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The approximative positton of the ternary eutectic point and ap-
proximative temperature of the solidus in the system MgO—MgCr,0s—
—CaxS10;s were determined by a geometric construction made on the
basis of linear and planar shrinkage of samples in the course of
heating. By quenching method and by subsequent phase analysis the
composition of eutecticum was found to be 78.3 % CasSiO4, 16.6 %
MgCr:04 and 5.1 % MgO and the solidus temperature of 1640 45 °C
was found. By measurements of the planar distribution of atoms with
the electron microprobe analyzer JXA-§5 the atoms Mg and Cr were
found in dicalciumsilicate, Ca and Cr wn periclase and Ca atoms in
prerochromite at temperatures from 1630 to 1740 °C.

INTRODUCTION

The construction of the phase diagram MgO(M)—MgCr;04(MCr)—Ca,SiO,
(C28) contributes, after the phase relations in the systems CazMgSi,0s—MCr
[1] and MCr—C,S [2] have been established in our previous works, to the
elucidation of phase relations in the quaternary system MgO—CaO—SO,—
Cr,0s; at high temperatures. The investigation of phase equilibria in the
system M—MCr—C,S was performed on the basis of known positions and
temperatures of eutectic points of the individual binary systems. In the
system M—MCr the position of the eutectic point is given by the composition
of approx. 80 9%, M and 20 %, MCr and by the solidus temperature approaching
2350 °C [3], in the system MCr—C,S by the composition 21.5 %, MCr and
78.5 9%, (.S, temperature of 1660 °C [2] and in the system M—C,S by the
composition 13.5 %, M and 86.5 9% C,S and by temperature 1800 °C [4]

EXPERI MENTAL

Determination of regions wherein the phases coexist at high temperature‘s
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—C,S two sections (I'ig. 1)
were chosen, MCr—C (the composition of the mixture C: 20 9% M, 80 %
C:S) and A—B (the composition of A: 95 %, C.S, 5 % M and B: 40 %, MCr,
60 % C:S). With the aid of the centre of gravity principle it may be easily
proved that, in the case of the section MCr—C and A—B, the maximal
amounts of liquid phase at the solidus temperature and maximal enthalpy
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will occur in mixtures from which, up to the solidus temperature, only one
solid phase crystallizes (mixtures corresponding to points 7 and 2 in Fig. 1).
That means that mixtures corresponding to the points 1 and 2 will, at
temperatures slightly higher than the solidus temperature (by 5—10 °C),
contain maximal quantity of liquid phase and consequently must display
greatest linear shrinkage. For measurements with the heating microscope
samples containing 10, 15, 20, 25 %, MCr and 90, 85, 80 and 75 9%, C,
respectively, and mixtures with 50, 60, 65, 70 and 80 9, A and 50, 40, 35, 30,
and 20 %, B, respectively, were prepared. Measurements of linear shrinkage
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 [1], and the shapes of the samples were photographically recorded.

By a geometric 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—C.S
were prepared from pure minerals MCr and C.S 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/em2. The cylinders were enclosed in a Pt foil, heated in air for
2—4 hours at temperatures ranging from 1630 to 1740 °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 individual 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 [1, 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 °C. For these measurements mixtures lying on the join MCr—C
were used.

2. By measurements of linear and planar shrinkage of samples prepared
from mixtures corresponding to the joins MCr—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 9, C, point 1, Fig. 1 and 65 9%, A
and 359%, B, point 2, Fig. 1. By a geometric construction (Fig. 1) based on
the known positions of points 7 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 9%, M, 76 9%, C,S and 18 9%, MCr
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 (Ifig. 2) according to which the solidus temperature is 1640 4-5 °C
and the composition of the eutecticum 5.1 M, 16.6 MCr and 78.3 9, C:S. 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 Table I).

Results of phase analysis of 64 samples which were heated to temperatures
ranging from 1630 to 1740 °C are listed in Table I.

MCr

wt 9%

Fig. 1. Sections MgCr,04 — 20 9% MgO, 80 % Ca,SiO4 ( MCr—C) and & % MgO — 40 %
MgCr,04, 60 % CasSiOs (A—B). Geometric co nstruction of the approximative
position of the ternery eutectic point in the system MgO—MgCr,0,—Ca,S8i0s.

