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In the system Ca.O-SiO2-AliO3-Fe2O3-MgO-SO3" it is possible to
identity 6 different equilibrum phase aBsociation8 relevant to the productfon of 
belive cement clinker. On the basis of the algorithm given in [1], the qualitative 
and quantitative phase composition of the equilibrium product is determined 
in terms of the composition of the raw material mix containing model li­
mestone and clay. The sensitive dependence of the hydration properties of the 
product on the parameters of clinker preparation is given by the large 
number of various phase associations within the narrow range of raw material 
composition and by kinetic factors. 

INTRODUCTION 

Calculat ion  of  the  phase  composit ion  of  bel ite  c l inkers  

The phase composition of P ortland clinker has so  far been calculated by  the 
procedure of Bogue or by modified calculatin methods [2]. These procedures can 
only be applied when the phase composition of the clinker belongs to one of 
the two phase associations characteristic of Portland clinker, i.e. C3S-C2S-ClA­
-C4AF-M, or C3S-C2S-C2F-C4AF-M. The quantitative phase composition of 
other types of clinker is usually calculated in a similar way on the basis of expe­
rimentally identified phase composition of the products [3]. 

In contrast to the above alternatives, use of the algorithm described in a pre­
vious study [I] allows the equilibrium phase association and quantitative repre­
sentation of the individual mineralogical components in the product of reactions 
in multicomponent systems in the subsolidus region to be determined on the 
basis of information on the phase equilibrium of the subsystems in the system 
being studied. 

The present work is concerned with the determination of equilibrium phase 
associations in the system C-S-A-F-M-S, of interest in the manufacture of 
belite cements, namely in terms of composition of a two-component raw material 
mix, i.e. limestone and clay. The computation result provides a picture of qualitati­
ve and quantitative changes of the individual mineralogical components in the 
equilibrium product. 

THE PHASE C OEXISTENCE MATRIX (PCM) OF THE SYSTEM 
C-S-A-M-F-S

The data on the coexistence of phase couples in the system in question, as taken 
over from the literature [4 through 8] are summarized in the PCM in Table I. 
From the standpoint of belite clinker manufacture, the relevant region of the 

*) Further on, the abbreviated symbols are used: CaO-C, SiO2-S, AhO3-A, MgO-M, 
Fe2O3-F, SO3-S 
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phase diagram of the six-component system is only the part containing the 19 
phases listed in the PCM, i.e. the 18 phases coexisting with C2S. The table relates 
to the subsolidus region o:f the system in question, above the equilibrium tempera­
ture of the formation of C3S, i.e. 1250 °C: {the first line of PCM specifies that C2S 
does not coexist with CaO). The data on the coexistence of C2S with C and C3S 
show a change in the sequence of the 0,1 symbols in the first two columns of the 
first line. 

Table I 

The phase coexistence matrix of the system C-S-A-F-M-S. 

0 - coexistence, 1 - no coexistence, 2 - no data available on phase coexistence 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

l.C2S 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2. C3S 0 I 0 1 1 0 1 1 0 1 1 0 0 1 1 1 0 
3. C 1 0 1 1 0 1 1 0 1 1 0 0 1 1 I 0 
4. C3S2 1 1 1 1 1 1 1 1 0 0 2 0 I 0 1 
5. C3A 0 1 1 1 1 0 1 1 1 0 1 1 I 0 
6. C12A1 0 1 1 1 0 1 1 1 0 1 1 I 0 
7.CA 1 0 0 0 0 1 1 0 0 1 I 0 
8. C2F 0 1 0 1 0 0 0 1 I I 0 
9.CF 0 0 0 0 0 0 1 1 1 1 

10. CF2 1 0 0 0 0 0 1 1 1 
11. C�F 0 0 1 0 1 1 I 0 
12. MA 0 1 0 0 0 0 0 
13. MF I 0 0 0 0 0 

14. C5S2S 0 1 2 2 0 

15. c�;s 0 2 2 0 

16. c�s 0 0 I 

17. C3MS2 0 0 
18. C2MS2 1 
19 .M

The symbol 2 in the PCM indicates that no data are so far available on the 
coexistence of the respective phases. The computation was carried out on the 
assumption of coexistence of the respective phases. 

