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The formation of a solid solution of dicalcium silicate phase, arisen
by the thermal decomposition of merwinite in air atmosphere, has been
proved, by means of the electron microprobe method as well as by the
microscopic and X-ray investigation of cooled samples. It has been
made evident that a solid solution containing both Mgt and Cr3+ ions
has been formed. Since the formation of solid solution of « C,S with Mg2+
ions has not been stated yet, it has been deduced that it has not been the
usual a-form of C2S, but probably «'C:S which has been effective in this case.

INTRODUCTION

In the previous paper [1], attention has been directed to the X-ray powder
diffraction patterns of merwinite (C;MS;), -heated over its decomposition
temperature (1575 °C) in both air atmosphere at 1 atm and high vacuum. While
the formation of «-dicalcium silicate (e C,S) has been proved in vacuum, the
proof of a modification C,S formed by the decomposition of merwinite at 1 atm
is problematic. A particular indirect evidence C,S modification can be obtained
by the study of the formation of C,S solid solution though the statements
concerning the mutual solubilities of merwinite (Mg2+ ion) and dicalcium silicate
quoted in original papers are not consistent. While Bredig [2] refers to an abso-
lute solubility of «'C,S and C;MS; up to 1580 °C and to a restricted entrance
of Mg2+ ions into the « C.S structure, Trojer [3] has found that the solubility
of merwinite in B C,S at its crystallization temperature (1575 °C) is sensibly
lower than 19 9%,. According to the latest paper of Gutt [4], the maximum solu-
bility of C;MS:zin «'C,S is 17.5 %, at 1360 °C. No formation of solid solutions of
o C2S and C;MS; has been found either over or under the crystallization tempe-
rature of merwinite, whereas on the contrary both y and «’ modifications form
solid solutions. This shows the absolute disagreement of particular statements.
The results of Trojer and Gutt can, however, be interpreted on the basis of the
conclusions given in the foregoing paper [1]. Trojer used the classical microscopy
of the samples heated in air for the identification of phases while Gutt applied
the high-temperature microscopy and high-temperature X-ray analysis and
worked very likely in vacuum (the authors do not tell the medium). On this
presumption the disagreement of results might be explained by the presence of
two different C,S modifications of which one (') does and the other («) does
not form solid solutions with Mg2+ ions. We have, therefore, tried to give an
indirect evidence of C,S modification by measuring the solubility of Mg2+ ion
in dicalcium silicate phase. Since the identification of the solid C.S solution has
been an integral part of the study of phase equilibria in the system picro-
chromite-merwinite, attention has been given not only to the solubility of the
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Mg2+ ion but also to that of the Cr3+ ion the ionic radius of which is very close
to that of the Mg2+ ion (Rag?t = 0,63 A, Rt = 0694 [5]). The solubility of
the Cr3+ion in o C,S has been demonstrated in the paper E1 Shahat and White

(6].
EXPERIMENTAL

The formation of the solid C,S solution, arisen by the thermal decomposition
of merwinite in air atmosphere, was investigated by means of the samples
which contained either pure merwinite or merwinite with the addition of
picrochromite (MCr) in the amount of 4 % and 10 %. The samples of pure
merwinite were heated in the air atmosphere for 1/, and 40 hours at 1800 °C
while the samples of mixtures containing picrochromite were thermal treated
for 2 or 7 hours within the temperature range from 1560 ° to 1720 °C. After the
thermal treatment the samples were cooled rapidly. Besides, the samples
containing 4 %, of MCr, were also cooled slower, namely by pulling them gradu-
ally out of the firing zone of furnace. After cooling a part of sample was used
for processing a polished section and the microscopic investigation finished,
some of these polished sections were employed for the study by means of the
electron probe microanalyser JXA-5 (accelerating voltage 15 kV, absorbed
current 1 10-8 A, Cu-layer of 200—300 A put on samples by evaporating).
The rest of samples was ground into powder and used for X-ray analysis.

