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The approximative position oj the ternary eittectic point and ap­
proximative temperature oj the solidus in the system MgO-MgCr2O•­
-Ca2SiO. were determined by a geometrie construction made on the
basis oj linear and planm· shrinlcage oj samples in the course oj 
heating. By quenching methocl and by subsequent phase analysis the
composition oj eutecticum was jound to be 78.3 % Ca2SiO., 16.6 % 
MgCr2O4 and 5.1 % MgO and the solidus temperatitre oj 1640 ±5 °C 
was jound. By meas·urements oj the planar distribution oj atoms with
the electron microprobe analyzer JXA-5 the atoms Mg and Cr were
j ound in dicalciumsilicate, Ca and Cr in periclase ancl Ca atoms in
picrochromite at temperatures jrom 1630 to 1740 °C. 

INTRODUCTION 
The construction of the phase diagram MgO(M)-MgCr204(MCr)-Ca2Si◊4 

(C2S) contributes, after the phase relations in the systems Ca3MgSi20s-MCr
[l] and MCr-C2S [2] have been established in our previous works, to the
elucidation of phase relations in the quaternary system Mg0-Ca0-S02-
Cr203 at high temperatures. The investigation of phase equilibria in the
system M-MCr-C2S was performed on the basis of known positions and
temperatures of eutectic points of the individua! binary systems. In the
system M-MCr the position of the eutectic point is given by the composition
of approx. 80 % M and 20 % MCr and by the solidus temperature approaching
2350 °0 [3], in the system MCr-C2S by the composition 21.5 % MCr and
78.5 % C2S, temperature of 1660 °C [2] and in the system M-C2S by the
composition 13.5 % M and 86.5 % C2S and by temperature 1800 °C [4]

EXPERI MENTAL 
Determination of regions wherein the phases coexist at high temperatu;"';; 

was performed with the aid of the quenching method, using for this purpose 
data obtained with the heating microscope Leitz; the latter data gave us 
approximative information on the composition of eutecticum and on the 
solidus temperature. In the system M-MCr-C2S two sections (Fig. 1) 
were chosen, MCr-C (the composition of the mixture C: 20 % M, 80 %
C2S) and A-B (the composition of A: 95 % C2S, 5 % M and·B: 40 % MCr, 
60 % C2S). With the aid of the centre of gravity principle it may be easily 
pr oved that, in the case of the section MCr-C and A-B, the maximal 
a mounts of liquid phase at the solidus temperature and maximal enthalpy 
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will occur in mixtures from which, up to the solidus temperatnre, only one 
solid phase crystallizes (mixtures corresponding to points 1 a.nd 2 in Fig. 1 ). 
That means that mixtures corresponding to the points 1 and 2 will, at 
temperatures slightly higher than the solidus temperatme (by 5-10 °0), 
contain maximal quantity of liquid phase a.nd consequently must display 
greatest linear sln·inkage. For measurements with the heating microscope 
samples containing 10, 15, 20, 25 ¾ l\1Cr and 90, 85, 80 and 75 ¾ C, 
respectively, and mixtures with 50, 60, 65, 70 and 80 ¾ A and 50, 40, 35, 30, 
and 20 ¾ B, respectively, were prepared. Measurnments of linear sln'inkage 
were first performed by dynamic method, by recording the shape of the 
samples at increasing temperature. The mixtures were then heated for 
30 minutes at the solidus temperature, as this was determined by the dynamic 
method which is, however, slightly higher than the actual solidus tempe­
rature [l], and the shapes of the samples were photographically recorded. 

By a geometrie construction the area in which the ternary eutectic point 
would most probably lie was determined and the quenching measurements con­
centrated on this area only. 

The starting mixtures within the concentration triangle M-MCr-02S 
were prepared from pure minerals MCr and 02S and from the heavy MgO 
(Merck analytical-reagent grade). From the homogenized mixture cylinders 
3 mm high and 3 mm in diameter were pressed by pressure of approximately 
800 kp/cm2

. The cylinders were enclosed in a Pt foil, heated in air for 
2-4 hours at temperatures ranging from 1630 to 17 40 °C and sebsequently
quenched by allowing them to fall from the heating zone of the furnace
into a copper block. The furnace temperature was measured by an optical
pyrometer. The areas of the coexistence of individua! phases were determined
by mineralogical evaluation of the polished sections and the formation of
solid solutions was observed with the aid of the electron microanalyzer
JXA-5.

A detailed description of the preparation and of the evaluation of 
quenched samples as well as the application of the heating microscope for 
this purpose were reported in our previous works [l, 2]. 

RESULTS 

1. By measurements of the linear shrinkage with the heating microscope
the approximative value of the solidus temperature was found to be 
1640-1650 °0. For these measurements mixtures lying on the join MCr-C 
were used. 

