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Reaction Kinetics Overview
The OLI thermodynamic framework supports reaction kinetics. Reaction kinetics can be
defined in standard Arrhenius terms or in terms defined by the user. There are only two
unit operations that support reaction kinetics: REACTOR unit and Multistage
COLUMNS such as STRIPPERS and ABSORBERS.
To use the Reactor Unit, one must be familiar with ESP Process Build and with ESP
Model Generation. The following sections illustrate the steps needed to add reaction
kinetics to ESP. All of the following information comes from the following sources:

New Thermodynamic Framework
With the introduction of ESP version 7.0, we now have two thermodynamic models
available for use. The first thermodynamic model is the standard aqueous model that has
been in use since the early days of OLI Systems. The new model is the MSE model
(Mixed Solvent Electrolyte). This model is allows solution concentrations from dilute
systems to fused salt conditions (no water).
With the introduction of the MSE thermodynamic framework there has been a change in
the internal OLI concentration units. In previous versions to 7.0, the internal
concentration unit was mole/Kg H2O (molal). Now the internal concentration unit is mole
fraction for both the aqueous model and for the MSE model.
Variable Names relating to Activities
In version 7.0, we have changed the definition of some of the internal variables. The
primary variables are:
IION
AAQ
AIION

The species “I” has units of mole fraction. Such a species could be the
sodium ion, Na+ which is represented as NAION.
The species “A” has units of mole fraction. Such a species could be the
neutral carbon dioxide molecule, CO2o which is represented as CO2AQ.
This variable is the natural log of the activity coefficient for the “I”
species. The actual expression is:

AION  Ln( IION ) in the case of the sodium ion this expression is:
ANAION  Ln( NAION )

 IION

This is a activity coefficient of the indicated species

AAAQ

This variable is the natural log of the activity coefficient for the “A”
species. The actual expression is:
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AAAQ  Ln( AAQ ) in the case of the carbon dioxide neutral molecule this

expression is: ACO 2 AQ  Ln( CO2 AQ )

Building Standard ESP Models
This section explains the steps necessary to build a standard ESP chemistry model. This
task must be accomplished prior to adding reaction kinetics.
In most cases, the user defines a chemistry model by simply entering the names of the
chemicals to be covered by the model and the software does the rest. However, this
chapter describes all of the advanced facilities available to the user.
Every component of the OLI Software which provides for simulation (OLI Express, ESP,
CSP, ProChem) utilizes chemistry model generation as the basis for actual simulations at
specific conditions. The ultimate objective of chemistry model generation is the creation
of simulation-support files to allow the actual simulation studies to be carried out.
Location of the Chemistry Model Function
Within various components of the software, there are several places where the Chemistry
Model Facility can be accessed. They are:
In OLI Express (located in the ToolKit)
•
•
•

Chemistry Model
Express Calculate
Summary

In ESP Process
•
•
•
•

Chemistry Model
Process Build
Process Analysis
Summary

ESP Chemistry Model

The objective in building a Chemistry Model is for the software to create a file containing
properties data based upon the Chemistry Model Definition file. This step is done
automatically by the software.
The next chapter describes building Chemistry Models involving more than just
thermodynamic equilibrium. The building of a basic thermodynamic equilibrium Chemistry
Model can be divided into a number of easily performed steps which are described below.
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Model Name
Initially, when building a new Chemistry Model, the model must be given a reference name
between 1-8 characters in length. Once this has been achieved, the specific chemistry for
the model can be entered.

Process Chemistry
After the Chemistry Model has been named, the process chemistry (referred to as inflow
species) of interest is defined. This can be achieved by either entering the chemical formula
or the chemical name (e.g., H2SO4 or sulfuric acid) for each species. After each entry, the
software searches the extensive OLI PUBLIC Databank to determine if the thermodynamic
data is available for the species stated. If the data is not present a warning message appears
and if the user confirms that the species is, in fact, unavailable in the OLI PUBLIC
Databank, the user will need to define a private databank for the species (A private databank
is accessed through the Databank facility.
If a species is defined by chemical name and its thermodynamic properties are available in
the PUBLIC Databank, the software converts the chemical name to its respective OLI name
on the displayed inflow list (e.g., Acetic Acid is displayed as ACETACID).

Phase and Phenomena
After the model chemistry has been defined, it is possible to select which physical phases
are to be considered. The software assumes the aqueous phase, vapor phase, and solid phase
are to be included, but the user can also specify an organic liquid. Inclusion of the oxidation
reduction phenomena can also be added. The user may also specify that a Non-Electrolyte
Model is to be created in addition to the Electrolyte Model.

Electrolyte Model
An Electrolyte Model is an aqueous-based system in which the aqueous phase, as well as
other possible phases, may exist in equilibrium with each other.

Non-Electrolyte Model
A Non-Electrolyte Model is used to describe a reactive system which does not contain an
aqueous ionic phase. Rather, it involves physical equilibrium between a non-aqueous liquid
and a vapor phase or two non-aqueous liquids. Ether liquid and/or vapor
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equilibrium/kinetics reactions can be specified if required. This type of model should be
used when a process contains non-aqueous, reactive unit operations.
At present, OLI always generates an Electrolyte Model for all process units. However, a
Non-electrolyte model must be additionally created for the incinerator unit, and can be
created for the reactor, stripper, absorber and solvent extractor blocks if required.
Once the user has defined the model type and phases to be considered, the Model Definition
file can be created.

Chemistry Model Definition
From the user defined species inflows, phase, and model requirements, the software creates
a Model Definition file for the chemistry. This file contains a listing of all species existing
in the aqueous, and user-selected (i.e., solids, vapor, and organic liquid) phases as well as a
listing of the corresponding equilibrium relationships for the system.
Once the Model Definition file has been created, the remaining files can be automatically
generated in order to complete this Chemistry Model. Note that this stage is needed to
prepare for process simulation, but does not require any special user intervention, nor does it
affect the user-defined Chemistry Model.
However, before the remaining model files are produced, the user has the facility to view the
Model Definition File, using the Action Key to access the View facility.
The automatically created Model Definition file is divided into three sections, namely:
Input, Species, and Equilibrium Equations.
Input
The Input Section lists the Chemistry Model Inflow Species defined by the user. Each
species is suffixed with the keyword IN, thereby identifying the species as an inflow.
Species
The Species Section lists all the possible species in each phase that could exist in the
chemical system based upon the optional phases (e.g., solid) selected by the user. This list is
developed automatically by the software, and each species is suffixed with an identifier to its
respective phase. These keywords include:
Keyword

Phase

AQ
ION
VAP
PPT

Aqueous molecular
Aqueous ionic
Vapor
Anhydrous solid
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.vH2O
SUS
SOL

Hydrated solid
Suspended solid (biotreatment)
Ion exchange media

Equilibrium Equations
The Equilibrium Equations section lists all the equilibrium relationships developed
automatically by the software, and any user provided input to describe additional chemical
phenomena for the defined chemical system.

Viewing the Model Definition
The Model Definition file can be viewed by using the File facility, after the file has been
created.
Alternately, all the related model files can be viewed after the Model Solver files have been
generated. This is achieved by using the Action Key to access the Utility facility. An index
of related model files are displayed and can be viewed accordingly. These files are
referenced by file extension identifiers, namely:
File Extension

Description

.MDL

Chemistry Model Inflow Species - lists inflow species defined for
the Chemistry Model.

.MOD

Electrolyte Chemistry Model Definition - lists inflows, species in
each phase, and equilibrium relationships. Also includes input for
user defined chemical phenomena.

.MD2

Non-Electrolyte Chemistry Model Definition - lists species
inflows and any user defined chemical phenomena.

