
TILrmdclid& m4 m (1977) 237-247 
@ Elsevim Sciadic Publishing Company, Amstdam-PrinkdinThcNc&haiands 

THERMAL DECOMPOSITION OF a-DICALCIUM SILICATE HYDRATE* 

A. WC 

Resmv& Inzritvrc for MarcrinLt ad Gms~~~fiims, 6liXW I.jubi&a~ ( Y~oda~iiz) 

(Raxha3 9 Dcamba 1976) 

By hydrothermal treatment in saturated steam at 180% for 24 h relatively 

pure a-C$H was obtained from lime-quartz mixtures, from p-C& and from y-C& 
On heating IOO-mg samples at 6°C min-‘, the main dehydration of z-C$H takes 
place between 330 and 500°C. In this temperature range, an endotherm at 460470°C 

is characteristic for the DTA cume. Both temperature (395-450°C) and intensity 

of a second endotherm depend on the starting materials used for the synthesis of 
a-C$H_ Considerations pertaining to the course of the dehydration show that in 
various samples the water binding is not equally strong so that the composition of 
the sampIes cannot be directly calculated from the 380-500°C weight loss. On de- 
composition, z-C~SH converts into y-C& during which process the formation of an 

intermediate phase was conlirmed. The disaccord of literature data on thermal de- 
composition of a-C2SH is probably due to different preparation of sampIes examined 
by various authors. By heating a-C2SH to 1000°C and by cooling the calcined product 
to room temperature, j?-C,S can be obtained_ 

Alpha-dicalcium silicate hydrate was first found by Thorvaldson and Shelton’ 
in steam-cured Portland cement mortars at about 150°C. Many investigators have 
con&med the possibility of its formation from a wide range of starting materials 
under hydrothermal conditions at temperatures between 100 and 2CKl°Cz-21, Accord- 

ing to Lea** and Taylor, a-C,SH is most reproducibly obtained by hydrothermal 
treatment of j?-C2S at 140-160°C for about 14 days, The formation of a-C$H can 
be considerably supported by the addition of seed crystals to the starting materia124*25 

* Prescutai at the Isz Enropcpn Syhpwsbn on 7Gnnal Andjris, Sofor~ J!Gzghd, Skpfember 20-24, 
1976. 
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as well as by the presence of excess calcium hydroxide or alkalis4 in reaction mixtures 
treated at tern- up to about 180°C. A higher water/solid ratio, the stirring 
of the reaction mixture during the hydrothermal treatment, and the use of fmhly 
hydrated lime also favor the formation of a-CzSH1 A synthesis of larger amounts 
of z-C$H from lime and quartz has been reported, its products containing M-20% 
of unreacted Iime’ ‘- According to Taylo?, the formation of a-CzSH from the Iime- 
siIica mixtures occurs through the intermediate formation of an i&rystallized Iime- 
rich phax. Under favorabIe conditions, a-C,SH crystalIizes relatively weU. Its crystal 
structureiscomposed of Ca*+, (HSiO,)-and (OH)-ions making uptheconstitutio- 
nal formula Caz(HSi0,)(OH)3_ CjS ratio of a-C=SH has been suggested as variabIe26_ 

In practice, a-C$H may be found in large amounts in Portland cement pastes 
containing s&a in the amount from 0 to 20% of total binder, when they are treated 
hydrothermally above IOO”C_ Although strongly crystallized, a-C,SH is a weak 
bind&S Consequentfy, the presence of a-C,SH in autoclaved calcium silicate 
products lowers their mechanical strength and is therefore gene&y not desiredlO* 13= 
z6- =*_ On the other hand, a-C$H has little tendency to shrink when dried or car- 
bonated and an idea subsists that investigators especially need to examine the C/S 
mole ratio in the area between 2 and 3 in the range from 100 to 1703C. In this way 
products marked by useful strength and volume stability characteristic may be ob- 
tained. Some investigations in this direction seem to have been performed al- 
*dy’& 2631 

According to several authorsL6- *K 32* 33, for the DTA curve of r-C2SH au 
endotherm at 4704SO°C is characteristic, which is somelimes slightly divided32_ 
Some authors observed sporadically an additional, less pronounced endotherm at 
430°C?6. Similar results but lower temperatures have been reported by other authors 
(460-C and 410°Cu, 430°C and 350°C’B, rtspcctively)_ 

In the range of these cndotherms, the thermogravimetric curve of a-C2SH 
shows a sharp loss in weight, which is due to dehydration of thiscompound- According 
to Lea’* and TayIop3 unoriented /3-C2S is formed at static dehydration in air at 
about 4W-450°C_ Gamute and Chromy report similar resuIts”, whereas according 
to Butt and his coworkers4 the decomposition of a-C2SH at these temperatures 
proceeds over an X-phase which conwzrts into y-C2S at 500°C 

The present work has been carried out on account of the importance of a-C$5H 
for the industry of autoclaved calcium silicate buikiing products_ It has been supported 
by various data on the thermal behavior of a-C,SH. 

