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The jormation oj a solid solution oj clicalcium silicate phase, arisen 
by the thermal decomposition oj merwinite in air atmosphere, has been 
proved, by means oj the electron microprobe method as well as by the 
microscopic _and X-ray investigation oj coolecl samples. It has been 
made evident that a solid solution containing both Mg

2+ and Orl+ ions
has been jormed. Since the jormation o.f solid solution oj c,; C2S with Mg

2+

ions has not been stated yet, it has been deducecl that it has not been the 
iisual c,;-jorm oj C2S, but probably c,;'C2S which has been eff ective in this case. 

INTRODUCTION 

In the previous paper [l), attention has been directed to the X-ray powder 
• diffraction pattern·s of merwinite {C3MS2), -heated over its decomposition
temperature (1575 °C) in both air atmosphere at 1 atm and high vacuum. While
the formation of ex-dicalcium silicate (ex 02S) has been proved in vacuum, the
proof of a modification 02S formed by the decomposition of merwinite at 1 atm
is problematic. A particular indirect evidence C2S modification can be obtaincd
by the study 0f the formation of C2S solid solution though the statements
concerning the mutual solubilities of merwinite (Mgi+ ion) and dicalcium silicate
quoted in original papers are not consistent. vVhile Bredig [2) refers to an abso­
lute solubility of ex'C2S and C3MS2 up to 1580 °C and to a restricted entrance
of Mg2+ ions into the ex 02S structure, Trojer [3] has founcl that the solubility
of merwinite in � 02S at its crystallization temperature (1575 °C) is sensibly
lower than 19 %, According to the latest paper of Gutt [4), the maximum solu­
bility of C3MS2 in ex'C2S is 17.5 % at 1360 °C. No formation of solid solutions of
ex 02S and C3MS2 has been founcl 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 pa per [l). 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 tel1 the medium). On this
presumption the disagreement of results might be explained by the presence of
two different C2S modifications of which one (ex') does and the other {oc) does
not form solid solutions with Mg2+ ions. We have, therefore, tried to give an
indirect evidence of 02S modification by measuring the solubility of Mg2+ ion
in dicalcium silicate phase. Since the identification of the solid C2S 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 CrH ion the ionic radius of which is very close 
to that. of the Mgz+ ion (RMg2-1- = 0,63 A, RcrH = 0.69 A [5]). The solubility of 
the CrH ion in o: C2S has been demonstrated in the pa per E 1 Shahat and White 
[6]. 

EXPERIMENT AL 

The formation of the solid C2S 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/i and 40 hours at 1800 °C 
while thé 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 polishecl section ancl 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 X 10-a A, Cu-layer of 200-300 A put on samples by evaporating). 
The rest of samples was grouncl into powder ancl 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 (orcler of magnitucle 0.001 A) in comparison 
with the values of pure merwinite, which have been repeatable. Since the 
measurements have been carried out with rapiclly cooled samples which have 
always been exposed to the temperature of 1600 °C, it has not been possible 
to cletermine whether this slight shift of cliffraction lines is due to the formation 
of solid C2S solution or to the slight displacement of atoms which is associated 
with the transformation of C3MS2 structure into the dicalcium silicate phase. 
The presence of Mg in ions C2S has not been proved' before the measurements 
have been performed with electron probe microanalyser. Fig. 1/179-182 shows 
that the amounť ofMg is much greater in the melt than in the dicalcium silicate 
phase but a limitecl amount of Mg can be found in C2S ,  too. 

In the polishecl sections of samples, ·containing 4 % of MCr, two kinds of 
C2S grains can be distinguished which correspond either to a rapid or to a slow 
cooling of the sample down from 1560 °C after 6ltching with alcoholic HN03 . 

The character of the grains in a slowly cooled sample is similar as described 
by Trojer [3] who has taken them for C2S grains in which the segregation of 
solid solution occured. Both kinds of C2S grains can be compared in Fig. 2a 
and Fig. 2b. In Fig. 2b the coexistence ofMgO, C3MS2, C2S, and melt is evident 
what disproves the opinion of Bredig [2] who has believed that oťC2S and 
C3MS2 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 r:1. and r:1.' C2S acco:rding to Y aina­
guchi and coworkers [7], it must become evident [Tahle 1] that the modific'.1-
tion of 02S can not be determined on the basis of these measurements. The 
X-ray investigation of these samples has shown a significant shift of thé lines

Table I 

C2S [author] I· u.' C2S [7] I u. C2S [7]