.MOU

Model Definition Log - summarizes number of inflows, created
species, and created equations produced in the Chemistry Model
Definition file generation.

.WRN

Warning Log - displays error and warning messages for problems
encountered during Model Definition/Solver file generations.

Model Definition Bypass
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Creating the Model Definition should only be bypassed if the Model Definition File has
previously been created and the user is satisfied with the model chemistry and the model
phases previously specified.
Generally, this bypass facility is used to access the Model Definition file that has previously
been created, in cases for which the user wishes to include additional, user defined, chemical
phenomena.

Model Solver Bypass
This step should only be used for previously created Model Solver files that have not been
modified in any way. If the defined chemical phenomena and/or solids deletion
specifications are amended, then the Model Solver files must be re-created.
The Bypass facility allows the user to return to view an existing Chemistry Model and all
the related files.

Solids Deletion
If the user specifies the solid phase to be considered in the model generation, the software
predicts all possible solid species, including hydrates, for the system. This can result in the
creation of a Chemistry Model too large for the software to prepare. The facility is therefore
available for the user to selectively remove any solids which are not of interest from the
model. Beyond the issue of feasibility, deleting solids results in faster execution and
convergence times. Solids deleted may include species which are known not to form at the
system conditions (Temperature, Pressure, and Concentrations).
Solids deletion is achieved by using the Action Key and choosing the Solids facility. From
the Solids list displayed, the user can selectively remove any solid species from the model.
(Note: The software automatically deletes the corresponding equilibrium relationship).
Scaling Tendencies
The solid can be marked for scaling tendency only rather than for deletion. When a solid is
included for scaling tendency only, it is not considered in the equilibrium calculations, just
the scaling tendency index is calculated. Scaling tendency is a measure of the tendency of a
solid species forming at the specified conditions. Solids with a scaling index greater than
one will form if the solid formation is governed by equilibrium (as opposed to kinetics) and
if there are no other solids with a common cation or anion portion which also has a scaling
tendency greater than one. If more than one solid exists with a common ion and scaling
tendency greater than one, then at least one will form. Scaling tendencies can be used by the
user to learn more about which solids can safely be deleted from the model.
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Scaling Tendencies for a solid are always calculated, unless a solid is deleted. The scaling
tendencies can be viewed in the Stream Section of the output.

Modifying the Chemistry Model
Once the Model Definition file has been automatically created based upon physical and
aqueous intra-phase equilibria, the user can add various other chemical reaction phenomena
by using the Action Key and choosing the Sections facility.
For an Electrolyte Model, these sections can be added to the model:
•
•
•
•
•
•

Equations
Chemical Kinetics
Reduction/Oxidation Reactions
Co-precipitation
Bioreactions
Ion Exchange

When defining either equations, chemical kinetics, co-precipitation or bioreactions, the
Model Definition file must be expanded using the Sections facility. The procedures for
performing this function are described in the following chapters of this section. In general,
the user types the relevant statements into the Model Definition file. An exception to this
procedure is the addition of bioreaction kinetics, which can be added through a series of
easy-to-read menus.
The following sections describe in detail the procedures for defining chemical phenomena
with the use of examples.
Equations
The Chemistry Model may be edited to include new user-defined equation specifications.
The Equations section is available for the user to define new variables based upon software
recognized keywords. This section is very flexible and, among other purposes, can be used
to calculate specific species properties. For example, species partial pressure, total species
content in a chemical system, and total mass of vapor present can all be determined using
this section.
Method
In order to include an equation specification, the Model Definition file must first be created
and then edited using the Action Key and choosing the Sections facility. From the resultant
list displayed, the Equations option is chosen, followed by Continue.
The Model Definition file is displayed and can be edited as required, by inserting the
relevant data at the end of the equilibrium equations listing. (Note: The data insertion must
be prior to the final END statement displayed in the Model Definition file).
OLI Tips

-9-

Data Entry
Initially, the Equations section must be identified with a header record comprised of the
single keyword EQUATIONS inserted into the Model Definition file. The user-variables
can then be defined on succeeding rows of the file. Generally, an Equations section will be
of the form:
EQUATIONS
DEFINE user-variable=expression
END
Syntax of Define Statements
Each statement must begin with the keyword DEFINE, followed by an equation:
DEFINE user-variable=expression
The user-variable in the DEFINE statement must be a unique name of 1-15 characters in
length. The expression which calculates the user variable must consist only of:
•
•
•
•
•
•

Software recognized variables (e.g., T, PT; a complete description is in Appendix I)
Previously defined user variables
Numerical coefficients expressed as real numbers in double precision format (see
below)
Mathematical operators +, -, *, /, **
Mathematical functions LOG, EXP, LOG10
Calculation limiting function STEP

Double Precision Format
If any coefficients expressed in scientific notation are included in the DEFINE expression,
they must be expressed in double precision format. That is, the letter "E", normally used to
express standard form coefficients (i.e., 1.0E+03), must be replaced with the letter "D" (i.e.,
1.0D+03).
This requirement is for software purposes only and does not affect the Chemistry Model
Definition.

Calculation Limits on Define Expressions
If required, lower and upper calculation limits can be included on user variable definition
expressions. This allows an expression to be determined only when a specified variable lies
within a specified range. The DEFINE expression is determined to be zero when the
specified variable value falls outside of the required limits.
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This facility is used by entering the keyword STEP followed by the limiting variable and the
lower and upper values to be considered. The syntax for the STEP function is of the form:
STEP (variable, lower limit, upper limit)
The STEP specification is entered as a multiplier (linked by an asterisk ("*") multiplier
operand) to the required variable definition expression. Hence, STEP is equal to one if the
required variable value is within the specified limits, or zero if either limiting value is
exceeded.

Example
This description on how to specify user defined variables can be summarized with a simple
example.
Consider a species A existing in a multi-component liquid-vapor system. The partial
pressure of this species is to be determined within specified limits. The limits of interest are:
1) The total vapor content of the system is zero.
2) The total vapor content of the system exceeds 1,000 gmoles.
The input to the Model Definition file will be of the following form:
EQUATIONS
DEFINE PA = PT*YA*STEP(V,1D-08,1D+03)
END
where PA
PT
YA
STEP
V

=
=
=
=
=

user defined variable (i.e., partial pressure of A)
software recognized variable for the total pressure of the system
software recognized variable for the vapor mole fraction of species A
software recognized function for imposing calculation limits to an
expression
software recognized variable for the total vapor content of the system

(Note: The lower limit concentration value is expressed as 1D-08 and not as zero. This
practice is recommended when formulating user STEP functions).
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Adding Reaction Kinetics
We can now begin the procedure of adding reaction kinetics to the Chemistry Model.
These equations are added via a text editor.
Chemical Kinetics
If required, the Model Definition file can include an aqueous phase reaction section to
describe non-equilibrium phenomena. The reaction kinetics facility allows user definitions
in terms of species conversion limitations, standard rate expressions based upon Arrheniusderived equilibrium constants, or user defined rate expressions.
At present, the reaction kinetics must be added by editing the Model Definition file (i.e., the
user has to type in all the relevant information, including software keyword statements).
The Kinetics are divided into two classes of reactions. The first class is distinguished by
a material balance code change across the reaction or another way of saying the same
thing is that an element changes oxidation states across the reaction. All other kinetics
reactions are of the second type.
Example type 1 kinetic reaction
CH4 + 2O2 = CO2 + 2H2O
Material Codes

1001

57

25
21

1
21

Due to the material balance code changes across this reaction there will be no equilibrium
reaction or any combination of equilibrium reaction to produce this reaction. .
Warning!
It is a requirement of our kinetic models that kinetics and oxidation/reduction reactions
cannot be mixed. You must use all kinetic or all oxidation/reduction, not a mixture of
both.
Example type 2 kinetic reaction

Material Codes

CACO3PPT = CAION + CO3ION
6
6
25
25
21
21

The material codes on both sides of the equation are the same. Therefore the equilibrium
model will contain this reaction either directly or as a combination of equilibrium
reactions. In order to include this kinetic reaction, the equilibrium model must be
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changed to remove the equilibrium between these species. The software will re-write the
equilibrium reactions by removing the CACO3PPT from the equilibrium reaction set. As
a result, the only way to make or consume CaCO3ppt is by the kinetic reaction. If the user
wants to feed CaCO3ppt to the reactor, an additional input has been provided in the
interface routine to specify the amount of CaCO3ppt feed. An additional key word has
been added to the kinetics section of the model file where the user can specify which
species will be removed from the equilibrium calculation:
NOEQx

CAION

With this specification, the CAION will be removed from
the equilibrium set instead of the CACO3PPT. By default
the software will remove any solid species in the equation
unless a NOEQx record has been supplied.