For the synthesis of a-C,SH four original starting materials were chosen, 
dy hyd=M lime (H.L.), calcined lime (CL). quartz flour (Q)* and y-C$(l)- 

y-C2S was made by calcining a homogenized mixture of H.L. and Q (molar 
ratio C/S = 2,O) for scverai hours at 145W’C_TheX-ray analy&srevcaled thatfl*S(l) 
contained only a few per cent of the @-form_ Chemical analyses of these starting 
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TABLE I 

ST- MA- A??YsEs (y/o) 

- H-L. CL Q ?G.s~~ 

Siot 0.04 020 995 - 343 
Al& 0.09 0.1 O-16 028 
Ft%OZl O-06 0.95 0.04 0.01 
CaO 695 915 O-01 6+3 
we 0.8 0.8 co_01 03 
Kro 0.02 O-03 a O-17 
Na@ O-01 O-01 l OZZI 
S<k O-56 O-31 * <o-s 
Cot 28 I-o6 = = 
Ignition loss 27.2 4.81 0.25 0.18 
Su5-f~ arra. @In= g-q 5050 747e 8930 

= Not dcfutnined_ 
b Value for HJ_ obtained by hydraticn of CL 

TABLE 2 

SAMPLE PREPARATKW 

SMlplC 
NO_ 

Compsifion of srariing mirture 
tcis = 2.D; z;& a-C-&H aaUed_J 

CL_ -ir Q from TabIe I_ 
H-L_ + Q from Table 1. 

._ 

P-G%0 made by cakining Y-C&(~) for 20 h at 1ooO”C. 02; 
EMh added as hot ww solution of I&Bose 

W-S21 made by calcining Sample 2 for 2 h ar 1000°C 
j?-Css(3) made by cakining Sample 1 for 2 h at 1ooO’C 

from Table I_ 
made by calcining Sample 2 for 2 h at 654PC 

cf_ Table I 
c% Table I 
6300 

54im 
7100 
4700 
6200 

materials are shown in Table 1. As can be seen, they were commercial grade, but of 
appreciabIe purity_ 

The preparation of starting mixtures is explained in Table Z Seven different 

500 gram samples of a-C$jH were synthesized by hydrothermal treatment of these 
weI&homogenized starting mixtures in saturated steam at 180°C for 24 h appIying 

a water/solid ratio of 8,0. After autoclaviug, the suspension was fikred by means of 

suction and the solid product was dried overnight at 150°C. 
High-temperature powder patterns were taken on a Guinier-Lenni camera 

(Enrof-Nonius] at a heating and cooIing rate of 2°C min-‘, respectively_ A high- 

temperature attachment (Anton Parr, KG.) was put to a Phiiips goniometer apparatus 

$ n order to follow high-temperature changes isothermally or in shorter periods. in 

both cases CuKa radiation was used_ 
Simultaneous DTA-TG-DTG curves were obtained on a Mettkr Thermo- 
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TABLE 3 

A.NALYllCAL DATA DN - 

=mJk 

NO- 

1 
2 
3 
4 
5 
6 
7 

-- X-iqy&ra srafna area 

Fi-u Grro l-%1 cot P/o) c+s Cm fanf&T’J 

242 126 0 
2aO 
OS 

:z 0 s 
3 

0.30 oh2 1 z 
0.15 O-73 7100 
0_15 0.63 

i-7 
4700 

0.45 263 2 62.0 

Llh&.JLb . _ 
20 25 30 35 40 t; 50 

2e-c 

FigI-x-raydifcaubpattamofsampks1-7. 

anaIyzr_ 10CLmg samples were heated in dry air at 6°C Knin-’ from roe+ temperature 
to 950°C. Tht same qtlantity 0fcaIcincd aIumina served as rkf- material. 

