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Calculation was carried out of a part of the phase diagram of the system
Ca0—Al,0;—Si0; in the region of primary crystallization of wollastonite,
anorthite, gehlenite and dicalcium silicate (xCaO/zAl,03 = 1){. A satis-

factory agreement with the experimentally determined phase diagram was
obtained on the assumption that only one half of the Al 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 A atoms in silicate
melts is similar to that of Felll atoms.

INTRODUCTION

The coordination of AIMI 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 Na,O— Al,03;—SiO,, were provided by the
studies by Riebling [1, 2]. Of the other authors who paid attention to the subject,
mention can be made e.g. of Briickner et al. [3—5] and Urbain et al. [6—8). All the-
se works presented conclusions on the coordination of AIII atoms based on inter-
pretation of the physical properties of aluminosilicate melts, such as density and
viscosity, in terms of composition, particularly the ratio z(MeO)/x(Al,O3). The
basic idea of the studies and thus an assumniption in the interpretation of the
property vs- composition relationship was the concept that in melts with the
ratio 2(MeO)/x(Al;03) =1, all the AN atoms were tetrahedrally coordinated
and that the octahedral coordination of the AN atoms only occurs at the ratio
2(MeO)/z(AL;O;3) < 1, i.e. at an excess of alumina with respect to MeO.

In the previous work [9], the proportion of tetrahedrally coordinated FeIll atoms
in melts of the system CaO—Fe,0;—SiO, was determined by comparing the ex-
perimentally established CaSiOj 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. z(CaO)/
[x(Fez03) =~ 1), roughly half of the Felll 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—
—F8203—Si02 [11—14]

The present study was concerned with calculating a part of the phase diagram of
the system CaO—Al,05;—Si0O; 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 AI'I atoms. The calculation 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 Al;0; and ¢ moles of SiO, 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 AIIIl atoms present are tetrahedrally coordinated,
the amount of substance of the Si(Al)—O bonds in the SiO4or AlQ, tetrahedra is
equal to 80 + 4c. Then the amount of substance of the bridging oxygen atoms, i.e.
that link two SiQ, or AlQ,4 tetrahedra, is equal to 8b + 4¢ — (a + 3b + 2¢) =
= 5b + 2¢ — 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 + 3ec. )

On the assumption that only one half of the AIIIl atoms present are coordinated
tetrahedrally, the amount of substance of the Si(Al) — O bonds in the SiO4 and AlO,
tetrahedra is equal to 4b 4 4c. Then the amount of substance of the bridging
oxygen atoms is equal to b 4+ 2¢c — a and the amount 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 CaO—Al,0;—SiO; 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 CaO—Al,O3—
—Si0; and the Ca;Al:SiO; 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]
%
a; = ("?’/%")n; (1)
=1 \Yj

where n is the amount of substances of j-th particles in one mole of a given component
and y; and ¥ 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 Ca;Al;SiO7 on the assumption that half of the AI'I atoms are coordinated
tetrahedrally:

a 2 26 \2 c b+2c—a 2a + 2b\6
a(C2A8) = (—“0.1678) (ma‘v:) (6‘0@) (*ﬂ@?) (—ors ) @
where s = 2a + 5b + 3¢, as according to the above method for determining the
bridging and non-bridging oxygen atoms, one mole of Ca,Al,SiO; 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 (AH! = const.) is obtained,
. AH!T!