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
distribution, 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 of pulses in minerals is always higher (325 imp/10=
in Cu, 504 imp/10 se in picrochromite, 472 imp/10 s in periclase). This dif-
ference, however, is not a perfect proof for the presence silicon in the core of
the grains.
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DISCUSSION

For the geometric construction of the eutectic point the composition of binary
solid solutions at a certain temperature was taken, in spite 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.

MCr

i A
M ~1600° (@S
~2600° 2130°

w %
Fig. 2. Phase diagram of the systems MgO—MgCr204s—Ca2SiO0s.

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 platinum, the liquid was exhausted
at the outer side of the wrapping 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 amount of SiO, [5]
could be proved. These data are in overall agreement with our results, though
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Fig. 3. Micrograpl of sample corresponding to the point I in Table 1.

IMg. 4. Micrograph of sample corresponding to the point 2 tn Table I.
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Iig. 6. Micrograph of swmple corresponding to the point 4 in Table I.

Y= L;I= MCr; $=M; I= G,S.
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the presence of Si atoms in M gO could not be proved unambiguously,
perhaps also because the duration 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 SiO,. With regard to the solubility of MgO in
dicalciumsilicate the exchange reaction between Ca2t and Mg2*t 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.

CONCLUSIONS

Samples treated by quenching 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 9%, C.S, 16.6 9% MCr and 5.1 % M and the solidus
temperature of 1640 45 °C was established. With the aid of electron
microanalyzer the presence of periclase and dicalciumsilicate in the form
of ternary solid solutions could be proved, from among the extraneous atoms
only calcium was detected in the grains of picrochromite.

References

} Pdnek Z., Kanclit E.: Ber. Dtsc h. Ker. Ges. 47, 431 (1970).
[2] Pdnek Z.: Silikdty 15, 221 (1971 ).
] Levin E. M., Robbins C. R., McM urdie H. I'.: Phase Diagrams for Ceramsists, page 111.
The Am. Cer. Soc., Ohio 1964.
[4] Lovin E. M., Robbins C. R., MecM urdie H. I.: Phase Diagrams for Ceramists, page
210. The Am. Car. Soz., Ohio 196 4.
[3] White J. in the book: Phise D tagrams, Material Science and Technology (Editor
A. M. Alper) Volume IL., p. 32. A cademic Press, New York and London 1970.

FAZOVE ROVNOVAHY V SYSTEMU MgO—MgCr;0,—Ca,S10,

Zdenék Panek
Ustav anorganickej chémie SAV, Bratislave

Na zdklade merania linedrneho a plosného zmrStenia vzorkov pri zdhreve vymedzila
sa geometrickou konstrukeiou pribliznd poloha terndrneho, eutektického bodu a pribliznd
teplota solidus sastavy MgO—MgCr,0 +—Ca,SiO4. Statickou metddou ndhleho ochladenia
a nasledujicou fdzovou analyzou stanovilo sa zloZenie eutektika 78,3 9% Ca.SiO,,
16,6 % MgCrOs a 5,1 % MgO a teplota solidus 1640 45 °C. Meranim plosného
rozlozenia atomov vzorkov pomocou elektrénovej mikrosondy JXA-5 sa zistila pritom-
nost Mg a Cr atomov v dikalciumsilikdte, pritomnost atomov Ca a Cr v periklase
a pritomnost atomov Ca v zrndch pikrochromitu v rozsahu teplét 1630—1740 °C.
Pritomnost atomov Si sa nedokdzala jednoznadne ani v zrndch pikrochromitu ani
periklasu. Nakolko pod teplotou 1640 °C nebola zistend pritomnost kvapalnej fédze,
nebolo mozné rozhodnut, na zdklade vykonanych merani o spdsobe vézby prebytotného
Si0;. S ohladom na rozpustnost MgO v Ca,SiOs je mozZné predpokladat vymenna
reakeiu medzi Ca?* a Mg?+ ve velmi obmedzenom rozsahu.
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Obr. 1. Zndzornenie rezov MgCr,0s — 20 % MgO, 80 9% Ca,Si0s (MCr—C) a 95 %
CaSi0s, 5 9% MgO — 40 % MgCr,0s 60 % CasSiOs (A—B). Geometrickad
konstrukcia pribliznej polohy ternarneho eutektického bodu v sustave MgO—
—MgCl‘204—CEl4SiO4 N

Obr. 2. Fazovy diagram sustavy MgO—MgCr,0,—Ca,SiO,.