IDENTIFICATION OF THE REAL PHASE ASSOCIATIONS 

Using the DUPOL program [l], combinations of 6 phases were generated from 
the 19 phases of the PCM. Associations not containing the 02S phase were 
eliminated from combinations of 6 pha'les. This yielded 27 real associations 
listed in Table II. As alkali metal oxides are not considered in the system, 
the sulphates present can combine only into two sulphate phases which coexist in 
equilibrium with C2S, i.e. C5S2S and C4A3S. Associations 1 and 2 in Table II are 
then equivalent with the phase associations of Portland clinker. Belite clinkers can 
be realized most advantageously on the basis of associations in which all the 
phases present exhibit hydration properties. 
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Table II 

Real phase associations in the revelant concentration region of the system 
C-S-A-F-M--S

028 038 c� c� C.A3S M 

028 038 C2F C.AF C.A3S M 
-

C.A3S 028 038 C2F 05828 M 

028 0382 MF CsS2S c.A;s C2MS2 
�s C3S2 MF C.A3S c�s C�fh 
C2S C3A C12A1 C.AF C.A3S M 

C2S C1�1 CA C.AF C.A3S M 

C2S CA CF CF2 MA C.A38
C2S CA CF C.AF MA C.A3S 
C2S CA CF2 MA C4A3S c�s
C2S CA C.AF MA C.A38 M 

C2S �F CF C.AF MF C.A38 
C2S C2F CF MF CsS2S C.A38 
C2S �F C.AF MF C.A38 M 

C2S C2F MF CsS2S c.Ai§" M 
C2S CF CF2 MA MF C.A�
�s CF CF2 MF C,S2S C.A3S
C2S CF C4AF MA MF C.A3S
C2S CF2 MA MF cA;s C2AS
C2S c� MA MF C4A38 M 

C2S MA MF C.A38 c�s C3MS2 
C2S MA MF C4A3S c�s C2M82 
C2S MA MF C.A3S C3MS2 �MS2 

--

C2S MA MF C4A3S C�S2 M 

C2S MF CsS2S C.A38 C�S:i C2MS2 
C2S MF CsS28 C.A;s C�S2 M 

C2S CsS2S C4A3S c�s C�S2 C2MS2 

COMPUTING THE PHASE COMPOSITION OF CLINKERS 
ON THE BASIS OF TWO-COMPONENT RAW MATERIAL MIXES 

The phase composition of belite clinkers based on a twocomponent raw 
material mix was computed according to algorithm [I]. The raw material compo­
nents considered were limestone and clay currently extracted for the Stupava 
Cement Works (Table III). While neglecting the content of alkalies and Ti02 , 

model compositions of the raw material components were obtained (Table III) 
and considered in the calculation. This is based on selection of that real phase 
association for which, at the given raw material composition, a positive proportion 
by weight of each phase in the association is obtained. At the same time, deter­
mination of the proportion of each phase in the equilibrium association yields the 
quantitative composition of the system (Table IV). 
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Table III 

Chemical composition of raw materials for the computation of clinker 
phase composition 

Content of raw material mix components w/mass. % 

Oxides 

I I I
Stupava Model Stupava Model 

limestone composition clay composition 

CaO 48.7 89.36 7.9 9.90 
SiO2 - - 46.3 58.02 
AhOJ 0.8 1.47 15.1 18.92 
Fe2O3 0.4 0.73 5.8 7.27 

MgO 4.6 8.44 3.9 4.89 
SO3 - - 0.8 1.00 

N32O 0.2 - 0.8 -

K2O 0.1 - 3.0 -

TiO2 0.1 -· 0.6 -

ign. loss 43.2 - 15.6 -

Table IV 

Computed quantitative clinker composition in terms of limestone content 
in the raw material mix 

