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Chapter 5 Solids Precipitation 

Overview 
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 (CaCO3) is found in nature in 
many forms. Two common forms are the more thermodynamically stable solids, Calcite and the less stable form 
Aragonite. 

It is sometimes desirable to determine the solubility of the less stable solid independently of the more stable solid. In this 
tour, we will examine the solubility calcium carbonate as calcite in a solution containing magnesium and calcium 
chloride and carbon dioxide. 

In certain instances, the formation of calcite is prohibited kinetically and the less stable form of aragonite will form.  
Such cases include coral reefs where aragonite is preferred to form via biological action. 

In this tour we will take a solution of 0.1 molal CaCl2, 0.1 molal MgCl2 and 0.01 molal CO2 at 25 degrees centigrade and 
1 atmosphere and determine the solubility of CaCO3 solids. 

The Tour 

Objectives 
In this tour we wish to accomplish several objectives: 

1. Learn how to perform a precipitation point calculation. 

2. View and select an additional databank. 

3. Modify the chemistry to include and exclude individual solid phases. 

4. Units manager new look 

 

Let’s begin 
If you have not done so, please start OLI Studio. After a few moments, the main window will appear. If the Tip-of-the-
Day box appears, please close it. 
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Double-click on the Add Stream icon. 

At this point we are assuming that you are familiar with navigating through the software. We will only provide guidance 
for new items of interest. 

Click on the Description Tab. 

You may enter a new name for the stream and a description. We recommend CaCO3 Solubility as a name for the stream. 

Select the Definition Tab. 

 

The input conditions are: 

Temperature   25 °C 

Pressure   1 Atmosphere 

Water   55.5082 mol (this is the default value) 

CaCl2   0.1 mol 

MgCl2   0.1 mol 

CO2   0.01 mol 

CaCO3   0.0 mol 

 

The entry should look the same as in Figure 5-1 

 

 
Figure 5-1 Component Inflows 

It is frequently difficult to use the display name for the components. For this tour we will change the way the names are 
displayed. 

Select Tools from the Menu Bar. 

Select Names Manager from the list.   

The list of Tools are displayed in Figure 5-2 
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Figure 5-2 The Tools Menu 

Selecting the Names Manager from the tools menu will display several options. 

 

 
Figure 5-3 The Names Manager. 

There are several items that can be changed. We will discuss each of them in turn. 

Name Style Tab 

The name of the component can be displayed in several ways. 

 
Display name This is the name is that is commonly displayed when a species is 

entered.  This is the default display. So the species CO2 is 
displayed as carbon dioxide. 

 
Formula This is the chemical formula name. Species such as aluminum 

nitrate are displayed as Al(NO3)3. 
 
OLI name (TAG)This is the traditional name for the species stored internally in the 

OLI software. Users who have used the older ESP software may be 
more comfortable with this display. 
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Search Criteria Tab 

When a species is entered, the program may search in several ways to find the 
corresponding data. Such areas that may be searched are Display Name, Formula, 
OLI name, synonyms, IUPAC names, etc. It is recommended that the default options 
be left as is. 

Names Dictionary 

The user may wish to define a species with a name that does not exist in the 
software. For example, NaOH is frequently referred to as caustic. This can be 
selected if required. 

 

For this tour, we will use the OLI name.  

Click the OLI name (TAG) radio button. Select OK when done. 

Your display should have changed to that of Figure 5-4 

 

 

 
Figure 5-4 The Input in the Traditional OLI names 

There is only a small difference in this view. The OLI tag name is in all capital letters. 

Selecting the precipitation point calculation 
We are now ready to begin the precipitation point calculation. 

Click on the Add Calculation button and select Single Point. 

If you so desire, you may enter descriptive information about this calculation. It is recommended that you do so since the 
default naming system will create a large number of calculations with very similar names (for example, single1, single2, 
single3, etc.) 

Click on the Description Tab and enter a name. We recommend Calcite Solubility. 

Click on the Definition Tab. 

The default calculation is the Isothermal calculation. We need to change this option.  

Click on the Type of calculation button. 

Select Precipitation Point 

The input grid now has two new items. We need to have these filled out properly prior to the start of the calculation. 
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Figure 5-5 The input grid before specifications added. 

The Calc Parameters section on the grid in Figure 5-5 shows that the solid that is to be precipitated (Precipitant) is 
unspecified and that the adjusted variable (Adjusted Variable) is also unspecified. 

The precipitation point calculation uses the user selected solid as a target. The user either enters an amount of solid that 
they desire or uses the default value (indicated by a blank box). This value is 1.0x10-10 times the stream amount - a really 
small number. 

The inflow amount of the as of yet unspecified species is then adjusted to match that target value. The adjusted amount is 
then the solubility of the species. Care should be taken in trying infeasible cases. 

Click on the Specs… button. 

You will be given a list of available solids and a list of available inflows.  Depending on the display mode for names, 
some of these species may look the same. 

Select CACO3 (Calcite) – Sol from the Solids list and then select CACO3 from the component inflows list. Click OK 
when done. 

See Figure 5-6.  
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Figure 5-6 Precipitation Point specifications 

We are now ready to start the calculation. 

Click on the Calculate button. 

 

When the calculation is completed, the program will return to the same window. In the Summary Box you will see a 
quick report.  

 

 
Figure 5-7 Summary of Calcite Solubility 

In this case, 0.00423 mol of CaCO3 was added to this solution (in 55.5082 mol of H2O, which makes this a molal 
concentration) to precipitate out a very small amount of solid. 

