
SIMULATING MgO 
PREFERENCE IN 

CEMENTCLINKER PHASES
FactSage

Erik Viggh



• Process primer – why do we care about periclase (MgO)?

• FactSage software –what is it, how do we use it?

• Experiment using FactSage to simulate the fate of MgO in solid 
solutions of C3S, C2S, C3A and C4AF 

• Conclusions – how can we use this?

PRESENTATION



Periclase vs. clinker with 5 % MgO

Can this be described using a model for production?

RESEARCH QUESTIONS
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The use of slags to replace limestone as a raw material is great interest in order to reduce the amount of CO2 emissions. By the same token, maximizing the amount of slag is also of great interest.The amount of total MgO in a clinker is 5 % according to EN-197.This assumes that the amount and size of deleterious periclase crystals that cause unsoundness in concrete will not form after coolingThe research questions we want to answer are how much periclase can form with more than 5 % MgO.



PORTLAND CEMENT CLINKER

C2S

C3S
C3A

C4AF
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Burning of portland cement clinkerUp to 1300° CCalcite and clays decompose to react with quartz and intermediate compounds form solid belite, lime, aluminate and ferrite.Up to 1450° CLiquid is formed that will increase as the temperatures reach 1450˚C when the aluminates and ferrites have melted.In this melt, belite and lime will react to form alite.CoolingThe melt will crystallize to form aluminate, ferrite and other minor compound like free lime and periclase.



PERICLASE - MgO
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Periclase was not much of a problem in the early cement industry, because most of the manufacturing sites had raw materials with very low magnesia content. However, with higher-magnesia materials, the effect of periclase is more deceptive than that of free lime, because it is much less reactive than free lime, and its hydration is much more likely to take place over a long period at a late stage in curing.Magnesia dissolves in all the four main phases (and particularly the ferrite) to a limited extent. Once this limit (which may be in the range 1.5-3.0%) is exceeded, periclase starts to form as a separate phase. The magnesia is somewhat more soluble in the clinker melt than in the solid minerals, and so periclase tends to crystallize out. When magnesia content is high, the most usual means of mitigating the problem is to ensure the clinker gets very rapid cooling, so that the periclase solidifies as very small – and therefore more rapidly soluble – crystals.The formation of large periclase crystals during slow cooling can lead to bad expansion of mature concrete. Periclase formation is also exacerbated by burning the clinker in reducing conditions (caused by insufficient fuel combustion air, or un-ground fuel). Under these circumstances Fe(III) is reduced to Fe(II), which substitutes for Mg(II) and raises the effective magnesia content



UNSOUDNESS

https://qph.ec.quoracdn.net
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Periclase and the free lime hydrate when the cement in the concrete is mixed with water. The resulting hydroxides take up more space than the original oxides. The hydration of free lime occurs while the concrete mix is still plastic and will usually not be a problem. An example of how the cracking of concrete has started.Brucite, the hydration product of periclase starts to form after most of the strength development is complete. The formation of this hydroxide tends to have a destructive effect - and more so if it occurs even later. Another example of long term cracking and leaching.The onset of an expansive reaction after the cement has gained strength is known as “unsoundness”, and has been a feature of poorly-manufactured Portland cement throughout its history.



Models are future tools
Modeling the fate of Mg is important 
The Mg affects mineral structure and 

reactivity 

MODELING THE FATE OF Mg
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A model to describe the distribution of Mg along with Al and Fe as substituents forming solid solutions with pure C3S, C2S, C3A, C4AF and CaO (lime) as a function of temperature is then of great interest and a future toolModeling the fate of Mg during the clinkering process is important because in real life it is a substituent ion in all the clinker mineralsThe amount will affect mineral structures and the total reactivity of the clinker



FACTSAGE
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The software package FactSage can be used to model 



GIBBS ENERGY CALCULATIONS
EQUILIB MODULE

The software calculates by 
minimizing the total Gibbs energy 
of the system

• Equilib calculates 
the conditions for 
equilibrium in a 
system based on the 
total mass of each 
element in a mix

This is equivalent to 
simultaneously 
solving all the 
equilibrium 
constant equations 
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Equilib calculates the conditions for an equilibrium between all phases and components by minimizing the Gibbs energyThe software calculates equilibrium conditions by minimizing the total Gibbs energy of the system based on the total mass of each element.This is equivalent to simultaneously solving all the equilibrium constant equations 