Chemistry Model File
In order to create a chemistry model with kinetics, the user needs to create the standard
equilibrium model and then edit the .MOD file and add a kinetics section to the bottom of
the file. The user does not need to modify the equilibrium reactions; the software will
make the modifications. The following is an example of kinetics section to be added to
the model file (see OLI documentation for details):
KINETICS
REAC1 CACO3PPT=CAION+CO3ION
RATE1 STD KF=1.0E+03 KR=1.0E+05
NOEQ1 CACO3PPT

 OPTIONAL

Method
In order to include chemical reaction kinetics, the Model Definition must first be created,
and then edited using the Action Key, choosing the Sections facility. From the list
displayed, the Kinetics heading is chosen, followed by Continue on the succeeding screen.

Data Entry
The Model Definition is then displayed and can be edited as required by inserting the
relevant data at the end of the equilibrium relationships listing. (Note: the data insertion
must be prior to the final END statement displayed on the file).
The first requirement is to input the keyword KINETICS as a header record at the end of the
equilibrium relationship listing. The chemical kinetics to be considered can then be added.
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Generally, the Kinetics section will be in the form:
KINETICS
REACn
RATEn
END
A maximum of fifty aqueous phase reactions may be specified if required. Each reaction is
defined in two parts, namely:
Keyword

Definition

REAC
RATE

Chemical reaction equation
Chemical reaction kinetics

Each part will now be considered in more detail.

Chemical Reaction Equation
Initially, the chemical reaction must be recognized with the keyword REAC, followed by a
sequential identification number (1-50). The aqueous based, chemical reaction equation to
be considered is then entered. The reactant species must appear in the Model Definition
species list. Reaction stoichiometry must also be included as well as the individual species
reactant and product phases. The following species suffix identifiers are used to define
species phases.
Suffix Identifier

Species Phase

AQ
ION
PPT
VAP
.vH2O

Aqueous Molecular (Neutral)
Aqueous Ionic (Charged)
Precipitate (Solid)
Vapor
Hydrate (Solid)

Example
The format required to define a chemical equation can be summarized with the following
example. Consider the general reaction:
aA(aqueous) + bB(aqueous) = cC(ionic) + dD(ionic)
where a, b, c, d, are stoichiometric coefficients
A, B are aqueous reactant species
C, D are ionic product species
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Hence, the input to the Model Definition file is of the form:
KINETICS
REAC1 aAAQ + bBAQ = cCION + dDION

Chemical Reaction Kinetics
The kinetics for a particular chemical reaction are defined once the chemical reaction
equation has been defined. Initially, the rate-limiting kinetics to be considered are identified
with a keyword, namely RATE, followed by the reaction equation identification number.
(Note: Only one RATE expression can be defined per REAC expression). Once the reaction
identification number is specified, the type of rate kinetics to be considered must be
specified. Two options are available; namely:
Use of standard rate expressions - where the reaction rate is calculated from the forward
and reverse reaction rates, and the respective equilibrium constants are determined
by the Arrhenius equation.
User defined rate expressions - where the reaction rate and any associated variables are
defined by the user.
Each will now be considered in more detail.

Standard Rate Expressions
In this mode, the rate of reaction is calculated using a standard rate expression. This
expression takes into account both the forward and reverse reaction rates, the individual
species reaction orders, and the forward and reverse reaction constants (determined using
the Arrhenius Equation).

Example
The standard rate expression is best illustrated by means of an example. Consider the
general equation:
aA + bB + ... = cC + dD + ...

Where:

a, b ... c, d are stoichiometric coefficients.

and:

A, B, ... are reactant species
C, D, ... are product species
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The standard rate expression is of the form:





Rate  k f aAr1aBr 2 ...  kr aCp1aDp 2 ... *Vol
where:
Rate

=

kf

=

kr

=

aA,ab...
r1, r2...

=
=

aC,aD...
p1, p2...

=
=

Vol

=

 mole 
Reaction rate 
 hr
 hr 

 mole 
Forward reaction rate constant  3  hr
 m hr 
 mole 
Reverse reaction rate constant  3  hr
 m hr 
Activities of reactant species (Unitless)
Reaction order of individual reactant species (normally from
experimental data. Default is stoichiometric coefficients; a,
b, ...)
Activities of product species
Reaction order of individual product species (normally from
experimental data. Default is stoichiometric coefficients; a,
b, ...)
Liquid product volume (m3)

The forward and reverse reaction rate constants are determined using the general Arrhenius
Equation:
k=

A * exp (-E/RT)

 mole 
where: k = Reaction rate constant  3  hr
 m hr 
A = Arrhenius frequency factor for the forward or reverse reaction and is in
 mole 
 3  hr
 m hr 
E = Forward or reverse activation energy (joule/gmole)
R = Universal gas constant (8.314 joule/(gmole*K))
T = Temperature (K)

When specifying a standard rate expression the user must define the Arrhenius frequency
factor, reaction activation energies divided by the universal gas constant or, alternatively, the
reaction rate directly. In addition, the user can specify the individual species order
coefficients for the forward and reverse reactions if these differ from the stoichiometric
coefficients (which are the default).
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Data Entry
Initially, the keyword STD is entered, succeeded by a list of the above coefficient values,
each individually specified with one of the following keywords:
Keyword
KF
KR
AF
AR
BF
BR
ERi
EPi

Description

 mole 
Forward reaction rate constant  3  hr
 m hr 
 mole 
Reverse reaction rate constant  3  hr
 m hr 
 mole 
Forward reaction Arrhenius factor  3  hr
 m hr 
 mole 
Reverse reaction Arrhenius factor  3  hr
 m hr 
Forward reaction activation energy divided by the universal
gas constant (K)
Reverse reaction activation energy divided by the universal
gas constant (K)
Reaction order of reactant species i
Reaction order of product species i

It should be emphasized that when the keywords KF and KR, the forward and reverse
reaction rate constants are used for a particular reaction, this would preclude using the other
keywords for that reaction. However, these keywords are not normally specified by the
user, as these variables are usually calculated by the software from user defined Arrhenius
factors and activation energies.
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 i) 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.
Default Values
If any of the keywords are not defined, the software assumes a default value for that
particular variable. These default values are assumed to be zero for the reaction rate
constants, Arrhenius factors, and activation energies (divided by the universal gas constant).
For the species reaction order coefficients, the reaction stoichiometric values are assumed.
In order to complete the standard rate expression definition, the reaction temperature and
initial reactant molalities are included in the process stream composition definition. This is
performed in the Process Build facility of ESP Process (Reference the Process Modeling
section for further details).
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Example
This description on how to define a chemical reaction can be summarized with a simple
example. Consider the general equation:
aA + bB = cC + dD
where a, b, c, d are stoichiometric coefficients.
The rate of reaction is expressed by:





Rate  k f a A0.5aB0.7 ...  kr aCc aD0.3... *Vol
where

Kf = 7.6 x 109 exp (-(8106)/RT)
Kr = 5.2 x 109 exp (-(7300)/RT)

then the user defined RATE section will be of the form
RATE1
+
+
+
END

STD AF = 7.6D+09 BF = 975
ER1 = 0.5 ER2 = 0.7
AR = 5.2D+09 BR=878
EP2 = 0.3

(i.e., BF=8106/8.314)
(i.e., BR=7300/8.314)

Note: If user defined data is entered onto more than one line of the Model Definition file,
the key symbol "+" must be inserted at the start of each additional line of data. If
this symbol is not included, the software does not recognize the additional entered
lines and the Model Solver and related files cannot be generated. The maximum line
length is 160 characters.