T'i,11a. (3)
where AH/ and T are the enthalpy and temperature of melting of component i
respectively. The values for the components of the system CaO—Al,0;—Si0, 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]

T AH!
Component —i "t

K kJ mole—1
CaSi0; 1813 56.0
CaAlSi;0, 1826 166.8
Ca2Al:810, 1866 155.9
Ca,S104 2403 55.4

11

RESULTS AND DISCUSSION

Fig. 1 shows a part of the phase diagram of the system CaO— Al,0;—S8i0O; 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 CaO—Al,0;—S8i10,, full lines — one
half of AI''Y atoms in tetrahedral coordination, dashed lines — all of the AN 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 AIII atoms has a higher coordination,
obviously an octahedral one, and do not participate in the formation of the poly-
anionic network. As follows 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

20 30
Al203 (mol %)

Fig. 2. Experimentally determined part of the phase diagram of the system CaO—AIl;0;—Si02
according to the data by Muan and Osborn [17].

of all the AIIl atoms in the given concentration range (z(CaO)/x(Al,O3) = 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 Al
atoms in the composition range where the ratio z(CaO)/z(Al;O3) = 1, is relatively
surprising in view of the available information on the behaviour of AIII atoms in
silicate melts. However, it is in agreement with the similar behaviour of Felll atoms
in the melts of the system CaO—Fe,0;—SiO: (9]

The results of the calculation of the part of the phase diagram of the system
Ca0—AlL,0;—S8i0,, 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 use 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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KOORDINACIA AT ATOMOV V TAVENINACH SUSTAVY
Ca0—Al;03—Si02

Vladimir Dan&k

Ustav anorganickej chémse Centra chemického vijskumu SAV
842 36 Bratislava

Uskutoénil sa vypoéet éasti fdzového diagramu sustavy CaO—Al,0;—SiO, v oblasti pri-
mérnej krystalizdcie wollastonitu, anortitu, gehlenitu a dikalciumsilikdtu (z(CaO)/z(Al20s)
> 1). Ako vyplyva z obrdzkov 1 a 2, dobré zhoda s experimentélne stanovenym fazovym dia-
gramom sa ziskala za predpokladu, Ze len polovica pritomnych AIIIl atémov je tetraédricky
koordinovand a podiela sa na tvorbe polyaniénovej siete tetraédrov Si(Al)O,. Zvysné polo-
vica AHII atémov je vyssie koordinovand, pravdepodobne oktaédricky, sprava sa ako modifi-
kéator tetraédrickej siete a neprispieva teda k zosietovaniu polyaniénov. Je zrejmé, Ze do-
terajsie predstavy o tetraédrickej koordinécii vietkych atémov AIII v uvedenej koncentraénej
oblasti nezodpovedé skutoénosti. Spravanie sa Al atémov v kremiéitanovych taveninch je
podobné ako sprévanie sa Felll atémov v tychto tavenindch.

Obr. 1. Vypoditand East fdzového diagramu sustavy Ca0—A1,0;—Si0;; plné éiary — polovica Al11X
atdmov v tetraédrickej koordindcii, &larkované Siary — vsetky Allll atomy v tetraédrickej
koordindcii.

Obr. 2. Experimentdlne stanovend dast fdzového diagramu sustavy CaO—Al,03;—Si0; podla wdajov
Muana a Osborna [17].
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ROOPOIHNHAIINA A1t ATOMOB B PACIIJIABAX
CUCTEMBI CaO—AIl0;—SiO0,

' Braajumup Janex

Hrucmumym neopeanuneckoii xumuu enmpa zumuveckoeo uccaedosanus CAH
842 36 B pamucaasa