Save early and save often… 

Now would be a good time to save our work. Any name will suffice. We recommend Chapter 5 Tour. 

Expanding the Chemistry 
Frequently there is more to the chemistry than what is covered in the PUBLIC database.9 The following is a partial list of 
additional databases available from OLI: 

                                                           
9 The PUBLIC database is the main OLI database, containing nearly 70 percent of the thermodynamic data available 
from OLI and 100 percent of the supporting information. 
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Geochemical This database contains thermodynamic data for species that appear 
in geological time frames or are available for chemical weathering. 
We do not normally expect to see these species under industrial 
conditions. 

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.  

Back to the tour… 

Select Chemistry from the menu. 

Select Model Options… from the menu list. 

 

 
Figure 5-8 The Chemistry Menu 

We will now be given a selection of database to choose from. The Public Databank is always selected and must be used.  

 

Select Geochemical Databank and click the right arrow. Click OK to continue. 

 

 
 Figure 5-9 Selecting the Geochemical databank 

You may have more or 
less databanks 
depending on previous 
installations and 
imported databases. 
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Figure 5-10 Geochemical databank selected 

Removing Solids 
After we have selected the Geochemical databank, we now need to change the chemistry.  The inclusion of the following 
species: Ca+2, Mg+2, and CO2 in the chemical model will allow for many new solids to potentially form. Carbon dioxide, 
of course, creates the carbonate and bicarbonate ions.   

 

These new solids are: 

Calcite  CaCO3 

Aragonite CaCO3 

Dolomite CaMg(CO3)2 

Calcite is the most thermodynamically stable solid among the two calcium carbonates. In this scenario, we wish to 
determine the solubility of the less thermodynamically stable solid, aragonite. 

A problem with equilibrium based models is that we will always get the most thermodynamically stable solid unless we 
modify the model.  

For this we will go back to the Chemistry Menu and Model Options… (See Figure 5-8 and  Figure 5-9). This will 
bring up a Select Phases dialog.   

Select the Phases tab. 
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Figure 5-11 Removing Calcite (CaCO3) from the chemistry model 

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. 

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

 
Figure 5-12 Expanding Calcium Solids 

Scroll down to find CACO3(Calcite) and uncheck this solid. Click OK continue.  

 

Repeating the precipitation point calculation 
We have now modified the chemistry model to excluded calcite (CaCO3). We now want to determine the solubility of 
aragonite (also a CaCO3 solid). 

Repeat the steps to begin a precipitation point calculation.  

From the Specs button, select ARAGONITE (Aragonite) - Sol from the solids list.  

CACO3 remains as the Component Inflows. 
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Figure 5-13 Selecting Aragonite as a new precipitation solid 

Click OK to continue. 

You will be returned to the main input grid. When ready, click Calculate. 

 

When the calculation finishes, we need to review how much aragonite is soluble in water. It would appear from the 
summary box that approximately 0.2 moles of Aragonite is soluble in 1 kilogram of water (55.508 moles of water). This 
is considerably larger than the 0.0044 moles of CaCO3 (calcite) case. 

 
Figure 5-14 Summary of aragonite solubility 

In general, when a large change in solubility is observed, we should check to see if other species have precipitated.  

Click on the Output tab located below the grid. 

 Right-Click in the area below input grid and select Solid. 

This will add a new section to the grid called Solid. Scroll down to see if there are any non-zero values. 

Almost 0.2 moles of 
Aragonite (CaCO3) is 
soluble in 1 Kg of water 
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There are a lot of zero species on this list. Right-click anywhere in the solids list and select Hide Zero Values 
 

 
This removes a lot of distracting information. 
 

 
Figure 5-15 The Calculated results, showing that ORDDOL (Ordered Dolomite or CaMg(CO3)2) is present 
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This report shows that approximately 0.097 moles of ordered dolomite (CaMg(CO3)2) has also precipitated with the 
aragonite. The solution must first become saturated with dolomite before aragonite will precipitate.  This means that 
dolomite is more thermodynamically stable, at these conditions, than aragonite. 

Removing Dolomite 
We will repeat the steps to select phases using the Chemistry Menu and Select Phases.  

Select the Chemistry Menu Item. 

Select Model Options… from the menu list. Then select the Phases tab. You can expand either the CA(+2) solids or 
MG(+2) solids since dolomite contains both species. 

Scroll down the list to find these three solids (CACO3 should remain excluded): 

DOLOMITE 

DISDOL 

ORDDOL 

The latter two solids are alternative forms of dolomite. 

Click OK to continue. 

Repeat the precipitation point calculation with only aragonite and record the solubility point. 

Click Calculate when ready. 

 
 

 
Figure 5-16 Solubility with Dolomite Turned off 

The solubility is now 0.0057 moles per kilogram of water. This is more in line with the calcite solubility. 

The user should always remember that although a species is more thermodynamically stable, it may not form due to 
kinetic limitations. 

 

Units manager (alternative Entry) 
There are two ways to get to the units manager. One is through tools-> Units manager. Second is clicking on  

 this icon at the top toolbar. Both options should lead to the pop up window below. 
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This Units manager gives more control at a higher level. 
 
You can set your desired set of units from quick list option below. 
  

 
 
Each combination has its own set of units for phases, inflows and stream parameters. If you want to alter the specific 
units or create your own set of units, click on customize. 
 
That takes you back to the old inter phase where you could use the dropdowns to set each variable. Once you set that, 
you first layer of UI looks like the image below; it says custom because now you have altered one of the default variables 
unit. 
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Now would be a good time to save your files. 
Save, save, save… 

 

 

 


