Pressure (atm) 1.00000

Stream amount (L} 1.00000
Dominant lon Charge Balance
{eqiL):

Cation Charge| 1.15621

Anion Charge | -1.10155

Imbalance 0.0546661

lon(s) needed to balance (mag/L):
CH1/1938.077

Concentration Data Only.

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Create a new file and name
it: ScaleChem Analysis Calculations.
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Analyzing the Results
Once the calculation is done, the Calculated column displays the results obtained based on the concentrations

entered in the Data Entry tab. Notice that the calculated results are pH=5.31 and Alkalinity=263.0 mg HCO3-
1/L vs the measured values of pH=7.1 and Alkalinity=715 mg HCO3-1/L.

Description Design 5 Report L2 File Viewer

Surmary

= Calculate Brine Properties Using:
E @ancentratign Data Only Specs... Calculste @ Unit Set: Metric (mass concentration) @\
= (O) Gas-Phase CO2 Content (male®s) ) )
E (") Measured pH and Alkalinity [] allow solids to form Aur::?;i ?,1:[“:?,? E;;: E:anl;s:
(C)Measured pH Only Aquecus (H+ ion)
(") Measured pH, Alkalinity, TIC Mo Solid phase(s)

Using K-fit Polynomials

©
g Calculate Alkalinity T-span: 25.0 - 225.0
§ - P-span: 1.0 - 1500.0
K3 Properties Measured Calculated = T :
i H ream Farameters:
= | [Temperature ('C) 25.0000 -
o - P 100000 Temperature (*C}) |25.0000
ressure (atm) : Pressure (atm)  |1.00000
g
pH iy DAL Stream amount (L} 1.00000
Alkalinity (mg HCO3L) 715.000 283.001
- Dominant lon Charge Balance
Density (g/ml) 0.0 1.04487 eq/L):
Elec Cond, specific (pmho/cm) 0.0 81637.7 Cation Charge,  1.15621
Total Dissolved Solids (mgiL) 0.0 67370.0 ; Anion Charge | -1.10155
Composition Adjustments Imbalance 0.0546881
Add Charge Balance (mgiL CH1) 1938.08 on(s) needed to balance (mao/L):

Ck1/1938.077
Concentration Data Only.

Phase Amounts:
Agueous (g) 104487

Aqueous Phase Properties:

pH £.31413
lenic Strength (melmal) 0.0226409
Density (g/ml} 1.04487

Calc. e apseﬂ fime: 9.227 sec.

Calculation complete (v

The bring iz supersaturated with 2

To the right you can see the results summarized in the Summary Box.

The top section contains the Stream Parameters information. In this example, the software performed the
calculation at 25 °C, 1 atm, and a total Stream amount of 1 L.

The Dominant lon Charge Balance section shows the type of balance that was used to reach electroneutrality,
which cation/anion was deficient, and how much of it was added.

The Phase amounts section shows the distribution of species in the different phases. This analysis contains
two phases: aqueous and vapor.

The Aqueous Phase Properties information shows the computed pH, ionic strength, and density of the
solution. It is important to note here that the measured pH is 7.1 and the computed pH is 5.31. The density of
this solution is 1.04487 g/ml. Remember, for this example the software used only the concentration of neutrals,
cations, and anions in solution to do a reconciliation.
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Click on the Report tab and scroll down to the Pre and Post Scaling Tendencies table.

Pre and Post Scaling Tendencies

Scale Mineral Pre-scaling Pre-index Post-scaling Post-index
Bas04 (Barite) 9.41306 0973731 941306 0.973731

Cac03 (Calcite) 00252328 -1.59803 00252328 -1.59803

Cas0d 2H20

(Gypsum) 0.936931 -0.0282826 0.936931 -0.0282826
Casod (Anhydrite) 0738602 -0.131580 0.738602 -0.131590
FeC03 (Siderite) 271223e-3 -2 BABAT 271223e-3 -2 BAGAT

FeS (Pyrrhotite) 16.3375 1.21319 16.3375 1.21318

KCl (Sylvite) 6.72353e-4 -3.17240 6.72353e-4 -3.17240

Fes (Mackinawite) 0275931 -0.554504 0278931 -0.554504
MaCl (Halite) 0.0122286 -1.81262 0.0122286 -1.81262

SrC03 (Strontianite) 2 96599e-4 -3.52783 2 06599e-4 -3.52783

Sr304 (Celestine) 0200644 -0.697574 0.200644 -0.697574

From this table, you can see that Barite and Pyrrhotite solids have been predicted to be supersaturated.

For more detailed information about scaling tendencies, you can go to Scaling section on page 179.

Scroll down to the Brine Composition table

Brine Composition

Cations Value (ma/L) Anions Value (mgiL) Neutrals Value {ma/L)
Ki+1) 400.000 Cli-1) 389381 Coz 107.419
Ma(+1) 204000 HCO3- () 59.0364 H23 15.0000
Ba(+2) 0.700000 S04-2 2200.00

Ca(+2) 3800.00 Acetate- 545141

Fe({+2) 10.0000

Mg(+2) 830.000

Sr(+2) 15.0000

This table shows the composition of the brine after the reconciliation (calculation) has taken place.
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Section 12. Entering a Gas Analysis

Entering Data for a Gas Analysis

To add a Gas Analysis, go to the toolbar menu and click on Streams > ScaleChem > Add Gas, or by selecting

the Add Gas Analysis icon in the Actions Pane.

Streams  Calculations Chemistry Tools  View Windo
Add Stream l I o
Add New Analysis |
M ScaleChem > Add Oil
Add Gas
Analysis Add Brine

-ancile Marme: | Stre

Actions
Actions

@Add Stream

&) Add Mixer

T Add Water Analysis
=] Add EVS Calculation
] Add Brine Analysis

# Add Qil Analysis
“z Add Gas Analysisl
Add Saturator

I—i Add Scale Scenario
Add Scale Contour
™ Add Mixing Water
*H: Add Facilities

You will see four different tabs for this analysis. The Description, Design, Definition and Report tab.

The gas analysis opens in the Design tab, which has 2 different sub-tabs: Inflows and Reconcile, where we

need to enter the laboratory gas analysis information.

Description m Definition [5 Report

w || Component Value Normalized Entry Options

3 Subtotal: 0.0/100.000 (mole %) | Subtotal: 100.000/100.000 (mole %) Units

:E | H2o 0.0 0.0 mole % v
[ nz2 0.0 00| pisplay
| coz 0.0 0.0

- Formula -

© [ Hes 0.0 0.0

= J -

2 ,7 CH& 00 100.000 [ 5how Mon-zero Only

; ,_ C2HE 0o 0.0 Show MNormalized Column
[ c3us 0.0 0.0]  Template Manager
[ canto 0.0 0.0
[ n-can10 0.0 0.0 Standard v
[ CsHz 0.0 e Save as...
| csHi2 0.0 0.0
| ceH1s 0.0 0.0

<]

Normalize Options

Makeup w

Group Manager

[Juse Groups Add

We will start in the Inflows (red) sub-tab. Here you enter the concentration of a pure-component hydrocarbon
gas, in mole % units. The standard list of component extents to C6 alkanes.
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If there is a component that is not present in the prepopulated grid, simply click on the white grid and type the
species of interest, using the formula name or its chemical name, as has been shown in the previous sections.
Let's say for example, you want to add Isooctane. Type isooctane or i-C8H18 in the white cell to add it to the
list.

There is also the option of using the drop-down arrow, that allows you to search for the specific components
you want to add.

-

n || Component Value Normalized Entry Options
E Subtotal: 0.0/100.000 (mole %) Subtotal: 100.000/100.000 (mole %) Units
E | Ho 0.0 0.0 mole % ~
[v CcHe 0.0 100000 picrjay
[ n2 0.0 0.0
o Formula w
i [ coz 0.0 0.0
= J =
s [ Hz=s 00 0.0 []5how Non-zero Only
e [ 26 0o 00 [#] Show Mormalized Column
,_ c3Hs 0.0 1 Template Manager
[ icaH10 0.0 0.0
[ n-caH10 0.0 0.0 Standard v
[ kesHI2 0.0 0.0 Save as...
| csHi2 0.0 0.0
| ceHi4 0.0 0.0
Bzt = 00 30| |Mormalize Options
Display Name OLl Name ~ | | Makeup ~
- i-Ca4H10 ISOBUTANE Group Manager
#i-C5H12 IPENTAN [use Groups | Add
lgi-CaH18 MEPMNTAN224
#12 I0D2EL
$NIBA IBUTYLAMN
OLLIRFM7ENF IRFNZFNF he

If a name is misspelled or if the text is unrecognized, then a red X’ appears to the left of the name. This name
needs to be corrected or the row deleted before proceeding. To delete the row, simply select the wrong entry
(which will turn black) and hit the key <Delete>.

Description Design Definition [ Report

a || Component Value Normalized Entry Options
E: Subtotal: 0.0/100.000 (mole %)| Subtotal: 100.000/100.000 (mole %) Units
E | h20 0.0 0.0 mole % ~
[v cHe 0.0 100000 pyoio
| w2 0.0 0.0
S Faormula w
i | coz 0.0 0.0
§ | Hz2s 0.0 00| [Show Nan-zera Only
o || [ cere 00 00 Show Narmalized Column
r cais oo e Template Manager
| FcaH10 0.0 0.0
| n-caH10 0.0 0.0 Standard ~
r Festiz 00 o Save as...
| csHiz 0.0 0.0
| osHi4 0.0 0.0
| caH1s 0.0 00| Mormalize Options
Makeup v
=
Group Manager
|:| Use Groups Add
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The Reconcile sub-tab is used to calculate the properties of the gas at the temperature and pressure conditions
specified. By default, the values of temperature, and pressure are 60 °F (15.56°C) and 14.7 psia (1.002 atm).

Calculate &

Condition

Normalized

J Component
Subtotal: 100.000/100.000 (mole %)

0.0
100.000 J Conditions Value

Temperature (*C) 555
Pressure (atm) 1.00231

Hz0
CH4

Reconcile

Show Mon-zero Only

A Basic Gas Analysis

A brief introduction to the gas analysis tool will be shown in the example below. As we go through the example,
the basic definitions, functionalities, and reporting for the Gas Analysis object will be shown.

Example 60: Basic Gas Analysis

The Gas Analysis object provides a quick way to enter a pure-component hydrocarbon gas.

Setting the Gas Analysis

Add a Gas Analysis. Go to the toolbar menu and click on Streams > ScaleChem > Add Gas, or by selecting
the Add Gas Analysis icon in the Actions Pane

Actions

@ Add Stream
Add Mixer

Streams = Calculations Chemistry Tools View Windo

MAdd Stream l [ i1

Add New Analysis |

I ScaleChem > Add Gil
Add Gas
Analysis Add Brine
Mame: | Stre

—oncile

T Add Water Analysis
] Add EVS Calculation
E Add Brine Analysis

& Add Oil Analysis
F;Add Gas Analysis I

s Add Saturator
I—;’ Add Scale Scenario
Add Scale Contour
¢ Add Mixing Water
H Add Facilities

Click on the new Gas Analysis and press <F2> to change the name to Gas Analysis
Select the AQ thermodynamic Framework (Remember that MSE is the default so you need to change it)

Click on the Names Manager Icon and select the Formula option (default)

Click on the Units Manager Icon, and select Metric, Mole Frac. (default)

Under the Inflows Tab, enter the gas composition given in the table below



Gas Analysis Composition

Formula | Component Name | Mole %
H20 Water 1.80
N2 Nitrogen 3.00
CcO2 Carbon Dioxide 1.50
H2S Hydrogen Sulfide 0.50
CH4 Methane 65.5
C2H6 Ethane 14.0
C3H8 Propane 8.00
i-C4H10 | Isobutane 1.00
n-C4H10 | n-Butane 3.00
i-C5H12 | Isopentane 0.50
C5H12 n-Pentane 0.70
C6H14 n-Hexane 0.50

Your screen should look like the image below:

& Description Design [&¥ Definition [ Report

o || Component Value Normalized Entry Options
z) Subtotal: 100.000/100.000 (mole %) Subtotal: 100.000/100.000 (mole %) Units
= [ H2o 1.80000 1.80000 male % -
|— N2 3.00000 3.00000 Display
[ (=
o |— coz 1.50000 1.50000 Eormula -
o r H2S 0.500000 0.500000
c
S| v cne 65,5000 essopn| L Show Nen = only
; |— C2HE 14.0000 14.0000 Show Mormalized Column
|— C3H3 &.00000 8.00000 Template Manager
|— FC4H10 1.00000 1.00000
[ n-canto 3.00000 3.00000 Standard i
|— FCEH12 0.500000 0.500000 Srmar.
r C5H12 0.700000 0.700000
|— C8H14 0.500000 0.500000
Normalize Options
Makeup w
Group Manager
|:| Use Groups

Note: There are several options to the right of the data entered.