Hponolmnu pacyer uyacTi (a3oBoit ;(marpammsl cuctemsl CaO—Al03—SiO; B obaactu
ITepBUYHOIl KPHCTAIIIN3allMM BOJLTACTOHMTA, aHOPTHUTA, TeJIGHUTA M AMKAJBIMYMCHJINKATA
(z(Ca0)/(Al203) = 1). N3 pucyHrxoB 1 u 2 ciejxyer, uTo Xopoiuee cOBIIajJeHHEe ¢ YCTAaHOB-
JIeHHOJ! 9KCIIePUMEHTAILHEIM ITyTeM (a30BOil AMarpaMMOIl MO;TyyacTeA IIPH TIPe/II0I0KeHuH,
YTO TO:.IbKO IOJIOBMHA NPUCYTCTBYIOIMX Al!Il aTOMOB TeTpasipHUecKH KOOPAMHMPOBaHA
u cnocobcTByeT 00pa3oBaHMIO MOJHAHMOHHOM ceTkn Terpa3npoB Si(Al)Os. OcraBmascs
110JIOBUHA Al}XII aTOMOB KOODMHHPOBaHA Bbille, NPaBeNo/l00HO OKTAadAPUIECKH, H BeJer
cebs1 KaKk MOJUPHKATOP TeTpa3 pHUECKOil ceTKHU, a cJle[0BaTeJIbHO, He CII0CO0CTBYET CTPYK-
TYPOBAaHMUIO II0JIMAHUOHOB. BH/HO, YTO 110 ¢MX 10D HMeIOIecAd Npe;lcTaBIeHHA OTHOCHTEILHO
TeTPa3pUUECKONH KOOpAMHANMKM BceX aTomoB AlIl B npuBojMMOil 00s1aCTH KOHIIEHTpalluy
He OTBeuaer jeiicTBuTe TbHOCTH. [loBenenue Al aTOMOB B CHIIMKATHBIX pacIilaBaX MOjI00HO
noBe;(cHHIO Felll aToMOB B JUHHBIX pacHJ/iaBaXx.

Puc. 1. Pacuumannas wacmuv ¢gasocoii duazpammusr cucmemsr Ca0—Al,03—SiOz; cnaownsie
aunuw — nososuna Al amowmos 6 mempasdpuveckoli KoopOdunayuu, wmpuxoebze
aunuu — gee AL amomsr ¢ mempasdpuneckoii koopdunayuu.

Puc. 2. Yemanosaennas skcnepumenmanshbism nymem wacmv €asosoli 0uazpammse cucmesmsl
Ca0—Al03—Si0z cozaacno dannvim Myara u Ocbopra [17).

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

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

Schopnost aplikovat metody termodynamiky na fedeni konkrétnich ikoli se dnes poklada
za samoziejmy pozadavek na védeckého pracovnika pracujiciho v oblasti védy o materidlech
a materidlového inZenyrstvi. Snahou autora bylo vytvorit ucebnici, kterd by dala potfebny
zéklad pro uziti termodynamiky studenttim specializace technologie materidlu zejména kovo-
vych, a sou¢asné by poskytla profesiondlnim pracovnikim tohoto oboru obraz o soutasném
stavu poznéni tj. o novych moZnostech pouZiti termodynamiky. Podafilo se titeln® vybrat
latku a zvolit vhodny zpusob zpracovéni, ktery je vyvézeny jak z hlediska teorie, tak
i jejiho pouziti.

Kniha zahrnuje dobfe srozumitelné formulovany vyklad zédkladnich pojmu i vystavbu celé
teorie a ukazuje pouziti termodynamické metody na reSeni problému fézovych a chemickych
rovnovéh, na otdzky stability rovnovéznych stavi a na otdzky chovéni f4zovych rozhrani.
Utelns je k vykladu uzito reéenych prikladu, vétSinou zaméfenych na metalurglcke problemy
a na konci kazdé kapitoly je uvedena rada zadanych ukold, na nichz si ¢tendf muze ovérit
jak ladtku pochopil. Spravnost zpusobu, ktery pouzil, si pak muze zkontrolovat s feenim uvede-
nym na konei knihy. Skoda je, Ze autor nepouzil soustavy SI jednotek. Nékteré kapitoly napt.
o standardnich stavech a rovnovahéch chemickych reakei by se staly pojmové jasnéjsi. Z celé
koncepce jsou zfejmé zkuSenosti autora s prfednadenim tohoto oboru (Technische Hochschule
Aachen a Carnegie-Mellon University) a také jeho zkuSenosti experimentélni.

Knihu lze doporuéit zejména odbornikim pracujicim ve vyzkumu oboru fyzikalni meta-
lurgie.

V. Satava-
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