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Introduction

All the possible blends with three components (CSA, OPC and C$ for example) can be
represented in a ternary diagram (an equilateral triangle):

Point A: 55% of anhydrite, 
30% of CSA clinker,
15% of OPC.
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Introduction

The points in this diagram can also be described by a X and a Y value: 

Point A: X = %OPC + %CSA x 0.5 = 15 + 30 x 0.5 = 30.
Y = %CSA x 3/2 = 26.
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Introduction

In the following example, the blue line corresponds to blends with 40% of OPC and
variable proportions of CSA and anhydrite (C$).

From point A to point B, the quantity of anhydrite varies from 0% to 60%.

We will model the effect of the anhydrite-CSA proportions in this ternary blend
containing 40% of OPC.
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1. Method

The phenomenon (anhydrite and CSA % variation) has to be described by an 
equation :

Y = 2 x sin (Π/3) x X – (2 x sin (Π/3)) x 40 
Y = 3 x X – 40 3

X value varies from 40 (point B) to 
70 (point A). 

Each step during GEMS modeling (cNu) will
be associated with the value of X.

101 points (it’s enough!) will describe the blue 
line (0൑cNu൑100, 101 steps)

 X = proportion of OPC + (100- proportion of OPC)/200 x cNu
= 40 + 0.3 x cNu
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1. Method

For each modeling step (cNu value), the OPC, CSA and C$ proportions can be calculated :

- X = 40 + 0.3 x cNu, 
- Y = 3 x X – 40 3,
- CSA % = Y x ଶ

ଷ
= 2 x X – 80 = 2 x ( 40 + 0.3 x cNu) - 80 

= 0.6 x cNu, 
- OPC % = X - CSA % x 0.5 = 40 + 0,3 x cNu – (0.6 x cNu) x 0.5 

= 40, 
- C$ % = 100 - CSA % - OPC % = 100 – 40 – 0.6 x cNu

= 60 – 0.6 x cNu. 

Therefore, if the composition of the raw materials is known, we can indicate the
composition of the blends for each modeling step (X value from 40 to 70) .

For example :

% anhydrite in the blend = % OPC x % anhydrite OPC + % CSA x % anhydrite CSA
+ % anhydrite x % anhydrite natural anhydrite

= 40 x % anhydrite  OPC + 0.6 x cNu x % anhydrite CSA
+ (60 – 0.6*cNu) x % anhydrite natural anhydrite
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1. Method

Cement composition:

Component OPC CSA Natural 
anhydrite

C3S 62 0 0

C2S 15 10 0
C4A3$ 0 66 0

C$ 0 4 87
C$H2 3 0 0
C3A 6 0 0

C4AF 11 0 0
Considered as unreactive

(M, CT, CMc, etc.) 3 20 13
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2. Modeling

You can open the modeling project.

Input recipe:

Water : 100g

Presence of 
C3S,C2S, C4A3$, 

C$, C$H2, C3A and 
C4AF in the 
blends

SysEq
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2. Modeling

Input recipe:

Not formed 
components 

due to:
- kinetic 

reasons (not 
experimentally 

observed) 
- modeling 

stability.

SysEq
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2. Modeling

Input : cNu value = modeling step

OPC, CSA and 
anhydrite 
composition

Inert phases

Process:
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2. Modeling

Output :
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3. Results and applications

Results (volume):

In OPC-CSA blends, ettringite proportion 
can induce stability issues : 
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Results (weight):

A 

B

CD

0

10

20

30

40

50

60

70

80

90

0 20 40 60 80 100

Y 
va
lu
e

X value

Ternary diagram
CSA

OPCC$

0 %

80 %

100 %

60 %

40 %

20 %

0 %

20 %

80 %

60 %

40 %

100 %

20-30 g of ettringite without gypsum  13.5 and 16 % of anhydrite. 

3. Results and applications
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Quantitative analysis after 28 days of hydration (water/cement ratio = 0.5) for 40% of 
OPC:

The predicted and observed effects of anhydrite proportion are similar.

However, the ettringite proportion is higher because a part of the OPC has not yet
reacted (only 28 days of hydration).
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Example : other ternary blends containing 20-30 g of ettringite and without gypsum.

Same modeling process with other OPC proportions!
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Modification of the previous project :

1 - Create a new clone of the process

2 – INPUT : change the OPC, CSA and anhydrite proportion in the process

- OPC % = 40  OPC % = modC[8][0], 

- CSA % = 0.6 x cNu  CSA % = (1-modC[8][0]/100)*cNu,

- C$ % = 60 – 0.6 x cNu.  C$ % = ((100 -modC[8][0])-(1-modC[8][0]/100)*cNu),

3 – OUTPUT : change the anhydrite percentage and inert phases proportions

 The OPC percentage is indicated in the cell [8][0].

3. Results and applications
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20 % of OPC

3. Results and applications

30 % of OPC

Lower OPC proportion  increase of ettringite proportion and formation of gibbsite.
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60 % of OPC

3. Results and applications

80 % of OPC

Higher OPC proportion  ettringite proportion decreases and katoite (and hydrogarnet)
proportion increases (kinetic issue?)

You must hinder the formation of other compounds (Fe(OH)3, aluminate phases, etc.) 
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3. Results and applications

Between the blue and purple lines : blends with 20-30g of ettringite (without gypsum)
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Ettringite proportion is higher than predicted (after 3 months of hydration) due to the
slow formation of hydrogarnet and the slow reaction of cement components (C4AF,
C2S mainly).
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3. Results and applications

Blends with porlandite and 25g of ettringite (without gypsum) ?

y = ‐1,17x + 105,58
R² = 1,00
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There should be more than 52% of OPC.
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Conclusion

Thermodynamic modeling of CSA – OPC – C$ blends:

 prediction of the composition and impact of different parameters,

 helpful for complex blend formulation, 

 must be compared with experiments (hydration kinetic),

 conditions of hydrogarnet formation in OPC-CSA blends ?
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QUESTIONS

Do you have any questions?