Entry options: Here you can select the preferred units, and display name. You also have the option to show
the non-zero values only — sometimes the composition of species is zero — and also show the normalized
(yellow) column — this option is useful when the values don’t add up to 100 mole%.

Template manager: Here you can select the standard (default) template or the extended template — which
includes hydrocarbons with longer chains. You can also create and save your own template for future use.

Normalize options: When your analysis does not add up 100 mole% you can select between two options:
Make-up and Prorate. For the Make-up option, the default gas used is CH4.

Click on Reconcile (vertical blue tab). The reconciliation calculation will be calculated at 15.556 C and 1.00231
atm (standard conditions).
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Description [&¥ Design Definition 53 Report

Component Normalized Reconciled Gas Calculate &8

Subtotal: 100.000/100.000 (mole %) Subtotal: 100.000/100.000 {mole %)

H20 1.60000 175645 | Conditon

Nz 3.00000 300133 J Conditions Value
K] coz2 1.50000 1.50066 empet i) 5555
T H2s 0.500000 0.500221 Pressure (atm) 100231
§ cHe 65,5000 655200
= | leze 14,0000 14,0082

cats 8.00000 8.00355

icart0 1.00000 1.00044

Shaw Mon-zero Only

n-C4H10 3.00000 3.00133
FCSH12 0.500000 0.500222
C5H12 0.700000 0.700310
CEH14 0.500000 0.500222

Now, we are ready to perform the calculation. Click on the Calculate button or press the <F9> key

It is time to save your file (File >Save as...) or using the save icon in the tool bar. Create a new file and name
it: ScaleChem Analysis Calculations.

Analyzing the Results

Once the calculation is done, the Reconciled Gas column displays the results at equilibrium conditions.

Description ¥ Design [E¥ Definition Report

Surnmeaty
= o Component Normalized Reconciled Gas Caculdte @ ]
5 Subtotal: 100.000/100.000 (mole %)|  Subtotal: 100.0001100.000 (mole %) Unit Set: Metric (mol fraction
E H20 1.80000 775645 |_Conditon
12 300000 3ouggs| (] Conitions | Vaue N auaous (he o) Oataben:
° =a T 20000 — Temperature (*C) 15.5556 Aquecus (H+ ion)
E s T 0.500221 Pressure (atm) 1.00231 i:;‘;r‘;,l;'f:‘ndwmﬁ:m
§ CH4. 655000 65.5290 T-span: 25.0 - 225.0
= c2H6 14.0000 14.0062 P-span: 1.0 - 1500.0
C3HB 8.00000 8.00355 Stream Parameters:
LCAH10 1.00000 100044 Temperature (*C) 15.5556
n-C4H10 3.00000 300133 Show Non-zero Crly Pressure (atm) |1.00231
iLC5H12 0.500000 0.500222 Wakeup Normalization: CH4.
CsHi12 0.700000 0.700310 5| | Equilibrium Calculation.
cBH14 0.500000 0.500222 Phase Amounts:
Aqueous (mol) |0.0443282
Vapor (mol} 99.9557
Solid (mol) 0.0
2nd Liquid (mol) 0.0

Aqueous Phase Properties:

pH 475177,
onic Strength (molimol)|3.20592-7,
Denstty (g/mi) 0.999257

Calc. elapsed time: 0.940 sec.

Calculation complete

To the right you can see the results summarized in the Summary Box.

The top section contains the Stream Parameters information. In this example, the software performed an
equilibrium calculation at 15.556°C and 1.00231 atm.

The Phase amounts section shows the distribution of species in the different phases. This analysis contains
two phases: aqueous and vapor.

The Aqueous Phase Properties information shows the computed pH, ionic strength, and density of the
solution.

Click on the Report tab. Here you will see a more complete representation of the results at equilibrium.
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Section 13. Entering an Oil Analysis

Entering Data for an Oil Analysis

To add an Oil Analysis, go to the toolbar menu and click on Streams > ScaleChem > Add QOil, or by selecting

the Add Oil Analysis icon in the Actions Pane.

Streams  Calculations Chemistry Tools  View

Add Stream l
Add New Analysis |
N ScaleChem » Add Qil
Add Gas
Analysis Add Brine

-ancile Marme: | Stre

You will see three different tabs for this analysis. The Description, Design, and Report tab.

Actions

@Add Stream

I Add Mixer

e Add Water Analysis
%] Add EVS Calculation

& Add Oil Analysis I

P Add Gas Analysis
& Add Saturator

L=~ Add Scale Scenario
(@ Add Scale Contour
" Add Mixing Water
H: Add Facilities

The oil analysis opens in the Design tab, which has 4 different sub-tabs: Combined, Pseudocomponents,

Assay and Reconcile.

In the Combined (red) sub-tab, pure components (organic and inorganic) are entered. If there is a component
that is not present in the prepopulated grid, simply click on the white grid and type the species of interest, using
the formula name or its chemical name, as has been shown in the previous sections. Let’'s say for example,

you want to add Isooctane. Type isooctane or i-C8H18 in the white cell to add it to the list.

Also, you can use the show non-zero only option to hide all the zero values — since they are not needed.

(J Descripliun@ Report

Component
n-C4H10
iCEH1Z
CSH1Z
CceH12
CTH1B
LC3H12
n-CBH18
C9H20
C10Hz2
C11H24
C12Hz6
C13H23
C14H30
C15H32
C16H34
C17H36
C18H38
C19H4D
C20H42
C21He4
C22H46
C23H43
C24H50
C25Hs2
C30H62
C35H72
C40H82

Combined

Pseudocamponents

Assay

Reconcile

Value

Normalized

Entry Options
Units

mole % v
Display

Formula v
[[1show Non-zero Gnly
[]Show Normalized Calumn
Template Manager

Standard v

Save as...

Normalize Options

Prorate v
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In the Pseudocomponents (blue) sub-tab, you can enter pseudocomponents. Here you need to provide the
molecular weight, NBP, SG, Thermodynamic Method, and the mole% information.

J Component Molecular Weight Nomal Boiling Point (°C) Specific Gravity

Combined

«Enter a name=

Pseudocomponents

Thermo Method Value (mole %)

In the Assay (red) sub-tab, distillation curves can be entered. The Assay screen contains three data entry grids:

Component, Entry Options and Distillation Data.

Component Grid

= i Compoment ol Distillation Data Grid
= <Enter a name=
o J Volume%: Temperature (°C)
B
L=
L&) Entry Options |
ASTM D36

@ API-8
[ =
a - A
5 0.00 | Spedfic Gravity
o
B
L=
o
o
= ™ A ~
- Display Assay Cuts
L
o -

Entry Options
i J Name Mole % Mol Wt. NBP (*C) Sp Gr Cr Temp (*C) Cr Pres (atm) Cr Vol (Limol) Acentric Factor
=T
-9

Component Grid: In the component grid you can name your assay. No more than 5 letters are allowed for the
name. The mole% instructs the software that the mole% entered represents the total hydrocarbon mass.

Entry Options Grid: In this grid there are four pieces of information that the user needs to fill out: The Assay

Type, the Thermo Method, Density and No. of Cuts.

There are four Assay types. These are experimental methods used to create distillation curves.

Entry Options

Type

ASTM D35
Thermo Methed  [pemM D150

Density | 34.00

ASTM D86 runs at atmospheric pressures and is used for all oil types
ASTM D1160 runs at vacuum pressure and is used for heavy oils
ASTM D2887 runs on a gas chromatograph and is used for light oils
TBP is the true boiling point curve
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There are also four methods for calculating thermodynamic properties, referred to as Thermo Method in the
software, and these are: API-8, API-5, Cavett and Lee-Kessler.

The API-8 and API-5 are methods that use specific gravity to determine critical parameters.
Cavett is a method to determine critical parameters using the API gravity
Lee-Kessler is a method to determine critical parameters by using the Watson K

There are three, average bulk density options: Specific Gravity, API gravity and Watson K.

Spedfic Gravity

Mo, of Cuts

APT Gravity
Watson K

Specific Gravity (SG) is the ratio of the material density to water. think simulation | getting the chemistry right
requires specific gravity to be between 0.228 and 1.6.

API Gravity is defined as API Gravity = (141.5/SG) — 131.5

Watson K is a method that relates density to boiling point

A more detailed description of the different assay types, thermodynamic methods and density calculation
methods is found in the Basic Definitions for the Oil Analysis Tool section on pages 393-396.

Distillation Data Grid: In this section the distillation data is entered.
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The Reconcile tab is where the equilibrium calculations are performed and is used to calculate the properties
of the gas at the temperature and pressure conditions specified. By default, the values of temperature, and
pressure are 60 °F (15.556°C) and 14.7 psia (1.002 atm).

Description Design Definition [ Report

J Component Normalized Calculate &

Subtotal: 100.000/100.000 (mole %)
HZ0 00 Condition
CH4 100,000 J Conditions Value
Temperature (*C) 15.555
Pressure (atm) 1.00231

Reconcile

Show Mon-zero Only

Basic Definitions for the Oil Analysis Tool

Hydrocarbon Petroleum Fractions

Frequently a hydrocarbon analysis is the only data available for entry into the software. This analysis is usually
a distillation curve where the volume distilled as a function of temperature of a petroleum fraction has been
analyzed. This information must be turned into a vapor, organic and aqueous component for use in the
simulator.

ASTM D86

Used for light and medium petroleum products and is carried out at atmospheric pressure. The results are
converted internally in the OLI model generator to a TBP (True Boiling Point Curve). This curve is then fit to a
spline to smooth the curve. The cuts are taken from the spline.

ASTM D1160

Used for heavier petroleum products and is often carried out under vacuum. Sometimes as low as 1 mm Hg.
The results are converted internally in the OLI model generator to a TBP (True Boiling Point Curve). This curve
is then fit to a spline to smooth the curve. The cuts are taken from the spline.

ASTM D2887

Uses gas chromatography to produce the distillation curve and is applicable to a wide range of petroleum
products. The results are always reported on a volume percent basis. The results are converted internally in
the OLI model generator to a TBP (True Boiling Point Curve). This curve is then fit to a spline to smooth the
curve. The cuts are taken from the spline

True Boiling Point (TBP)

These curves, in practice, are difficult to obtain. The other methods are usually used instead.
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Thermodynamic Methods (pseudo-components and petroleum fractions)
The methods used within OLI to calculate the critical temperature and pressure are the API, Cavett and Lee-
Kesler methods.

API Method

Uses the specific gravity to estimate the critical parameters. The specific gravity, if not entered, can be estimated
from the API gravity or the Watson K. The boiling points are taken from the assay data. API version 5 (API-5)
and API version 8 (API-8) are currently supported.

The API method is selected by the user. Tc, Pc, and Vc are calculated as follows:
T, = 24.2787 x T 58848 x §G 0359

3.12281p +9

In PC = sz.31255(;2.3201

if T, < 1000 °F

Otherwise
0.566 2.2898 0.11857
InP, = 8.3634 — ~¢ (0.24244 + SC ) ( SC? ) % 0.001 X T},
3.648 0.47127 ) 6977 .
+ (1.4685 +W+W) X |p—7><T,, - (0.42019-1— SG2 )|p— 10 X T
Z, X T, x10.73
Vc - -
P
Where,
Tc = Critical temperature in Rankine
Pc = Critical pressure in psia
Zc = Critical compressibility factor
1

Z. =
© T 343+6.7p—9 x A?

And

Ae 8.75 + 1.978(logT},) X Ty,

5 if T. < 536.67 R

If 536.67<Tc<593 R, the above result for A is multiplied by f:

536.67)0'38

=(T —
U (C T, — T,

If Tc>593 R,
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A (0.98907 x SG)(A — 592.4439)\*°
B MW

Cavett

This method uses the API gravity method to determine the critical properties. The API gravity, if not entered
can be estimated from the actual specific gravity or the Watson K. The boiling points for the pseudo-components
are taken from the assay.

If the Cavett method is chosen by the user, Tc, Pc and Vc are calculated as follows:
T, = 768.0712 + 1.7133693 x T, — 0.0010834 x T? — 0.008921258 X T}, X API + (3.8890584p — 7)
+ T2 % 5.309492p — 6 X T? X API + 3.27116p — 8 X (T, X API)?
logP. = 2.829046 + 0.0009412 X T}, — 3.047475p — 5 X T? — 2.087611p — 5 X API X T, + 1.5184103p — 9 X T2

+1.1047809p — 8 X API X T2 — 4.82716p — 8 X API? X T, + 1.3949619p — 10 x (API X T})?
y _ ZeXTex 1073

[ PC
Where,
Tc = Critical temperature in Rankine
Pc = Critical pressure in psia
Zc = Critical compressibility factor
1

7. =
€T 343+6.7p -9 x A2

And

Ae 8.75 + 1.978(logT},) X Ty,

5 if T. < 536.67 R

If 536.67<Tc<593 R, the above result for A is multiplied by f:

B (T 536.67)0'38
f - c Tc _ Tb
If Tc>593 R,
A (0.98907 x SG)(A — 592.4439)\"°
- Mw
Lee-Kesler

This method uses the Watson K and the specific gravity (which can be estimated via the Watson K) to determine
the critical parameters.