RESULTS AND DISCUSSION

The coexistence of dicalcium silicate phase, periclase, and.melt has been
made evident microscopically in the polished sections of pure merwinite samples.
The X-ray diffraction patterns of these samples have shown some slight
deviations of interplanar spacing (order of magnitude 0.001 A) in comparison
with the values of pure merwinite, which have been repeatable. Since the
measurements have been carried out with rapidly cooled samples which have
always been exposed to the temperaturc of 1600 °C, it has not been possible
to determine whether this slight shift of diffraction lines is due to the formation
of solid C.S solution or to the slight displacement of atoms which is associated
with the transformation of C;MS; structure into the dicalcium silicate phase.
The presence of Mg in ions C,S has not been proved before the measurements
have been performed with electron probe microanalyser. Fig. 1/179-182 shows
that the amount of Mg is much greater in the melt than in the dicalcium silicate
phase but a limited amount of Mg can be found in C,S, too.

In the polished sections of samples, containing 4 % of MCr, two kinds of
C.8S grains can be distinguished which correspond either to a rapid or to a slow
cooling of the sample down from 1560 °C after etching with alcoholic HNOs.
The character of the grains in a slowly cooled sample is similar as described
by Trojer [3] who has taken them for C,S grains in which the segregation of
solid solution occured. Both kinds of C,S grains can be compared in Iig. 2a
and Fig. 2b. In Fig. 2) the coexistence of MgO, C;MS;, C.S, and melt is evident
what disproves the opinion of Bredig [2] who has believed that «'C.S and
CsMS; are perfectly soluble phases up to 1580 °C. If the positions of diffraction
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lines of dicalcium silicate phase, formed by decomposition of merwinite,
are compared with the interplanar spacing of o and &’ C,S according to Yama-
guchi and coworkers [7], it must become evident [Table 1] that the modifica-
tion of C,S can not be determined on the basis of these measurements. The
X-ray investigation of these samples has shown a significant shift of the lines

Table 1

C,S [author] . o’ CS [7] o CaS [7]
1 dexp. A I dexp. A I dexp. &
w 3.295 w 3.398 w 3.409
w 3.144 w 3.140 w 3.151
ww 2.890 w 2.891 ww 3.017
s 2.740 w 2.806 m 2.876
m 2.710 | ss 2.755 w 2.835
ss 2.673 ss 2.746 S 2.760
3 2.641 s 2.691 . Ss 2.712
ww 2.556 w 2.625 w 2.538
w 2.290 w 2.36: ww 2.461
w 2.272 w 2.28: w 2.351
ww 2.25: w 2.231 w 2.306
m 2.208 m 2.199 m 2.208
w 2.173 ww 2.137 ww 2.129
w 2.162 ww 2.082 w 2.072
ww 2.050 m 2.035 w 2.052
w 2.026 w 1.965 ww 2.009
ww 1.971 m 1,940 w 1.968
m 1.908 ww 1.917 m 1.935
m 1.868 ww 1.786 ww 1.870
w 1.802 w 1.756 ww 1.838

d =274 A and d = 2.67 A towards lower values with respect to the inter-
planar spacing of pure merwinite. With increasing temperature this interplanar
spacing has approximated the values of pure merwinite. Though the differences
of the shifts of diffraction lines are slight, the repeated measurements have
shown that these deviations are not due to the errors of the proper measuring
device but that they depend on the firing temperature. Some samples rapidly
cooled in the same manner have been exposed to CuK, radiation in Philips—
Miiler difractograph. The results of measurements are plotted in Fig. 3. It can
be seen from these plots that the slower cooled samples have not shown any
regular dependence on temperature what may be due to an unequal degree
of segregation during the cooling.

