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Calculation was carried out of a part of the phase diagram of the system 
CaO-AhO3-SiO2 in the region of primary crystallization of wollastonite, 
anorthite, gehlenite and dicalcium silicate (xCaO/xAl,O3 ,;; 1)/. A satis
factory agreement with the experimentally determined phase diagram was 
obtained on the assumption that only one half of the Al1II atoms present is 
tetrahedrally coordinated and the remaining half shows a higher coordination, 
behaves as a modifier of the tetrahedral network, and thus does not contribute 
to the cross-linking of the polyanions. The behaviour of Al1II atoms in silicate
melts is similar to thai of FeII1 atoms. 

INTRODUCTION 

The coordination of AIIII atoms in aluminositicate melts is one of the significant 
directions of research of the structure of melts containing alumina, pursued during 
the last two decades. The interest is associated with extensive utilization of the
melts in a number of branches of the silicate industry, such as glass, cement, por
celain manufacture, etc. 

The first comprehensive findings on the coordination of aluminium atoms in 
silicate melts, particularly in the system Na20-A}z03-Si02 , were provided by the 
studies by Riebling [l, 2) . Of the other authors who paid attention to the subject, 
mention can be made e.g. of Bruckner et al. [a-5) and Urbain et al . [6-8). All the
se works presented conclusions on the coordination of Al111 atoms based on inter
pretation of the physical properties of aluminosilicate melts, such as density and 
viscosity, in terms of composition, particularly the ratio x(Me0)/x(Ali03). The 
basic idea of the studies and thus an assumption in the interpretation of the 
property vs- composition relationship was the concept that in melts with the 
ratio x(Me0)/x(A]z03) � 1, all the AIIII atoms were tetrahedrally coordinated 
and that the octahedral coordination of the AI111 atoms only occurs at the ratio 
x(Me0)/x(A}z03) < 1, i.e. at an excess of alumina with respect to MeO. 

In the previous work [9), the proportion of tetrahedrally coordinated FeIII atoms 
in melts of the system Ca0-Fe203-Si02 was determined by comparing the ex
perimentally established CaSi03 liquidus surface with that computed by means of 
a thermodynamic model of silicate melts [10) which allows the structural aspects 
to be taken into account in the calculation of the activity of a component in solution_ 
In study [9] it was found that in the metasilicate composition region (i.e. x(CaO)/ 
/x(Fe 203) � 1), roughly half of the FeIII atoms are coordinated tetrahedrally, whereas 
the other half has higher coordination, so that it behaves as a modifier of the tetra-
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hedral network of the polyanions. This finding was additionally confirmed by the 
interpretation of some physical properties of melts in the system CaO-FeO
-Fe203-Si02 [11-14]. 

The present study was concerned with calculating a part of the phase diagram of 
the system Ca0-A}i03-Si02 in the region of primary crystallization of wollasto
nite, anorthite, gehlenite and dicalcium silicate while taking into account the struc
tural aspects of the coordination of AlIII atoms. The ca,lculation was carried out by 
means of Haase's approach for activity computation of components in solution [15].

THEORETICAL 

Let us have a moles of CaO, b moles of Al203 and c moles of Si02 in solution. 
The amount of substance of oxygen atoms in such a solution is equal to a + 3b + 2c. 
On the assumption that all the AII11 atoms present are tetrahedrally coordinated, 
the amount of substance of the Si(Al)-0 bonds in the Si04 or Al04 tetrahedra is 
equal to 8b + 4c. Then the amount of substance of the bridging oxygen atoms, i.e. 
that link two Si04 or Al04 tetrahedra, is equal to 8b + 4c - (a+ 3b + 2c) = 
= 5b + 2c - a and the amount of substance of the non-bridging oxygen atoms is 
2a - 2b. The total amount of substance of all atoms in the given mixture is 2a +

+ 5b + 3c. 
On the assumption that only one half of the AlIII atoms present are coordina:ted 

tetrahedrally, the amount of substance of the Si(Al) - 0 bonds in the Si04 and Al04 

tetrahedra is equal to 4b + 4c. Then the amount of substance of the bridging 
oxygen atoms is equal to b + 2c - a and the an,ount of substance of the non
bridging oxygen atoms will be 2a + 2b. In a similar way one can determine the 
amounts of substances and thus also concentrations of bridging and non-bridging 
oxygen atoms in an arbitrary mixture of the system Ca0-Ah03-Si02 for an 
arbitrary fraction of tetrahedrally coordinated aluminium atoms in the melt. 