Fmhcr characttriration of ~amplcs consisted of dhminations of the free 
Ihe cox~t.ent?~, of the Co, cmtmt (Westhoff), and of the suxfhcc area (Blake). The 
content of ullftacfed B_ and fiS, rcspa&vcly, was e&mated by X-ray &fhction 
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using the method of known additions. TabIe 3 represents a summary of data on the 

examined samples; Fig. 1 shows their X-ray diffraction patterns in the range from 
I5 to 50” 2 6. 

TABLE4 

SompL 
No. 

Toad 

OS 8Jo 1.05 1.05 O-45 11_60 
1.15 8-15 I.05 1.50 OJO I235 
OS0 6S3 1.55 0.30 0_25 9.10 
O_lS 820 O-80 0.45 0.40 lO_oo 
025 8-15 0.75 OS0 050 10-05 
130 7.70 O-70 O-65 00 10-85 
I_15 6.15 080 225 O-65 11m 

Peak m&n 

38%5?W"C 
[u&s) 

308.8 36.33 
286.0 35.09 
254.2 39.1 I 
340-4 4151 
311.6 38-16 
306-6 39_82 
222-O 36-10 

100 200 300 400 500 600 700 800 900 

Teribperatun PC 1 

Fig.2 IGames ofsampks 1-7. 
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On Figs. Z-4 DTA-TG-DTG curves are shown for samples l-7, Table 4 
represents a summary of quantitative data resuhiug from these curves. 

As can be sum from Fig. 2 and Table 4, the main weight loss of all sampIes 
takes place between 380 and 500°C In the rauge between 660 and 76OOC cluyes 1, 
2 and 7 show an additional well-pronounced weight loss which is proportionaI to the 
content of CO, iu the samples (cf Table 3) 

Figure 3 and Table 4 show that the temperatures of the main endotherm rauge 
between 460 aud 470°C, whereas the intensities and the temperatures of the smaher 

endotherm dcpcnd on the sample investigated. When a-C$H is synthesized from 
7-C& the temperature is about 400°C and the endotherm is only poorly expressed 
(curves 6 and 7)_ Wheu syuthesiziog from B_clS, the temperature of the endotherm 
remains almost the same but its intcusity becomes stronger (curves 3, 4 and 5) 
When syuthesiziug from Iime and quartz, the temperature of the endotherm moveS 

to higher values (curves I and 2). An additional cudothcrm (shown on curves 1 and 2) 
appears at 480°C; it is attributed to the thermai decomposition of caIcium hydroxide 
which is a component of Samples 1 and 2 (cf_ Table 3) 

From Fig_ 4, it fohows that the course of DTG curves in the range between 

350 and 50°C is quite simiIar to the course of DTA curves. Consequently, thermal 
effects can be at least substantially attributed to thermal decomposition_ This view 

cau be substantiated by dividing the DTA peak area with the corresponding weight 
loss (TabIe 4), where-within the Iimits of error--satisfactory constant values cau be 
Obxrved, 

For further quantitative consideration some helpful stoicbiometric CalcuIations 

can be made use of. Their rest&s are presented in Table 5, Column 2 represents the 

Temperature [‘C_l 
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100 200 300 400 SO0 600 700 800 900 
,’ _ ‘ . 1 , s . ‘ & ‘ . f . . . . 

- 6 

r 7 

t ,1s,_,.* 

100 200 3&l 400 Sib 
1 I . 

7&l 
, I . * 

600 800 900 

Temperature PC) 

Figw4.DTGcurvcs ofsampIcs I-7. 

TABLE 5 

IbWOStTM VALUES DERIVED FRoMTABLEs3As~4 

1 8437 
E 

a-73 O-83 9393 LOI? OS 
2 8.51 0.88 91.62 1.09 095 
3 87.39 8.61 9.04 -0.43 %.W 0.94 0.71 - 
4 88-04 938 9-11 027 97_42 I-03 O-89 
ii iii-z 

83:79 

IO.17 927 9.11 8.47 O-16 L-70 EE 1.19 l-01 O-90 OS8 

7 823 8.67 -0-44 92cc 0.94 0.70 

1 2 3 4 5 4 7 8 - 

percentage of C,S after subtracting its mxeackd part, -(OH), and CaCOs (derived 
from Table 3). Column 3 was obtained by subtracting from the total weight loss 
(Table 4) the CO2 content and the amount of water bound to the free lime (JkbIe 3)_ 

Column 4 indicates the amount of water that should be bound to C,S (column 2) in 
order to yieId the theoretical composition of or-SE Column 5 needs no special 
comment_ Column 6 represents the sum of columns 2 and 3, from which also data 
on the composition of C$H, (column 7) are derived- Column 8 contains the same 
data as column 7 except tbat the weight loss from 25 to 500°C (Table 4) was chosen 
for H, in C$H, . . . 
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TABLE6 -. 