I dexp. A I dexp. A I clexp. Á 
w 3.295 \V 3.398 \V 3.409 
w 3.144 w 3.140 w 3.151 
,v,v 2.890 w 2.891 \V\V 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 
s 2.641 s 2.691 SS 2.712 
ww 2.556 \V 2.625 w 2.538 
\V 2.290 w 2.363 ww 2.461 
w 2.272 w 2.283 w 2.351 
ww 2.253 w 2.231 w 2.306 
m 2.208 m 2.199 m 2.208 
w 2.173 ww 2.137 \V\V 2.129 
\V 2.162 \V\V 2.082 w 2.072 
ww 2.050 m 2.035 w 2.052 
w 2.026 w 1.965 \V\V 2.009 
\V\V 1.971 m 1,940 w 1.968 
m 1.908 ,v,v 1.917 m 1.935 
m 1.868 ww 1.786 ww 1.870 
w 1.802 \V 1.756 ww 1.838 

d = 2.74 A and d = 2.67 A towards lower values with respect to the inter­
planar spacing of pure merwinite. \Vith 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 
<levice but that they depend on the firing temperature. Some samples rapidly 
cooled in the same manner have been exposed to CuKo: radiation in Philips­
Miiller difractograph. The results of measurements are plotted in Fig. 3. It can 
be seen from these plots that the slower cooled samples h�ve not shown any 
regular dependence on temperature what may be due to an unéqual degree 
of segregation during the cooling. 

The refractive index oť dicalcium silicate grains, formed by heating pure 
merwinite or merwinite with the addition of 4 % of MCr, has been determinecl 
microscopically. By the method of Becke line, it has been found that the re­
fractive index oťnon-oriented G2S grains has always been greater in the presence 
oť MCr what indicates the entrance oť CrH 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 02S amounts to 5 %-7 % at 1600 °C. In order to ťulfil the 
supposition of formation oť saturated, solid 02S solution a sample composed 
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of 91 % of C3MS2 and 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, C2S, 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 02S structure in 
a limited amount beside Mg. The quantitative relations have not been studied, 
yet. 
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F'·ig. 3. Correlation oj interplanar spacing oj C2S for d = 2.74 A and d = 2.67 A to tempe­
rature. 

e - rapidly cooled samples; ■ - slower cooled samples CuKrt , 36 kV, 16 mV, 1 °/min 

Considering the original purpose of this study, it can be stated that the so­
lubility of Mg2+ and CrH 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 a' fonn has been effective in this case. 

CONCI;USION 

It has been pointed to the possibility that th� investigatioii of the formation 
of solid C2S solutions could throw light upon the generation of C2S modification 
produced by thermal decomposition of merwinite in áir at atmospheric pressure. 
The application-of electron microprobe method has helped in a decisive way to 
give evidence that the formation of a solid C2S solution with Mg�+ and CrH ions 
occurs. The results thus obtained have contributed to the proof of a'C2S forma­
tion supposing that MgO and rx C2S do not form any solid solutions. 
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ŠTÚDIUM DIKALCIUMSILIKÁTOVEJ FÁZE VZNIKLEJ TEPELNÝM 
ROZKLADOM MERWINITU 

Zdeněk Pánek, Edmund Kanclíř 

Ústav anorganickej chémie SA V, Bratislava 

Pomocou elektrónovej mikrosondy, mikroskopickým a rontgenografickým štúdiom . 
ochladených vzoriek sa dokázala -tvorba tuhého roztoku dikalciumsilikátovej fázy 
vzniklej tepelným rozkladom merwinitu vo vzdušnej atmosfére. Dokázala sa tvorba 
tuhého roztoku ako s Mg2+ tak aj s Cr+a iónmi a s ohfadom na skutočnosť, že dosiaf sa 
tvorba tuhého roztoku a C2S s Mg2+ iónom nekonštatovala, sa usúdilo, že v tomto prí­
pade ide o inú modifikáciu C2S než je °' forma, pravdepodobne o a'C2S. 

Obr. 1. F'otograflclcý záznam vzorlcy čistého C3MS2 po 40-hod. záhreve na teplotu 1600 °C,
získaný elektrónovou mikrosondou. 

1/179 „Zloženie" lineárne zvtičšenie 117x 
1/180 Plošné rozloženie atómov Mg 
1/181 Plošné rozloženie atómov Si 
1/182 Plošné rozloženie atómov Ca 
Obr. 2a. Milcrojotografla zmesi obsahujúcej 96 % CJMS2 a 4 % MCr zahrievanej 7 hod. na

teplotu 1560 °0, rýchlo ochladenej, T C2S leptqné alkoholickým roztokom HNO3 , 
odrazené svetlo, zvtičšenie 335 x .

"' 

Obr. 2b. Milcrojotografla tej istej zmesi, líšiacej sa tým, že bola pomalšie ochla<Jená, I C2S, 
g MOg2 � CJMS2 , t tavenina, zvtičšenie 335 X . "' 

_ 
Obr. 3. Závislost medúrovinných vzdialeností C2S pre cl = 2,74 A a cl = 2.67 A, v závislosti

na teplote. 
• - rýchlo ochladené vzorky
■ - pomalšie ochladené vzorky
CuKa, 36 kV, 16mV, 1 ° /min. 
Obr. 4. Fotografický záznam vzorky zloženej z 91 % CJMS2 a 9 % MCr, po 7-hodinovom

záhreve získaný elektrónovou mikrosondou. ', 
4/191 „Zloženie" lineárne zvtičšenie 465 x 
4/192 Plošné rozloženie atómov Mg 
4/193 Plošné rozloženie atómov Cr 
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·HC CJI E,D:O BAH HE ,D:HRAJih�IiI:fl:CH JIHH'.ATH 0:0: <DA3 hl,
B03HHRAIOW:EM IIMPOJIHSOM MEPBIHIH TA 