User Defined Rate Expressions
This facility allows for a very flexible description of chemical reaction kinetics to suit the
user's specific requirements. Generally, this function is used if the reaction kinetics to be
considered do not conform to the conversion type or standard rate type kinetics described
previously.

Data Entry
To use this function the keyword SPEC must first be entered in the RATE record of the
Model Definition file: RATEn SPEC. The user can then specify the user-defined
relationships of interest.
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Define
Each relationship must be preceded by the keyword DEFINE and can consist of coefficients,
expressed as real values, and/or software recognized variables. The syntax and rules for the
DEFINE statement are the same as those described in the Equations Section.

Guidelines for Rate Defines
1. The order in which user-defined variables are defined is important. For example, if a
user-defined variable is to be used in a succeeding user-defined relationship, the variable
must be determined prior to the relationship definition.

Example
This description of how to define a chemical reaction can be summarized with a simple
example. Consider the following reaction:
aA + bB = cC + dD

where

a, b ... c, d are stoichiometric coefficients.

and

A, B, ... are reactant species
C, D, ... are product species

where the reaction kinetics are described by the user-defined relationship1:
rate = K[Aaq]xVOL
where K = 3.0 EXP (700/T)
x = 20 LOG10 (AION/T)
VOL = VOLLIQ/1000
Note: The variable VOLLIQ is the internal variable for liquid volume and
has units of Liters. We must divide by 1000 to convert to m3.

Therefore the RATE section of the Model Definition file will be of the form:

1

In principle, the rate can follow non-Arrhenius kinetics and be very complicated.
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RATE1 SPEC
DEFINE KK = 3.0*EXP(700.0/T)
DEFINE XX = 20.0*LOG10(AION/T)
DEFINE VOL=VOLLIQ/1000
DEFINE RATE1 = KK*(AAQ**XX)*VOL
END
It is a good idea to include a volume in the reaction rate expression.

Extent of Reaction
To determine the extent of reaction we need to the residence (hold-up time). For both
STD and SPEC type kinetics, the rate variable has the units of mole/hr.
Since the rate constant in STD kinetics has reciprocal m3 units we will multiply the
RATE1 variable by the liquid volume to get RATE in mole/hr.
In SPEC kinetics, the user defines the rate. It is recommended that a volume term be
included such that the RATE calculated is in mole/hr.
The EXTENT of reaction is then calculated by multiplying the RATE by the TSTEP.
TSTEP is the time step. TSTEP should not be confused with TINC in DynaChem which
is the DynaChem time step. By default, DynaChem sets TSTEP = TINC.

Reactor Unit
Reaction kinetics are only supported in the ESP: Reactor Unit and in DynaChem. This
section provides guidelines for creating a Reactor Unit.

This is an environmental process unit which determines the phase
separation and intra-phase speciation for a Chemistry Model which
can include both equilibrium and rate-limited reactions. The various
types of phenomena that can be modeled include ion exchange,
bioreactions, kinetics, and redox reactions.
Three types of reactors are available:

Aqueous,

Used to simulate electrolyte chemical reaction systems containing one or
more rate-limited reactions, with vapor-liquid mass-transfer constraints;

Nonaqueous, Used to simulate non-electrolyte (e.g., organic) reaction systems
containing one or more rate-limited reactions;
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Bioreactor,

Used to simulate an electrolyte chemical system in which a bioreaction
occurs.

Data Requirement
A minimum of one feed stream entering the reactor must be named, along with the stream
temperature, pressure, total flowrate, and composition data defined by the user or be a
product stream from another Process Block. Also, the product stream exiting the unit
must be named. Additionally, the reactor operating parameters must be specified.

Unit Parameters
The reactor operating conditions are specified using the Action Key and selecting the
Parameters facility. CSTR or plug flow reactors can be modeled. Plug flow reactors are
modeled by dividing the reactor into stages and then treating each stage as a CSTR. The
reactor can be modeled adiabatically or isothermally. One of these options must be
selected by the user. If an isothermal reaction is specified, the reactor operating
temperature must also be defined.
When using an Aqueous Reactor, either the reaction duration needs to be specified (the
associated rate information is given in the Chemistry Model), or conversion fractions of
key reactants must be given. Reaction duration is achieved by specifying the time
increment of reaction and the number of increments to be considered. Key Reactants are
specified by naming the reactant, the fraction of the reactant which is converted, and the
reaction equation.
The vapor-liquid equilibrium can be constrained by specifying a mass-transfer coefficient
for the vapor and liquid phases along with an interfacial area. These coefficients are
overall coefficients and apply to all components. If it is desired to have individual
coefficients that depend on temperature and flow rates, a user added subroutine
(USERM) can be added to calculate the coefficients and interfacial area (Contact OLI for
specification for this user added subroutine). This subroutine overrides any specification
supplied as block parameters.
For a Non-aqueous Reactor either the liquid or vapor hold-up volume in the unit must be
defined.

Unit Configurations
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This facility is accessed using the Action Key and selecting the Config facility. It allows
the user to add or delete extra inlet streams to the unit. An additional six aqueous feeds
may be defined if required.

Guidelines
1. When using this process unit when specifying residence time, the user must insure
that the chemical reaction kinetics are specified in the Chemistry Model for the
system. (Reference the Chemistry Models chapter of the OLI Engine Manual for
further details.)
2. When additional streams are to be added the user must first insure the minimum data
requirements for the unit are specified prior to using the Config facility.
3. Either residence time and associated rate information or key reactions are given, not
both.
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Figure 1 Reactor Schematic
REACTOR

PROCESS UNIT TYPE

PROCESS UNIT NAME

INFLOW STREAM NAME

INFLOW STREAM SPECIFICATION

EXIT STREAM NAME
Action Key

SELECT PARAMETERS FACILITY
Adiabatic Reaction
Isothermal Reaction
Reaction Duration (Aqueous Reactor)
Phase Hold-up Volume (Nonaqueous Reactor)

DEFINITION OF PROCESS UNIT COMPLETE
Action Key

SELECT CONFIG FACILITY
Add Stream
Delete Stream

FINISH

OLI Tips

- 23 -

Reaction Kinetics Example
In this section we will provide an example of using reaction kinetics for the hydrolysis of
urea. This requires that a private databank be created and modifications of the chemistry
model.
Electrolyte Chemistry Model With Reaction Kinetics
The following Chemistry Model describes an aqueous phase system involving chemical
reaction kinetics. The model is generated to simulate a chemical Reactor Block.
ESP Private Databank
In order to create the Chemistry Model, a private databank must first be prepared containing
the thermodynamic properties for the urea species.
The detailed procedures for preparing a private databank are described in Chapter 2 of the
OLI Engine manual. For this particular example, the species information is defined in
Chapter Descriptions, Species Chapter. The species is named NH2CONH2 and the
following data is specified:
General Information
Keyword