Limestone Computed phase composition w/mass. % w/mass. % 

61.25 65.1 C2S 3.8 C.A-38 ll.2MA 4.9MF 14.2 C3MS2 0.8M 
62.00 73.0 3.8 11.0 4.8 5.4 1.9 
63.00 76.9 3.7 10.1 3.8 2.4 C4AF 3.1 
64.00 75.1 3.6 8.6 1.8 6.8 4.0 
65.00 73.3 3.5 6.9 0.2 CA 11.1 4.8 
66.00 71.5 3.4 1.3 6.3 10.9 6.5 
67.50 68.8 3.3 3.5 C3A 6.9 C12A1 10.6 6.9 
68.00 67.8 3.3 7.9 3.6 10.5 6.9 
69.00 62.3 3.2 12.5 4.5 C3S 10.2 7.0 
73.00 24.8 2.8 11.3 44.5 9.4 7.1 

The computation results are shown in Fig. 1, which illustrates the changes in 
qualitative and quantitative composition of equilibrium clinkers in terms of the 
composition of the initial raw material mix. The individual phase associations, 
coming into consideration for the individual regions of raw materials composi­
tion (1, 2 ... 6), are listed in Table V. The arrows indicate phase substitutions 
due to exceeding the existence boundary of the respective association. 

DISCUS SION 

The results given above concern equilibrium phase compo&ition of the given 
systems at subsolidus temperatures. Some types of belite clinkers are prepared at 
about or below 1250 °0. The reactions proceed in solid phase and according to the 
X-diffraction analysis, the equilibrium is established within several tens of
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Fig. 1. Dependence of the computed content of phases in belite clinker on the ratio 
of raw material mix component8. 
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Table V 

Phase association of the system C-S-A-F-M-S relevant for the 
individual regions (Table IV) of a raw material mix composition 

2 3 4 5 

C2S C2S C2S C2S 

C4A3S c,A,s C4A3S C4A38 

M M M M 

-,.. C4AF C4AF C4AF C4AF 

6 

C2S 

C4A3S 
M 

C.AF

MA 1 --------?- CA 1--,.. C12A, I--,.. C,A I-,.. c.s 

MF- MA- CA- C 12A,-· C3A 

*) The arrows indicate phase disappearance at the boundaries of phase associations (Fig. 1). 

minutes. The reaction products are a sintered material so that the liquid phase 
content is indiscernible and does not invalidate the computation results [8). 

The results appear useful for technical practice as they represent the 
extent of changes in phase composition of clinkers due to changes in the composi­
tion of the raw material mix. The procedure allows the effect of additional or 
changed raw material components on the equilibrium phase composition of 
products to be evaluated quantitatively. 

The quantitative phase composition provides the first approximation of the 
product ,,structure", determining its physico-chemical properties [9]. In the given 
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case, the hydraulic properties of belite clinkers are of interest. Essentially, the 
actual information will differ from the ideal one, as provided by the calculation, 
in the following two ways: 

a) As a result of the formation of solid solutions, the actual equilibrium
composition of the individual phases differs from the nominal one, given by the 
stoichiometric composition; (if data on the real phase composition in the indivi­
dual associations are available, the computation can be modified). 

b) In the manufacture or laboratory preparation of clinkers, the reactions do
not reach completely a state of equilibrium. Attainment of degrees of reactions 
beyond the limits detectable by the quantitative phase analyses methods may 
distinctly change the properties of the product by eliminating the last remaining 
intermediates and producing equilibrium solid solutions in the given equilibrium 
phase association. 

The experimentally established great sen'3itivity of the hydration properties of 
belite clinkers [10] - regardless of the known effects of the conditions of their 
cooling - is associated with the account given above and follows from the 
fa.et that six different phase associations arise within a relatively narrow composition 
range, i.e. between 62.5 and 68.5 wt. % of limestone. As a result of this, a small 
change in the raw material mix composition will bring about a significant change 
in the quality and content of phases in the equilibrium association (e.g. an 
increase in limestone content in the raw material mix from 66.0 wt. % by 1 % 
will be responsible for a substitution of 6.3 wt. % CA by about 9 wt.% of 
C12A7 in the equilibrium phase association). 