If the Lee-Kesler method is selected by the user, Tc, Pc, and Vc are calculated as follows:
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811
T, = 3417 + — + (04244 + 0.1174 56) X T, + (0.4669 — 3.2623 SG) +

L p — ga63s_ 0566 (0 0u0,, 22898 011857
e =¢ Y _(' SG SG?

3.648 0.47127
*

) X 0.001 X T,

100,000

b

77

1.4685 + + )x| 7 X T? (042019+1'69 )| 10 x T3
. SG p b . SG P b

SG?

Z.xT.x10.73
V= c c

[ PC
Where,
Tc = Critical temperature in Rankine
Pc = Critical pressure in psia
Zc = Critical compressibility factor
1

Z. =
© T 343+6.7p—9 x A?

And

j_ 875 +1.978(1ogTy) X T,

5 if T. < 536.67 R

If 536.67<Tc<593 R, the above result for A is multiplied by f:

536.67)0'38

=(T. -
f (C TC_TIJ

If Tc>593 R,

A (0.98907 x SG)(A — 592.4439)\"°
B Mw

Average Bulk Density

Specific Gravity

Unitless, relative to pure water (H20) at 15 °C which has a density of 1.0 g/mL

API Gravity
Degrees API (°API). This is calculated via the following equation:

141.5

API(60F) = (s. g.-(60F)

)— 131.5

where, SG is the specific gravity at 60 °F.
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Watson K

The Watson K has no units but is calculated via:

‘- NBP'/3
“\ s6

where NBP is the normal Boiling point.

Putting together a complete calculation

Now that we have defined some terms, we are now ready to begin entering the information required to run a
calculation. In this calculation we will be entering the concentrations of a single brine.

Task 1 — Create a Brine Analysis

In this task we will show the main interface of a Brine Analysis, followed by an example of a brine (water
analysis) and calculate its scaling tendency. Steps for the simulation will be given with bullet points.

Add Brine
Analysis

Add Brine Analysis from Actions Panel.

Click on the description Tab. If the Description tab is not currently displayed, click on the tab.

Wl
Description Design [l Report

M ame: |Brine |

The chemistry of the brine needs to be entered. This information includes concentrations, alkalinity, pH and
density. The table below describes the hypothetical water that we will create. Choose the AQ thermodynamic
framework for these calculations.

Brine Analysis

Na+1 36000 CI- 57000 Temperature 25C
K+1 300 S04-2 250 Pressure 1 atm
Ca2+ 600 HCO3-1 600 pH 7.67
Mg2+ 150 Alkalinity 600
Sr+2 80 Density (mg/L) 1.064
Bat2 5 Total Dissolved Solids (mg/L) 96280

The screen should look like the image below
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Select Formula

Data Entry

Reconcile

Select the Show non-zero only box

Variable Value | Balanced

Cations (mg/L)

Entry Options

Units
Na+t 36000.0| 36116.0
mafL ~
=] 300.000| 300.000
Display
Casz 600.000 | 600.000
Mg=2 150.000 | 150.000 Fem s -
Sre2 80.0000 | B80.0000| []Show Non-zero Only
Bas2 500000 500000 [7]Show Balanced Column
Fes2 0.0 0.0
Template Manager
Anions (mglL) Standard ~
o] 57000.0 | 57000.0
s082 250.000 | 250.000 Save as...
HCO3-1 £00.000 | £00.000
Hs-1 0.0 0.0|  Balance Options
C2H302-1 0.0 00| Type
Dominant fon ~
Neutrals (mgiL)

coz 0.0 0.0
H2s 0.0 0.0
sz 0.0 0.0
BIOH)3 0.0 0.0

0.0 "

Display
0.0
OLI Ta ~
0.0 2

Display Mame
0.0 Formula
0.0

You can display an easier-to-read table by showing only the species that have actual concentrations.

Data Entry

Reconcile

Variable Value

Na+1
K+1
Ca+2
Mg+2
Sr+2
Ba+2

CH
S04-2
HCO3-1

Cations (mg/L)
35000.0
300.000
500.000
150.000
80.0000
5.00000

Anions (mglL)
57000.0
250.000
500.000

Neutrals (mg/L)

Balanced

36116.0
300.000
600.000
150.000
80.0000
5.00000

57000.0
250.000
600.000

Another thing to consider is which Balance Option to select.

Entry Options
Units

mg/fL
Display

Formula

Show Mon-zero Only
| Show Balanced Column
Template Manager

Standard ~

Save as...

Balance Options
Type

Dominant Ion

£

Itis highly unusual for the data to be electrically neutral. Therefore, samples are reconciled for Electroneutrality.
After entering each species concentrations, you will notice that Balanced values show up in the column next to
values. The Column header says Balanced.
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Reconcile/ Data Entry

Variable | walue || Balanced
Cations (mag/L)
Natt 36000.0) 36116.0
Kt  WF 3uu.uuu|| 300.000
Ca+2 600.000f 600.000
Mg+2 1su.uuu|| 150.000
Sr+2 80.0000f 80.0000
Ba+2 5.uuuuul| £.00000
Anions (mg/L)
CH 57000.0) 57000.0
5042 2su.uuu|| 250.000
HCO3-1 600.000f 600.000
Neutrals (mg/L)

When adding or removing ions to balance charge, the solute mass is altered. We must decide as to whether
we keep the mass of the solution constant (thereby adjusting the amount of water) or keeping the amount of
water constant and adjusting the solution mass.

Select Dominant lon balance option type.

Balance Options

Type

Daminant Ion
Dominant Ion
Prorate Cation
Prorate Anion
Makeup Ton

You can review the Dominant lon Charge and lons needed to balance in the tables presented in the Summary

Box.

Summary

Pressure (atm)

Unit Set: Metric (mass concentration}

Automatic Chemistry Model
Agueous (H+ ion) Databanks:
Agqueous (H+ ion})
No Solid phase(s)
Custom K-fit P-span
Stream Parameters:
Temperature (*C) |25.0000
1.00000

Stream amount (L) 1.00000

(eqiL):
Cation Charge
Anion Charge

Na+1/115.954

Dominant lon Charge Balance

1.61776
-1.62280

Imbalance -5.04367e-3

Concentration Data Only.
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The summary box shows additional detail about the brine’s chemistry and balance option. The stream
parameters table shows default values. The Dominant lon Charge Balance shows the total cations or anions,

and the total imbalance.

Now is time to enter the measured property data in the Reconcile Tab.

Select Concentration Data Only Option
Check the Calculate Alkalinity box

Enter the measured pH (7.67), density (1.064 g/mL) and TDS (96280 mg/L)

Leave the Allow solids to form unchecked.

We will leave the Allow solids to form unchecked because generally the industry uses acid to preserve water
samples, which prevent solids to form. Acidified samples contain the unprecipitated ion concentration, which is
what we entered into the brine. In this step, we will eliminate solids because allowing solids to form would

change the brine’s composition significantly.

Calculate Brine Properties Using:
(®) Concentration Data Only
() Gas-Phase CO2 Content {moles)
(C) Measured pH and Alkalinity
(C) Measured pH Only
Calculate Alkalinity

Data Entry

Specs...

[ allow solids to form

Calculate @

Properties

Temperature (*Ch

Pressure (atm)

pH

Alkalinity (mg HCO3/L)
Density (g/ml)

Elec Cond, specific (pmho/cm)
Total Dissolved Solids (mg/L)

Add Charge Balance (mg/L Na+1)

Select the Calculate button or press the <F9> key

Measured

25.0000
1.00000
T.67000
500.000
1.08400

0.0
96280.0

Composition Adjustments

Calculated

Calculate Brine Properties Using:
(®) Concentration Data Only
() Gas-Phase CO2 Content (mole%s)
(O Measured pH and Alkalinity
(C) Measured pH Only
Calculate Alkalinity

Data Entry

Specs...

[ Allow solids to form

Calculate &

Properties
Temperature (*C}
Pressure (atm)
pH
Alkalinity (mg HCO3/L)
Density (g/ml}
Elec Cond, specific (pmho/cm)
Total Dissolved Solids (mo/L)

Add Charge Balance (mg/L Na+1)

Measured

25.0000
1.00000

Calculated

742804
564.260
1.06134
1.26085e5
95080.6

Composition Adjustments

115.954

Once the calculation is done, the calculated column displays results based on the concentration that were
entered in the Data Entry Tab. The calculated results of note are pH=7.43 and 564.26 mg/L as HCO3 in total

alkalinity.
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Experimental inaccuracies in sample measurement may, on occasion, result in a calculation that indicates that
solid is supersaturated. This can normally be ignored providing that the super saturation is not excessive.

Aqueous Phase Properties:

:‘?pH 7.42904
lonic Strength (mel'mol) 0.0283607
Density (g/ml) 1.06134

Calc. elapsed time: 7.905 sec.

Calculation complete

The brine iz supersaturated with 3
=olids:

BaS04 (Barite), CaCO3 (Calcite),
SrC0O3 (Strontianite)

Alkalinity: 584.260mg HCO3/L

More details of the Brine composition can be found in the Report Tab.

In the Report tab, scroll down to the Pre and Post Scaling Tendencies, where you will find the results of Scaling
Tendencies with Solids off.

Tl
Description Design # Report L2 File Viewer
Jump ta: | Brine Analysis Data ~ @ % Customize E=part

Pre and Post Scaling Tendencies A
Scale Mineral Pre-scaling " Pre-index Post-scaling Post-index
BaCO3 (Witherite) 7.09380e-4 -3.14912 7.09380e-4 -3.14912
BaS04 (Barite) 5.22755 0.7942317 6.22755 0.794317
CaC03 (Calcite) 6.35375 0.803030 5.35375 0.803030
CasS04.2H20
(Gypsum) 0.0174237 -1.75886 0.0174237 -1.75886
Cas04 (Anhydrite) 0.0142718 -1.84552 0.0142718 -1.84552
KCI (Sylvite) 7.36476e-4 -3.13284 7.36476e-4 -313284
MNaCl (Halite) 0.0324630 -1.48861 0.0324630 -1.48861
SrC03 (Strontianite) 2.38156 0.376861 2.38156 0.376861
5r504 (Celesting) 0.123629 -0.907879 0.123629 -0.907879

Brine Composition

Cations Value {mg/L} Anions Value {(mgiL} Neutrals Value {(mgiL)
K(+1) 300.000 Cl(-1) 57000.0

Na(+1) 36116.0 HCO3-(*) 600.000

Ba(+2) 5.00000 504-2 250.350

Ca(+2) 600.000

Ma(+2) 150.000

Sr(+2) 80.0000

(*) This is total system carbonate including diselved COZ2. THIS IS NOT ALKALINTYT

If we would have allowed solids to form, these concentrations would not be as close to the initial values.
Note: If scaling tendencies did not show up in the Report Tab, follow these steps:

Right click on the brine analysis icon
Select Calculation Options
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MNavigator L o+ X
. Tl
16_Brine Analys
ams Description

-t BT

Arrange »

Cut
Copy
Paste i

Delete 1

Rename

Add As Stream -

Actions
Actions

Clear Results -

Clear Status -

P
Calculation Options rt
@ Ag""ﬂ“—v—r—wpim.%rr

Enable Pre-scaling Tendencies

Calculation Options - Brine-2 ?

ScaleChem Calculation Options 5 caleChem Convergence

General Diagnostics
Show status dialog [IEnable trace
Verbose

Optional Properties
Diffusivities and Mobilities

[ iffusivities Matrix
Viscosity
Electrical Conductivity
[Heat Capacity
Activities, Fugadties, and K-Values
[ Gibbs Free Emrgy
|:| Entropy
Thermal Conductivity
Surface Tension
Interfadal Tension

Pre-scaling Tendencies e
Method

() Estimated (®) Rigorous
Cancel Apply

Help

Task 2 — Create a Scaling Scenario

The next task is to calculate the brine scaling tendencies. Once the Brine Analysis data is entered and
the sample reconciled, we can begin the Scaling Scenario calculation.
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1. Select Add Scale Scenario from Actions panel.

Actions L o+ X
Actions
®» & &
Add Brine Add Gil Add Gas Add
Analysis Analysis Analysis Saturator
S W2
2\ @ %
Add Scale § Add Scale  Add Mixing Add Facilities
cenaric Contour Water

Add HC

Saturator

Once we add a Scale Scenario object, the software opens to a new Design screen containing three
vertical tabs: Inlets, Conditions, and Solid. We will work in each of these sections to set up the
scaling calculation.

Description Design (i Plot [ Report L} File Viewer

% J Type Name Flow
= =select=

w

c

£

%

c

o

L]

% Detail Info of Selected Inlet Name

o J Component Value {mol/hr)

Inlet Tab

Type You can select the brine, gas or hydrocarbon of interest

Name Click in the Name field. As you position the cursor in the field, a Down Arrow will appear. You
can then select from a list of brines, gases or oils already entered into this think simulation |
getting the chemistry right document.