Data

MOLW
MATC
STOI

60.0544
601 4 1
1 1 2
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Aqueous Phase
Keyword

Data

GREF
HREF
SREF
CPRE
HTYP

-48840 cal/mol
-80000 cal/mol
25.0 cal/mol/C
22.43 cal/mol/C
4

Notes:
1. For this example, the defined material codes are for the three species CONH2 (-), N(-3)
and H(+1) the properties for which are included in the ESP PUBLIC databank.
2. For this particular example, an aqueous phase equilibrium relationship (keyword
EQUA) is not defined. This is not normally the case, but is allowed due to the urea
species taking part in the chemical kinetics reaction, which is defined in the Chemistry
Model.
Guidelines
It is advised that the databank be re-indexed after the data entry is complete. This is
achieved via the Control facility.
Chemistry Model
The following Chemistry Model describes an aqueous system involving chemical reaction
kinetics for the hydrolysis of urea. The reaction kinetics equilibrium constants are defined
using the Arrhenius Equation.
Process Chemistry
The Chemistry Model is created to simulate the hydrolysis of urea in a chemical reactor by
Arrhenius based reaction kinetics. The following four species are identified as inflow
species:
Species

Formula

ESP Name

Water
Carbon dioxide
Ammonia
Urea

H2O
CO2
NH3
NH2CONH2

H2O
CO2
NH3
NH2CONH2
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Phase
The user must create an Electrolyte Chemistry Model which considers the vapor phase. The
Chemistry Model Definition can then be created. The user must remember to name the
private databank via the Action Key and selecting the Databank facility.
Sections - Kinetics
The chemical reaction to be considered is:
2NH3AQ + CO2AQ = NH2CONH2AQ + H2O
The rate of reaction is:
Rate = Kf[NH3]2 [CO2] - Kr [NH2CONH2]
where:
Kf = forward reaction equilibrium constant = 20
[a] = concentration of species a
Kr = reverse reaction equilibrium constant determined by Arrhenius Equation
= 1.2 x 10-6 exp [-28939.9/8.3142 x T]
On creating the Chemistry Model (file extension .MOD) the reaction kinetics are included in
the Definition. This is performed by editing the .MOD file and is achieved via the Action
Key and selecting the Sections facility. The Kinetics option is then chosen and the kinetics
data is entered by the user at the end of the equilibrium relationships listing and prior to the
final END statement.
The reaction kinetics previously described are defined as follows:
KINETICS
REAC1 2NH3AQ + CO2AQ = NH2CONH2AQ + H2O
RATE1 STD KF = 20 AR = 1.2E-06 BR = 3480.777 EP2=0

OLI Tips

- 26 -

Model Solver Generation
On completing the chemical reaction kinetics definition the Model Solver files can be
generated.
;
*** INFLOWS ***
;
INPUT
H2OIN
CO2IN
NH3IN
NH2CONH2IN
H2CO3IN
HNH2CO2IN
NH42CO3IN
NH4OHIN
;
;
*** SPECIES ***
;
SPECIES
;
;
- VAPORS CO2VAP
H2OVAP
NH3VAP
;
;
- AQUEOUS H2O
CO2AQ
NH2CONH2AQ
NH3AQ
;
;
- IONS CO3ION
HCO3ION
HION
NH2CO2ION
NH4ION
OHION
;
;
- PRECIPITATES ;
;
- HYDRATES ;
;
- SUSPEND SOLIDS ;
;
;
***EQUILIBRIUM EQUATIONS***
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;
EQUILIBRIUM
CO2AQ+H2O=HION+HCO3ION
CO2VAP=CO2AQ
H2O=HION+OHION
H2OVAP=H2O
HCO3ION=HION+CO3ION
NH2CO2ION+H2O=NH3AQ+HCO3ION
NH3AQ+H2O=NH4ION+OHION
NH3VAP=NH3AQ
KINETICS
REAC1 2NH3AQ + CO2AQ = NH2CONH2AQ + H2O
RATE1 STD KF=20 AR=1.2E-6 BR=3480.777 EP2=0
END
Reactor Block Set up
For this application the aqueous Reactor Block is used to simulate the hydrolysis of urea in
an aqueous stream.

Process Summary
The process involves aqueous ammonia and carbon dioxide reacting to form urea and water
in an isothermal aqueous reactor. The chemical kinetics of the reaction are described by the
Arrhenius Equation.

Process Build
Initially, an aqueous reactor type is selected and the block is named (e.g., UREA
HYDROLYSIS). The inlet stream to the reactor is then identified (e.g., FEED) and its
composition specified. The feed properties are:
Temperature
Pressure
Total Flow
H2O
CO2
NH3
NH2CONH2

25 C
1 atm
100 mol/hr
1.0
0.1
0.35
1.0 x 10-5

The exit stream from the reactor is then named (e.g., PRODUCT).

Parameters
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The reactor operating conditions are specified using the Action Key and selecting the
Parameters facility.
An isothermal reactor is selected and the operating conditions are defined as follows:
Parameter

Data

Reactor Type
Plug Flow
Reactor Residence Time
100 hrs
Number of stages
10
Temperature
25 Deg. C
This completes the Block Parameters definition. The format of the process block display:
Reactor: UREA HYDROLYSIS

Process Analysis
The process definition should be saved and the case executed using the Process Analysis
mode of ESP.

Summary
On completing the Process Analysis a copy of the results can be requested using the
Summary mode.
The output at the end of this section summarizes the process for this example.
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The streams for the Reactor Block, shown on an ionic basis:
STREAM: FEED
TO
: UREA HYDROLYSIS
FROM :
Temperature, C
Pressure, atm
pH
Total mol/hr
-----------------H2O
CO2
NH3
NH2CONH2
OHION
HCO3ION
HION
NH2CO2ION
NH4ION
CO3ION
Total g/hr
Volume, m3/hr
Enthalpy, cal/hr
Vapor fraction
SOLId fraction
Organic fraction
Osmotic Pres, atm
Redox Pot, volts
E-Con, 1/ohm-cm
E-Con, cm2/ohm-mol
Ionic Strength
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25.000
1.0000
10.076
93.103
mol/hr-------68.054
7.0311E-06
10.543
6.8965E-04
1.1265E-04
.19878
1.0251E-10
5.9853
7.6090
.71243
=============
1957.1
1.8192E-03
-5.9904E+06
0.0
0.0
0.0
456.05
0.0
.35130
20.592
6.7875
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STREAM: PRODUCT
TO
:
FROM : UREA HYDROLYSIS
Temperature, C
Pressure, atm
pH
Total mol/hr
-----------------H2O
CO2
NH3
NH2CONH2
OHION
HCO3ION
HION
NH2CO2ION
NH4ION
CO3ION
Total g/hr
Volume, m3/hr
Enthalpy, cal/hr
Vapor fraction
SOLId fraction
Organic fraction
Osmotic Pres, atm
Redox Pot, volts
E-Con, 1/ohm-cm
E-Con, cm2/ohm-mol
Ionic Strength
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25.000
1.0000
10.220
93.104
mol/hr-------71.450
4.3576E-06
10.446
3.1041
2.2623E-04
.10133
1.0205E-10
3.1750
4.3102
.51684
=============
1957.1
1.7720E-03
-5.9652E+06
0.0
0.0
0.0
374.58
0.0
.21580
15.189
3.7501
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Using the OUE File to test Reaction Kinetics
Kinetic Model
In this example we are using standard kinetics with the following section added to a
model containing just CO2 and H2O
KINETICS
REAC1 CO2AQ+OHION=HCO3ION
RATE1 STD ER1=1 ER2=0 KF=1.0
This will give us a rate expression