2. By measurements of linear and planar shrinlrnge of samples prepared
from mixtures corrt::sponding to the joins lVICr-C and A-B, while the 
samples were heated at constant temperature of 1650 ±2 °C, for 30 minutes, 
the maximal values for linear and planar shrinkage were found to pertain to 
the compositions: 15-20 % MCr and 85-80 ¾ C, point 1, Fig. 1 and 65 ¾ A
and 35% B, point 2, Fig. 1. By a geometrie construction (Fig. 1) based on 
the known positions of points 1 and 2 and from the composition of binary 
solid solutions at the temperature 1650 °C, the approximative positions of the 
ternary eutectic point of the composition 6 ¾ lVI, 76 ¾ 02S and 18 ¾ lYlCr 
were found. 

3. By quenching method the areas of coexisting phases were determined
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with greater precision. On the basis of 64 measurements the phase diagram was 
constructed (Fig. 2) according to which the solidus temperature is 1640 ±5 °C 
a .nd the composition of the eutecticum 5.1 M, 16.6 MCr and 78.3 % C2S. The 
measured isotherms are designated by full, the assumed isotherms by dashed 
lines. The phase boundaries of the coexisting picrochromite, dicalciumsilicate 
and periclase with the melt are shown on the microphotographs, Fig. 3, 4, 5 and 6 
(these correspond to points 1, 2, 3 and 4 in Tahle I). 

Results of phase analysis of 64 samples which were heated to temperatures 
ranging from 1630 to 17 40 °C are listed in Tahle I. 
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Fig. 1. Sections MgCr20• - 20 % MgO, 80 % Ca2SiO• ( MCr-C) and 5 % MgO - 40 % 
MgCr204 , 60 % Ca2SiO. (A-B). Geometrie co nstriiction oj the approximative
position oj the ternary eutectic point in the s ystlm MgO-MgCr20.-Ca2SiQ4. 

4. By means of the electron microanalyzer the presence of Ca in picro­
chromite grains, of Cr and Mg in dicalciumsilicate and of Cr and Ca in MgO 
was proved unambiguously. Further the presence of Si in picrochromite and 
periclase grains was examined. In this case, however, neither the planar· 
distribui;ion, nor the point analysis gave an unambiguous and satisfactory 
answer as to the presence of Si in the above grains. Upon comparison of the· 
number of pulses in the point analysis of pure copper with those of periclase­
it was found that the number ofpulses in minerals is always higher (325 imp/l0s 
in Cu, 504 imp/10 se in picrochromite, 472 imp/10 s in periclase). This dif­
ference, however, is not a perfect proof for thé presence silicon in the core of 
the grains. 

Silikáty č. 1, 1973 3 



Z. Pánek:

DISCUSSION 

For the geometrie construction of the eutectic point the com position of binary 
:aolid solutions at a certain temperature was taken, in spíte of the fact that 
beyond any doubt two kinds of atoms (Mg, Cr; Cr, Ca) enter into the structure 
,of dicalciumsilicate and periclase and consequently, these are ternary and 
not binary solid solutions whose composition in dependence on temperature 
was not investigated. Generally, the character of the determination of the 
,eutectic point on the basis of linear and planar shrinkage may be regarded as 
an approach to the solution of this problem and in this sense this inaccuracy 
is acceptable. 

'
\ 
\ 
\ 

·\ 
\ 

\ 
I 

i,tcr 
2330• 

I ' 

I 
\ 

\ 

\ 
I 
\ 

\ 
I I 

I 
\ 

' I 

I I 
\ 

t 
I 
1 
I 
I 
I 

\ 
\ 
\
I 

\ 
I 
I 

\ 

I I 
\ I ·• \ ' ' 

I I 

I"" I , ... '
\% \ 
I I ' I
I I ' '
l I ' 

I 
I ' 
' 1 

\ : 

Wt " 

\ 
\ ' ' ' '
,..., 

\� 
\ ' 
' 

\'

Fig. 2. Phase diagram oj the system MgO-MgCr204-Ca2Si04. 
' 

The pressed specimens were inserted into tubes from a Pt foil whose ends 
were then :firmly closed. From samples which contained a greater portion of 
liquid phase a leakage of this liquid from the Pt wrapping was observed. 
This may be explained by the action of capillary forces and by the untightness 
of the wrapping. Since the melt wetted the platin um., the liquid was exhausted 
at the outer side of the wi'apping till an equilibrium was established. As 
.a consequence of this process, in some cases a smaller portion of liquid phase 
was observed in the polished sections than it actually should be. The quality 
-of the phase analysis is by no means inhibited by this fact, on the contrary, since
a part of the liquid phase, which passes entirely into the melt is exhausted, the
presence of the primary crystalline phase is stressed.

