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ABSTRACT 

A thermal analysis study of the effect of CaCl,, CdI, and CrC13 on the 
hydration reaction of 3CaO-SiO, (C,S) was performed. The model suggested is 
derived from both the thermoanalytical studies and the infrared spectra. 

XKlRODUCTION 

The hydration of Ca3Si05 (C,S) with CaClt, CdI, and CrC13 as admixtures, 
reported here, was studied by differential thermal analysis (DTA) and infrared 
spectrometry (IR). Both methods allow the follow-up of the hydration process for 
periods varying from ene day onwards. 

The thermal behavior of hydrated C$ alone’-’ and with varying amounts of 
CaCI-,3*4 has been reported by Ramachandran. C3S exhibits a reversible transition at 
about 915°C from which the degree of hydration could be estimated_ The accelerating 
effect of CaClz was aIso demonstrated using this technique, but it was shown that 
different amounts of CaCl, affect the hydration rate differently at different stages of 
hydration. For thirty days the extent of hydration in terms of estimated Ca(OH)2 was 
in the order: C,S+ 1% CaCI,>C3S +O% C&i, >C,St4% CaCIz. It was shown 
later’ that the optimal percentage of CaCI, was 2%. SkaIny et aL6-’ studied the 
addition of both Cat& and alkali carbonate on the hydration of cement minerais. 
While the DTA curves of C,S before hydration are comparatively complex’, those 
for hydrated C3S are simple, showing in fact, two prominent peaks: one for the 
dehydration of CSH**, at lower temperature and the other for Ca(OH)2, at higher 
temperature. 

Infrared spectroscopy finds an extensive use in qnal-itative analysis of organic 
compounds_ Recer.tly, this methcrd has been adapted for studies on morphoIogica1 
structure of minerals, and can be used for the analysis of cement minerals and 
Portland cement, and for the study of the development of the corresponding hydration 
products. 

*In partiaI fultillmeut of the Ph.D. degree of the Hebrew University. 
-CSH = calcium silicate hydrate (tobermorite gel). 
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MidgleF’” has shown that the IR absorption spectra of the main constituents 
of Portland cement were well established and sufficiently different to allow anaIysis. 
These IR curves, published for the first time, were similar to those which had been 
found by Hunt ’ x _ A similar study was recently reported by Henning and Kaessner’ 2. 

Data for cement mineraIs were reported by Lchmann and Dutz’ ‘, ivxb, 
Roy’ ‘, Paredes et al-l6 and Vaqxz?‘. Baron and coworker” studied hydrated 
cements and clays, concentrating on the water and hydroxyl vibrations, and Cornell 
and Cottelg measured the moisture content of cements, using IR. 

The aim of this work was to study the effect of various inorganic salts as 
ad.mi_tures on the hydration of C,S both by DTA and IR_ 

Marerials 
A stoichiometric mixture of C&O3 (AnaIytical Reagent, Malinckrodt) and 

precipitated SiO, (BDH Laboratory Reagent) was repeatedly heated to 1550°C unfl 
C3S containing prac=iulIy no free CaO (by X-ray analysis) was obtained. The C3S 
was mihed to pass a 200 mesh sieve and had a surface area of 1330 cm2 g- ’ (Blaine 
method)_ 

/3-C2S was obtained in a simiiar way, by heating the stoichiometric mixture of 
CaCOs and SiOz to 1500°C for 24 h. The formation of 7-C,S was avoided by adding 
small amounts of Na2C03 to the mixture before heating. The admixtures used were: 
CaCl,, Cd12, and CrCI, (A-R_ BDH Laboratory Reagents). 

Preparation of samples 
- 5 g of silicates were treated with 2.5 m! of the appropriate solutions, and with 

pure water (for comparison) at a temperature of 22°C (+ 1). The pastes obtained were 
separated into merent vials which were tightIy stoppered and kept at a temperature 
of 22°C (&- 1). 

The hydration process was stopped at various stages, by breaking the “stone”, 
grinding it and washing the powder obtained, several times, with cold acetone and 
storing it under vacuum- The soIutions for hydraticn were 0.36 M of CaC12, G-Cl3 
and CdI,_ 

Melhods of incesrigation 
DTA cures were obtained by a MettIer thcrmoanalyzer I. The rate of heating 

was maintained at 10°C min- l from ambient temperature to 1000°C in a stream of 
dry nitrogen (5 I h-l). The weight of each sample was approximately 200 mg. The 
sensitivity was 50 ~V/reuxder span. 

The ICBr disk method was used for IR, 2 mg of the sample were ground with 
200 mg of dried KBr and the disks were prcduced by vacuum die and under a 
pressure of 9 ton cm- 2. 

A Perkin-Eimer 457 grating infrared spectrophotometer was used, with a pure 
KBr disk in the reference beam. 
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RESULTS AND DI!XUSIDN 

There are two points to stress when discussing the DTA curves. First, there are 
two endothermic peaks in the thermogram of hydrated cement mineral: the dehydra- 
tion of CSH shown by a broad shallow band peaking at ca. 130°C for a11 sampIes, and 
the dehydration of Ca(OH), which is given by a sharp peak at ca. 500°C Second, the 
dehydration of Ca(OH)* does not appear at a constant temperature but shifts to 
hi&er temperatures with age_ This shift is closeIy associated with the degree of 

hydration; the higher the degree of hydration, the higher the temperature in which 
Ca(OH), decomposes. In the neat sample (Fig. I) the run for 5 h shows a peak at 
445°C which shifts to 490°C after one day and continues to shift, reaching 520°C 
after 22 days (remaining constant thereafter). In the C,S with CaC12 as admixture 
(Fig. 2) the peak reaches 510°C already after one day, thus dispiaying an advanced 
stage of hydration, and shifting to -520°C after 28 days. 