Flow Enter the flow rate for the gas, hydrocarbon or brine.

2. Click on the Description tab and rename the Scale Scenario as “Brine Scale Scenario”.
3. Then click the Design tab.

Your screen should now look like image below.
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B File Edit Streamns Calculations Chemistry Tools View Window Help

L=EH By B T A | Aqva S0 Re s W o:E L #hEs | G BEE S
Mavigator L o+ X l—i
Chapter 16_Brine Analysis*
¢ Streams Description ¥ Design il Plot (& Report L2 File Viewer
- lgb Brine-2
.| Brine Scale Sci}ann P J s = Flow Coite @
: oae @ |
- [ calculate Akalinity
Summary
2
= Unit Set: Scale Metric
=
o Automatic Chemistry Model
< Aquenus (H+ ion) Databanks:
Aqueous (H+ ion)
Custom K-ft P-span
o ;
= | Detail Info of Selected Inlet Name At least one inlet should be selected.
< B Component Value (mol/hr) Selected Solids:
Acti .
;;ns R No Solid Selected
ions
,—‘ Calculation not done

4. Select the Inlets tab
5. Select the right corner of the first cell in the Type column then select Brine (bbl/day). You may need to
change units by clicking the blue hyperlink.

Type Name Flow

|

<sEle

Whole Fluid '

Detail Info of Selected Inlet Name

|

Solid/ Conditions/lnlets

Value (mol'hr)

Component

6. Select Brine from the drop-down menu in the Name column.
Description Design [jll Plot [ Report L3 File Viewer

|

Bring

Flow

Name

Type

Inlets

=select=

7. Enter 1400 (bbl/day) in the Flow Column. Please change units if necessary.

Conditions Tab

8. Select the Conditions Tab (vertical blue tab on the left-hand side of the Design screen)
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Description Design il Plot [ Report L3 File Viewer

I J Laocation Temperature (| Pressure (bar) | Drop Solid
= || [<Enter Location Name= |
w
=
]
=
£ 3
=]
(%]
=
& Auto Step Sort Zoom
Steps: - | G0 TP =Nl |

The Conditions section is where we enter points along the production scheme. The first column is Location.
We can use the dropdown menu in each row to select a location or type in our own location name.

9. Type in the following conditions or use the dropdown menu within the Location cells.

Scale Scenario Locations

Reservoir 125 275
Bottomhole 125 280
Downhole 115 190
Midwell 105 130
Wellhead 100 100
Choke 90 80
Separator 60 30

The diagram within the Conditions screen and the list of locations in the Summary window both show the
locations in the order that we entered. This screen has options for zooming, auto steps, sorting by temperature
or pressure, and dropping solids at specified conditions.
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@ J Location Temperature (°C) Pressure (bar) Drop Solids
@ N
= Reservoir 125.000 275.000 O
Bottom hole 125.000 280.000 O
" Downhole 115.000 180.000 O
g Midwell 105.000 130.000 O
% Wellhead 100.000 100.000 |:|
= Choke 90.0000 £0.0000 O
< Separator §0.0000 30.0000 O
<Enter Location Name=
=
I Auto Step Sort Zoom
Steps: | 7 ||Go T P =N |
A
Reservoir H:“Tm Downhole Midwell
T:125.0 - T-f":n » T:115.0 » T:105.0
ITE Sles . .

P:275.0 2500 P:180.0 P:120.0

Wellhead Choke Separator

T:100.0 e  T:20.0 = T:E0.0

P:100.0 P:20.0 P:30.0

v
< >

The graphical view clearly shows the five locations and their Temperature and

Calculate @

[ calculate Alkalinity

Summary

Unit Set: <Custom:
Automatic Chemistry Model

Aguecus (H+ ion)
Excluding 74 solid phases
Using K-fit Polynomials

T-span: 25.0 - 225.0

P-span: 1.0 - 1500.0

Inlets:
Brine (bbl'day) Brine 1400.00

Locations Tempe rattl.:(r:e] Pr
Reservoir 125.000
ﬁ;'g”m 125.000
Downhole 115.000
Midwell 105.000
Wellhead 100.000
Choke 50.0000
Separator §0.0000

Selected Solids:
No Solid Selected.

Calculation not done

Pressure conditions.

Aguecus (H+ ion) Databanks:

essure
(bar)
275.000

280.000

190.000
130.000
100.000
£0.0000
30.0000

The Drop Solids checkbox column is designed to help the users decide if they want to carry forward solids from

certain locations or not.
Solid Tab

10. Select the Solid Tab
11. Make sure that the solid button in the menu bar is selected.

12. Select the Standard checkbox
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Solids Selection
g (Barite)

CaCo3 (Caldte)
Cas04 (Anhydrite)
Cas04.2H20 (Gypsum)
MNaCl (Halite)

[¥] 5r504 (Celesting)
(-] Expanded

-] Al

Solid I*onditions/lnlets

13. Press the Calculate button of select the <F9> key
14. Select the Plot Tab

You can customize which curves are visible by selecting the Variables button.

Description £¥ Design il Plot 5 Report L File Viewer

| a |2 X [8)[8 [ vevoas Gpiors

26 T T T
2 '\-\k 1
22 - B
—&— CaCO03 (Calcite) - Sol Pre-scaling tel cy [Pre-ST]
20 F 4 CaCO3 (Aragonite) - Sol Pre-scaling tendency 4
8 49 _m— 5rCO3 (Strontianite) - Sol Pre-scaling tendency [Pre-ST]
g I —4— BaS04 (Barite) - Sol Pre-scaling tendency [Pre-ST] T
@
= 16 | —— MgCO3 (Magnesite) - Sol Pre-scaling tendency [Pre-ST] .
K
@
c 14 A q
= e —
o B
@
o 12| 1
o
T 10+ B
=3
E
DD 8 h .
6F m - - E
e
4 4
2| . - e .
0 — = —% e .
%, %, % %, %, %, %,
£y ) ) ey % s 1,
2y % - 3 3
Oz 4, % =4 (=

15. Select the View Data button

@ :j-a. ﬁm = [3 | Wiew Data Wariables Options

The View Data button shows the pre-scaling tendency at each location. We can copy the results of this table to
a program like Excel by selecting the top left cell then selecting <CtrI>+<C> on the keyboard.
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Task 3 — Create a Gas Analysis

Double click on the Add Gas Analysis object in the Actions Panel

At L
ACBons h
|
o ETE = W
Add Serearn  Add Mier  AddWater  Add EVE Add Bring
Anabysis  Calculaticn  Analyin
e .
“ S '\;J'
Addd Ol Add Gas Add Add Szale Aadd Seale
Anatyin Andhin Saturatce Seerang Cortour

Y w4y
Add Meong  Add Faclibed Add HT
Wiater Seturstor

This adds a Gas object to the Navigator panel.

Select the Description tab, then rename the object Gas Analysis.

Navigator £ oex &

Chapter 16_Brine Analysis® |

o8 Streams Description Design Defin
(- Tgb Brine

: Jg# Brine Scale Scenario
L5 Gas Analysis

Mame: |Eas Analysiz

Enter the following composition and values in the Inflows grid:

Gas Analysis

H20 Water 1.80 C3H8 Propane 8.00

N2 Nitrogen 3.00 i-C4H10 Isobutane 1.00
CO2 Carbon dioxide 1.50 n-C4H10 n-Butane 3.00
H2S Hydrogen sulfide 0.50 i-C5H12 Isopentane 0.50
CH4 Methane 65.5 n-C5H12 n-Pentane 0.70
C2H6 Ethane 14.0 n-C6H14 n-Hexane 0.50

The Inflows grid will look like one below..

Description ¥ Design [&%¥ Definition (& Report L3 File Viewer

o || Component Value Normalized Entry Options
E, Subtotal: 100.0| Subtotal: 100.000i  Urits
E| [ Ho 1.80000 180000 | |mole % -
[ w2 3.00000 300000 | pigiay
[ coz2 150000 1.50000
2 Formula ~
o[ [ nes 0.500000 0.500000
S| v cne 855000 55000 |  Show Non-zero Only
4 ;
3 [ cave 12.0000 14.0000 Show Normalized Column
[ cans 8.00000 BO0DU0 | opite Manager
[ icanto 1.00000 1.00000
| ncenio 3.00000 3.00000 Standard ~
[ icemiz 0.500000 0.500000 Save s,
[ csHiz 0.700000 0.700000
[ ceH14 0.500000 0.500000
Makeup ~
Group Manager
[Juse Groups Add
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This is the extent of the gas entry step. There are modifications that can be part of the gas analysis entry step
(in the Reconcile Tab), but in this case, they are not considered. Now that the gas is entered, the scale scenario
considered in Task-2 will be recomputed.

Surmnnary
g J Component Normalized Reconciled Gas Calculate &
2 Subtotal: 100.0 Subtotal: 100.000/M Unit Set: Metric (mole fraction)
= Condition
— H20 1.80000 1.75645 . .
2 3.00000 3.00133 J Conditions Value Auf:muztclc:lecmr—miitgég:?anke:
coz 150000 1 50086 Temperature (*C) 15.555 ,-;-:uecu'e H+ i;:n::
Pressure (atm) 1.00231 iqui
Has 0.500000 0.500221 = ﬁ:;”g”f{'_'#tqgfwi'rmsi:h
CH4 65.5000 65.5280 T-span: 25.0 - 225.0
C2HS 14.0000 14.0062 P-zpan: 1.0 - 1500.0
C3H8 8.00000 8.00355 Stream Parameters:
FC4H10 1.00000 1.00044 Temperature ("C){15.555
n-C4H10 2.00000 200135| & Shew Non-zera Only Pressure (atm) |1.00231
CSH1Z 0.500000 0.500222 Makeup Normalization: CH4.
n-C5H12 0.700000 0.700310 Equilibrium Calculation.
CEH14 0.500000 0.500222 Phase Amounts:
5 Agqueous (moly | 0.0443282
Vaper (mol) 99 9557
Solid (mol) 0.0
2nd Liquid (mol) 0.0

Aqueous Phaze Properties:

pH 475177
lonic Strength (mol'mol) 3.20592e-7
Density (g/ml} 0.999257

Calc. elapsed time: 0.517 sec.
Calculation complete

Task 4 — Recalculate Scale Scenario with Gas

The gas analysis will be added to the Scale Scenario so that it is considered during the scale evaluation.

Select the Brine Scale Scenario icon in the navigator panel

b‘f Streams

+@ Brine

+|§2 e Scale Scenario
52 Gas Analysis

Select the Design Tab (horizontal tab) if not automatically sent there
Select the Inlets tab (vertical) if not automatically sent there
In the Type Column Add Gas
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H Type Name Flow
Brine (bbl'day) Brine 1400.00

In the Name column select Gas Analysis

N Type Name Flow
Brine (bblday) Brine 1400.00
Gas (std E3m3/day) [+
<select=

=

Enter a flowrate of 250 std E3m3/day in the flow cell

@ J Type Name Flow

% Brine (bbliday) Bring 1400.00
- Gas (std E3m3/day) Gas Analysis 250.000
w |

Calculate (Press <F9>)
Select Plot Tab

& Description (¥ Design (L Plot [ Report CF File Viewer

\ al & & [&][§] [ e

T
36
34 ]
32t ]
30l —a—BaS04 (Barite) - Sol Pre-scaling tendency [Pre-ST] -
28 —&—CaC03 (Calcite} - Sol Pre-scaling tendency [Pre-5T]
P —m—CaC03 (Aragonite) - Sol Pre-scaling tendency [Pre-ST]
g 261 —&— SrCO3 (Strontianite) - Sol Pre-scaling tendency [Pre-ST] % ]
5 a4f ]
z 24 Sr504 (Celestine) - Sol Pre-scaling tendency [Pre-ST)
& 22t ]
Zaof 1
8
@ 18 f ]
2
a 16 4
g o14p !
g 12f ]
8
10 | 7]
08 [ ]
A — .
06 ———a—— . ]
—
04 —— %—— & A ]
0zl - S S
0.0 - L 1 1 ‘L’k L
<
%, 3 OD»’L %, Sy %, %,
s, 0, 2, s, %, e =z
%, % % % %, © K
2 % % ¢ ks
6

Select Variables button
Remove all the variables from the Y1 Axis and the Y2 axis by double-clicking on the variables (this removes
them from the list). Alternatively, highlight each variable and click on the double-arrow.