3JJ:eHeK IlaHeK, "8AMYHA Ram.�Jrnpm 

JI ay•mo-uccJ1.eooeameJ1.bc1.u11, u1-tcmumym 1-teopea1-tu"1ec1wa xu.,,mu GAJI, 
omoe11, cu11,u1.am1-toa x1u1,uu, B pamuc11,aea 

IlpH IIOMO�H 3Jl0KTpOHHOro MHKp030HJJ:a, rryTeM MHKpOCKOllH'JeCIWrO II peuneuorpacpu­
'JeCirnro ucc Jl0JJ:OBUHIUI OXJla)l(JJ:0HHb!X o6pa3�0B 6b!JIO AOHU3UHO o6pa30BUHlie TBepJJ:01'0 
pacTBopa JJ:IrnaJ1h�nií:cumrnaTHoň: cpaabr, B03rrnmueií: nHpOJIH30M MepDMHHTa B aTMoccI1epe 
B03J:(yxa. Eb!JIO AOKU3UHO o6pa30BUHII0 TBepnoro paCTBOpa HUI( C Mg2+, TUií: H C Cr3 + H BBHAY
TOro, 'ITO AO CHX nop He 6b!JIO AOHU3aHO o6pa30BUHHe TDepJJ;Oro paCTDopa Cl C2S C HOHOM 
Mg2+; aBTopaMII npennoJiaraeTCfl, 'ITO B TUIWM cJiy'me JJ;eJio rtacacTcn npyroi1 MOJ.1HCinmar(lm
C2S, 'IeM et. cpopirn, co ncet'1 nepoHTHOCTbIO a' C2S. 

Puc. 1. <J)omoc"be.M1,a o6pa8i/a •wcmoeo C3MS2 11oc11,e eb!oepJ:c1rn Iuwpeaanusi 40 •tacoa oo 
me.1,1,nepam.ypbl 1600 °G, no11,y,w1-tH(lll, npu llO,ltOUfU ,\lUl,JJ080/lO!l. 
1/179 „Cocmae", J1.U1-te11.1-toe yee11,1i"le1-tue a 117 paa. 
1/180 IIoeepx1-wcnuioe paa,Iteu1e1-tue anw,,we Mg. 
1/181 Iloeepx1-tocnuioe pa8,IteuIe1-tue amo,,we Si. 
1/182 IIoeepx1-tocnuioe paa.1,1,eu1e1-tue aIIw.1,wa Ca. 

Puc. 2a. Mlll,porf3omoc"be,,i-,;a c,,iecu c cooepJ1ca1-tue,1i 96 % C3MS2 11, 4 % MCr, npu ab1oepJ1rne 
1-taepeea1-tU!I, 7 •tacoe -oo me.1,inepamypbt 1560 °G, pea,w ox11,aJ1coe1-t1-toa, 'f C2S npo­
mpae11,e1-t1-toe cnupnwebI-,It pacmeo po.1,-i H N 03, ompaJ1cen1-tb!ll caem, yee11,u"le1-tť!e e 335 paa. 

Puc. 2b. Mu1.porf3omoc"be.1,i1;a moi1, JIce c,uecu, moJ/.blW ee ,1teo1ie1-ino ox✓1,aJ1coa✓I,u, 'f C2S, 
iMgO, 8 C3MS2, -:i; pacn11,ae, yee11,u"1e1-tue e 335 paa. • 

v 

Puc. 3. Baeucu.1,1,ocmb pacmO!l,HU!I, .1,1,eJ1coy n✓I,oc1.ocm!l,.1,1,u C2S e c11,y"lae, 1,oeoa cl = 2, 7 4 Á 
u cl = 2.67 A, e aaeucu.1,wcnui om me,,inepamypbi.
= • pea-,;o ox11,aJ1coae.1,tbie o6paatfbt, li - ,1ieo11,enno ox✓1,a-:11coae.Mbie o6pa3l/bl, CuKa,
36 ,;V, 16 ,,iV, 1 °/.t,ll/.H.

Puc. 4. <J)omoc"be.1,1,-,;a 06paa4a, coc11w.<m1-e20 ua 91 % C31'1'1S2 u 9 % MCr, Iwc✓I.e eMoepJ1c1,:u. 
naepeea1-t-'I, 7 •tacoe, noJ1.y"leH1-ta!I, npu no,,wu1u aJ1.eiimpo1-moeo .1,w1ipoao1-ioa. 
4/191 "Cocmae", 11,u1-te11,Hoe yee11,u"1e1-tue e 465 paa. 
4/192 IIoeepxnocnuioe paa,Iteu1e1-me amo,,we Mg. 
4/193 IIoeepx1-tocmHoe paa,I1,euIenue amo,,ioe Cr. 
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