Obr. 3. Mikrofotografie vzorku odpovedajice bodw 1 v tab. I.

Obr. 4. Mikrofotografie vzorku odpovedajiice bodw 2 v tab. I.

Obr. 5. Mikrofotografie vzorku odpovedajice bodu 3 v tab. I.

Obr. 6. Mikrofotografie vzorku odpovedajiice bodu 4 v tab. I.
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®A30BOE PABIIOBECHEB CHCTEME MgO—MgCr,04—Ca,SiO4

3nener [laner

Hayuno-uccaedosamenvcruii uncmumym neopeanuneckois zusmuw CAH, Bpamucaasa

Ia ocHoBamiti 1I3MEPEHUSA JIMICHNOIL 1I TIOBEPXIOCTHOH Yycakil 1pod 1pit Harpese OLLIO
LPH NIOMOIUI I'COMETPHYECKOIl KONCTDYKIMI YCTAHOBIIGHO INPMOIM3ITEILHOE II0JIO/KEHIIe
TCPHAPHOI 9BTEKTIUCCKOM TOYKI 1 NPUOMNBNTENLHAS TeMHEpPAaTypa COJMAYca CICTEMb
MgO—MgCrz0,—CaSiO,. Ilpu 1moMonyi CTaTHUECKOrO MCTOJIA PE3KOI0 OXJIaKACHILS H mocJie-
;yforniero (pazoBoro aHaJI3a YCTAHOBILIII cocTaB aBTeKTiKA 78,3 % Ca2SiO4, 16,6 % MgCraO4
16,6 % MgCr,04 1 5,1 MgO 1 remmepatypa compyca 1640 4= 5 °C. 1yTem usMepens 1mio-
CKOCTHOCTIIOFO PACIIOJIOKCHMA aTOMOB 11p00 IIpH  IOMOIUI 9JIEKTPOHHOLO MIIKPOROHJA
JXA-5 ycrasopwi mnpucyrerBiue Mg it Cr aToMOB B AUKaJLIUiCINIIKATE. IPUCYTCTBIIE
atomoB Ca 1 Cr B nepuk/ace It npucyTcTBite aroMoB Ca B 3epHAX IHKPOXPOMITA B IIpejesax
remitepatyp 1630—1740 °C. I pucyTcTBiie aToMoB Si He yjlaiIoCh OJ(HO3HAYHO JIOKa3aTh HH
B 3epHAX HIIKPOXPOMIiTa, I Iepuriaca. Tar xan npu remueparype 1640 °C He Oniiio yera-
IIOBJICHO IPHCYTCTBIE ACUTKON (Pasbl, HEIH3sl OLJIO HA OCHOBAHILL NPOBCJIEHHBIX 13MEPCHMIT
peunTnL Borpoc cnocoda cBsdi u3dnitounoit SiO,. lmea B Bupy pacrsopumocts MgO
B Ca,SiO4 MOXKHO IIpejyrosarath pearxiutio odmena mexgry Caz+ i Mg2+ B BechMa OrpaHIIueH-
HOM paamepe.

Puc. 1. Hsobpascenue paspesoe MgCr,Os — 20 % MgO, 80 % CarSiOs (MCr—C) w 95
CaxS1 O4, 5 % MgO — 40 9% MgCr.04 60 % Ca:SiO4 (A—B). I'eosempunecran
FOHCMPYKYUS  NPUOAUMEAVI020  NOAOINCCHUSL  IGMEKNIMECKOW MOUKU 6  cucmene

MgO—MgCrs04—CazSiOs.

Puc. 2. Wazosas duazpassa cucmenvt MgO-—MgCr,0,—CaSiOy.

Puc. 8. Munpogiomocvesra npodu, coomeememeyioweli mowie 1 ¢ madauye 1.
Puc. 4. Murpogiomocwesra npobe, coomeememeyioweti mowie 2 ¢ madauye I.
Puc. 5. Murpogomocwvessia npobu, coomeememeyioweii mowre 3 ¢ madauye I.
Puc. 6. Murpogomocwesmra npodu, coomeememeyroujei mouwie 4 ¢ masauye I.

Y- L;_I= MCr §= M [ = aus.

Adresa autora: Ustav anorganickej chémie SAV, Ddbravskd cesta, Bratislava
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