You will replace the existing variables with the calcite pre-scaling tendency.
Expand the Pre-scaling Tendencies button by clicking the + sign
Double-click on the CaCQO3 (Calcite) variable to move it to the Y1 Axis

Expand the Additional Stream Parameters and add pH to the Y2 axis
Click OK
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Select Data To Plot

Curves

- Pre-scaling Index

- Scaling Index

- Aqueous

- Viapor
Second Liquid
Salid

Molecular Totals

Themodynamic Properties

(= Pre-scaling Tendencies

i Dominart Pre-scaling Tendencies

i BaS04 (Barite) - Sol Pre-scaling tendency

[ CaC03 (Calcite) - Sol Pre-scaling tendency

t CaS04 (Anhydrits) - Sel Pre-scaling tendency
i Ca504 2H20 (Gypsum) Pre-scaling tendency
- NaCl {Halite) - Sol Pre-scaling tendency

.. 5504 (Celesting) - Sol Pre-scaling tendency

- Scaling Tendencies

Solids

Standard

[] Use short names
Hide zero species

Plot data which is only within temperature range

n X Aais
> Locations
Y1 Axis |
2 Axis |
| [ >
Z Axis
- Select -
0K Cancel Apply Help

If you are in the View Data view, then the table should be similar to the one below.

Locations

CaCo3
(Calcite)
Pre-scal

ng
tendenc
¥y Scaling
Tendend

¥

pH

Pre-5T

el =l L N R N

Reservoir
Bottom hole
Downhole
Midwell
Welhead
Choke
Separator

Calcite is sub-saturated (S<1) at all locations.

Select the View plot button

The decreasing calcite saturation trend and the increasing pH is easier to see from the plot view.

1.705312|5.81211
(1.694891 | 5.60661
0.655192 |5.67654
0.604657 |5.74096
0.616724 |5.79768
0.500689 |5.81369
(0.365394 |5.96805
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Description &3 Design il Plot 5l Report L2 File Viewer

@a | a =) | viewData

Variables

Optiohs

Task 5 — Creating a Saturator Object

0.72 . N 508
070 - e — S {596
068 - \ ' 1594
g 0.66 - +C5C03(Cﬂ\cﬂe}}lﬂ@-seﬂlingtennenc}t[Pre-ST] 4592
g 0.64 - apHO2) L 4590
7 062 . 1 - 588
5oe0f - \, 1586
& 058 [ AN 4584
Zosel ls \ 4 1582
Sos — N 1580
g sz b {578
& 0501 y \n 1576
. b &« \ 4574
e \ 4570
g 044 - o \ 1e6s
o D4z r \ Js66
© 040 N\ Jses
038 - . B o \. 4 562
0.36 - 1560
0.34 L L L L L 558
'?%sq, %"09, E % 4/6’"@ %’45 G%*s oy
22 ’jo,s %% K % %,

Hd

You will use the Saturator object to set the reservoir minerals at equilibrium with the produced fluid. It is
reasonable, in some cases, to saturate the produced fluid with common evaporite and secondary minerals like
CaCO0g3, CaS04.H20, FeCO3, and NaCl. This assumes that as the reservoir fluid flows through the rock pores,
there is sufficient time to interact with the surface minerals. This is based on a second assumption that the
vertical column of liquid and gas are in complete equilibrium and that the saturating minerals are distributed
throughout the reservoir matrix, such that complete water-mineral contact is possible.

In this case we are going to simulate a particular oil & gas well: ABC. This well produces from calcite-cemented
sandstone. Barite is also present in minor quantities in the rock matrix. You will, therefore, create a reservoir
called ABC Reservoir and saturate the Brine (previously calculated) with calcite and barite. You will then
recalculate the Brine Scale Scenario.

1) Add a Saturator Object

Actions
Actions

. x

Add Stream Add Mixer

Add Water

&
= = = = HE

Add EVS
Calculation

Add Brine
Analysis

= ©

Add Scale  Add Scale
Scenario Contour

Water

Analysis
Add Qil Add Gas Add
Analysis Analysis Saturator
AT 4 &
Yy " F
Add Mixing Add Facilities  Add HC

Saturator

2) Select the Description Tab to rename the Object Reservoir
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Mavigator L o x
Chapter 16_Scale Scengrio with
6“ Streams by

£-Tg Brine

¢ L.B Reconciled-Brine-1
l:é Brine Scale Scenario
% Gas Analysis

{3 Reservoir

3) Select the Design Tab

&

Description Design [ Report UJ F

Name: | Reservair

Description &¥ Design B Report L File Viewer

Inlets.

Solid

Ly

J Type Name Flow
J Conditions Value

Calculate G

[[calculate Alkalinity

Summary

Temperature (°C)
Pressure (bar}

Detall Info of Selected Inlet Name

J Component

Value (mol/hr)

The Saturator has two vertical tabs: Inlets and Solid.

In the Inlets Tab the Fluids are entered in the top grid and the Conditions are entered in the bottom grid.

Solids are selected and saturated in the Solid Tab.

Unit Set: Scale Metric

Automatic Chemistry Model
Aquecus (H+ ion) Databanks:
Agueous (H+ ion)
Custom K-fit P-zpan

At least one inlet should be selected

for Reservoir.
Selected Solids:
Calculation not done

4) Enter the Brine calculated in Task 1 (see the image below for the flows)
5) Enter the Gas calculated in Task 3 (see the image below for the flows)
6) Enter the Reservoir conditions: 125 C and 275 bar in the conditions section.

o

o
o
w

Type Name Flow
Brine (m3/day) Brine 200.000
Gas (std E3m3/day) Gas Analyzis 250.000
<select=
B Conditions Value
Temperature (*C) 125.000
Pressure (bar) 275.000
Detail Info of Selected Inlet Name
J ~ Component Value (mole %)

Calculate

[ caleulate Alkalinity

Summary

Unit Set: Scale Metric

Automatic Chemistry Model
Agueous (H+ ion) Databanks:
Agueous (H+ion)
Second Liguid phase
Excluding &3 solid phases
Custom K-fit P-span

Inlets:

Brine (m3/day) Brine 200.000
Gas (std Gas .
E3m3iday) Analysis 250.000
Warning: no solid selected for
Reservoir.

Selected Solids:

»|'| calculation not done
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The Saturator’s calculate button is yellow. This is because solids have not been selected yet. A warning also
appears in the summary box. A yellow button is allowable, and a calculation may continue; it is merely a warning
that the case is incomplete.

7) Select the Solid Tab (vertical tab)
8) Select the Standard checkbox

This last step instructs the software to allow the selected solids to precipitate — to include solid-liquid equilibrium
equation in the calculation. It does not instruct the software to saturate these solids. Rather, if the phase is
supersaturated, then it will precipitate. It is in the lower section that saturated solids are chosen.

This section contains two columns. The first (Solid) is the mineral to be saturated, and the second (inflow) is
the cation and anion to be adjusted. If, for example, Barite is subsaturated in the existing fluid, then Ba+2 and
S04-2 are added. The amount of each added is stoichiometrically equivalent; one Ba+2 with one SO4-2, which
maintains charge balance. If, for example, (again) Calcite is supersaturated, then equal mole amounts of Ca+2
and CO3-2 will be removed from the fluid. This inflow will be positive if the solid is subsaturated in the existing
fluid, or it will be negative if the solid is supersaturated.

9) Use the Solid drop-down menus to select BaSO4 (Barite) and CaCO3 (Calcite) as solids to saturate
10) Use the Inflow drop-down menu to select BaSO4 and CaCO3 as solids to saturate (it should have been
selected automatically).

Reservoir Mineral Saturation Section

J Mineral to saturate Inflow to vary
BaS04 (Barite) BaS04
CaC03 (Calcite) CaCo3 -
=Select Solid= 4%

At this point, the Calculate button is green indicating that the specifications are complete.

11) Calculate (or press the <F9> key)
12) Click the Report tab

The Saturator Report tab contains several tables: Saturation Details, Inlet Summary, Stream/Phase Properties,
Pre and Post Scaling Tendencies, Brine Composition, Gas Composition, and if selected an inlet summary.

Scroll down to the Pre and Post Scaling Tendencies Table
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Pre and Post Scaling Tendencies

Formula Mineral Excess Solute Excess Solute Pre-Scale Pre_scale Post Scale Post-Scale
mg/L Ib/[1000bbi s, ST SI, Index s, ST s1, Index
Mg(OH)2 Brucite 4.98430e-4 -3.30235 4.98479%-4 -3.30235
NaCl Halite 0.0 0.0 0.0245553 -1.60985 0.0245553 -1.60985
Bag04 Barite 2 6465806 9.27644e-6 1.00000 13251626 1.00000 0.0
Srs04 Celestine 0.0 0.0 0.148191 -0.629178 0148191 -0.829178
Srcoa Strantianite 0209852 -0.678087 0209352 -0.678087
Caco3 Calcite 1.13495e-5 3.97806e-6 1.00000 -4.32687e-8 1.00000 0.0
KClI Sylvite 214382e-4 -3.66881 214382e-4 -3.66881
CaS04.2H20 Gypsum 0.0 0.0 0.0179366 174626 0.0179365 174626
caso4 Anhydrite 0.0 0.0 0.0934633 1.02936 0.0934633 -1.02936

Excess solute or Max Scale: The solids amount forming at equilibrium.

Pre-Scale: The saturation ratio before solids precipitate.

Post-Scale: The saturation ratioc AFTER solids precipitate (if solids are selected).

S, 5T — Saturation, Scale Tendency: The ratio of the concentration (activity) to its solubility (S=1).
51— Scale Index: Log(S).

The Excess Solute column shows that trace amounts of BaSO4 and CaCO3 are present in the water. These
exceedingly small values (in the parts-per-trillion range) are the specifications or targets for the calculation. The
software sets these target solid concentrations and then adjusts up or down, the BaSO4 and CaCOg3 inflows
until it reaches these targets. These part-per-trillion values may look arbitrary, but in fact the values are
equivalent to 1e-10 moles of solid/kg water.

Notice also, that the pre-scale tendency for BaSO4 and CaCQO3 are set to 1.0, by saturation definition. That is,
these are not calculated, they are defined. The remaining scale tendencies are computed.

Task 6 — Recalculate the Scale Scenario with the Saturated Reservoir

Considerable time is spent creating what is hoped to be a more representative brine. The Brine is reconciled
for charge balance, and where needed, alkalinity and pH; the gas is saturated with water as needed (though
not done in this case), and lastly the fluids are set to equilibrium with important reservoir minerals. It is only after
these steps are complete, and that there is confidence that the assumptions and calculations are representative
of the process, that a final scaling calculation is run.

The Reservoir calculation contains the representative fluid. It is, therefore, the output of this calculation that
will be used in all subsequent calculations. To access this output, a new Type of fluid, Whole Fluid is defined.
The Whole Fluid type represents 100% of the contents of a previous calculation, regardless of phase.

You will use the Whole Fluid from the Reservoir to rerun the scaling calculations.

Select Brine Scale Scenario in the Navigator Pane and rename it Reservoir Scale Scenario

Select the Design tab

In the Inlets tab in the Type column delete the Brine and Gas from the Type column (click the small gray box
to the left of the name which will highlight the entire row, then press the delete key)

Add Whole Fluid

In the Name column select Reservoir

In the Flow column select <Automatic>
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Description Design {l Plot (3 Report CF File Viewer

] J Type Name Flow
% Whole Fluid (m3/day) | Reservoir
= <gelect=

Note: The Whole Fluid type refers to all the phases within the fluid. The Automatic option takes the final flow
rate phase of the separator and automatically enters this as the flow rate in the Scale Scenario calculation.

Delete the gas inlet

Go to the Solid tab and make sure that the Standard box is checked

Solids Selection
Ex]

CaCos3 (Caldte)
Ca504 (Anhydrite)
Ca504.2H20 (Gypsum)
MaCl (Halite)

I 5r504 (Celesting)
@[] Expanded

- Al

Inlets

Conditions

Calculate (Press <F9>)
Select Plot tab and select View Plot (note: you may have to delete the existing entry and then reselect the
dominant pre-scaling tendencies from the variables list)

Description Design il Plot 5 Report L2 File Viewer

‘ a a & = | ViewData Variables Options

24 T T T
22 1
20+ —a— BaS04 (Barite) - Sol Pre-scaling tendency [Pre-ST] T
—i— CaC03 (Calcite) - Sol Pre-scaling tendency [Pre-ST] I}
0 18- —m— CaCO3 (Aragonite) - Sol Pre-scaling tendency [Pre-5T] 1
@
g 16 —4— SrCO3 (Strontianite} - Sol Pre-scaling tendency [Pre-ST]
o 161 4
z Sr304 (Celestine) - Sol Pre-scaling tendency [Pre-ST]
@
= L 4
o 14
=
W
o 12+ 1
@
T 1o0r .
£
@
=3
E 08 4
5
a
06 b
04+ b
02+ b
0.0 I I I ! I
g 2 G
[N éé,, OD @6 9, ’%4 l%'a
@% 2 %, ‘t«@// /5% ) S
% %/s % o %,

The Saturator is a tool for normalizing the thermodynamics of a reservoir system. The purpose of this calculation
is to apply the constraint of solid-liquid equilibrium on a system to create a specific compositional starting point.
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The basis of this calculation is that water in the pores of a rock matrix is at equilibrium with the mineral surface.
Some questions to consider are whether it is reasonable to assume that a reservoir gas, oil, water, and rock
are in equilibrium. Furthermore, we should also consider over what vertical and radial distance we can make
this claim.