As indicated in the previous studies [9, 10], the chemical potential of an arbitrary 
liquid component in a melt can be expressed as a sum of chemical potentials of all 
the atoms constituting the given component, i.e. e.g. with the system Ca0-Ah03-

-Si02 and the Ca2AhSi07 component, as a sum of the chemical potentials of cal
cium, aluminium, silicon atoms and of the bridging and non-bridging oxygen atoms. 
The activity of a given component can then be calculated according to the equation 
[15] 

ai = _TI ( yi)n, 
1-1 Yi 

(1) 

where n is the amount of substances of j-th particles in one mole of a given component 
and Yi and YJ are molar fractions of j-th particles in mixture and in the pure compo
nent respectively. For example, the following expression can be derived for the 
activity of Ca2A}iSi07 on the assumption that half of the AlIII atoms are coordinated 
tetrahedrally: 

a(C2AS) = ( 0.1�78 r ( 0.1
2
:78 r ( 0.0�38) ( 

b 
6.�;3� a) ( 

2a
0�8

2b 
r 

(2)

where 8 = 2a + 5b + 3c, as according to the above method for determining the 
bridging and non-bridging oxygen atoms, one mole of Ca2AhSi07 will contain two 
moles of calcium atoms, two moles of aluminium atoms, one mole of silicon atoms, 
one mole of bridging oxygen atoms and six moles of non-bridging oxygen atoms. 
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The values of activity obtained in this way can be substituted into the simplified 
LeChatelier-Shreder equation so that the primary crystallization temperature of the 
given component in solution (l:iH{ = canst.) is obtained, 

l:lH{T{ 
Ti, liq. = l:lH� - RTt ln a, (3) 

i i • 

where l:lH{ and T{ are the enthalpy and temperature of melting of component i 
respectively. The values for the components of the system Ca0-Al203-Si02 were 
taken over from the literature [16] and are listed in Table I. 

Table I 

Enthalpy of melting and temperature of melting of pure 
components according to the data by Bottinga and 

Richet [16] 

Component 
T{ !!.H{ 
K - kJ mole-1 

Ca.Si03 1813 56.0 
CaAl2Si201 1826 166.8 
Ca2AliSi01 1866 155.9 
Ca2Si0• 2403 55.4 

RESULTS AND DISCUSSION 

Fig. 1 shows a part of the phase diagram of the system Ca0-A}z03-Si02 in the 
region of primary crystallization of wollastonite, anorthite, gehlenite and dicalcium 
silicate, calculated on the basis of the assumption that one half of the aluminium 
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Fig. 1. Calculated part of the phase diagram of the system Ca0-Ali03-Si02; full lines - one 
half of AlIII atoms in tetrahedral coordination, dashed lines - all of the AlII1 atoms in tetrahedral 

coordination. 
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atoms present are tetrahedrally coordinated over the entire concentration range 
in question, and that the other half of the Al111 atoms has a higher coordination, 
obviously an octahedral one, and do not participate in the formation of the poly
anionic network. As followf' from a comparison with the experimentally determined 
phase diagram [17], the agreement is very satisfactory, which indicates that the 
assumption was acceptable (Fig. 2). The existing idea of tetrahedral coordination 
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Fig. 2. Experimentally determined part of the phase diagram of the system Ca0-AI,03-Si02 

according to the data by M uan and Osborn [17]. 

of all the AlIII atoms in the given concentration range (x(Ca0)/x(Al203) � 1) is 
therefore obviously incorrect, as also follows from the boundary lines of the liquidus 
surfaces for the individual components calculated for this case and designated by 
dashed lines in Fig. 1. The finding on the partial tetrahedral coordination of A}III 

atoms in the composition range where the ratio x(Ca0)/x(Ali03) � 1, is relatively 
surprising in view of the available information on the behaviour of AlIII atoms in 
silicate melts. However, it is in agreement with the similar behaviour of FeIII atoms 
in the melts of the system Ca0-Fe203-Si02 [9]. 