1.0
0.0
RATE1  k f aCO
2 AQ aOHION *Vol

We will add the forward rate constant to get:





1.0
RATE1  1.0 * aCO
2 AQ *Vol

Input and Output
The model was an aqueous model but we need some information:
Temperature
Pressure
H2O
CO2
Reaction Time Step

=
=
=
=
=

25
1.0
100
0.1
2

o

C
atmospheres
moles/hr
moles/hr
hours2

At convergence the program reports via the OUE file the following values:
Liquid Volume
Total AQ Moles
H2O
CO2
OHION
HCO3ION

 CO2,m

=
=
=
=
=
=
=
=
=

1.8091
100.06
99.99
0.05884
0.032662
2.8373E-10
1.5750E-10
1.1823E-04
6.5628E-05

=

1.0004

Liters/hr
moles/hr
moles/hr
moles/hr
molal (mole/Kg H2O)
moles/hr
molal
moles/hr
molal

2

The reaction time step (hold-up or residence time) is directly entered in ElecroChem as the variable
TSTEP, in ESP it is specified in the REACTOR and COLUMNS as hold-up time. In DyaChem it is
inferred from the flow into a unit and the volume of the unit.
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Scaling the activity coefficients
The first thing to do is to convert the concentrations to mole fractions.

X H 2O 

99.999
 0.99939
100.06

Now we need to convert the activity coefficients to the scaled activity coefficient.

CO2 

55.509 CO2,m 55.509 *1.0004

 55.5651
X H 2O
0.99939

Calculating the Rate of Reaction
Now let’s determine the RATE





1.0
RATE1  k f aCO
2 AQ *Vol

Remember that a  X so RATE1 expands to:
RATE1  k f CO2 X CO2 *Vol

  mole 

L  m3 
 mole 

  5.91124 E  05



RATE1  1.0 3
55
.
5651
5
.
8805
E

04
*
1.8091




hr  1000L 
 hrhr 
  m hrhr 

Calculating the Extent of Reaction
To calculate Extent of reaction, we multiply the rate by the residence time (TSTEP)
 mole 
Extent (mole / hr )  RATE1 * TSTEP  5.91124 E  05
 * 2hr  1.18225E  04mole / hr
 hrhr 

This is the value reported for HCO3ION which is the product of the kinetic reaction.
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Using Constrained Reaction Kinetics
Frequently a user wants to describe a chemical reaction in terms of reaction kinetics
rather than equilibrium. The user may also want to constrain the reaction kinetics such
that the forward and reverse rates of reaction do not exceed the limits placed on it by
chemical equilibrium.
To briefly explain the procedure we first need to look at a generic equilibrium reaction:

aA  bB  cC  dD
The standard equilibrium constant expression is3:
Keq 

C c Dd
Aa Bb

The forward rate  F is:

F  kF Aa Bb
And the reverse rate  R is:

R  kR C c Dd
At equilibrium the forward rate and the reverse rate are equal.

F  

R

This expands to:
kF A B  kR C  D
a

b

c

d

Upon re-arrangement, we get
k F C  D

 Keq
k R Aa Bb
c

3

d

We are ignoring activity coefficients to simplify the example.
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Example 1: Standard Reaction Kinetics
The files for this example can be found in compressed format by following this link:
http://support.olisystems.com/Documents/ExampleFiles/KIN1.zip
In this example we are using standard reaction kinetics to hydrolyze ammonia. The
overall reaction is:

NH 3( aq)  H 2O  NH 41  OH 1
We know the forward rate constant (and hence the forward reaction rate) but we wish to
constrain the forward and reverse reaction rates to the thermodynamic equilibrium
constant stored in the OLI Databases.
To do this we create a standard model file and add the following section:
KINETICS
REAC1 NH3AQ+H2O=NH4ION+OHION
RATE1 STD AF=3.0 BF=0 KR=KF/KEQ ER1=1.0 ER2=1.0 EP1=1.0 EP2=1.0
This section is added to the end of the model file (MOD) but before the END statement.
A special note: The standard equilibrium equation in the EQUILIBRIUM section must
remain so we can obtain the equilibrium constant. In non-constrained reaction kinetics we
would be forced to remove the default equilibrium equation.
The standard reaction rate syntax applies here with the addition of a new statement.
KR=KF/KEQ
This forces the reverse rate constant to be constrained by the equilibrium constant KEQ.
In this example, the forward rate constant is being defined via the Arrehnius equation:
k F  AF e

 BF

RT

Example 2: Non-Standard Reaction Kinetics
The files for this example can be found in compressed format by following this link:
http://support.olisystems.com/Documents/ExampleFiles/KIN2.zip
In this example we are using non-standard reaction kinetics to hydrolyze ammonia. The
overall reaction is:

NH 3( aq)  H 2O  NH 41  OH 1
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We know the forward rate constant (and hence the forward reaction rate) but we wish to
constrain the forward and reverse reaction rates to the thermodynamic equilibrium
constant stored in the OLI Databases.
To do this we create a standard model file and add the following section:
KINETICS
REAC1 NH3AQ+H2O=NH4ION+OHION
RATE1 SPEC
DEFINE FXRATE=LNH3AQ+ANH3AQ+LH2O+AH2O
DEFINE RXRATE=LNH4ION+ANH4ION+LOHION+AOHION
DEFINE KF1=3
DEFINE KR1=KF1/KEQ1
DEFINE RATE1=(KF1*EXP(FXRATE)-KR1*EXP(RXRATE))*VOLLIQ/1000.
This section is added to the end of the model file (MOD) but before the END statement.
A special note: The standard equilibrium equation in the EQUILIBRIUM section must
remain so we can obtain the equilibrium constant. In non-constrained reaction kinetics we
would be forced to remove the default equilibrium equation.
The non-standard reaction rate syntax applies here with the addition of a new statement.
In this case we may have several reaction rates and we need to create specific variables
tied to the reaction rates. Here we have appended the number “1” to denote that these
variables are linked to REAC1
KR1=KF1/KEQ1
This forces the reverse rate constant to be constrained by the equilibrium constant KEQ.

An Example of Non-Standard Reaction Kinetics
Overview of Non-Standard Reaction Kinetics
Non-standard reaction kinetics is a useful tool in the OLI software to model reaction
kinetics that either deviates from standard Arrehnius kinetics or require more
functionality that the standard kinetics can provide. Such functionality would be pH
dependence on the reaction rate or complicated temperature dependence.
Example: Hydrolysis of acrylonitrile with competing reaction products
In this example we will hydrolyze acylonitrile. A frequent method of disposal is to inject
acrylonitrile into deepwells4. The hydrolysis of acrylonitrile has two separate reaction
pathways depending on the pH of the solution