I 830 520 
2 390 870 520 
3 400 870 410 
4 420 830 54Q 
5 420 860 480 
6 410 880 
7 390 840 

28--c 

Fit 5_ x-ray diihction pcutems of !sampks 1-7 at mO”C 

Table 5 shows that SampIes 4 and 5 are the ones that are most close to the 
theoretical composition of C&GH; they are also very similar with regard to the course 
of their tbcrmai decomposition (Table 4)_ Although SampIes I-3, 6 and 7 are of 
appreciable purity, their loss of water proceeds sonxwbat diiierently flable 4)_ This 
is espe&IIy true for Samples 3 and 7, where an extraordinarily low weight Ioss can 
be noticed in the range between 380 and 500°C, Obviously, the water binding ti 
difkent samples is not equally strong- As a consequence of thiq even synthetic 
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TABLE 7 

X-RAY Dm DATA OF SAMPLES HEATED TO 500°C 

Observed w&h sang&s Ddafor F-G-S 
3,4,Sd7 from rrf: 23 

d CA, I d (A, 

4.67 VW 4.65 
3.42 W 338 
320 VW 3.18 
282 =b 2794 
263 ms 2609 

W 

219 W 2189 
200 W 1.984 

192 W 1913 

I 

W 

W 

VW 
vs 
s 
W 

S 

m 

W 

3 0 2 4 6 8 10 n 
Time ms) 

Fig.6. Arcasundcrthed= 282 A r&don in rdation to heating tanpcraturc for Sample 3. 

Fig_ 7. Areas under the d = 282 A r&action in relation to heating time for Sample 3. 

a+SH does not seem to be a perfectIy defined substance, a fact which is commonIy 
observed with other synthetic hydrated c&urn silicates. 

The resuhs of high+xqxrature X-ray powder diffi-action examinations are 

summarized in Table 6, On heating the di&aetion pattern of zZ&H disappears 

at about 400°C and weak reflections of y-C2S can be observed. On further heating, 
these reIIections become more intense until in the range from 830 to 880°C the 

conversion into z’GS (brexiigite) occurs_ On cooling-at 540°C or beIow--&-C& 

converts into /I-&S which remains unchanged even after prolonged storage at room 

temperature. This Iow-temperature stability of fl-C,S can be attributed to its micro- 
cays@Iinity on account of rcIativeIy iow caIcining temperature rather than to the 
stahiIizing eI&$ of impurities 

Figure 5 shows diffraction patterns of Samples l-7 taken on the goniometer 
apparatus at 500°C. Besides the refIections of undecomposed r-(;SH and of&S 
formed, additional reflections denoted as X can be observed on patterns 3,4,5 and 7.. 
As can be seen from TabIe 7, these reflections are very close to some reflections of 

@+S occurring in this anguIar range. However, by plott&thezca under &e re- 
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ikctiox~ X at 31,70° 2 6 (;a = ~$2 A) wrsus temperature, Fig- 6 is obtained for Sample 
3, and when that area is plotted nrsns time during the isothermat treatment at 460 

_apd 50OOC, respc&vcI~, Fig. 7 is acquire& From Figs, 6 &d 7 it c& he &u@uded 
that on proIo&d heating the content of the inteqnediate phase decreases- For these 
reasons the present .authors:are’not sure that the intermediate phase is _actGIIy 

~&AsonproIongcd hcatingtherefi~ons of y-C$Sbecmnemorcf~ itcan 
just be inferred that *J-c2S is the finaI decomposition product of a-C$W. . 

Due to the Ii&ted sensitivity of the apparatus it was not po&%Ie to state 
whether or not the formation of the i$crmedia~ phase took @ace during the heatig 
process of Samples 1, 2 and 6, NevertfIelcss it can be q&tativeIy conchided that 
the amount of the phase formed depends on the starting substances that are used for 

the prepamtion of a-C,SH. _ 

The authoti are indebted to Dr_ P_ Bukovec who provided the simuitaneous 
DTA-?_G-DTG anaIysis, and to Mr, F_ BaIcuIa for technical assistance. 

This study has been supported in part by the Researc h Community of Slovenia. 
The results -arc pubIishcd by kind permission of the Building Mater&+ industry 
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