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The DHA method was used to investigate the sequence of reactions taking place in aqueous suspensions of 
mixtures of tricalcium silicate and gypsum, at heating rates of 1 to 10° C min-1

• The first product to form 
is crystalline hydroxylellestadite Ca10(Si04)a.(S04)a(OH)2, and after the calcium sulphate has been spent, 
calcium hydrosilicate CaSH1.s is produced. Extrapolation to zero heating rate shows that hydroxylellestadite 
can already form at a temperature of 95

° 0, and CaSH1.s at temperatures higher than 160
° C. The size of 

hydroxylellestadite crystals is larger by an order of quantity than that of CaSH1.s crystals, and this is probably 
the cause of decreasing mechanical strength with increasing proportion of hydroxylellestadite in the reaction 
product. 

INTRODUCTION 

Djabarov and Slatanov [1] showed that in auto
clave production of calcium silicate building mate
rials, the presence of gypsum in the initial mix re
sults in a decrease in strength of the final prod
uct. The same conclusion was reached by Takemoto 
and Kato [2] in their study of autoclaved materials 
based on Portland cement, where they convincingly 
proved the loss in strength to be due to the pres
ence of a crystalline phase having the composition 
Ca1o(Si04)3(S04)3(0H)2, which arises in the reac
tion mixture under hydrothermal conditions, and oc
curs in nature as the mineral hydroxylellestadite (fur
ther on HX). 

The presence of this phase in autoclaved (high
pressure cured) materials based on quartz and lime 
was also proved by Sauman and Vavrin [3] who inves
tigated the conditions for its formation and showed, 
that at a gypsum content in the initial mixture lower 
than 10 wt. %, the HX is only an intermediate 
product which eventually decomposes, forming tober
morite and anhydrite. 

The present study is concerned with utilizing the 
DHA method in establishing the sequence ofreactions 
taking place in suspensions of C3S and CSH2

1 during 
their heating up. The method has the main advantage 
of allowing the course of the hydrothermal reactions 
to be examined continuously, i.e. without using inter
ruption of the process by instantaneous cooling down 
(4, 5], as was clone by the earlier authors. 

EXPERIMENTAL 

Ma t eri a l s

Tricalcium silicate (further on C3S) was prepared 
from CaO and Si02 of AR purity. The triclinic 

1Use is made of the symbols C ... CaO, S ... Si02, S ... SOa 
and H ... H20 
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modification was identified by X-ray analysis. Gyp
sum - CaS04.2H20 (further on CSH2). Precipi
tated gypsum of AR purity was used. Hemihydrate 
CaS04.l/2H20 (further on CSHo.s) was prepared by 
dehydrating gypsum in an autoclave. 

Me t h o d

Differential hydrothermal analysis (DHA)- the ap
paratus and method were already described in ear
lier studies (4, 5]. The mixtures of C3S and CSH2 

or CSH0.5 were put into the DHA sample holder and 
saturated with water directly before starting the anal
ysis. Graphite was used as the reference sample. 

Re s u l t s  

The sequence of reactions taking place on heating 
·an aqueous suspension of 25% CSH2 and 75% C3S at
a water ratio of 0.4 is shown by the DHA curve in
Fig. 1.
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Fig. 1. DHA curve of aqueous suspension of CaS + 25 
wt. % CSH2. 
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Fig. 2. DHA curves of aqueous suspensions of C3S +

OSHo.s mixtures. 

The first endothermal peak represents the reaction 

CSH2(s) = CSHo.s(s) + 1.5H(l). (1) 

The exothermal peak at 180°C is due to the reaction 
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Fig. S. Relationship between peak height {h) in diagram 2 
and the gypsum content in the initial mixture. 

(240°C) peaks vs. the CSH0.5 content in the initial 
mixture (cf. Fig. 3). 

The peak onset temperature, indicating the for
mation of HX, is 170° C at a heating rate of 10° C 
min-1

. However, it decreases with decreasing heating 

l.5H(l) + C3S(s) + CSHo.s(s) =

= C10S3S3H(s) + 2CH(s) 

(2) rate, as demonstrated by Fig. 4. The dependence is
non-linear, but its extrapolation to zero heating rate
indicates that HX can form as low as at 95°C. The ac
tual temperature at which HX is capable of existing,
is probably still lower.and the last exothermal peak (240°C) is caused by

the reaction 

C3S(s) + l.5H(l) --t C3SH1.5(s). (3) 

The products of these reactions, obtained by the 
abrupt cooling method [4, 5] were identified by X-ray 
analysis and DTA. The C3SH1.s phase is formed as 
a metastable product. The effect of the phase com
position on the sequence of the reactions is demon
strated by Fig. 2 (The gypsum was replaced by hemi
hydrate, thus eliminating the endothermal peak of 
reaction (1)). 

The dependence of the composition of product on 
the composition of the initial mixture follows from 
the plot of the height of HX (180° C) and C3SH1.s 

Fig. 3 shows that in a mixture containing 25%
CSH2, all of the C3S was combined to form HX.
Theoretically, according to equation (2) the C3S
should disappear completely from a mixture contain
ing 25.3% CSH2 . At a CSH2 content higher than
25.3%, the hydrothermal reaction product contains
only HX, anhydrite and. portlandite, as has been
proved by diffraction analysis. The lath-shape and the
medium size of the HX crystals is shown in Fig. 5.

DISCUSSION OF THE RESULTS 

According to the phase diagram which was estab
lished by Takemoto and Kato [2] for the temperature 
of 235°C (Fig. 6), only HX and portlandite should be 
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Fig. 4. Relqtionship between HX peak height and the rate 

of heating r/, 

present in a �ture. with the ratio CS : CaS = 0.20 
(i.e. 25.3% GSH2 + 74.7% CaS) at 235° C. Fig. 3 in
dicates that reaction (2) was almost quantitative, i.e. 
proceeded until both initial components were spent. 