Melford found that, upon heating MgO with dicalciumsilicate a selective
:solid solution was formed and the presence of a certain am.ount of SiO2 [5]
,could be proved. These data are in overall agreem.ent with our results, though
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F'ig. 3. Nlicrograph oj smnple corresponcling to the point 1 in Table I. 

F'ig. 4. Nlicrograph oj sample corresponding to the point 2 in Table I. 
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Ji'ig. 5. Nlicrogmph oj samiple corresponcling to the voin! 3 in Ta.ble I. 

Ji'ig. 6. 1"\llicrograph oj sample corrnsponcling lo !hi voint 4 ·in Tcible I, 
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the presence of Si atoms in M gO could not be proved unambiguously, 
perhaps also because the dur a ti on of the heating was too short. On the 
polished sections only picrochromite, dicalciumslilicate, periclase and the melt 
were observed at temperatures higher than 1640 °C and below this temperature 
only picrochromite, periclase and dicalciumsilicate were detected. On the basis 
of these measurements it was not possible to decide on the character of 
the binding of the superfluous Si 02. With regard to the solubility of MgO in 
dicalciumsilicate the exchange reaction between Ca2+ and Mgz+ can be 
assumed only to a very limited extent. 

Whereas it could be proved on the basis of planar distribution of atoms 
that two extraneous atoms enter into the structure of periclase and 
dicalciumsilicate grains, i.e. that ternary solid solutions are formed, in case 
of picrochromite an additional and very careful quantitative analysis should 
be performed. 

C ON CLUSIONS 

Samples treated by quench ing over the temperature range from 1630 to 
1740 °C were submitted to microscopic phase analysis. From the results of 
phase analysis in dependence on temperature the composition of eutecticum 
was found to be 78.3 % C2S, 16.6 % MCr and 5.1 % M and the solidus 
temperature of 1640 ±5 °C was established. vVith the aid of electron 
microanalyzer the presence of periclase and clicalciumsilicate in the form 
of ternary solid solutions could be proved, from among the extraneous atoms 
only calcium was detected in the grains of picrochromite. 
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FÁZOVÉ ROVNOVÁHY V SYSTÉMU MgO-MgCr2O4-Ca2Sl04 

Zdeněk Pánek 

Ústav anorganickej chémie SA V, Bratislava, 

Na základe merania lineárneho a plošného zmrštenia vzorkov pri záhreve vymedzila 
sa geometrickou konštrukciou približ ná poloha ternárneho, eutektického bodu a približná 
teplota solidus sústavy MgO-MgCr2O 4-Ca2SiO4. Statickou metódou náhleho ochlaclenia 
a nasledujúcou fázovou analýzou stanovilo sa zloženie eutektika 78,3 % Ca2SiO4 , 

16,6 % MgCr2O• a 5,1 % MgO a teplota soliclus 1640 ±5 °C. Meraním plošného 
rozloženia atomov vzorkov pomocou elektrónovej mikrosondy JXA-5 sa zistila prítom­
nosť Mg a Cr atomov v dikalciumsilikáte, prítomnosť atornov Ca a Cr v periklase 
a prítomnosť atomov Ca v zmách pikrochromitu v rozsahu teplot 1630-1740 °C. 
Prítomnosť atomov Si sa nedoká zala jeclnoznačne ani v zrnách pikrochromitu ani 
periklasu. Nakofko pod teplotou 1640 °C nebola zistená prítomnosť kvapalnej fáze, 
nebolo možné rozhodnúť, na základ e vykonaných meraní o spósobe vazby prebytočného 
SiO2, S ohfadom na rozpustnost M gO v Ca2SiO. je možné preclpokladať výmennú 
reakciu medzi Caz+ a Mgz+ ve vefm i obmedzenom rozsahu. 
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Phase Equilibria in the System MgO-MgOr2O4-Ga2SiO4 

Obr. 1. Znázornenie rezov MgCr 204 - 20 % MgO, 80 % Ca2Si04 (MCr -C) a 95 % 
Ca2 Si04, 5 % MgO - 40 % MgCr204 60 % Ca2Si04 (A-B). Geometrická 
konštrukcia približnej polohy ternárneho eutektického bodu v sústave MgO­
-MgCr204-Ca4Si 04. 

Obr. 2. Fázový diagram sústavy MgO-MgCr204-Ca2 Si04. 
Obr. 3. Mikrofotografie vzorku odpovedajúce bodit 1 v tab. I.

Obr. 4. 11iikrofotografie vzorku odpovedajúce bodit 2 v tab. I. 
Obr. 5. Mikrofotografie vzorku odpovedajúce bodu 3 v tab. I.

