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GOAL:
Predict phase changes when adding

an increasing amount of ..

seawaterNaCl solution
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Learning goals

GEMS-skills:
• Building a SysEq file from scratch
• Editing a Proces file
• Insert predefined compositions (OPC)
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Content

Example: calculate the phase changes in PC paste
exposed to NaCl solution
1. Create Single System – SysEq 
2. Make  predefined composition of PC
3. Make Process

Task: calculate the phase changes in PC paste exposed to 
sea water
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Create a new file 
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Choose the elements you will have in your system
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2.
3.

1.
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Name your
single file

Temperature
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We make a dummy 
system; we will add a 
new PC  to the database
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Block phases you
want to prevent
from forming
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Calculate equilibrium

Accept to see
the results

1 Check the system
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GEMS – Convergence problem

This error message might occur :

The reason is the current solid solution model, e.g. for Al-Fe-AFt. 
As a workaround there are two possible solutions:
1) Do not use this solid solution. Use the single phases instead.
2) Modify the some of the settings of GEMS as shown on the next slide.

In most cases this should work.
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Convergence problem - workaround

17

1. Smoothing parameter:
use low positive value, e.g. 0.0

2. Covergence tolerance parameter:
use higher value, e.g. 1e‐004,
maximum seems to be 5e‐003

3. Minimum amount of stable phases:
use lower value, e.g. 1e‐023

Do not touch the other values !!! => 0.01 works
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Content
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We clone PC

Open the database

Select Compos
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Name the substance
Add comment

Clone
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Choose the elements for PC
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Step 1: Add the composition in 
g/100g for the different oxides.

Step 2: Calculate the
composition

Step 3: Save



Norwegian University of Science and Technology

Go back to the project

Open

Insert the new record
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Open input

Add 
PC_2 Remove dummy PC, 

add 80 gPC 2
(as only 80% reacted
20% unreacted)

50 g water
Change unit NaCl to 0.001 M
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Check composition

Calculate equilibrium
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Volume of phases
formed in cm3

1.

2.
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Content

Example: calculate the phase changes in PC paste
exposed to NaCl solution
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3. Make Process
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Make a new process file
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Make a new process

Select the single file you want to 
build your process file on
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S  sequential changes
Name your process file

Make a new process
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We are going to 
make sequential
changes in the
composition
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We will change 
the coding later
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Not important
what you select
We overwrite 
frist row later 
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Number of steps we want to take in the process file

Amount of output
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$ making of list with increasing numbers 
modC[J][0] =: ((cXi =0)? 1e‐9:cXi); => this means (IF (...) ? THEN.. : ELSE)

$ addition of NaCl(0.565 M NaCl in 1000 g H2O, 50 g H2O in PC)
xa_[{NaCl}]=: 0.565*modC[J]; 
xa_[{Aqua}]=: 50+modC[J]*1000;

Brief description
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We use pXi (= ‐logXi) to make a logaritmic 
list of numbers
pXi=‐log(Xi) or Xi=10^(‐pXi)
• Start X0=10^‐3=0.001
• Step X2=10^0.1=1.259
• Stop X1=10^3=1000

Will fill in automatically
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iNu gives a linear list
• Start iNu0=0
• Step iNu2=1
• Max iNu1=45
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Numbering of the single files
• Start: iTm = 1000
• Step: iTm2 = 1
• Max: iTm1=1045
Calculation stops as soon as any max is reached
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We plot the volumes in [cm3] of
the different hydration phases

unreacted cement

(If ? Then : else)

0‐3: Gems needs an 
operator first

2. calculate
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calculate
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plot

Change 
to 0
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Drag and drop

Change to 
unreacted  
PC
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Case study 2: NaCl

De Weerdt ea 2019, CCR 115

Total Cl: FS +CSH

mortar

seawater
NaCl

Cl

NaCl

De Weerdt ea 2019, CCR 115
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Case study 2: NaCl

De Weerdt ea 2019, CCR 115

mortar

Na

NaCl
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