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Back to our hands on examples 
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Background
Short Recap of the previous session

Project setup

1. Project definition (set chemical and numerical boundaries)

2. Creation/Definition of subsystems within the project

3. Equilibrium calculation 

4. Assessment of data

m
od

ify
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2nd “Hands-on” example

Dissolution of gypsum in water

GEMS – How to get started

Learning objective

� Repetition of principle project and system setup in GEMS

� Introduction of predefined compositions into the system

� Dissolution of 10g Gypsum in 1l water
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Example: Gypsum solubility 

1. Project setup
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Example: Gypsum solubility 

1. Project setup
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Example: Gypsum solubility 

1. Project setup
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Example: Gypsum solubility 

2. System creation
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Example: Gypsum solubility 

2. System creation (recipe)

Dissolution of 10g Gypsum in 1l water
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Example: Gypsum solubility

3. Equilibrium calculation

1002 g aq. Phase    
7.14 g solid
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Example: Gypsum solubility

4. Data assessment

12

© Holcim Group Support Ltd 2010

Example: Gypsum solubility

Addition of predefined compositions
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1.)

2.)

3.)

4.) Define components

Example: Gypsum solubility

Addition of Potassium sulfate (K 2SO4)
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Example: Gypsum solubility

Addition of Potassium sulfate (K 2SO4)

1.) Enter stoichiometry

2.) calculate

3.) save

1.)

2.)

3.)

Molar weight No of atoms
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Example: Gypsum solubility

Addition of Potassium sulfate (K 2SO4)
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Example: Gypsum solubility

Addition of Potassium sulfate (K 2SO4)
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Example: Gypsum solubility

Addition of Potassium sulfate (K 2SO4)
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� K2SO4 successfully inserted 
(needed for next example)

Example: Gypsum solubility

Addition of Potassium sulfate (K 2SO4)
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GEMS – Process simulations

Learning objective

� How to setup more complex process (batch) calculations 

where stepwise changes of the initial system definition 

within one project occur

� Ways how to (initially) modify/fit thermodynamic data based 
on solubility datasets
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� simulation of stepwise processes, e.g. dissolution, incremental
addition, mixing, titration

� especially useful if a regular change of the bulk composition
occurs in the process

� simulation of incremental temperature changes

…

Parental system (contains initial 
setup of the system to be modified)

Subsystem 1 Subsystem 2 Subsystem i

Modification of parental system

Equilibria 1 Equilibria 2 Equilibria i

Structure of process simulator

Process simulations    

Background and short introduction
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� GEMS uses a built in math script interpreter to execute process
simulations and other functions (similar as the development of macros
in Excel)

� a desription of the math script interpreter and used expressions can be
found in the related GEMS_help_file

Process simulations    

Background and short introduction
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Solubility behaviour of gypsum/portlandite mixtures  at 

increasing K 2SO4 additions at 25°C

Process simulations 
3rd example - recalculation of literature experiment
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Description of analytical problem

� Initially 3g of Portlandite equilibrated with 40g H2O at 25°C

� Increasing amounts of K2SO4 added to the system and equilibrated

We want to assess the consequences of increasing K2SO4 additions on 

the solubility of portlandite, gypsum and syngenite

Related phase changes: a) changes in the aqueous phase composition

b) mass balance changes

c) volume changes

Process simulations 
3rd example - recalculation of literature experiment
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Description of analytical problem

Addition of increasing amounts of K2SO4 to portlandite containing solution

…

Parental system (3g Ca(OH)2 in 40g H 2O )

Subsystem 1 
0.1g K2SO4

Modification of parental system

Equilibria 1 Equilibria 2 Equilibria i

Subsystem 2 
0.2g K2SO4

Subsystem i
n g K2SO4

Process simulations 
3rd example - recalculation of literature experiment
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Experimental observations in agreement with 
thermodynamic modelling

Gypsum is destabilised at high K2SO4 additions and 
syngenite forms instead

Process simulations 
3rd example - recalculation of literature experiment
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Process simulations 
1.) Definition of parent system

� new system based on example 2
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Process simulations 
1.) Definition of parent system – equilibrium calculation

New system 
composition:

40g H2O   

3g Ca(OH)2



15

29

© Holcim Group Support Ltd 2010

Process simulations 
1.) Definition of parent system – equilibrium calculation
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Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) 

Process simulations 
2.) Setup of process simulation

Selection of parent system

…

Parental system (3g Ca(OH)2 in 40g H 2O )

Subsystem 1 

0.1g K 2SO4

Modification of parental system

Equilibria 1 Equilibria 2 Equilibria i

Subsystem 2 

0.2g K 2SO4

Subsystem i

n g K 2SO4…

Parental system (3g Ca(OH)2 in 40g H 2O )

Subsystem 1 

0.1g K 2SO4

Modification of parental system

Equilibria 1 Equilibria 2 Equilibria i

Subsystem 2 

0.2g K 2SO4

Subsystem i

n g K 2SO4…

Parental system (3g Ca(OH)2 in 40g H 2O )

Subsystem 1 

0.1g K 2SO4

Modification of parental system

Equilibria 1 Equilibria 2 Equilibria i

Subsystem 2 

0.2g K 2SO4

Subsystem i

n g K 2SO4
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project name

thermodynamic potential to minimise

File parent system

pressure

temperature

File name of process simulation

Simulation type

Simulation type: 

Don’t 
change

user input

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Process simulations 
2.) Setup of process simulation
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Choice of Simulation type: 

In the case of incremental K2SO4 

addition we directly change the bulk 

composition

��� � Sequential change of bulk composition

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Process simulations 
2.) Setup of process simulation



