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U Bing the conditicm j or an equilibrium of the solid Btate reaction and by 
means of Glausius-Glapeyron equation, an evaluation waB made oj the stability 

li mit oj Ca3Si05 in the P-T diagram in the pressure region of up to 0.8 GPa. 
The differential quotient dT/dP for the reaction Ca3Si05 - Ca2Si04 + CaO 
h as a Blope oj 550 K/GPa. The metastability region oj Ca3Si05 was verified 
experimentally. 

INTRODUCTION 

Tricalcium silicate, Ca3Si05 ( 3  CaO . Si02 = C3S) is the essential component 
•Of portland cement. At norma! temperature and under normal pressure it is
a metastable phase. In the literature, the bottom limit of the teinperature stability
region under normal pressure is given over a wide tempera ture interval from 1248.
to 1670 K [1-4] with the most probable limit value of 1525 K [l]. Below this
limit temperature, tricalcium silicate decomposes according to the equation

(1) 

The decomposition proceeds at a sn,tisfactory rate at higher temperatures only. 
'The slow decomposition rate at lower temperatures renders possible the occurence 
of a metastable form of 03S. The compound melts incongruently. An incongruent 
decomposition to CaO + liquid phase takes place at about 2423 K [l]. 

Within the metastability temperature range, 03S occurs in seven polymorphous 
modifications, which have been identified by X-ray analysio;;, microscopically 
and by means of DTA in three triclinic (T), three monoclinic (M) and in one 
rhombohedral (R) modifications [5, 6]: 

T 
893 K 

T 
1193 K 

T 
1253 K 

M 
1263 K 

M 
1333 K 1343.K 

R 1 +-� 2 � 3 +-� 1 � 2 +-� M3 � . 

All the polymorphous transformations are reversible with a low enthalpy of the 
transformation. The T1 <-> T2 inversion exhibits hysteresis [5, 6]. Some of the 
high-temperature forms can be stabilized by formation of solid solutions. The most 
extensive studies on the formation of 03S solid solutions and on limit concentrations 
of some oxide admixtures can be found in [6-14]. 

Crystal structure analysis of the triclinic form of 03S (T1) has proved that 
tricalcium silicate is a defined compound [15] and not a solid solution of CaO in 
Ca2Si04 [16]. The most significant structural data are as follows [15): space group 
PI, a = 11.67, b = 14,24, c = 13.72 X 10-10 m, ix = 105°30', f3 = 94°20', y = 90°, 
Z = 18, V = 2190.3 X 10-30 m3, Dx = 3.115 Mg/m3 • The structural formula 
can be written in the form: vnca6

VICa4s1VSi1sv101svo6
1vo(j(j, where the Roman 

numcrals left to the element designation indicate the coordination number of 
the respective atom. The Ca06 and Ca07 polyhedrons are irregular and joined 
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into a massive three-dimensional skeleton first of all by means of common edges. 
The SiO4 tetrahedrons are situated in the gaps of this skeleton. Ea.ch tetrahedron 
apex eerves ae common apex to further three or four CaO6 or Ca.O, polyhedra. 
Of the total number of 90 o:x:ygen atoms, 72 atoms comprise a component of the 
SiO4 tetrahed.ra. Each of the 18 o:x:ygen atoms belonging solely to calcium polyhedra, 
forms an apex for six Ca.On polyhedra. 

The present study had the aim to study the effect of pressure and temperature 
on phase stability of tricalcit:m silicate. 

EXPERIMENT AL 

The tricalcium silicate specimen employed in the high-pressure experiments 
had the quality of a standard (FRG). The high-temperature experiments were 
carried out with a specimen of C3S syntzetized from CaCO3 of A. R. purity and 
with Brazilian quartz at 1875 K (17]. The y-Ca2SiO4 used in the high-pressure 
experimente was of A. R. purity. Neither microecopic nor X-ray phaee analysis 
succeeded in identifying the presence of other polymorphous modifications [41]. 

The X-ray phase analysis of the specimens from high-pressure and high-tempe
rature e:x:periments was carried out on the Philipa PW 1050 apparatus using CuKoc 
radiation. The di:lfraction anglee of the indexed X-ray patterns were used for 
re:finement the lattice parametere by means of the least squaree method on the 
CDC 3300 computer by means of the POWDER program [18]. The high-pressure 
experimente were carried out in a "belt" type high-pressure appa.ratus with an 
interna! resistance graphite heating. Following compression, the C3S specimens 
were heated within several minutes in one or several tempera.ture cycles (thus pre
venting the chamber from overheating) up to the required tempera.ture. Following 
each cycle, the specimen was rapidly cooled by switching off the resistance heating, 
so that the specimen temperature fell from 1100 K down to 300 K within 10 seconds 
(Tahle II). The temperature measurement was indirect. The current density, 
calibrated at the known melting points of substances, allowed to determine the 
tempera.ture with an accuracy of ±10-20 K according to the height ofthe tempe
ra.ture being measured. In all the high-pressure and temperature experimente, 
the O3S specimens in the reaction space of the "belt" were sealed in a platinum 
tube provided with boron nitride stoppers (Tahle II). 