The incorporation of substituent ion MgO with C3S, C2S, C3A 
and C4AF to form alite, belite, aluminate and ferrite

Case 1

Pure FactSage phases

Case 2

Pure FactSage phases mixed with oxides

SOLID SOLUTION SIMULATIONS
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The fate of MgO



Mix 1 Mix 3 Mix 4 Mix 6
CaO 69.7 70.0 69.7 70.0
SiO2 23.6 23.0 23.6 23.0
Al2O3 3.68 2.60 3.68 2.60
Fe2O3 1.95 4.00 1.95 4.00
MgO 1.06 1.06 5.00 5.00

LSF 97.02 99.85 97.02 99.85
SM 4.20 3.48 4.20 3.48
AM 1.89 0.65 1.89 0.65

C3S 76.4 86.8 76.4 86.8
C2S 10.2 0.5 10.2 0.5
C3A 6.46 0.12 6.46 0.12
C4AF 5.92 12.17 5.92 12.17

EXPERIMENTAL MIXES
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Four mixes with varying levels of LSF and MgO designed to get an effect of MgO



PURE FACTSAGE PHASES MIXED 
WITH OXIDES

• Solid solutions built with the Mixer function

PHASE: Alite PHASE: g-Belite PHASE: a-Belite PHASE: a'-Belite
Ca3SiO5_Hatrurite(s) Ca2SiO4_S1(s) Ca2SiO4_S1(s) Ca2SiO4_S1(s)
MgO_S1(s) MgO_S1(s) MgO_S1(s) MgO_S1(s)
Al2O3_S1(s) Al2O3_S1(s) Al2O3_S1(s) Al2O3_S1(s)
Fe2O3_S1(s) Fe2O3_S1(s) Fe2O3_S1(s) Fe2O3_S1(s)

PHASE: Slag-liq PHASE: Ferrite PHASE: Aluminate PHASE: Lime
Al2O3,  SiO2, CaO Ca2Fe2O5_solid(s) SiO2_S1(s) CaO_Lime(s)
FeO, Fe2O3, MgO MgO_S1(s) Ca3Al2O6_S1(s)

Al2O3_S1(s) Fe2O3_S1(s)
SiO2_S1(s)
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The Mixer function allow the user to build their own solutions.Using the Gibbs function to create an ideal solution of several phases it is possible to use this solutions as one phase when calculating equilibrium.For each solid solution MgO, Al2O3, Fe2O3 is mixed with the pure phase.Please note that FactSage has its own pre-defined liquid slag-A phase that is used in the calculations



RESULTS

Pure FactSage phases

C3S C2S C3A C2F CaO MgO

Mix 1 79.55 6.93 9.75 3.32 0 0.67

Mix 3 84.54 1.68 6.89 6.81 0 0.67

Mix 4 79.55 6.93 9.75 3.32 0 4.61

Mix 6 84.54 1.68 6.89 6.81 0 4.61

Pure FactSage phases mixed with oxides

Alite Belite Aluminate Ferrite Lime Periclase

Mix1 80.27 7.57 9.66 3.27 0 0

Mix3 86.19 1.58 6.80 6.80 0 0

Mix4 84.50 7.58 9.57 3.31 0 0

Mix6 90.59 1.34 6.70 6.95 0 0
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Comparison of the calculated phase composition using pure FactSage and the mixed solid solutions.Compare with real Rietveld clinker analysis like they do in Slite
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CLOSING COMMENTS

Fact 7.0
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The quality of your database is essential in order to get good results. Here is an example of the CaO-SiO2 phase diagram drawn using FactSage as compared with Taylor. It can be seen that the eutectic between C3S, C2S and liquid at 2050 °C shown by Taylor is not present to the left calculated by FactSage. Instead the eutectic at 2017 °C is between C2S, CaO and liquid.Old data that gives us a lot of free lime in our system when calculating!



• We have suitable solid solutions with MgO

• Validation of calculations with Rietveld

• Work to be done on new data  on > 5 % MgO

• Phases (FactSage data)

o C3S unstable under 1300 °C

Excess CaO in the system

• Fate of MgO

o With pure phases

 Periclase

 Slag-liq fixed amount ~ 0.5 %

o With oxide solid solutions both MgO 
levels were incorporated

 no periclase formed

 Alite ~ 87 %

 Belite ~10 %

 Slag-liq ~3%

IN CONCLUSION
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