The refractive index of dicalcium silicate grains, formed by heating pure
merwinite or merwinite with the addition of 4 9, of MCr, has been determined
microscopically. By the method of Becke line, it has been found that the re-
fractive index of non-oriented C.S grains has always been greater in the presence
of MCr what indicates the entrance of Cr3+ ions into the structure of dicalcium
silicate phase. It follows from the study of El-Shahat and White [6] that the
solubility of MCr in C,S amounts to 5 %—7 %, at 1600 °C. In order to fulfil the
supposition of formation of saturated, solid C,S solution a sample composed
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of 91 9%, of C3MS; and 9 9, of MCr which has been exposed to the temperature
of 1560 °C for 7 hours and rapidly cooled, has been subjected to an analysis.
The coexistence of MgO, C,S, MCr, and melt has been ascertained in polished
section. Then the sample has been subjected to the electron microprobe analysis
(Fig. 1/191-193) and it has been found that Cr enters into C,S structure in
a limited amount besides Mg. The quantitative relations have not been studied,
yet.
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Fig. 3. Correlation of interplanar spacing of C2S for d = 2.74 A and d = 2.67 A to tempe-
rature.
o — rapidly cooled samples; B — slower cooled samples Culy, 36 kV, 16 mV, 1°/min

Considering the original purpose of this study, it can be stated that the so-
Iubility of Mg2+ and Cr3+ ions in dicalcium silicate phase, formed by thermal
decomposition of merwinite in air atmosphere, has been proved by direct
method. Since Gutt did not find a solid solution of dicalcium silicate over the
decomposition temperature of merwinite, we can suppose that another
C2S modification, probably the ¢’ form has been effective in this case.

CONCLUSION

It has been pointed to the possibility that the investigation of the formation
of solid C,S solutions could throw light upon the generation of C,S modification
produced by thermal decomposition of merwinite in air at atmospheric pressure.
The application of electron microprobe method has helped in a decisive way to
give evidence that the formation of a solid C,S solution with Mg2+ and Cr3+ ions
occurs. The results thus obtained have contributed to the proof of «’C,S forma-
tion supposing that MgO and e« C,S do not form any solid solutions.
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STUDIUM DIKALCIUMSILIKATOVEJ FAZE VZNIKLEJ TEPELNYM
ROZKLADOM MERWINITU

Zdenék Panek, Edmund Kanclit
Ustav anorganickej chémie SAV, Bratislava

Pomocou elektréonovej mikrosondy, mikroskopickym a réntgenografickym studiom .
ochladenych vzoriek sa dokdzala tvorba tuhého roztoku dikalciumsilikdtovej fézy
vzniklej tepelnym rozkladom merwinitu vo vzdusnej atmosfére. Dokdzala sa tvorba
tuhého roztoku ako s Mg2+ tak aj s Cr+3iénmi a s ohladom na skutoénost, Ze dosial sa
tvorba tuhého roztoku « C.S s Mg2?t+ iénom nekonstatovala, sa usudilo, Ze v tomto pri-
pade ide o ind modifikdciu C,S neZ je « forma, pravdepodobne o «’C.S.

Obr. 1. Fotograficky zdznam vzorky &istého C;MS, po 40-hod. zdhreve na teplotu 1600 °C,
ziskany elektrénovou mikrosondou.
11179 ,,ZloZenie‘* linedrne zvécésenie 117 X
1/180 Plosné rozloenie atomov Mg
11181 Ploéné rozloZenie atomov St
11182 Ploéné rozloZenie atomov Ca
Obr. 2a. Mikrofotografia zmest obsahujicej 96 % CsMS, a 4 % MCr zahmevanej 7 hod. na
teplotu 1560 °C, rychlo ochladenej, 3 C2S leptané alkoholickym roztokom HNOs,
odrazené svetlo, zvéésenie 335 X .
Obr. 2b. Mikrofotografia tej istej zmest, lzsmcej sa tym, Ze bola pomalsie ochladend, 3 CiS,
9 MOg: Q C:MS,, y tavenina, zvéésenie 335X .
Obr. 3. Zdwislost mednrovmn ych vadialenosti C2S pre d = 2,74 A a d= 2.67 A, v zdvislosts
na teplote.
e — rychlo ochladené vzorky
B — pomalsie ochladené vzorky
CuK,,, 36 kV, 16 mV, 1°/min.
Obr. 4 Fotogmﬁcky zdznam vzorky zloZenej z 91 % CsMS; a 9 % MCr, po 7-hodinovom
zdhreve ziskany elektrénovou mikrosondou. *
41191 ,,ZloZenie* linearne zvébsenie 465 x
4/192 Plosné rozloenie atomov Mg
41193 Plosné rozlofenie atémov Cr
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HCCJEOJOBAHUE JUKAJBIUNCUJNKATHON ®A3DI,
BOSHI/IHAIOHIEI/I [IMPOJMN3OM MEPBUHHI TA