4

A deepwell is similar to injecting produced water into an oil well. The concept is that the hazardous
material will eventually be rendered safe if contained in a subsurface environment.
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Pathway 1:
Acrylonitrile can hydrolyze into two separate compounds:
CH2=CH-CN + H2O = CH2OH-CH2-CN
(Acrylonitrile)
(3-hydroxypropionitrile)
The 3-hydroxyproprionitrile species can lose a water molecule and become an ether:
2CH2OH-CH2-CN = CN-CH2-CH2-O-CH2-CH2-CN + H2O
(bis(2-cyanoethyl) ether)
Pathway 2:
Acrylonitrile can also hydrolyze into acrylamide.
CH2-CH-CN + H2O = CH2=CH-C(O)-NH2
(Acrylamide)
Acrylamide will hydrolyze again to lose an ammonia molecule to become acrylic acid:
CH2-CH-C(O)-NH2 +H2O = CH2=CH-C(O)-OH + NH3
(Acrylic Acid)
This final reaction path is very slow and was not modeled.
These reactions are not equilibria but are shifted – more or less – to the right. There is
some degree of back reaction in pathway 1. These reaction paths have to be modeled.
The OLI Model
The OLI model was developed in stages and only the final product is show here. Not all
of the components are present in the OLI database5 and a private database was required
for some of the species. Only acrylonitrile and acrylamide are present in the database.
The species of 3-hydroxypropionitrile and bis(2-cyanoethyl) ether had to be added. OLI
can provide these type of species through our data service group.6
There is a translation of the actual species name to the names used in the OLI model.
There is some restriction on the name lengths allowed in the model. The following table
shows the translation:

5
6

This is true even with the release of ESP version 8
Contact AQsim – OLI’s sales and marketing partner – for more details. www.aqsim.com
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Component
Acrylonitrile
Acrylic Acid
Acrylamide
3-hydroxypropionitrile
Bis(2-cyanoethyl) ether

OLI Name
ACRYLONTRL
HACRYLATE
ACRYLAMIDE
HACRYLNL
B2CEE

There are other species in the model which are not mentioned here but can be viewed in
the OLI/Databook.
The rate data was obtained from two principle sources.
1. Bill Izzo, Michael T. Klein, Concetta LaMarca and Noel C. Scrivner; Ind. Eng.
Chem. Res., 38(4), 1193 (1999)
2. Sugiyama, et.al, Nippon Kagaku Kaishi, No. 1, 19 (1986)
Much of this data was not in a form that the OLI numerical solver could use therefore it
had to be converted. The rate expressions used in OLI are on a mole/hr basis. This means
that the rate constants had to be converted. This could not be easily done using the
standard reaction kinetics.
Also, there is a small temperature dependence and a large pH dependence on the reaction
rate. This also could not be modeled using the standard reaction kinetics. It is beyond the
scope of this document to explain how the model was developed only to illustrate the
sections considered.
Here is the reaction kinetics section of the final model:
REAC1 ACRYLONTRLAQ+H2O=HACRLNLAQ
RATE1 SPEC
DEFINE EA1=19000
DEFINE GASCON=1.987
DEFINE A1=4.9828D+11
DEFINE KH1=A1*EXP(-EA1/(GASCON*T))*EXP(KH2O)/(EXP(AHION+LHION))
DEFINE PART1=KH1*ACRYLONTRLAQ(0.23*ACRYLONTRLAQ*HACRLNLAQ*H2O/(55.508*VOLLIQ))
DEFINE PART2=0.011*B2CEEAQ
DEFINE RATE1=(PART1+PART2)*60*LIQMOL
REAC2 ACRYLONTRLAQ+HACRLNLAQ=B2CEEAQ
RATE2 SPEC
DEFINE PART3=0.23*ACRYLONTRLAQ*HACRLNLAQ*H2O/(55.508*VOLLIQ)-0.011*B2CEEAQ
DEFINE RATE2=PART3*60*LIQMOL
REAC3 ACRYLONTRLAQ+H2O=ACRYLAMIDEAQ
RATE3 SPEC
DEFINE RATE3=0.003*ACRYLONTRLAQ*60*LIQMOL
END
It will be easier to look at the reactions started with the bottom.
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The hydrolysis of acrylonitrile to acrylamide
The following section pertains to this hydrolysis:
REAC3 ACRYLONTRLAQ+H2O=ACRYLAMIDEAQ
RATE3 SPEC
DEFINE RATE3=0.003*ACRYLONTRLAQ*60*LIQMOL

The keyword REAC3 indicates that this is the third reaction equation in the model.
RATE3 therefore belongs to REAC3. In this reaction we have a simple forward rate with
a SPEC type rate. The defined rate is a function of a constant (0.003), the mole fraction
concentration of the reactant acrylonitrile, the total number of liquid moles (LIQMOL)
and conversion from minutes to hours (60). Once the acrylamide is formed, there is no
conversion back to the acrylonitrile.
The catalyzed reaction of acrylonitrile to form the ether
The second reaction is shown below:
REAC2 ACRYLONTRLAQ+HACRLNLAQ=B2CEEAQ
RATE2 SPEC
DEFINE PART3=0.23*ACRYLONTRLAQ*HACRLNLAQ*H2O/(55.508*VOLLIQ)-0.011*B2CEEAQ
DEFINE RATE2=PART3*60*LIQMOL

There is both a forward and reverse rate in this expression. The acrylonitrile can react
with its hydrolysis product 3-hydroxypropionitrile to form the ether bis (2-cyanoethyl)
ether. The ether can then “Dissociate” back into its reactants.
The rate expression was separated into two parts. There is a line length limitation of 80
characters (including the word “DEFINE”). The forward rate is defined by:
0.23*ACRYLONTRLAQ*HACRLNLAQ*H2O/(55.508*VOLLIQ)

While the reverse part is defined by:
-0.011*B2CEEAQ

These two parts are summed together and then multiplied by the conversion from minutes
to hours and by the total amount of liquid moles.
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The hydrolysis of Acrylonitrile
This section has the most functionality. The equations that pertain to this reaction are:
REAC1 ACRYLONTRLAQ+H2O=HACRLNLAQ
RATE1 SPEC
DEFINE EA1=19000
DEFINE GASCON=1.987
DEFINE A1=4.9828D+11
DEFINE KH1=A1*EXP(-EA1/(GASCON*T))*EXP(KH2O)/(EXP(AHION+LHION))
DEFINE PART1=KH1*ACRYLONTRLAQ-(0.23*ACRYLONTRLAQ*HACRLNLAQ*H2O/(55.508*VOLLIQ))
DEFINE PART2=0.011*B2CEEAQ
DEFINE RATE1=(PART1+PART2)*60*LIQMOL

As with the previous reaction, the product 3-hydroxypropionitrile can “Dissociate” back
into its reactants of acrylonitrile and water. This back reaction is shown by this portion of
the equation set:
-(0.23*ACRYLONTRLAQ*HACRLNLAQ*H2O/(55.508*VOLLIQ))

The forward reaction is shown by this equation:
KH1*ACRYLONTRLAQ
However, the reaction product from the catalyzes the hydrolysis and needs to be added to
the reaction. This is denoted by the portion of the equation:
0.011*B2CEEAQ
The reaction constant KH1 is actually a function of both temperature and pH. The
temperature functionality is denoted by:
EXP(-EA1/(GASCON*T))
This is the same form as the Arrehnius equation. The pH functionality is denoted by:
EXP(KH2O)/(EXP(AHION+LHION))
Where AHION and LHION are the activity coefficient of the hydrogen ion and the
concentration of the hydrogen ion respectively.
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Simulation
A 1.18 mol/Kg H2O solution of acrylonitrile at 65 C with 0.1 mol/Kg H2O NaOH at 2
atmospheres was reacted for 40 hours using the ProChem/ElectroChem simulator.7 The
following plot shows the results:
2.50E-02

1.00E-05

Acrylonitrile Hydrolysis Products v. Time
65 C, 2 Atm. 1.18 molal Acrylonitrile, 0.1 molal NaOH

8.00E-06

moles of product
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1.50E-02
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1.00E-02
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2.00E-06
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0.00E+00
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The plot shows that the reactant acrylonitrile decays with time but the reaction products
build up with time. The exception is bis (2-cyanoethyl) ether which builds up with time
then begins to decay.
Example files
The example files can be found at the following link:
http://support.olisystems.com/Documents/ExampleFiles/KineticsExampleAcrylonitrileHydrolysis.zip

7

ProChem is included with OLI/ESP or OLI/Toolkit
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Reaction Kinetics using the OLI Engine for Aspen PLUS
Using the OLI Chemistry Generator
As of this writing the OLI Chemistry Wizard for Aspen PLUS does not have the ability to
use reaction kinetics.8 Therefore we need to use the ESP style interface. To start, select
the OLI Chemistry Generator under the OLI Engine in Aspen PLUS tree.