Obr. 6. JVIilcrofotografie vzorku oclpovedajúce bodu 4 v tab. I. 

<DA30BOE PABI-IOBECME B CMCTEME i\1gO-MgCr204-Ca2SiQ4 

3p;eneH Ilane1, 

Ilay•t1·to-uccJ1.eíJoeame.rr,bc1m1'í, ztHcnuunym 1-1eopamiu•teci.ou xu.1urn CAH, Bpamuc.riaea 

Ha ocuonaum1 nsMepemrn J11meií11oii n nonepxnocTIIOiÍ ycap;Irn rrpo6 rrpn narpene 6r,rJJo 
11p11 flOMOII(H reoMeTprrqecnoii: HOllCTPYI{U:111I ycTaHOBJl0ll0 np116m13II'f0Jlbll00 IIOJIOlK0HH0 
T0J).Ha puoii ::lBT0RTH'I0CKOH TO•nrn H npn6JIH311T0JlbllaH TeMrrepa1·ypa com,p;yca CllCTeMbl 
l'vig0-1VIgCr204 -CaSi04. n pH noMOIU;H cTaTw1ec1wro MeTO/W pesHorb oxnamp;eIIHH n rrocJJe­
J.\YIOllWrO <J>asonoro anaJJH3a ycrnrrOBHJJH cocTan ::>BTeHnma 78,3 % Ca2Si0'4, 16,6 % MgCr204 
'16,6 % MgCr204 H 5, 1 MgO n TeM11epaTypa co.nHp;yca 1640 ± 5 °C. HyTeM nsMepemrn nJ10-
cKocTnocT11oro pacnonomcmrn aTOMOB npo6 npH IIOMOl[(II ::lJleJ{T})OHIIOrO MH!{pOHOH/�a 
JXA-5 ycTaHODIIJlll npucyTC'fBlle Mg II Cr aTOMOD n Jl:llHaJJbU:ITfrCHJllmaTe, rrpucyTCTDIJe 
UTOMOB Ca H Cr B 11epHKJiaCe ll 11pncyTCTDlie aTOMOB Ca B seprrax rumpoxpoMHTa B npep;eJJaX 
TeMnepaTyp 1630-1740 °C. HpllCYTCTBHe aTOMOD Si ne yp;aJIOCb o�wosrraqno p;oKa3aTb llll 
n seprrax 11nI<poxpoMHTa, llH 11epmmaca. TaH HaK npn TeM11epaType 1640 °C ne 61,mo ycTa­
HOBJICHO Il})HCYTCTDHe llill)];KOŮ qiaar,r, rreJib3H 61,mo na OCHOBaHHJl nponep;eHHblX H3Mepem1ů 
pemHTb norrpoc cnoco6a cnnsu 1,rn6r,rTo•rnoi1 Si02 . l !IMcn n DHAY pacTnoprrMOCTb MgO 
n Ca2Si04 Monrno 11pep;noJiatWrb pea1,qmo o6MeHa Mem/�Y Ca2+ n i\Ig2+ n necbMa orpam1qen­
HOM pas�repe. 

Puc .. l. J;Jao6pai1ce1we paapeaoa MgCr204 - 20 % MgO, 80 % Ca2Si04 (MCr-C) u 95 
Ca,Si 04, 5 % MgO - 40 % iVIgCr204 60 % Ca2Si0. (A-B). I'eo.1iempu•tec1.aR, 
1,oncmpy1.1{-lut npu6.rr,u11ie.rr,bH020 no.rr,OJ1ceHUft aame1,111 u •1ec1.oa mo1ti.u a cucme.1te 
MgO-MgCri04-Ca2Si 04. 

Puc. 2. <.Daaoaaft í)uaapa.,\Mta cucme . .itbi ?I-IgO-MgCr20.-CaSiO •. 
Puc. 3. 111w,poifiomoc"be.mrn npo6bl-, coomeemcmay10u1eii 11w,u,e 1 a ma6.rr,u11e I. 
Puc. 4. Mw,poifiomoc7,e,1i1,a npo6&i, coomeemcmay10u1eií nw•ure 2 e ma6.rr,u!fe I. 
Puc. 5. J\l[w,poifiomoc7,e,1u;a npo6bi, coomeemcmey10u1eii mo·•u,e 3 a ma6.rr,u!fe I. 
Puc. 6. il11t1,poifiomoc7,e.1ti.a npo6bi, coomeemcm0y1oit{eii 11w1t1,e 4 e ma6.11,u11e I. 

Adr e sa auto r a: Ústav anorganickej chémie SAV, Dúbravská cesta, Bratislava 
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