In mixtures containing a lower amount of CSH2, 
the phase dj.a,gr.am indicates formation of hillebran
dite (C2Sij) lq tact, however, the phase formed, de
scribed by Buckle [6], has the composition CaSH1.s 
and accot-0.ing to sbme authors should be stable up 
to more than 270QC. The dependence of the onset of 
the peak on tlur heating rate (Fig. 7) indicates that 
the CaSlI1.s phase rµay form as low as at 150° C. 

Figs. l and 2 show that HX is formed preferentially 
by reaction (?) �-0m, C3S. As the size of its crystals is 
larger by at lea$t one order of magnitude than that of 
the primary particles of CaSH1.s (Fig. 8), one can see 
the reason why the final products exhibit a decrease 
of strength proportional to the content of HX, or in 
other words the content of CSH2 in the initial mix
ture. No e:i;:planation has so far been provided for the 
increase in s�rength at low gypsum contents (up to 
3%), obseerved by Takemoto and Kato [2]. The cause 
may prq\)aoly be found in the fact that the authors 
studied materials based on Portland clinker, and not 
pure CaS. 

It should be noted that HX is formed even in cases 
when the so�- ions have been introduced into the 
initial mixture by some substance other than gypsum, 
for example FeS04, as demonstrated by Fig. 9. 

The prefer�ntici,i formation of HX prior to that of 
calcium hydrosilicates during the heating of lime and 
quartz mixtures is indicated to by the results of inves
tigations by Sauman and Vavrin [3]. These authors 
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studied mixtures in which the CaO:Si02 ratio was 
lower than unity in order to get into the composition 
region where tobermorite is stable at the given tem
perature (190°C). This composition belongs to the re
gion where HX is not a stable phase, as can be readily 
seen in the diagram in Fig. 6. However, it may form 
in the initial stage of the reaction, where only a small 
proportion of quartz has reacted and the CaO /Si02 

ratio in the reaction zone fits the existence region of 
HX. Eventually, of course, attainment of the state 
of equilibrium will bring about disappearance of the 
reactions of HX with quartz with simultaneous for
mation of anhydrite. 

s 

Fig. 6. Isothermal section through the system CaO-Si02-

CaS04-H20 at 235° C. 
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Fig. 7. Relationship between the height of peak of C3SH1.s 
and the heating rate ip. 
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Fig. 9. DHA curve of CaS mixture with 5% FeS04. 

CONCLUSION 

Heating up of an aqueous suspension of tricalcium 
silicate and gypsum leads to the formation of the hy
droxylellestadite from the temperature of 95° C up
wards. once the gypsum has been spent and at tem
peratures in excess of 160° C, the remaining tricalcium 
silicate is converted to hydrated calcium silicate hav
ing the composition C3SH1.s-

The decrease of mechanical .strength, associated 
with increasing content of hydroxylellestadite in the 
reaction product> which has been desribed by sev
eral authors, can probably be best explained to result 
from the difference in particle size of hydroxylellesta
dite and hydrated calcium silicate ( amounting to at 
least one order of magnitude) which forms under the 
given conditions. 
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HYDROTERMALNf REAKCE V SYSTEMU 
3CaO.Si02-CaS04 .2H20-H2 0 

VLADIMIR SATAVA 

Ustav chemie skelnych a keramickych materialu GSA V, 
Sokolska 38, 120 00 Praha 2 

Metodou DHA byl vysetfen sled reakd probihajidch 
ve vodnych suspenzich smesi trikalcium silika.tu a sa.drov
ce p:ri rychlosti ohfevu 1 az 10°C/min. Jako prvy pro
dukt vznika. krystalicky hydroxylellestadit Ca.10 (Si04 )a. 
(S04)a (OH)2 a po vycerpa.ni sirann va.penateho se tvo
fi hydrosilika.t va.penaty CaSH1,s. Z extra.palace na nulo
vou rychlost ohfevu vyplyva., ze hydroxylellestadit muze 
vznikat jiz p:ri teplote 95°C a CaSH1,s pfi teplote vyssi 
nez 160°C. Krystaly hydroxylellestaditu jsou fa.dove vet
si nez krystaly CaSH1,s, coz je pravdepodobnou pficinou 
poklesu mechanicke pevnosti s rostoudm podilem hyd
roxylellestaditu v reakcnim produktu. 

Obr. 1. Krivky DHA vodne suspenze smes{ CaS + 25% 
CSH2. 

Obr. 2. Krivky DHA vodnych suspenz{ smes{ CaS +

CSHo,s. 
Obr. s. Zavislost vysky peaku {h} v diagramu 2 na podz1u 

Ca.S04 ve vychoz{ smesi. 
Obr. 4-. Zavislost vysky peaku HX na rychlosti ohi'evu <p. 
Obr. 5. Krystaly hydroxylellestaditu. Sn{mek SEM. 
Obr. 6. Izotermn{ fez systemem Ca.O-Si02-Ca.S04-H20 

pri 2s5° c. 
Obr. 7. Zavislost vysky peaku CaSH1,s na rychlosti 

oMevu <p. 
Obr. 8. Krystaly CaSH1,s. Sn{mek SEM. 
Obr. 9. I<i'ivka DHA smesi CaS s pNmes{ 5% FeS04 . 
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Fig. 5. Crystals of hydroxylellestadite. SEM micrograph. 

Fig. B. Crystals of C3SH1,s. SEM micrograph. 




