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Chapter 4  The Mathematical 
Model 

Overview 
The user should become familiar with the components of the simulator. In addition, the user should have a basic 
understanding of how the mathematical model is constructed. 

Specific Problem 
 

 
 
 

For the practical purposes of this section, we will take an actual problem and work it through.  The problem is described 
as: 

Given:  

Temperature and pressure, represented by T and P respectively, water, carbon dioxide and ammonia, the relative 
amounts of which are represented by H2OIN, CO2IN, and NH3IN respectively. 

Calculate:  

The nine unknowns: 

The amount of water (H2O) 
The concentration of hydrogen ion (mH+)7 
The concentration of hydroxyl ion (mOH-) 
The concentration of molecular carbon dioxide (mCO2) 
The concentration of molecular ammonia (mNH3) 
The concentration of bicarbonate ion (mHCO3-) 
The concentration of carbonate ion (mCO2-2) 
The concentration of ammonium ion (mNH4+) 
The concentration of carbamate ion (mNH2CO2-) 

  

                                                           
7 The symbol m is used to denote Molality (moles of solute / Kg H2O) 
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Recipe for Writing the Model 
Step 1a: Write an equilibrium mass action for all of the independent aqueous intraphase equilibrium reactions. 

 
 H2O(aq)   = H+ + OH- 
 CO2(aq) + H2O(aq)  = H+ + HCO3

- 
 HCO3

-   = H+ + CO3
-2 

 NH3(aq) + H2O(aq)  = NH4
+ + OH- 

 NH2CO2
- + H2O(aq) = NH3(aq) + HCO3

- 
 
Step 1b: Write an equilibrium K-equation for all of the independent aqueous intraphase equilibrium reactions. 

 

For the example posed, these equations are: 

 
KH2O = (H+mH+)(OH-mOH-)/a


H2O 

 

KCO2(AQ) = (H+mH+)(HCO3-mHCO3-)/((CO2mco2)aH2O) 
 
KHCO3- = (H+mH+)(CO3-2mCO3-2)/ (HCO3-mHCO3-) 
 
KNH3aq = (NH4+mNH4+)(OH-mOH-)/((NH3aqmNH3)aH2O) 
 
KNH2CO2-=(NH3aqmNH3)(HCO3-mHCO3-)/((NH2CO2-mNH2CO2-)aH2O) 

 
Note: This gives us the first 5 equations of the required set of 9 equations. 

 

Step 2: Write an electroneutrality equation. 

 
 

mH+  +  mNH4
+ =  mHCO3

- + mNH2CO2
- + 2mCO3

-2 + mOH- 
 
This gives us the sixth equation. 
 
 
 

                                                           
 In aqueous systems, it is more convenient to use the activity of water rather than the concentration.  The concentration 
of water on the molal concentration scale is always 55.508 moles/Kg H2O. 

We multiply by a factor of 2 
because of the divalent 
charge on the carbonate ion
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Step 3: Write a sufficient number of material balances to complete the model. 

Writing material balances in aqueous systems can be a bit tricky. Remembering the following rules can be quite helpful: 

You can only write one of the following three balances:   

Hydrogen 

Oxygen  

Overall.   

For simplicity we will choose the hydrogen balance. 

A separate material balance should be written for each remaining element.  In this example, we will write material 
balances for carbon and nitrogen. Some elements may be present in the chemistry model in several oxidation states.  

Such an element is sulfur. In our sour water system presented in an earlier chapter, the sulfur was present in the S(-2) 
oxidation state, also known as sulfide. Sulfur may also be present as the elemental sulfur – S(0), Sulfite – S(+4), and 
Sulfate S(+6). 

By default, the program will not consider changes in oxidation state thus in the case of sulfur, a separate material balance 
will be written for each oxidation state. The only time that separate balances would not be written would be in a case 
where there was REDOX.  Such cases are beyond the scope of this present treatment. 

 
    H(+1) Balance: 
 
2H2OIN + 3NH3IN = 2H2O +W(mH+ + mOH- + 3mNH3 + 4mNH4

+ + mHCO3
- + 2mNH2CO2

-) 
 
 
 
 
 
 

 
N(-3) Balance: 

 
NH3IN = W(mNH3 + mNH4

+ + mNH2CO2
-) 

 
 
 

C(+4) Balance: 
 
CO2IN = W(mCO2 + mHCO3

- + mNH2CO3
- + mCO3

2-) 
 

W is a constant, approximately equal to H2O/55.508. 