17

33

© Holcim Group Support Ltd 2010

Number of steps

Changing constituents of bulk composition
(K2SO4)

number of columns in output file
(here = total amount of aq elements =4)

Optional entries of experimental data 
possible to compare with calculations

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Process simulations 
2.) Setup of process simulation – Numerical settings
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Save the equilibria of each step 
independently 

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Process simulations 
2.) Setup of process simulation – additional setting s
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Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Process simulations 
2.) Setup of process simulation – additional setting s
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start value
end value
step size

step
integer temperaturepressure

xa_[{K2SO4}] =: modC[J];

Definition of K2SO4 addition

Array 0
K2SO4

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Process simulations 
2.) Setup of process simulation – Definition of inpu t data
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translation
xa_[{K2SO4}] =: modC[J];

“change the amount of K 2SO4 with every step as 

defined in column 0”

Row[J]

K2SO4

Process simulations 
2.) Setup of process simulation – Definition of inpu t data
Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)
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Definition of the 
x-axis (here pH)

output here as 

concentrations (mmol/l) 

in y-direction

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Process simulations 
2.) Setup of process simulation – Def. of output dat a



20

39

© Holcim Group Support Ltd 2010

translation

yp[J][0] =: m_t[{Ca}]; “print the molality of Ca at each step in column 0”

yp [J][0]

Ca

Array

Optional

Column

Volume

yp[J][0] =: phVol[{----}];

Mass

yp[J][0] =: phM[{----}];

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Process simulations 
2.) Setup of process simulation – Def. of output dat a
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Total concentration of each element [mmol/l]

Graphical output

pH

exp values 
Bellmann et al

Process simulations 
3.) Calculation - Results

Press to 
calculate
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Graphical output - setup

Process simulations 
3.) Calculation – Graphical output
Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)
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Possibility of simple copy and paste of 
the data into other programs e,g. Excel

Process simulations 
3.) Calculation – numerical data treatment

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)
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Why do we get the deviation from experimental data?

Project (file: Gyp_Syng) ParentSys (file: Gyp_parent) Process (file: solubility)

Process simulations 
4.) Data assessment
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Possibility to analyse each data point separately

Process simulations 
4.) Data assessment – individual equilibria

a record of the equilibrium phase 
assemblage at each step is 

automatically saved

Open sys 1200
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System Nr 1200 (2g K2SO4 entered )

Invariant point:

Ca(OH)2-Gypsum-

syngenite

Process simulations 
4.) Data assessment – individual equilibria
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activities
Activities:

lg{Ca+2} = -2.943

lg{SO4-2} = -1.625

lg{OH-} = -1.1285

Lg{K+} = -0.500

Process simulations 
4.) Data assessment – individual equilibria

System Nr 1200 (2g K2SO4 entered )



24

47

© Holcim Group Support Ltd 2010

2740.05

Log K =             
-2.943+(-1.625)        
~ -4.57

LogK = -4.52

-2169

0

DGJ/mol

-0.38

Log K=2*(-0.5)+         
(-2.943)+2*(-
1.625 = ~-7.19

LogK = -7.57

0

Log K = -2.943+         
2*(-1.1285)        
= -5.20

LogK = -5.20

DlogKCemdata07.2Bellmann eaReaction

Conversion logK � J/mol

- DG = RTln(K)

~2.303RT(log(K))

Activities (eq. CH-gypsum-syng):
lg{Ca+2} = -2.943
lg{SO4-2} = -1.625
lg{OH-} = -1.1285
Lg{K+} = -0.500

Process simulations 
4.) Data assessment – Thermodynamic data
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Process simulations 
4.) Modification of thermodynamic data
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Process simulations 
4.) Modification of thermodynamic data
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Process simulations 
4.) Modification of thermodynamic data
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Process simulations 
4.) Modification of thermodynamic data
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Process simulations 
4.) Modification of thermodynamic data
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Process simulations 
4.) Modification of thermodynamic data
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modification of free energy data to have similar values 
for log(Ksp) as in Bellmann ea.

Gypsum � DG0 + 274 J/mol

Syngenite � DG0 -2169 J/mol

Process simulations 
4.) Modification of thermodynamic data
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Check of consequences of change of DG0

Process simulations 
4.) Modification of thermodynamic data
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All calculations are as good as their database behind!

But stay away from uncoordinated changes of 
thermodynamic data.

Critical assessment of thermodynamic dataset is crucial

Before modification After modification

Process simulations 
4.) Modification of thermodynamic data

Check of consequences of change of DG0
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Plot of mass balance changes

Function for Mass:

yp[J][0] =: phM[{phase}];

Process simulations 
Other options with the Process simulator
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Plot of mass balance changes

Process simulations 
Other options with the Process simulator
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Plot of specific volume changes

Function for Volume:

yp[J][0] =: phVol[{phase}];

Process simulations 
Other options with the Process simulator

60

© Holcim Group Support Ltd 2010

Plot of specific volume changes

Process simulations 
Other options with the Process simulator
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� The GEMS Process simulator is a powerful toll to perform batch 
calculations, e.g. dissolution, incremental addition, mixing, titration

� It is especially useful if a regular change of the bulk composition 
occurs in the process

� The inbuilt math script interpreter allows for sufficient flexibility for 
data input and output

…

Parental system (contains initial 
setup of the system to be modified)

Subsystem 1 Subsystem 2 Subsystem i

Modification of parental system

Equilibria 1 Equilibria 2 Equilibria i

Structure of process simulator

Process simulations    

Summary