The high-pressure experiments with y-Ca2SiO4 were arranged similarly, but 
with a slower heating and direct specimen tempera.ture measurement under 
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Table I 

The effect of hea.ting on stability of Ca,Si05 under normal 
pressure 

Heating Time of 
Experi- tem pere.ture heating Decomposi tion 

ment 
T products 

No. 
T 

K T 

I 
1. 1270 0.5 traces uf CaO 
2. 1470 77.0 {3-Ca2SiO4 + CaO 
3. 1570 100.0 without decomposition 
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For pressures close to the normal pressure, the values of the slope dT/dP are 
obtained on substituting the following data: T = 1315 K, !).lleq = -7567 J/mole, 
I). Veq = -3.19 X I0-6 m3/mole. The slope dT/dP = 550 K/GPa, calculated by 
means of equation (4), passes approximately through points Peq , T evaluated 
by means of equation (3). This implies that the assumptions used in the processing 
of thermodynamic data [40] by means of equations (3) and (4) were correct. 
If we were to accept the value on equilibrium temperature under normal pressure 
(T = 1525 K) obtained experimentally, as a more justified one, the stability 
limit of C3S would then represent, in the lowBr pressure region, the line passing 
from point T = 1525 K, Peq = 1.0133 X 105 Pa (normal pressure) with a slope of 
550 K/GPa (full line in Fig. 2) .. 

The comparatively wide region of C3S metastability is further confirmed by 
experiments Nos. 7 and 8 (Tahle II), whwe for instance the X-ray experiment 
No 8 was carried out "in situ", and no decomposition of C3S occurred during 
2-months of oompression under extreme pressure and at room tempera.ture (Fig. 1).

CONCLUSION 

Using the condition for the equilibrium of solid phase reaction and by means 
of Clausius. Clapeyron equation, the stability limit of C3S was investigated in the 
P-T diagram in the region of pressures up to 0.8 GPa. Under the effect of pressure,
the equilibrium temperature of reaction Ca3SiO5 "'"- Ca2SiO4 + CaO is shifted to
wards the higher temperatureregion at a slope 11T/!J.P = 550 K GPa-1. This means
that a change in the direction of the reaction can be achieved in the temperature
range where synthesis of O3S takes place undcr normal pressure. Dicalcium silicate,
which results from the decomposition of O3S according to the pressure and tem
perature values, is only capable of crystallizing in the form of ,8-Ca2SiO4 , or
a.' -Ca2SiO4 , which is converted to /f-form on cooling down under pressure. In agree
ment with the structure field theory as well as with experiments, formation of
y-Ca2SiO4 is improbable. At lower temperatures and pressures, e.g. at 770 K and
1 GPa, and likewise under extreme pressures at room temperature, C3S is no
longer decomposcd owing to the slower kinetics of reaction (1), and the metastable
state of tricalcium silicate is retained.
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BJIIIHHIIE ,l];ABJIEHHH 11 TEMIIEPATYPhI 
HA <I>A3OBYIO YCTQfiq.HBOCTh TPHRAJihIJ;HllCHJIHRATA 

IOpaň CTpan;eJibCKII, <I>panrn:meR ranmi:, HBan Rarrpamrn <I>panTnmeR Kyrr•nrn* 

lfHcmumym Heop2aHU1'ec1.oií xUMuul{eHmpa xu.Muqeci.oao ucc11,eéfot1aHU.li CAH, 
842 36 Bpamuc11,aea 

* H ay'4.HO-ucc.11,eoo6ame.11,bc1>uií u11,cmumym nopoiui.oeou Mema11,.n,ypeuu, 
787 63 my.ttnep» 

C Il0M0mhIO ycJI0BlfH )l.i111 paBH0BeCHII peaKD;MH B TBep)lOH q,aae H ypaBHeHHII H:naycnyca - 
RnaueiípoHa paccMoTpeJIH HHlflHHŘ upe)leJI ycToŘqHBOCTH Ca3SiO, B P-T 1:i:uarpaMMe 
B 06JiaCTH /:laBJieHIIÍÍ /:IO 0,8 rlla c YRJIOHOM f1T/f1P = 550 flla-1. YcTO.ÍÍ:qHBOCTL H MeTa
ycToŘqHBOCTL Ca3SiO, :mcuepHMeHT8JibHblM rryTeM HCCJie)l0B8JIH rrpH )l8BJieHHHX /l0 8 r rra 
lI TeMrrepaTypax ;],O 1800 H. OKCIIepnMeHTaJibHbIM rryTeM 6bJJIO /:I0Ra3aHO, qTo AeHCTBll0M 
)l8BJieHHII M0lflHO /:IOCTHqb B o6JiaCTl1 TeMrrepaTyp, ROrµ,a rrpoHCX0AHT rrpn HOpMaJibHOM 
/:18BJieHHH CHHTe3 Ca3SiO,, ll3MeHemrn HarrpaBJJeHHII Il KIIHeTHKII pea1rn1m. 