Y 123456789~ 

Fig. 1. Thermogram for neat CS-Hz0 system. 

Fig. 2. Thermogram for C&CaCl-Hz0 system. 

This dramatic phenomenon has hitherto not been reported in thermal studies 
dealing with cement. The behavior of Cd12 and CrC& is similar (Figs. 3 and 4): a shift 
from an initial 475 “C in Cdl, and from 480°C in G-Cl3 which also reaches -52O’C. 
Thus, both CdI, and CrCl, appear to accelerate the hydration as compared to the 
neat C$ but CaClt surpasses them all. This technique enables a fast and neat meihod 
for detecting semi-quantitatively the effect of various ackktures, on the developmen; 
of the hydration reaction. This phenomenon cannot be explained only on the basis of 
the higher content of Ca(OI-I), for the different ages, because the peak remains 
constant after -22 days and does not continue to shift although more Ca(OI-& is 



being formed. We would like to sugest that the effect may also be connected with the 
existence of differently bonded forms of the Ca(OH)2: for short hydration periods, 
the Ca(OI-& forms on the surface of the C,S particles and with time it diffuses into 
the bulk_ A h&her temperature is needed to decompose this “bulk” Ca(OH&_ 
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Fig. 3. Thermogram fbr C+Cd12-Hz0 system. 

Fig. 4. Thmogram for C+CtCI;I-H20 system. 

The two dry minerals: &XaO-Si02@C2S) and 3CaO- Si02(C3S) show no 
IR absorption between 4000-XKKI cm-’ thus proving their complete initial 
unhydrated state. In the valezy vibration region, IOOCI-800 cm- ‘, there is a difference 
between the two minerals: both show a wide complex absorption exhibiting four 
maxima but those for C,S are located at lower wave numbers; the deformation 
vibrations, practically the same, are located at -510 cm-’ for jLC,S and at 
-515 cm-r for C3S. 

After hydration two main regions of absorption ckarly appears the Ca(OH)2 
and associated OH vibrations at -3650 cm-’ and the SiO, regions IO004300 and 
-500 cm-‘- In comparison to the dry &C2S one sees the appearance of the “OH” 
already after S h of hydration and its growth with time up to 8 days, its maxima being 
located at - 3640 cm- ‘_ Overlapping with this sharp band there appears a broad one 
due to associated “OH- in the region 3700-3200 cm- ‘. Further hydration of B_C2S 
to 28 days does not materially change the picture. SimultaneousIy with the formation 
of Ca(OH& there is some formation of CaC03 (broad shalIow absorption 15CMK 
1400 cm- ‘). Both the valency and the deformation vibrations show a loss of in- 
tensity’ 3 with the progress of hydration (Figs. 5a and b). On the other hand, there is a 
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Fig. 5. IR spectra of&&S-water system. (a) 
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Fig- 6. IR spectra of neat C&water system. (a) 4000-2000 cm-‘. (b) 2000-250 cm-‘. 

continuous growth of the Ca(OH), band for the hydration of C,S with age (Fig. 6a). 
Near the CaC03 region, the appearance of the deformation vibration (vZ) of the H,O 
at ~164Ocm-’ can be seen in contrast to its only very vague appearance in the 
hydrated /3-C2S, and thus shows the much slower hydration of /3-C2S. In the valency 
region one sees two effects: the loss of intensity coupled with a shift of the maxima to 
longer wave numbers. 

These effects are caused by the low crystallinity of the C-S-H gel formed and 
the association of the icitial SD, tetrahedra to larger structures. The loss of intensity 
of the deformation band-region is far more noticeable here than for &CzS (Fig. 6b). 
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These results, concerned with the hydration products, are in good accord with results 
obtained in this laboratory using SEM techniqueszO_ 

The influence of various inorganic salts on the hydration of C3S was studied by 
many other techniques (DTA. TG, SEM and strength development) and it was useful 
to study this phenomenon by IR as well. For all three admixtures used, the ca(OH), 
and associated “OH” bands appear, being especiaIIy intense in the case of CaCI,. A 
clear sharp Ca(OH), band appears after 1 day (for CaCl,) and the associated broad 
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Fig.?.IR spectra 4MKbXOOcm-*. <a) CS-CaClrwater system- (5) C,!GCdI,-water system. 
(cl c+CrCl,watcr !systcm. 
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Fig. 8. IR spectra 2OEX!SO cm-‘. (a) C,S-CaCl,-water system. ($1 C3S-CdI~-wata 
(c) c,s-CrCI~-waler systcLn~ 

system. 
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“OH” band is more intense for the samples with admixtures as-compared to the neat 
mineral (Figs. 7a-c). In the second region, a similar effect of loss of intensity and shift 
of location of the SiO, bands seen for the neat C,S is apparent (Figs. 8a-c); The 
maxima for neat dry C,S is located at -935 cm- ’ and it shifts to -975 cm-’ for 
all the samples after 28 days hydration: After one day’s hydration, however, the 
maxima for neat C,S is barely shifted; on the addition of CdI, and CrCI, it is shifted 
to -950 cm- ’ whiIe the addition of CaCl, shifts the maxima to -965 cm- I. This 
phenomenon again demonstrates the well-known accelerating et&et of CaCI, on the 
hydration of cement minerals and Portland cement. 

In conclusion, DTA and IR afford simpIe and reliable methods for evaluating 
the effect of various inorganic admixtures on the hydration process of cement 
minerals. The model for the structure of Ca(OH),, derived from DTA, is com- 
plementary to the model for the structure of the C-S-H as derived from IR_ 
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