This will display the Aspen PLUS logo.

8

November 11, 2011, Version 8.3.6 of the OLI Engine.

OLI Tips

- 42 -

In a moment, the OLI Chemistry Generator will be displayed.
This program creates the required dbs files for the OLI Aspen interface plus has a tool
which allows you to view the OLI databook.
You are probably not in the same working folder as your Aspen PLUS files. You can
switch to that folder my selecting the Options action. Use the F10 key (or mouse) to
select Options.

This will display a pop-up menu. Select Change Directories.
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Scroll to your working folder.

Click the OK key when selected
This will bring you back to the main window. Press the ESC key to leave the pop-up
menu.
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Now position the cursor (use the arrow keys or the mouse) on Chemistry Model.

Press Enter and you will be placed on the “For which chemistry model?” Screen.

Select New Model

Enter your model name. For this tutorial we are using “DEMOPTX”.

Press Enter to continue.
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You will be asked to select the appropriate thermodynamic framework. For this tutorial
we are choosing the Aqueous framework.

Press Enter.
This example uses a private databank named RATES. This is available via the link
above. We need to select it. We do so by placing the number 1 in the box next to the
name.

Press Enter
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We will now enter the names of our components. This is a rather large list and you will
need to page down to see the remaining inflows.

Page down to see the remaining species.

Press Enter on an open space to continue.
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Select Finish

We now have the ability to modify the phases considered and to enable oxidation and
reduction chemistry. We will not do so now. Press Enter

Sometimes we need to skip this step during debugging. Select Continue.
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The program will pause as it partially creates the chemistry model.

When the screen stops scrolling, press the Enter key.
We are now ready to add our reaction kinetics. The kinetics has been discussed in a
previous section. See An Example of Non-Standard Reaction Kinetics on page 36
To add the reaction kinetics discussed we need to add a section. Select Sections from the
action line using the F10 key or the mouse.
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Select Kinetics

This will pop up your default MS-Windows editor.

To the existing model you need to add these lines before the “END” statement.
;
;
*** KINETICS
****
;
KINETICS
REAC1 ACRYLONTRLAQ+H2O=HACRLNLAQ
RATE1 SPEC
DEFINE EA1=19000
DEFINE GASCON=1.987
DEFINE A1=4.9828D+11
DEFINE KH1=A1*EXP(-EA1/(GASCON*T))*EXP(KH2O)/(EXP(AHION+LHION))
DEFINE PART1=KH1*ACRYLONTRLAQ-(0.23*ACRYLONTRLAQ*HACRLNLAQ*H2O/(55.508*VOLLIQ))
DEFINE PART2=0.011*B2CEEAQ
DEFINE RATE1=(PART1+PART2)*60*LIQMOL
REAC2 ACRYLONTRLAQ+HACRLNLAQ=B2CEEAQ
RATE2 SPEC
DEFINE PART3=0.23*ACRYLONTRLAQ*HACRLNLAQ*H2O/(55.508*VOLLIQ)-0.011*B2CEEAQ
DEFINE RATE2=PART3*60*LIQMOL
REAC3 ACRYLONTRLAQ+H2O=ACRYLAMIDEAQ
RATE3 SPEC
DEFINE RATE3=0.003*ACRYLONTRLAQ*60*LIQMOL
END

When entering this text please make sure each line does not wrap to the next line.
Save and close your editor. This will display the following dialog.
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Select Continue.

As before, when the screen stops scrolling, press the Enter key.
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We now need to create an Aspen PLUS backup file (BKP). OLI creates this file to
generate the chemistry paragraph for distillation columns.
Select Simulator from the action line using the F10 key or the mouse.

Select New Aspen PLUS.
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This will allow you to enter the name of your Aspen PLUS file. By default we use the
same name as the OLI chemistry model you just created. Be careful, if the default name
is an existing process model you will overwrite the contents in this step. There will be no
warning.

In this example, the OLI component “B2CEE” does not exist in the Aspen PLUS
databanks. You will need to provide a translation name.

If possible, try to use the same type of name as OLI. Enter the name B2CEE. Do not
enter an Aspen Databank Name.

Press the END key which is either the F3 key or the END key on the keypad. This will
display the following dialog.

We recommend Continue at this point.
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The OLI chemistry model is now complete and the Aspen PLUS bkp file has been
created.
Select Exit.

Using OLI’s Reaction Kinetics in Aspen PLUS
There are only two unit operations that support the OLI reaction kinetics in Aspen PLUS.
They are the EFLASH and FRACHEM (a/k/a EFRACH) blocks. These user added
blocks are installed with the OLI Engine for Aspen PLUS but are not enabled at start
up.
You will need to enable the OLI blocks. To do this start Aspen PLUS normally.
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Select Library from the menu line. Then select References….

From the available libraries, enable OLI by checking the box.

Click OK to accept the addition and close the dialog.
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The OLI user added blocks appear at the end of the menu. Click the scroll button to the
right to see them.

For our example select the EFLASH4 block.
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Lay out the process as shown below.

For stream 1 (the inlet) specify the following conditions
Temperature
Pressure
H2O
ACRYLNTL
NAOH

60
2.0
55.508
1.18
0.10

o

C
Atmospheres
mol/hr
mol/hr
mol/hr

Now click on the block.
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Change the units to C, and atmospheres.

Enter the conditions below.

Click on the Stream Definitions tab.
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Enter the locations of the vapor and liquid streams.

Click on the Kinetics tab.

The EFLASH4 block will act either as a CSTR or a Plug-Flow reactor. To make into a
plug flow we will set a residence time and divide the residence time into small
increments.
The residence time will be 40 hours and the increments will be 400. This gives an time
interval of 0.1 hours (6 minutes).
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We are now ready to run the simulation. For most simulations OLI recommends that the
history level for the simulation be set to max. This is an optional step. Use the path:
Data | Setup | Diagnostics Tab and set the simulation sliders to max (top and bottom).
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Please run the case. When it is complete let’s look at the history file (assuming you set
the diagnostics to max).

The history file contains a lot of data about the input to Aspen PLUS with some
diagnostic information. The detailed OLI calculation results (including the reaction
kinetics) can be found in this file.
Scroll down to the first instance of “ElectroChem Summary of Results”9

9

ElectroChem is the original name of the OLI/Electrolyte simulation program developed in 1971. It still
pops up in odd places like Aspen PLUS at times.
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In this rather clunky format you can see some extents of reaction. They are set to zero
which means no reaction has taken place. This is the feed stream. The rates of reaction
are shown but no time has elapsed.
Now scroll down the next instance of ElectroChem Summary of Results”
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Here we have reacted for 0.1 hours. There is some reaction taking place. We can see the
largest extent is the formation of ACRYLAMIDE from the hydrolysis of acrylonitrile.
When you review the Aspen PLUS output for stream 3 (the liquid stream) you will see
the final extent of reaction after 40 hours of residence time.
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You may notice that the ACRYLAMID value is smaller than in the above file. This is
because there are side reactions that can take place which is noted in this run.
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