The results of the calculation of the part of the phase diagram of the system 
Ca0-Al203 -Si02, regardless of the good agreement with the experimentally 
determined phase diagram, can only be considered as qualitative ones in view of 
the certain simplifications employed in the calculation. The conversion of wollasto
nite to pseudowollastonite was neglected, as was the narrow region of primary 
crystallization of rankinite at the dicalcium silicate side. The succes of the calculation 
procedure suggested is further restricted by the realiability of the thermodynamic 
data on the melting enthalpy of the components in question. From this point of 
view, it was decided to qse the data specified in the review study by Bottinga and 
Richet [16]. Precise calorimetric measurements in this system are anyway indispen
sable. 

It can be concluded that the activity calculation method employed is well appli
cable for various other types of glass-forming oxidic melts, and that it allows the 
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structural aspects of  the systems being studied to be taken into account by expres
sing semiquantitatively the various coordinations of some of the atoms present as 
an adjustable parameter. In this way the method can serve as a calculation method 
in the study of the structure of oxidic melts. 
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K O O RDINACIA Al111 ATOM OV V T AVENIN.A.CH SUSTAVY 
CaO-Al2O3-SiO2 

Vladimir Danek 

Ustav anorganickej chemie Centra chemickeho vyskumu SA V 
842 36 Bratislava 

Uskutocnil sa vypocet casti fazoveho diagramu sustavy CaO-AhO3-SiO2 v oblasti pri
marnej krystalizaoie wollastonitu, anortitu, gehlenitu a dikaloiumsilikatu (x(CaO)/x(AhO3) 
� 1). Ako vyplyva z obrazkov 1 a 2, dobra zhoda s experimentalne stanovenym fazovym dia
gramom sa ziskala za predpokladu, ze len polovioa pritomnyoh AfIII at6mov je tetraedrioky 
koordinovana a podiefa sa na tvorbe polyani6novej siete tetraedrov Si(Al)O4• Zvysna polo
vioa AJIII at6mov je vyMie koordinovana, pravdepodobne oktaedricky, sprava sa ako modifi
kator tetraedriokej siete a neprispieva teda k zosietovaniu polyani6nov. Je zrejme, ze do
terajsie predstavy o tetraedriokej koordinaoii vsetkyoh at6mov AIII1 v uvedenej koncentracnej 
oblasti nezodpoveda. skutocnosti. Spravanie sa AIII1 at6mov v kremicitanovych taveninaol-i je 
podobne ako spra.vanie sa FeII1 at6mov v tyohto taveninaoh. 

Obr. 1. Vypocitana fost jazoveho diagramu 1tUBtavy CaO-A12O3-SiO2; plne i5iary - polovica A!II1 
at6mov v tetraedrickej koordinacii, i5iarkovane i5iary- vsetky AIIII at6my v tetraedrickej 
koordinacii. 

Obr. 2. Experimentalne stanovena cast jazoveho diagramu sustavy CaO-Al2O3-SiO2 podla udajov 
Muana a Osborna [17]. 
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HO OP,l];I1HA�I1H AJIII ATO.\IOB B PACTIJIABAX 
CHCTEMbl CaO-Al2O,-SiO2 

JI Hcmumym HeopeaHU'ieci;oii xu.wuu II, eHmpa xu.11u .. eci;o20 ucc.ieiJocaH 1111, CAJI 
842 36 B pamuc.11,aea 