Regardless of the inconsistencies, the industry widely accepts this approach. It is up to the analyst to decide if
the Saturator produces a more representative fluid than the original data.

Task 7 — Add a Contour Diagram

An alternative to the Scale Scenario calculation is the Contour Diagram. The conditions defined in the Scale
Scenario are specific to production locations, and generally no more than ten are entered. By comparison, the
conditions defined in the Contour Diagram are a range of temperatures and pressures. The object then
computes a matrix of temperature and pressure conditions and creates a presentation-quality contour diagram.

Add Scale Contour
Rename the Object Contour Reservoir

Navigator g o~ x
Chapter 16_Scale Scenario with E|
d_“’ Streams Description Design (il Plot 03
= Tup Brine
,@ Reconciled-Brine
+|§2 Reservoir Scale Scenario
-7 Gas Analysis
+"§? Reservoir
Contour Reservoir

Mame: ||:nntnur Reservair |

Description

Select the Design Tab

Select the Inlets (vertical) tab

Select the bottom right corner of the 1st cell in the Inlet grid and choose Whole Fluid
Select Reservoir in the 2nd column

Keep the <Automatic> flow rate option in the 3rd column

Description ¥ Design [l Plot C3 File Viewer

Type A Name Flow
‘Whole Fluid {m3/day} Reservoir <Automatic> j
=selects

Inlets

Click Conditions (vertical) tab

The minimum and maximum conditions are at the Separator 60C, 30 bar and Reservoir 125C, 275 bar. These
are the start and end range of the study. To create a reasonable number of calculations (~300) and to keep the
matrix somewhat symmetric, we will use increments of 2 C and 10 bar.

Change the Start to 60
Change the End to 125
Select the Increment radio button
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Enter 5 as the increment

Uncheck the Log box (if it is checked)

In the Pressure Range box, change the Start to 30

Change the End to 275

Select the Increment radio button (uncheck the Log box first)
Change the Increment to 10

Description Design (il Plot L} File Viewer

Temperature Range

[Leg oc -

S

= End 125.0 () Number Steps 13

£ [ 12s0]

S

= Pressure Range

- [iog bar ~

g Start (® Increment
End 275.0 () Number Steps 25

This produces a matrix of 13 temperature and 25 pressure steps. This produces a 14x26 matrix, or 364
calculations.

Temperature Pressure

Units C bar
Start 50.0 30.0
Stop 125.0 275.0
Step Size 5.0 10.0
MNo. Steps 13.0 25.0
Calculations 364

Select the Solid Tab
Check the Standard box
Calculate. The calculation should take less than 5 min to complete

When calculation is done, go to the Plot tab
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& Description ¥ Design @l Plot (3 File Viewer

‘ alala s ViewData || Variables || Options

Total Solid Concentration [mgsL]

Pressure [bar]
o
S

Temperature [°C]

The default plot is the total solids forming. The color scale represents a different numerical range. The red cells
indicate heavier solid precipitation, and the faint purple-white in the center and left of the screen indicate that
little to no scale forms. The upper right corner is the Reservoir conditions (125C and 275 bar). The lower left
represents Separator conditions (60C and 30 bar). At both points, minimal solids are computed to form. The
fluid traveling through the piping traverses this plot as temperature and pressure decreases. Layering
production conditions (e.g., early to late life) over this plot provides an indication as to whether production will
be at risk now or in the future. For example, if the pressure decline is significant (e.g., 60 bar), then the fluid will
be unstable at the higher temperatures (bottom of well).

Overview of Brine, Gas and Oils and Introducing Mixer, and Saturator Objects

Other calculation options include the ability to mix waters at user specified ratios to find compatible waters, and
the ability to saturate a water with respect to one or more solids to simulate reservoir conditions.

This chapter will cover the same calculation objects using fewer instructions and will introduce Mixing, Saturator
and Facility Calculations. Its purpose is to reinforce what was learned in the previous chapter and to promote
anticipation of next steps when using the interface.

Task 1 — Add a Brine

Add a Brine Analysis from the Action Panel
Rename the Brine in the Description Tab, and name it WTXWTR
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Mavigator L el
Documentt* | b
6: Streams Description Design

Name: [wTXWTR

Description

West Texas Water Supply

Go to the Design Tab and enter the following composition in the Data Entry (vertical) tab:

Name: WTXWTR
Type of water: Aquifer Water
Comment: West Texas Water Supply
Species Concentration
Na* 3074 mg/L
Ca*? 910 mg/L
Mg*2 249 mg/L
Fe*? 0.77 mg/L
CI 4474 mg/L
S04 2960 mg/L
HCOs 439 mg/L
HS-! 146.2 mg/L

Check the Show non-zero Only box (under Entry Options)
Go to the Reconcile (vertical) tab
Select the measured pH and alkalinity Option
Enter the following conditions (change units if necessary)
e To change units just click on the hyperlink next to the variable that you want to change.

Temperature (2F)
Pressure (ps

-

Temperature 77F

Pressure 14.7 psia

pH 7.98

Alkalinity end Point pH 439 mg/L as HCO3-
Titration pH 4.5

Density (will be estimated)
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7|

Description Design [ Report L File Viewer

Calculate Brine Properties Using:
(") Concentration Data Only

Data Entry

© Measured pH and Alkalinity

(C)Measured pH Only

(C)Measured pH, Alkalinity, TIC
Calculate Alkalinity

(_) Gas-Phase CO2 Content (moles)

Specs...

(] allow solids to form

Surmmary

Calculate 4 Unit Set: <Custom=

Automatic Chemistry Model
MSE (H30+ ion) Databanks:
MSE (H30+ ion}
No Solid phase(s)
Using Helgeson Direct
Stream Parameters:

Properties

Reconcile
[ |

|Temparatu re (°F)

Pressure (psia)

pH

Alkalinity (mg HCO3/L)
Alkalinity End Point pH

Density (o/ml)

Elec Cond, specific (umho/cm)
Total Dissolved Solids (ma/L)

Add Charge Balance (mg/L C-1)

Measured

77.0000
14,6560
7.98000
438.000
4.50000
0.0
0.0
0.0

Composition Adjustments

Calculated

Temperature (°F) |77.0000
Pressure (psia) |14.6980
Stream amount (L)|1.00000
Dominant lon Charge Balance
{eqiL):

Cation Charge| 0.1%9635
Anion Charge | -0.199435

5 Imbalance 2.02957e-4
lon({s) needed to balance (molL):
Cl1/7.185

Measured pH and Alkalinity.
pH Reconciliation:

Measured pH  |7.92000

pH Titrant Acid HCI

pH Titrant Base| MaOH

Click the Calculate Button

Task 2 — Add a Second Brine

Add a Brine Analysis, name it SSC-Brine
Enter the composition given below in the Data Entry (vertical) Tab

& Description & Design [ Report L File Viewer

Data Entry

Reconcile

u

Variable Value

Na+1
P
Cas2
Mg2
Sre2
Bas2
Fes2

k1
5042
HCO3-1
B(OH)4-1
H5-1
C2H302-1

H2%

Cations (mg/L)
20400.0
402000
3600.00
829.000
15.2000
0.70000
9.50000

Anions (mg/L)
37000.0
2200.00
0.0
4.00000
0.0
715.000

Neutrals (mg/L)

0.0
0.0

Balance | »

20400.0
402 000
3800.00
829.000
15.2000
0.70000
9.50000

389347
2200.00
0.0
4.00000
0.0
715.000

0.0
0.0

Entry Options
Units

mgfL ~
Display

Formula ~

[ 5how Mon-zera Only
Show Balanced Calumn

Template Manager

Standard ~

Save as...

Balance Options
Type

Dominant Ton ~

Go to Reconcile tab

Select pH and Alkalinity calculation type, and enter the information provided in the figure below.
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% Calculate Brine Properties Using:
= (O Concentration Data Only Frem. Calculate &
Z (C) Gas-Phase CO2 Content (mole %)
=] (®) Measured pH and Alkalinity [ Allow solids to form
(C) Measured pH Only

= Calculate Alkalinity
=
§ J Properties Measured Calculated
o3 Temperature (*C) 25.0000

Pressure (atm) 1.00000

pH 7.10000

Alkalinity {mg HCO3/L) 715.000

Alkalinity End Point pH 4.50000

Oensty (9

Elec Cond, specific (pmho/cm) 0.0

Total Diszolved Solids (mg/L) 0.0

Composition Adjustments
Added titrant (ma/L)
Add Charge Balance (mg/L C-1)

Click the Calculate button

Task 3 — Add a Gas

From the Actions Panel click on Add Gas Analysis
Input the name in the Description tab. Name it LightHC

Navigator L o+ X

L%
Document?* | @
¢ Streams Description &¥ Design
-Tgb WTXWTR
#7 LightHC Mame: |LightHC
I’\\5 Description
\

Go to the Design Tab and enter the following composition in the Inflows (vertical) tab
Enter the following composition:

Component Composition

Carbon dioxide (CO2) 10 mole %
Water (H20) 15 mole %
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-
w || Component Value | Normalized| Entry Options
_g Subtotal: | Subtotal: 10 Units
E [ H20 15,0000 15.0000 mole %% w
[ w2 0.0 00| | pigplay
|_ coz 10.0000 10.0000
- Farmula w
G | Hzs 0.0 0.0
§ |7 CHé 0.0 75.0000 [ shaow Mon-zero Only
é |_ C2HE 0.0 00 Show Marmalized Column
|— C3He 0.0 o Template Manager
| icaHio 0.0 0.0
| ncanio 0.0 0.0 Standard ~
[ CSHAZ 0.0 0.0 P——
| csHiz 0.0 0.0
| ceHi4 0.0 0.0
Mormalize Options
Makeup w
Group Manager
% [ use Groups add

think simulation | getting the chemistry right will assume that all of the hydrocarbon gas is methane (CH4). So,
in this case the software normalizes the gas adding 75 mole% of CH4.

Go to the Reconcile (vertical) Tab

&
Description [£¥ Design Definition [E Report L2 File Yiewer

| component Normalized Calculate &8

Subtotal: 100.000/1

H20 150000 Conditen
coz 00000 ||  Conditions Value
= O
CHa 750000 Temperature ("C)
Pressure (atm) 1.00231

Reconcile

18 show Non-zero Only

Leave the default conditions for Temperature and Pressure
Calculate
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Task 4 — Add an Oil

From the Actions Panel click Add Oil Analysis.
Enter the name in the Description Tab. Name it O/L-1

Mavigator Lo+~ x

Document1® | &
4,8 Streams Description Design (& Report |
5 Teh WTXWTR
-4 LightHC Name: [DIL |
...... & OIL-1
I,\\, Drescription
|

Go to the Design tab

This tab is divided into:

e Combined Tab: Here pure components (organic and inorganic) are entered.
e Pseudocomponent Tab

o Assay Tab: Here distillation curves are entered.

e Reconcile Tab

For this example, we will enter pure component and pseudocomponent data.

Go to the Combined tab
Enter the following composition:

Methane (CH4) 20.53mole %
Hexane (C6H14) 8.595mole %
CO2 6.09mole %

Note: You will have to scroll down to find the CO2 entry.

-
& Description ¥ Design [ Report L3 File Viewer

Summary
3 H| Component Value Normalized Entry Options
£ inflows. Subtotal: 36,21 Subtotal: 100.0001100.000 (| Uit Uit Set Metric (mole fraction
E H20 00 00 mole % ~
& E e Automatic Chemistry Hodel
. o 205200 62990 pisplay MSE (H30+ on) Databanks
CeH14 8.59500 EIT ] ", - WSE (H30+ ion
coz 609000 17.2038 Second Liquid phase
S Show Non-zero Only Using Helgeson Direct
g Show Normalized Column Stream Parameters:
2 Temperature (C}|15.0000
13 feialchiaey Pressure (atm) | 1.00000
< Standard o Prorate Normalization.
H Normalized Summary (mole %):
o Saeis nflows. 100.000
Pseudocomponents: 0.0
& Normalize Options | == 00
L e o Equilibrium Calculation.

Reconcile

Go to the Pseudocomponent tab
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Description [&¥ Design & Report LI File Viewer

Nomal

: J Meccun | boimg | pece | Toeme | Yake
§ <Enter a na
L
3
Add the following pseudocomponents:
PC1 98.43 100.21 API-8 27.57
PC2 170.34 216.32 API-8 29.35
PC3 282.55 343.78 API-8 7.19
PC4 506.0 645.00 API-8 0.68
The completed input looks like this:
Description Design (3 Report LI File Viewer
Nomal
Molecular s Specific Thermo Value
J Component| =\ ioht Pi?l'_llt":,g,:] Gravity | Method | (mole %)
PC1 98.4300 100.210 AP 27.5700
pC2 170.340 216.320 APIL3 29.3500
PC3 282.550 343,780 AP 7.19000
PC4 506.000 645.000 AP 0.680000
<Enter a na

Go to the Reconcile (vertical) tab

Here you will see how well the Pseudocomponent will predict the phase behavior of the hydrocarbon sample.