Teopeni:qecRII H :mcrrepHMeHT8JlbHb!M rryTeM Ób!JIO A0Ka3aHO, qTo /:IHR8JibD;HllCHJIHR8T, 
06paayIOnu1ií:c11 rrpn pacn aAe Ca3SiO,, B aanncnMocT11 oT BemPIUHhI HcrroJib3yeMbIX µ,aBJie
BHII H TeMnepaTypbI, MOIBeT Kp11cTaJIJIH30B8Tb TOJ!hIW B BH)l;e /3- HJIH oť-Ca2SiO., K0HBepn1- 
py10mero rrpn 0XJI8lR)leHHII II0)l )l8BJieHirnM B /3-q,opMy . 
Puc. 1. llpe8e.n,b1 ycmo a„ueocmu Ca3SiO, e P-T 8ua2paMMe. Toq1.u ( +) 02paHuquea10m 
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no11,e ycmouq,ueocmu Ca,SiO, c noMOUfblO paeH.06eCH020 ypae11,e11,u.1i (3). l'1rno11, w.mpu
xoeou npR,,11,ou, npoxo8m4ei1 qepea moq»u ( +) npe8cma1uw1em co6ou 8uljifJepeHlfUaab
Hoe .,,acm11,oe dT/dP, ycmaHoe11,e11,11,oe c noMOUfblO ypaeHťHUA (4). Cn.1tow11,aA AUHUJJ,, 
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napQ,,/J,,/1,MbHaA c y1-11,0H.0M dT/dP, ucxoaum ua nyH1.ma Tcq = 1525 H, Pcq = HOp
MMbHoe éJa,u,eHue, -,.omopbiu 6b111, ycmaH.o6MH. a1-cnepuMettma11,bAl-lb/.M nymeM. Ilo.11,Hwe 
1-py:HC'f:U 06oa11,a1ta10m ancnepuMeHmw, npu nomopb1X npoucxoéJH.11,0 paa11,o:J1CeH.ue Ca3Si01, 
noAl-lbte i.py:HC1-u 06oaHa1ta10m ttepaa11,oJ1CettH.yro <jiaay Ca3Si0, u 6e.110-"lepHble npy:H<:1'U -
Ca3SiOs e Memacma6UJibH.OM cocmo,muu. 

VPLYV TLAKU A TEPLOTY NA FÁZOVÚ STABILITU 
TRIKALCIUMSILIKÁTU 

Juraj Straoelský, František Hanic, Ivan Kaprálik, František Kupčík*) 

Ústa.v a.norga.nickej chémie Centra chemického výskumu SAV, 842 36 Bratislava 
*)Vý8kumný Ú8tav pro práškovou·metalurgii, 787 63 Šumperk 

Pomocou podmienky pre rovnováhu reakcie v tuhej fáze a pomocou Cla.usius -Cla.peyronovej 
rovnice sa vyhodnotila dolná hranica stability Ca3Si05 v P-T diagrame v oblasti tlakov do 
O.S 0Pa. so sklonom AT/AP= 550 GPa-•. Stabilita i metastabilita Ca3Si0s sa experimentálne 
vyšetrovala pri tlakoch do O.S GPa a teplotách do 1800 K. Experimentálne se. dokázalo, že účinkom
tlaku je možno dosia.hnut v oblasti teplot, kedy dochádza za normálneho tlaku k syntéze Ca3Si0,,
zmenu smeru a kinetiky reakcie.

Teoreticky i experimentálne sa dokázalo, že dikalciumsilikát, ktorý vzniká pri rozklade 
Ca3Si05, v závislosti na hodnota použitého tlaku a teploty, móže kryštalizove.t len vo forma 
p. alebo a:'-C82Si04, konvertujúci pri ochladení za tlaku na {1-formu.

Obr. 1. Hranioa stability Ca3Si05 v P- T diagrame. Bady ( +) ohraniéujú pole stability Ca3Si0, 
pomocou rovnooá!nej podmienky (J). Sklon čiarkovanej priamky, pruhádzajúcej bodmi ( + ), 
je diferemiálny kvocient dT/dP, určený pomooou rovnice (4). Plná čiara, rovoobetná BO 
11mernioou dT/dP, vychádza z bodu Teg = 1525 K, Peg = normálny tlak, kto,ý bol zi,de"!Í 
�perimen-tálne. I'rázdne krůžky omaéujú experimenty, pri ktorých na8tal rozklad Ca3Si0s, 
plné krúžky reprezentujú nerozloženú Jázu CalSi05 a biela-éieme krúžky Ca3Si0, 11 meta•ta 
b-ilnom atave. 
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