3nenex Ilanex, 9namynn Hammmupx

Hayurno-uccaedosameavcruti uncmumym neopeanuuecroli xusmuuw CAH,
omdea cuaurammol xusuu, Bpamucaaca

IIpyu oMoy 3J1eKTPOHHOI'0 MHKPO30HAA, IyTeM MUKPOCKOINYECKOr0 H PeHTIeHOrpafu-
YECKOr'0 ICCJIe/OBAHHA OXJIa/EHHLIX 00pasuoB ObLUIO HOKa3aHO oOpa3oBaHUE TBEPHOI'O
pacTBopa MIKAAbUMICIIHKATHON ()a3bl, BO3HMKIIEH MUPOJIN3OM MepBMHHTa B atMocfepe
Bo3jiyxa. Bbulio okadaHo o0pa3oBaHue TBEPAOro pacTBopa Kak ¢ Mg2+, tak u ¢ Cr3+ u BBURY
TOrO, 9T0 10 cHX mop He OLuIO fi0KasaHO oOpasopamiue TBepforo pactsopa « C,S ¢ moHoM
\Ig2+ aBTOPAMII NPCANIONATACTC, UTO B TAKOM CITyuae JeJ0 KacacTest jipyroii Mougunarmn
C2S, yeM o (opMa, co Beeil BeposTHOCTLIO o C,S.

Puc.

Puc.

Puc.
Puc.

Puc.
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Domocvemra o6pasya wucmozo CaMSz nocae svideprcru naepesarnus 40 wacos do
memnepamypor 1600 °C, noayuennas npu nomowgu mukpozonda.
1/179 ,,Cocmag*’, auneiinoe yeeaunernue ¢ 117 pas.
1180 IIogepxrocmmoe passewgerue amosiog Mg.
1/181 Iogepzrocmioe passewgerue amosog Si.
1/182 ITogepzrocmmoe paasewenue amosos Ca.

Muxpogomocvesna caecu ¢ codepacanues 96 % CsMSz w 4 Y% MCr, npu cuidepacre
nazpesanun 7 wacos do mesnepamypu 1560 °C, peako owaaocdennod, 7 CaS npo-
mpasaerroe cnupmogulse pacmeo poss HN Oz, ompascernuiii ceem, yoe./umenue ¢ 335 pas.
]l[uhpogﬁomoc-be.w. moti ace catecu, moavie ee medaenio ovawncdaau, T Ca2S,
S?\[gO Q CaMS2, ¢ pacnaas, yseauuenue ¢ 335 pas.

Basucumocmy pacmosnus mencdy naockocmamu CaS ¢ cayunae, rozda d = 2,74 A
ud=267A, ¢ sacucumocmu om mesnepamypot.

= @ pesro oxaancdaesvie o6pasyvl, W — sedaeino oxaancdaemvle o06pasynt, Cul,
36 kV, 16 sV, 1°|mun.

Domocvesmra obpasya, cocmosyezo uz 91 % CsMSz: u 9 % MCr, nocae gwdepocru .
HagspesaHs 7 4acoe, llO.ﬂqueHHa.‘l npu noMoOw U anexmpoititoeo JLILHIJUSOHO(L.
41191 “Cocmas™, auneiinoe yeeaunenue ¢ 465 paa.
4/192 ITosepxrocmmoe passewenue amostos Mg.
41193 Ilogepxrocmmoe pasgmewerue amosiog Cr.
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