In the Condition option (below calculate button) enter T=204 F and P=1 atm.
Click on the Add boiling point curve (red square shown)
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Description Design Report 3 File Viewer

Summary
| Component Normalized Calculate &

E Inflows Subtotal: 35.2132/ di Unit Set: <Customs=
o || R og| Condten Automatic Chemistry Model
& CH4 205290 | Saturate With Ho T Agueous (H+ ion) Databanks:

coii14 6.59457 = Aqueous (H+ ion)
| o 508370 J Conditions Value Second Liguid phase
g Temperature (*F) 204.000 Custom K-fit P-span
o Pressure (psia) 14.6960 Stream Parameters:
- :
= Pseudocompo | Subtotal: 64.7568/ Temperature (*F)|204.000
o PC1 27.5688 Pressure (psia) |14.6550

c
pc2 s [] Show Non-zero Crily Prorate Normalization.
PC3 7.18564 > " .
Bolling-Point-Ear Normalized Summary (mole %):

P4 0.679966 - - Infiows: 35.2132
E Add boiing point curve Pseudocomponents:|64.7868
£ Assay: 0.0

Equilibrium Calculation.

2 N
‘T
E
]
[}
@
==

A new calculation appears in the navigation panel below OIL1 Object.

5“ Streams

%3

This is a survey by Pressure. Click on the specs button and specify the conditions below. Change pressure
units if necessary.

Survey by

Prassure -

Thenby [optional)

Nane - Specs...

Enter a pressure range:

Start 200 psia
End 2000 psia
Increment 100 psia

Click the Calculate button.

Click on the plot tab, you will see the following graph: You could adjust the parameters by clicking on curves.
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Vapor Fraction (Mapor/Inflow [mol]) [mole %]
=
T
1

1 1 1 Il Il Il
7 z <, 2 3 3 7 =z 5 ) g 8 2 B & & [
% ) % ) % ] % o ) ) % ) % ) % ) %

Pressure [psia]

If the curve does not meet expectations, you will have to adjust the mole percentages or the pseudocomponent
properties. This is a manual iterative approach. You can see the actual data by clicking the View data button.

Vapor Fraction
Pressure | (Mapor/inflow
[mol])
psia mole %

1 200.000 269611

2 300.000 219231

3 400.000 17.6477

4 500.000 13.5633

5 500.000 053472

[ 700.000 552953

7 200.000 1.54051
3 500.000
) 1000.00
10 1100.00
11 1200.00
12 1300.00
13 1400.00
14 1500.00
15 1800.00
16 1700.00
17 1800.00
18 1500.00
19 2000.00

Frequently the hydrocarbon is saturated with water. We will simulate this part.

Go back to OIL-1 in the Action panel
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6‘* Streamns

- Tgh WTXWTR
4145 LightHC
e

41 4 Boiling

Click on the Design tab

In the Conditions option use T= 77 F and 14.7 psia.
Click on the Calculate button.
When done, the software will create a Reconciled OIL-1 in the Navigator pane.

The Brine, Gas and Oil that we already calculated will be used for the upcoming Mixer, Saturator and Facilities
Calculations.

Task 5 — Adding a Mixer Calculation

The Mixer calculation determines if two waters (brines) can be mixed. Frequently the mixing of two waters will
cause precipitates to form which were not present in original brines. This can lead to the plugging of a formation
when an injection water is mixed with the natural fluids in the formation.

From the Actions Panel, click on the Add Mixing Water logo.

AT 4
4

Add Mixing
Water

After double clicking the logo, you will the object in the Navigation Panel.

Navigator g o~ o

Document? L
Chapter 18-Calculations overview™ Description Design

& Streams

e T T —
11 LightHC
+V olL-1 Drescription
+l:¢ Scenario

i MixingWater-1

- Tb SSC-Brine b

Click on the Design tab to enter more information.

Select your Brines, Gas and Qil s as shown in the figure below. Enter the indicated brine flow rate of 1000
bbl/day, gas flow of 230 stdMft3/day and oil flow of 7 bbl/day.

428



Note: To change units on brine, oil and gas, click on the hyperlinked (blue) units inside of the bracket

next to Inlets First Brine, Second Brine etc. This is under the column heading Type.

Description Design |ﬂ Plutl[% Flepurtlg File Vi

-
B e
= First Erin\(prday)) WTXWTR
Second BriFETEEMay} SSC_Brine
Gasg (=td E3m3/day) Light-HC.
§ Oil (bbl/day) olL-1
= <gelect=

This should pop the following window up. Click on Inlets tab and change the units.

Inlets tab looks like below. Changing units on Brine:

F
Edit Units - Mixing Water-1

IR

Compesition | Parameters | Carrosiony, Inlets

Batch System (@) Flowing System

Variable Units
Brine Cuantity bblday -
Oil Quantity bblday
Gag Quantity std Mft3/day
Whole Fluid Quantity m3/day
[ ] [ Cancel ] [ Help

The final Mixer with inflows entered should look like the image below:
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£
3

Description [&¥ Design {1 Plot [ Report 2 File Viewer

% H| Type Name Flow Calculate &8
= First Brine (bblday) WIXWTR 1000.00 —
- [_] Caleulate Alkalinity
Second Bring (bbliday) 55C-BRINE
Gas (std E3m3/day) LightHC: 230.000 Summary
2 0l (std m3/day) i1 7.00000
= Unit Set: <Customs
= <select>
15 Automatic Chemistry Model
3 WSE (H20+ ion) Databanks:
MSE (H30+ ion)
Second Liquid phase
= Conditions Value Excluding 188 solid phases
@ Temperature (°F} 100.000 Using Helgeson Direct
Pressure (psia) 200.000 Inlets:
Brine (bblday) | WTXWTR
Detail Info of Selected Inlet Name Brine (bolday) Brﬁ& 1000.00
J ‘Component Value {mole %) *
Gas (std
Famaiday) LightHC|230.000
0il (std m3/day) 0ik1/7.00000
Brine Ratio:
WTXWTR, SSC-BRINE
1.00000 0.0

0.800000 | 0.200000
0800000 | 0.400000
0.400000 | 0.800000
0.200000 | 0.800000
0.0 1.00000
Selected Solids:

% No Solid Selected.
Calculation not done

Go to the Conditions tab.
In this example, we are mixing the brines at 100 F and 200 psia. The first brine specified (WTXWTR) is
the one we compare to when evaluating the ratios. In this case we start out with all brine WTXWTR and
none of the SSC_Brine and end up with none of brine WTXWTR and all of the SSC_Brine.

Leave the default values

Select Type Enter Values
Ratio - B WTXWTR SSC_Brine

1.00000 0.0
Total flow: 1000.00 bbl/day 0.500000 0.200000
Steps: 5 Auto Step 0.600000 0.400000
0.400000 0.600000
0.200000 0.200000
0.0 1.00000

Go to the Solid tab

For this calculation we are only selecting a few of the possible solids. Mark a check box next to desired solids
(BaS0O4, CaCO3, CaS04.2H20, NaCl).

430



Description Design

Solids Selection

=-[7] standard

----- BaSO4 (Barite)

----- CaCo3 (Caldte)

----- [ caso4 (anhydrite)

----- Ca504.2H20 (Gypsum)
----- [[] Feco3 (siderite)

----- [[] Fes (Pyrrhotite)
----- MaCl (Halite)

----- ] srso4 (Celestine)
#-[Z] Expanded

- Al

/Enlid 1Condition5/|nlets

Click on the Calculate button.

Click on the Plot tab.

6.0 T T T T T T T T T T T T T T T T T T
85k . ~
— e
50 B
—a.
45 S~ ) i
"] .
- L EECEEELEEP LR D EOnGECEEECEEEEE R LR e .
2 40f e
5 ! _p—BaS0d (Barite) Pre-scaling tendency [Pre-5T] -
= -
E 5L —i— CaS04 2H20 (Gypsum}) Pre-scaling tendency [Pre-5T] . i
= :. —m— CaS04 (Anhydrite} Pre-scaling tendency [Pre-ST]
E 30k E —4—H20 Pre-scaling tendency [Pre-5T] 4
@ H
é —ak— CaS04.0.5H20 (Bassanite) Pre-scaling tendency [Pre-ST)
o251 i
E | e
@
£
£ 20 B
S
[=]
15 - R
10 + . . _ i
,7 —_—
05 R
- * - - -«
0.0 I I I I I ! ! I I

WTXWTR Ratio

The ratio is relative to the first brine specified. This means at a ratio of 0.0 (all the first brine and none of the
second) we have possible BaSO4 scaling. As we add the second brine, the amount of BaSO4 pre-scaling index
decreases. These waters are perhaps incompatible.
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Task 5 — Adding a Saturator Calculation

Water and gas samples at the surface are not necessarily representative of conditions in the reservoir. The
processing of the samples may involve significant changes in the chemistry.

The Saturate option (often referred to as "Saturate at reservoir conditions") allows the user to "Back-calculate”

the conditions downhole.

Select Add Saturator from the Actions Panel.

ﬂ_

Add
Saturator

Rename the object in the descriptions tab. Name it Saturator-1

Mavigator FR 4

Document1

Chapter 18-Calculations overview*

6“ Streams

- T WTXWTR
-5 LightHC
21 OlL-1

+|=g Scenario
+"¢? MixingWater-1
- T S5C-Brine
.3 Saturator-1

Go to Design tab
And go to Inlets (vertical) tab

We will select objects that we have already defined.
Enter a Brine flow of 1000 bbl/day (SSC-brine)

Enter a Gas flow of 230 std Mft3/day (LightHC)
Enter T=77 F and P=14.7 psia

Set these units as custom units for all new objects in Units manager.

-

Description Des

Mame: |5 aturator-1

Drescription

I

z

H

o

|4
£

r -H}

] (5 A

Units Manager - Saturator-1

Units Manager

<Custom = ~

oo |
L

OK. Cancel

Help
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The window should look like the image below.

-

%: Type Name Flow
E Brine (bbliday) SSC-Brine 1000.00
Gas (Mft3/day) LightHC 230.000
=
=
w
J Conditions Value
Temperature (*F) 77.0000
147000

Pressure (psia)

Detail Info of Selected Inlet Name
J Component Value (mole %)

Go to Solid (vertical) tab
Check the Standard box

We need to select solids inflow to vary for Saturator1. Under the table Select Mineral to saturate, choose the
solid to vary from the dropdown list.

Select BaSO4 (solid) and hit enter. Automatically the inflow to vary BaSO4 will appear.

& Description Design [ Report L3 File Viewer

Solid Selection (check solids allowed to form)

w
B
1= Standard
BasS04 (Barite)
CaCO3 (Caldite)
= Ca504 (Anhydrite)
= Cas04,2H20 (Gypsum)

FeCO3 (Siderite)
Macl (Halite)
Sr504 (Celestineg)
L\\s @-[£] Expanded

[ Al

Reservoir Mineral Saturation Section

J Mineral to saturate Inflow to vary
BaS04 (Barite) BaS04
<Select Solid>

To study the Saturator-1 (Brine and Gas mix) at various locations we need to add a Scaling Scenario object.
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r ~
& oLl Stdic = [m] X
W7 File Edit Streams Calculations Chemistry Tools View Window Help a8 x

a=2=) [ R0 | vasorz|Re s |methcme | MBS |G Ws sy

| Navigator 3 o-x]

Documentt =
OLI ScalsChem All Examples (V12) Description [£¥ Design i Plot [ Report L3 File Viewer
T WDXWTR
SSC-BRINE
o £ Type [ [ \ Flow \ Caloulate @
" LightHC = | |<select | | |
=g Oil-1 = O calauiate Alkalinity
. /L Boiling s
L Reconciled-0il-1 X (L0
- 2
% MixingWater s Unit Set: Scale Wetric
3 Saturate-1 3
B4 Scenario- 1 ) Automatic Chemistry Model
M e MSE (H30+ ion) Databanks:
WMSE (H30+ ion)
b Using Helgeson Direct
Actons 3 -x = | Detal Info of Selected Inlet Name At least one inlet shoukd be selected
Actions o ‘Component Value (mol'hr) Selected Solids:
& Add Brine Analysis No Solid Selected
@ Add Oil Analysis Calculation not done
L5 Add Gas Analysis
3 Add Saturater B
= Add Scale Scenario
({ Add Scale Contour
¢ Add Mixing Water
H:Add Facilities
Plot Template Manager s x| I
| Save
LForHeIp, press Fi @ NUM |

Name the new Scale Scenario as Saturator-1 Scale Scenario under the Description tab.