For each balance, the amount of each 
species is multiplied by the number of 
atoms. In this case, for Hydrogen, we 
multiply by 4 for NH4

+ 
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We now have nine equations and nine unknowns. 

 

The Components of the Simulator 
For each OLI program, there are several components which we need to discuss. 

The Database 
The following databases are supplied with the software.  

These databases are: 

 

Public This database contains the majority of thermochemical data. It is 
used with every simulation. 

Geochemical This database contains minerals of geological importance. It is a 
user selectable database. 

Low Temperature This database extends the range of simulation of many solids to 
well below 0oC. It is a user selectable database. 

Corrosion This database is provided for use with the Corrosion Analyzer 
component of OLI Studio. It is user selectable if the user is a 
lessee of the Corrosion Analyzer. 

Ceramics A database used for the hydrothermal synthesis of ceramics 

MSE The mixed solvent electrolyte public database 

MSE Corrosion The MSE version of the Corrosion database 

MSE Geochemical The MSE version of the Geochemical database 

The database(s) contain the thermochemical data required to calculate a fully speciated model.  The databases are user-
selectable which means chemical models can be tailored to specific situations. 

 

The Chemistry Model 
 
The Chemistry Model contains the equilibria corresponding to the user specified chemistry. This model is automatically 
created for you by OLI Studio. Normally you will not be required to alter the chemistry. 

The thermodynamic data stored in the database is retrieved via the Generator for all the specified chemistry and stored 
in the chemistry model. 

The chemistry model does not contain composition data, temperature, pressure or flowrates. It is a general model which 
can be used in many calculations over a broad range of temperature, pressure and composition. 
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The Generator 
The Generator is a combination of programs which sort and retrieve data from the database based on the user-specified 
chemistry and place that data into a format which allows subsequent simulation.  

The generator creates the framework which the Analyzers use to simulate the conditions specified by the user. 

The generator is used every time new chemistry is specified or when the chemistry is modified. Under normal operating 
conditions, the user will not directly interact with the generator. 

The OLI Engine 
This is the heart of the program. All the user-specified chemistries and the resultant equilibrium stream simulations  are 
provided for by the OLI Engine. 

All the OLI programs use the OLI/Engine in evaluating the specified conditions. 

Phase Selection 
The basic chemical model generally considers three types of phases: 

i. Vapor 

ii. Aqueous 

iii. Solid 

The user may specify to exclude one of these default
8
 phases during the creation of the chemistry model. In addition, a 

second liquid phase, normally an organic phase, may also be selected.   

The phase selection can be found in the Chemistry menu item of OLI Studio.  

 

 

                                                           
8 Default is defined as the set of choices made by the program in the absence of any user input. 
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Figure 4-1 The Welcome window for OLI Studio 

 

 

 
Figure 4-2 Chemistry Menu Items 

. 

The phase selection can be found 
under the Chemistry Menu Item 

Select Model Options…  
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Figure 4-3 Model Options 

Click on the Phases tab 

 
Figure 4-4 Selecting phases 

 

In this figure, the Aqueous, vapor and the solid phases are selected. For the electrolyte model, the aqueous phase is 
always assumed to exist if the chosen thermodynamic framework is Aqueous.  OLI currently offers two frameworks. The 
Aqueous thermodynamic framework and the Mixed-Solvent-Electrolyte (MSE) thermodynamic framework. The check 
box is used to indicate if a phase is included or not. 

The organic liquid phase is a second phase in which water is not the dominant species.  Some water must be present in 
any organic phase. 

When the organic liquid phase is selected it may be possible to “Dry Up” the aqueous phase. 

It is also possible to select individual solid phases. Your simulation may depend on a solid being excluded since it will 
not form in the time frame of your calculation. For example, the mineral Dolomite (CaMg(CO3)2) thermodynamically 
stable if calcium, magnesium and carbonates are present in solution yet the solid does not form except under severe 
conditions of temperature and pressure and with long (geologic) time frames. 
 

This is the phase selection 
dialog. In addition, an 
organic (non-aqueous 
liquid) phase can be 
selected. 



A Guide to Using the OLI Studio  The Mathematical Model   66 
 

  