With respect to the effects of the oscillation phenomenon [11), the properties 
of incompletely reacted reaction mixes can show a great variability with solid 
phase reactions, namely in dependence on 
- mineralogical constitution of raw material components,
- granulometric composition of the raw material components,
- granulometric composition of the mineralogical components in the individual

raw material components,
- firing atmosphere,
even at a constant chemical composition of the raw material mix.

These effects may be responsible for 
- a variable quality of the intermediate product,
- a variable morphological structure of the product,
- and a variable chemical composition of the individual phases, i.e. the propor-

tions of the individual components in solid solutions.

References 

{I] Majling J., Kovar V., Dubik M., Jesenak V.: Silikaty 29, 343 (1985). 
{2] Gutt W., Nurse R.: The 6th Ing. Conger. Chem. of Cement, Vol. I, 78-88, Stroyizdat, 

Moscow 1976. 
[3] Mehta P. K.: World Cement Technol., 4, 166 (1980). 
[4) Berezhnoy A. S.: Multicomponent Oxid� Systema (in Russian), Izd. Naukova Dumka, 

Kiev 1970. 
{5] Levin E. M., Robins E. R., McMurdie H.: Phase Diagrams for Ceramics, The Amer. 

Ceram. Soc. Columbus, Ohio 1964, Suppelements 1969, 1975. 
[6] Toropov N. A., Barzakovskii V. P., Lapin V. V., Kurceva. N. N.: Phase Diagrams of

Silic<de Systems (in Russian), Spravochnik 4, Nauka, Leningrad 1974.
f7] Sohnova S.: Diploma Thesis, Department of the Chemical Technology of Silicates, Faculty 

of Chemical Technology, Slovak Technical University, Bratislava. 1980 . 

.324 Silikaty t. 4• 1986 



Algorithmizing the Calculation of Equilibrium Phase ... 

[8] Unpublished Research Report SPZV IV-4-1/05: High-temperature Reactions in Subsystems
of Cements and Ceramics in Controlled Atmospheres (in Slovak), Department of Chemical
Technology of Silicates, FCHT, Slovak Technical University, Bratislava. 1980. 

[9] Jesenak V.: Proc. of Ike Stl• Inter. Conf. on Thermal Analysis, Vol. 1, 39-48, Alfa,
Bratislava. 1985.

[10) Majling J., Znaaik P., Gabrisova A., Svetik $.: Proc. of the 8th IOTA Conf., Vol 1, 
349-352, Alfa, Bratislava 1985.

[ll] Jesenak V.: Proc. Abstr. 10th Inter Symp. Reactivity of Solids. Dijon Impr. Universitaire,
240-244, Dijon 1984. 

ALGORITMIZACIA VYPOCTU ROVNOV AZNEHO F AZOVEHO ZLOZENIA 
MNOHOZLOZKOVYC H SUSTA V  V SUBSOLIDUSOVEJ OBLASTI II. 

(Vypocet fazoveho zlozenia belitovych slinkov) 

Jan Majling, Viktor Jesenak 

Chemickotechnologicka fakulta SVST, Katedra chemickej technol6gie silikatov, 812 37 Bratislava 

Analyzou koexistencie faz v relevantnej oblasti 6-zlozkovej sustavy oxidov (C-S-A-M-F-
8) ktora sa studovala. z hladiska vy,roby belitovych slinkov - sa zistilo - ze klucova mine­
ralogicka zlozka C2S koexistuje s 18-timi fazami sustavy. Vypoctom sa identifikovalo 27 realnych
rovnovaznych 6-fazovych asociaoii obsahujucich klucovu zlozku. Vypoctom podla [11 sa iden­
tifikovali aktualne rovnovazne asociacie faz belitovych slinkov pri ich synteze z beznej
dvojzlozkovej cementarskej surovinovej zmesi. Vysledky sa interpretuju ako zmeny kvalitativ­
neho fazoveho zlozenia (rovnovazna asociacia fa.z) a ako vyvoj kvantitivneho fazoveho
zlozenia. v zavislosti od obsahu surovinovych zloziek vo vychodiskovej zmesi. Vysledky
analyzy spolu s dosledkami kinetickych uvah [9] vysvetluju experimentalne pozorovanu velku
citlivost hydratacnych vlastnosti belitovych slinkov v zavislosti od vstupnych parametrov
reakcie.

