Calcination Model

Raw material:

Various combinations of raw materials like Limestone and clay are mixed to form a feed which is assumed in the model to be composed of a fix percentage of:

Major Oxides
Name
Typical composition
Model (mass fraction)

SiO2
Silica
21-24%
msi

Al2O3
Aluminum Oxide
4-7%
mal

Fe2O3
Ferric Oxide
2-4%
mfe

CaCO3
Calcium Carbonate
63-67%
mca

Minor Oxides
Alkalis



MgO
Magnesium Oxide
Trace
mmg

SO3
Sulfur Trioxide
Trace
ms

K2O
Potassium Oxide
Trace
mk

Na2O
Sodium Oxide
Trace
mna

The mass fraction of each of these elements is tracked in the clinker bed model.  At the chain exit we have:
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Reactions


If we ignore the minor oxides, alkalis, and combine these either into the major oxides or with inert material we get:
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It is assumed that all that all the water has evaporated in the kiln calciner and no water vapor gases enter the domain modeled from the feed. Dehydration phase is also complete. It is also assumed that the calcination is complete and no clinkering reactions have begun.  The temperature of the clinker at the domain entrance, T_in, is obtained from kiln measurements.

Calcination Zone:

It is assumed that the calcination zone is finished and that free lime has not yet reacted after the chain section.  The reactions that occurred are:

Reaction
Name
Temperature (C)
Reaction kJ/kg

CaCO3 = CaO + CO2
Calcination
550 - 960
1780

MgCO3 = MgO + CO2
Calcination
550 - 960
1395

Clinker Zone:

The final clinker is composed of the following main reactions:

Clinker
Name
Main reactions
Forms
Range %

C3S
Alite
3 CaO + SiO2
Ca3SiO5
52 - 62

C2S
Belite
2 CaO + SiO2
Ca2SiO4
20 -24

C3A
Tricalcium Aluminate
3 CaO + Al2O3
Ca3Al2O6
8 - 12

C4AF
Tetracalcium Alumino Ferrite
4 CaO + Al2O3+Fe2O3
Ca4Al2Fe2O10
6 - 9

The complete clinker reactions are:

#
Reaction
Name
T (C)
Reaction kJ/kg

1
CaCO3 = CaO + CO2
Calcination
550 - 960
1780

2
CaO + Al2O3 = CaAl2O4
C + A = CA
800 – 1100
-100

3
2 CaO + Fe2O3 = Ca2Fe2O5
2 C + F = C2F
800 – 1100
-114

4
2 CaO + SiO2 = Ca2SiO4
2 C + S = C2S
600 – 1300
-732

5
CaAl2O4 + Ca2Fe2O5 + CaO = Ca4Al2Fe2O10
CA + C2F +C = C4AF
1200 – 1280
25

6
CaAl2O4 + 2 CaO = Ca3Al2O6
CA + 2 C = C3A
1200 – 1280
25

7
Ca2SiO4 + CaO = Ca3SiO5
C2S + C = C3S
1200 – 1280
59

8
Clinkersol = Clinkerliq
Phase change
> 1280
600


Clinker Overall
Clinkering
800 – 1400
274

Where CA, part of C2S and C2F compounds are intermediate products. The formation of compounds should follow Bogue’s formula where:

Compound
Bogue’s Formula

C3S
4.071 CaO – 7.600 SiO2 – 6.718 Al2O3 – 1.430 Fe2O3

C2S
2.867 SiO2 – 0.7544 C3S

C3A
2.650 Al2O3 – 1.692 Fe2O3

C4AF
3.043 Fe2O3

The percent of liquid clinker by mass is given by:
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