[Mavigator

B - x]

Document1

Chapter 18-Calculations overview™

6:“ Streams

le# Scenario

% MixingWater-1

E S5C-Brine

S Saturator-1

Ll Saturator-1Scale Scenario

2
Description Design

Mamne: |Saturator1 Scale Scenarid

Deszcription

Go to the Design Tab
Under the Inlets (vertical) tab, select Brine under the Type column
Make sure to select Saturator-1, as is shown in the picture below:

-
] Type Name Flow
kT
E Brine (m3/day} ﬂ

<zglect= p x B
Brine [A0]
Saturate-Reservoir [AQ]
z WTXWTR [MSE]
=z o _ARIMF [HMSF]
= |Saturate-1 [MSE]
5 AS
[
"
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Flow will be automatically controlled. Locations can be input under the Conditions tab.

Go to Conditions (vertical) tab, and enter the information provided in the
figure below:

Description [£¥ Design fll Plot [l Report L File Viewer

m J Laocation Temperature (°F) Pressure (psia) Drop Solids
% Surface T7.0000 14.6960 |:|
i Choke 101.000 71.7600 d
Wellhead 120.000 woooe[ [ |
% Midwell 150.800 185.880 O
= Downhole 175.400 242.950 d
=
g Reservoir 200.000 300.000 d
(8] <Enter Location Name=
=
@ Auto Step Sort Zoom
Steps: ° Go TP 2, @
Surface Choke Wellhesad Midwell
T:77.0 g T:101.0 e T:120.0 o T:150.2
P47 P:71.8 P:100.0 P:185.9
Downhole Reservoir
T:175.4 p  T:200.0
P:2429 P:200.0
Go to Solid tab and check the Standard box

Click the Calculate Button
Go to Plot tab
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50 —a#— CaC03 (Calcite) Pre-scaling tendency [Pre-5T) e 7
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After the calculation is complete, the plot for scale scenario shows that other solids are appearing.
Go to the Report tab, and look for Pre and Post Scaling Tendencies
Pre and Post Scaling Tendencies
Formula Mineral Excess Solute Excess Solute Pre-Scale Pre-Scale Post-Scale Post-Scale
malL Ib/1000bbI 5, 5T I, Index 5, 5T S, Index
MaCl Halite 0.0 0.0 0.0114804 -1.94004 0.0114804 -1.94004
BasS04 Barite 0.0 0.0 1.00000 1.33308e-11 1.00000 0.0
5rs04 Celestine 0.0 0.0 0.191184 -0.718548 0191184 -0.718548
SrCo3 Strontianite 0.0155378 -1.80861 0.0155378 -1.80861
CaCo03 Calcite 0.0 0.0 1.00000 3.02182e-11 1.00000 0.0
CasS04.2H20 Gypsum 0.0 0.0 0.825816 -0.0831167 0.825816 -0.0831167
Cas04 Anhydrite 0.0 0.0 0.678180 -0.168655 0.678180 -0.168655
KCl sylvite 5.6973%-4 -3.24432 5.6973%e-4 -3.24432

Excess solute or Max Scale: The solids amount forming at equilibrium.

Pre-Scale: The saturation ratio before solids precipitate

Post-Scale: The saturation ratio AFTER solids precipitate (if solids are selected).

S, 5T - Saturation, Scale Tendency: The ratio of the concentration (activity) to its solubility (S=1).

Sl- Scale Index: Log(S).
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Introducing the Facilities Object

This section presents a new calculation object: Facilities. The Facilities is a simplified process simulator; it mixes
and separates. think simulation | getting the chemistry right has the ability to link together several individual
calculations to create a flow sheet facility. An example of a facility calculation is shown in the figure below.

Water Supply
3,000 bwpd =——
Field 1 77F, 30 psia
11,000 bwpd = ———
100 F, 100 psia 5,000 bbl
> gk%OTg%( » Suction pe——
Field 2 Tank
12%0F001 g‘gpd_ — Skim Tank Discharge
; psia 110 F, 100 psia 90 F, 30 psia

It is a simple process in which two field brines mix in a skim tank. The discharge from this tank then mixes with
a water supply in a discharge tank. Below are the compositions and conditions of the inlet fluids.

Na+ 38209 27078 3074
Ca+2 6600 4480 910
Mg+2 1531 1191 249
Fe+2 120 6.6 0.77
Cl-1 73150 51134 4474
S04-2 2453 1840 2960
HCO3- 421 677 439
HS-1 244 146.2 0
Temperature 100 F 125 F 77F
Pressure 1Q0 12.5 30 psia
psia psia
pH 6.97 7.53 7.98
Alkalinity (As HCO3 mg/L) 855 919 439
Alkalinity End Point pH 4.5 45 45

Follow the steps below:

Open a new Window for Simulation

Create the above brines: Field 1, Field 2 and Water Supply

Use the Add Brine Analysis object as you have done before to create them.

The Data Entry Windows should look like this:
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Description (¥ Design [ Report L File Viewer

o

W
& Description [&¥ Design [F Report LI File Viewer

Description ¥ Design [ Report d File Viewer

> Variable | value | Balanced | = Variable Value Balanced | A
E Cations (mg/L) z K1 00 0.0
W)
= Na+1 38200.0 383704 = Cas2 448000 | 448000
E K+1 0.0 0.0 5 Mg+2 1191.00 1191.00
Cas2 660000  6600.00 sz N 00 00
1g=2 153100 1531.00 3 Bas2 00 0.0
3 sre2 00 00 3 Fe-z 550000 660000
g Bas2 0.0 0.0 s
5 =
= Fe=2 120.000 120.000 4 Anions (mg/L)
cH 511340 | 512579
Anions (mgiL) 5042 1840.00 1840.00
[ox] 731500 731500 feos 677000 | R0
s042 245300 2453.00 fs 146200 146200
C2H302-1 0.0 0.0
HCO3-1 21000 421000
Ha-1 244000 244000
Neutrals (mg/L)
C2H202-1 00 0.0
coz 0.0 0.0
H2s 0.0 0.0
Neutrals (mg/L) e o =
coz 0.0 oo BOH 0.0 0.0
Hes 0.0 0.0
v
sio2 0.0 0.0

Reconcile these three brines for measured pH and alkalinity.

Make sure that the Allow solids to form box is uncheck at the bottom of the reconciliation options for all the

brines.

Description Design 5 Report LI File Viewer

Data Entry

Reconcile

Variable Value Balanced
K1 0.0 0.0
Ca2 910000 |  910.000
Mgs2 245000 |  243.000
5r+2 0.0 0.0
Bas2 0.0 0.0
Fes2 0.770000 |  0.770000
[
Anions (mgiL)
cH 447400 | 463791
504-2 2060.00 |  2960.00
HCO3-1 439000 | 433.000
Hs-1 0.0 0.0
C2H302-1 0.0 0.0
Neutrals (mg/L)
coz2 0.0 0.0
H25 0.0 0.0
sio2 0.0 0.0
B(OH)3 0.0 0.0

-

Data Entry

Reconcile

Calculate Brine Properties Using:
() Concentration Data Only
() Gas-Phase CO2 Content (mole®s)
© Measured pH and Alkalinity
\_J Measured pH Only
(O) Measured pH, Alkalinity, TIC
Calculate Alkalinity

Specs...

[ Allow solids to form

Calculate 8 |

Properties Measured Calculated
Temperature (°F) 100.000
Pressure (pzia) 100.000
pH 6.97000 5.97000
Alkalinity (mg HCO3/L) 255.000 354.997
Alkalinity End Point pH 4.50000
Density (g/ml) 0.0 1.07832
Elec Cond, specific (pmho/cm) 0.0 1.82605e5
Total Dissolved Solids, Estimated (ma/L) 0.0 1.22782e5
Composition Adjustments
Added titrant (ma/L)y HCI 1.17532
Add carbonate (mg/L CO2) -17.1605
Add Charge Balance (mg/L Na+1) 161.374

Select Add Facilities from the Action Panel.
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Add Facilities

Go to the Description Tab and rename the object as Facilities-1

iy

Mame:  Faciliies-1|

Description

Description ‘@ Design |ﬂ F‘Inll &l Report | 3 File Viewer|

Date: | 62172016 [«]

The facilities calculation is based upon transferring information between calculations through nodes. These
nodes can be thought of as pseudo brines and gases. These pseudo brines are not stored as individual brine
rather they are used internally in the calculation. The concentration and flow rates for these nodes can be

viewed in the output.

Go to the Design tab

Go to the Inflow Specs (vertical tab)

Within Inflow Specs, we can add Nodes via Node input options. There will be one default node added.

Double click on the node name (where it says: Node 1) and type "Skim Tank".

e

Description Design @ PIotl@ Repunlg File Viewer|

Inflow Specs

Solid

]

>
e

=

i,

m

Mode Input - —
Current Node: Skim Tank [Corap Solids
(o) &
Add Delete
Conditions Value
Temperature (“C) 15.0
Pressure (bar) 1.01325
..... Type Hame Flow
<select=

Calculate i

[ caleulate Alkalinity

Surmmary

Unit Set: Scale Metric

Automatic Chemistry Model
A (H+ ion) Databanks:
Public
Custom K-fit P-span

Hode(s):
Skim Tank: No inlet

Selected Solids:
No Solid Selected

Calculation not done

Some node(s) do not have inlet.

Enter the name, description, conditions, and streams for the Skim Tank shown in the table below:

Field 1

11000 bbl/day

100

100
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Field 2
Water Supply
Skim Tank
Suction Tank

6000 bbl/day

When complete, your screen should look like this.

3000 bbl/day 77
5000 bbl/day 110
5000 bbl/day 90
Make sure to select drop solids checkbox at the Skim Tank node.
g A
< > ’
é Tioud:eﬂlpl'::de: Skim Tank s Zom
E Add Delete s 4@
J Conditions Value
Temperature (*F) 110.0
= Pressure (psia) 100.0
@
Type Name Flow

The output of this calculation will go to the next node.

125

Brine (bbliday) Field 1
Brine (bblday) Field 2
<selects

11000.0
6000.00

125
30
100
30

Next, enter the information for the second node, Suction Tank. We will select the output brine of the Skim tank,

which is a brine from node. The temperature and pressure as well as the flow of the brine are calculated.

Click on the Add button to add a second Node
Change the name of the node to Suction Tank
Change the conditions of this node to 90 F and 30 psia.

When complete your screen should look like the image below:
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Description Design i Plot [El Report Ui File Viewer

—
—
-

—* Skim
Tank

Solidaonditions Inflow Specs

£ >
Mode Input
i Z
Current Node: Suction Tank E Drop Solids oom
Calculate Alkalinity Q
Add Delete @
J Conditions Value
Temperature (°F) 50.0
Pressure (psia) l’\\ﬁ 30.0
J Type Name Flow
«select=

When a brine is calculated in a facilities calculation, we have the option of allowing any produced solids to be
considered (that is they traveled along with the brine) or to eliminate them as they precipitate out. We will
eliminate the solids in this case. The orange downward arrow from Skim Tank indicate dropped solids.

We are also adding the Water Supply to this tank.

In the Type column and first row select Brine from. In the Name column select Skim Tank. The Flow is
calculated (since it comes from the Skim Tank).

In the Type column and second row select Brine. In the Name column select Water Supply. Enter 3000
bbl/day in the Flow column.

When complete the screen should look like the image below.

n ~
1]
@
-3
wn
E —*  Skim
= Tank
=
W
w
gl < s >
S| MNode Input
i il
S | Name: Suction Tank [ orop Solids oom
o [ calculate Alkalinity g @
Add Delete
] Conditions Value
E Temperature (°F) 50.0
Pressure (psia) 30.0
J Type Name Flow
Brine from (bbl'day) Skim Tank Calculated
Brine (bbliday) Water Supphy 3000.00

=select=

Click on the Calculate button, or press <Ctrl+F9>
Go to the Report tab, and check for the Pre-scaling Tendencies and Scaling Tendencies
See the Results
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Pre-Scaling Tendencies

Column Filtter Applied: Values > 1.0=-4

Temperature Filter Applied: Active TRangs Onhy.

Caco3 CasO4.0.5H20 | Ca504.2H20 Caso4
~IDEE (Aragonite) | CACO3 (Calcite) | b o canite) (Gypsum) (Anhydritey | TeCO3 (Siderite)
Temp Range °C Valid Valid Valid Valid Valid Valid
Skim Tank 19.2093 25 7515 0.324191 0.993874 1.08735 378201
Suction Tank 17.9342 24 1847 0.286645 0.972050 0.944722 4.06263
Fe(OH)2 Fes Mg(OH)2
~ILEE (Amakinite) | &3 (Pyrrhofite) e (Mackinawite) N (Brucite)
Temp Range °C Valid Valid Valid Valid Valid Valid
Skim Tank 2 72119e-4 370119 0.554343 714 959 5.01947e-3 1.88702e-4
Suction Tank 2 52127¢e-4 40916 2 0.596414 725,914 §.49043¢-3 1.07033e-4

Based on these results, it is clear to see that the software predicts the formation of several solids in this process.
Solids with a Pre-Scaling Tendency > 1 are predicted to form.
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