Obr. I. ZaviBlosf poouaneho obsahu Jaz belitoveho slinku od pomeru zlo!iek BUrotnnej zmeai. 

AJifOPHTMH3A�HH PAClJETA PABHOBECHOfO 
<DA30B0f0 COCTABA MHOfOROMIIOHEHTHblX CHCTEM 

B C¥BCOJIH�¥COB01l OBJIACTH II. 
PacqeT q,aaoBoro COCTaBa 6eJIHTOBLIX RJIHHRepoB 

HH Maii:JIHHr, BHRTOP EceHaR 

X UMu11:o-mexnoJW2u�c1£uu <fia11:y11,bmem C11,ooa1+11:020 no11,umexnu-rec11:020 uncmumyma, 
11:a<fie8pa XUMU"!eCICOU mexH0Jl,0iJUU CUJ1,U1Camoo, 

812 37 Bpamuc11,aoa 

Ha OCHOBaHHH auamrna cocy1r1ecTBOaHIUI <J>aa s peJieBaHTHOH o6JiaCTH mecTRHOMllOBCJIT· 
HOH CHCT0MLI ORCH)IOB (C-S-A-M-F-S}, ROTopyIO HCCJI0AOB8JIH C TO'IRH apeHHR 
IIOJIY'l0HHH 6eJIHTOBLIX RJIHHKepoB, ycTaHOBHJIH, 'ITO RJIIO'leBOH MHHepan:orH'l0CRHH KOM­
IIOHeHT C2S cocym;ecTByeT C 18 q,aaaMH CHCTeMlJ. C IlOMOIT{I,IO pac11eTa HA0HTHq>HI�HpOBaJIH 
27 peaJibHLIX paBHOB0CHblX meCTHq>a3HLIX accon;HaD;HH, COAepmam;Hx RJIIO'leBOH ROMilOHeHT. 
Pac'leTOM corJiaCHO [ 1] H)leHTHq>HD;HpOBaJIH aRTyaJibHLie paBHOB0CHLl0 accon;HaD;HH qiaa 
6eJIHTOBblX RJIHHKepoB npH HX CHHTe3e H3 o6bl'lHOH ABYXKOMilOH0HTHOH n;eMeHTaD;HOHHOi 
CblpbeBOH CM0CH. PeayJibTaTbl o6'bHCHHIOTCH Ra« H3MeHeHHH Ra'leCTB0HHOro qiaaosoro 
COCTaBa (paBHOB0CHUH accon;HaD;HH qiaa) H K8K pa3BHTHe KOJIH'leCTBeHHOro q>a30Boro co­
CTaBa B 38BHCHMOCTH OT COAepmaHHH CbipbeBbll. KOMIIOH0HTOB B HCXOAHOH CMeCH. Ha OCHO­
BaHHH aHaJIH3a H KHH0TH'l0CKHX coo6pameHHH [9] o6'bHCHH0TCH ua6JIIOA80M8H 60JI1,maH 
'IYBCTBHTeJibHOCTb rHApaTaD;HOHHbIX CBOHCTB 6eJIHTOBblX KJIHHRepoB B 38BHCHMOCTH OT 
BXOAHLIX napaMeTOpB peaKD;HH. 

Puc. 1. 3aoucUMocmb pacc"'um&16ae.Mo20 co8ep31eanWJ <fiaa 6e.iumooo20 ,c11,un11:epa om co­
omHowenUA 11:o.1,monenmo6 c&1pbeoou c.Mecu. 
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