TipoBO/lHJUI pac'ICT 'lacTn cpa3oBoii ;111arpaMMhI cm·TeMI.l CaO-Al,O,-SiO2 B 06nacT11 
rrepBH'IHOII KpHcTaJIJIH3aI(llll Bo;i;rncTOHHTa, aHOpTnTa, rCJlCHHTa H )lHKaJII,I\HYMCIIJlllKaTa 
( x(CaO)/(Al,O,) 2':: 1 ). 113 pucyHKOB 1 H 2 rnc:.1yeT, 'ITO xopoUiee COBIIa)lCHIIC c ycTaHOB
JICHHOH :mcrrepHMCHTHJlhHI,[M rryTeM cpa30BOH AHarpaMMOH IIO,IY'IaCTCH npn rrpe)lIIOJ!OlKCHllll, 
'ITO TO:II,KO no:IOBHHa npucyTCTB)'IOIIIl!X AJIII aTOMOB TeTpa:ii(pll'ICCKII KOOp/lHHHpoBaHa 
u crroco6cTByeT o6pa3oBaHIIJO nomraHuOHHoii cenrn TCTpa:iApoB Si(Al)O.. OcTaBUiaHcn 
IIOJIOBHHa AJIII aTOMOB KOOp)li!Hi!pOBaHa BI,UIIC, npaB)l8IIO)l06Ho OKTa3)lp11'1CCKH, ll B8)l8T 
ce6n KflK MO)lllq>lln3TOP TeTpaa;:i;pn'ICCKOH C8TKH, a CJIC/_\OBaTCJlhHO, He cnorn6cTByeT CTpyK
TypoBaHl!IO IIOJlllflHIIOHOB. BIIAHO, '!TO )lO l'IIX nop IIM8IOIU118CH rrpe;v:TaBJICHl!H OTH0Cl!TCJII.HO 
TeTp33/lPll'IeCKOM KOOPAHHfll\llH BCCX aTOMOB AJIII B npuBOAHMOH o6nacTII KOHI\8HTP3I\IIII 
He OTBe'laeT AeiicTBl!TeJII.HOCTII. TI0Be1-1enue AJIII aTOMOB B OlJIIIKHTHI,IX pacnmrnax rro1106Ho 
lIOBe;(CHlllO Felli aTOMOB B )l<IHHI,IX pacmrnBax. 

Puc. 1. Pac .. umaHH0.'1, <tacmb if,aaoeoii iJ11a2pa.«.MbL cuc111e.11b1 CaO-Al2O3-SiO2; cn.11,0U1Hb1e 
.11,11Hu11 - no.11,oeuHa AJIII nmo.Moe e mempa::iiJpu .. ecno1'i noopiJuHa4uu, wmpuxoeb1e 
.11,uHuu - (ICe Al111 amoMbl e mempaaiJpu'iecKoii noopiJ111ta411u. 

Puc. 2. YcmaHoe.11,eHnaR ;i1,cnepu.«.eHnW.11,bHblM nymeM 'iOCmb if,aaoeo11 iJua2pa.11Mbl cucmeMbl 
CaO-Al,O,-SiO2 coa.wcHo iJaHHbl.11 M ymta u Oc6op1-rn [17]. 

C. H.P. LUPIS: CHEMICAL THERMODYNAMICS OF MATERIALS.

(Chemicka termodynamika materialu) 608 str; cena 75 dolaru 
North-Holland/New York, Amsterdam 1983. 

Schopnost aplikovat metody termodynamiky na feseni konkretnich ukolu se dnes poklada 
za samozfejmy pozadavek na vedeckeho pracovnika pracujiciho v oblasti vedy o materialech 
a materialoveho inzenyrstvi. Snahou autora bylo vytvofit ucebnici, ktera by dala poti'ebny 
zaklad pro uziti termodynamiky studentum specializace technologie materialu zejmena kovo
vych, a soucasne by poskytla profesionalnim pracovnikum tohoto oboru obraz o soucasnem 
stavu poznani tj. o novych moznostech pouziti termodynamiky. Podafilo se ucelne vybrat 
latku a zvolit vhodny zpusob zpracovani, ktery je vyvazeny jak z hlediska teorie, tak 
i jejiho pouziti. 

Kniha zahrnuje dobfe srozumitelne formulovany vyklad zakladnich pojmu i vystavbu cele 
teorie a ukazuje pouziti termodynamicke metody na reseni problemu fazovych a chemickych 
rovnovah, na otazky stability rovnovMnych stavu a na otazky chovani fazovych rozhrani. 
Ucelne je k vykladu uzito fesenych pfikladu, vetsinou zamefenych na metalurgicke problemy 
a na konci kazde kapitoly je uvedena fada zadanych ukolu, na nichz si ctenaf muze ovefit 
jak latku pochopil. Spravnost zpusobu, ktery pouzil, si pak muze zkontrolovat s i'esenim uvede
nym na konci knihy. Skoda je, ze autor nepouzil soustavy SI jednotek. Nektere kapitoly napr. 
o standardnich stavech a rovnovahach chemickych reakci by se staly pojmove jasnejsi. Z cele
koncepce jsou zfejme zkusenosti autora s pfednasenim tohoto oboru (Technische Hochschule
Aachen a Carnegie-Mellon University) a take jeho zkusenosti experimentalni.

Knihu lze doporucit zejmena odbornikum pracujicim ve vyzkumu oboru fyzikalni meta
lurgie. 

V. Satava-
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