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Abstract  

Synthetically prepared calcium dialuminate samples were subjected to the hydration process at room temperature for 
different periods of time. Hydrated products have been identified by DTGA techniques. The thermogravimetric method has 
been applied to obtain dehydration rate curves in the 100--400°C range and formal first-order kinetics have been followed. The 
activation energy values of the dehydration reactions have been determined by studying the thermal stability of the hydrated 
calcium dialuminate. © 1997 Elsevier Science B.V. 

1. In t roduc t ion  hydration rate and strength development of  CA2 can 
be accelerated by autoclaving or using reactive addi- 

Calcium aluminate cements continue to be the most tives which does not affect its high-temperature prop- 
important hydraulically setting cements used for erties. It has been suggested [7] that the activation 
bonding refractory castable. The major hydraulic energy values of  the hydration of  the hydrated calcium 
phase in all the commercially available calcium alu- aluminates may be utilized in explaining the stability 
minate cement is monocalcium aluminate (CA; of  hydrated compounds. In the present investigation, 
C=CaO,  A=AI203).  Calcium dialuminate (CA2), dehydration characteristics have been studied by ther- 
although considered to be only a minor constituent, mogravimetry and the activation energy values deter- 
may constitute an important proportion, up to 54%, in mined by using the Arrhenius equation to obtain some 
more recently developed refractory cement [1,2]. Like understanding about the thermal stability of  hydrated 
CA, CA2 also hydrates to form metastable CAHIo CA/. 
(H=H20)  which slowly converts, first to C2AH8 and 
alumina gel and, finally, to stable cubic C3AH6 and 
monoclinic AH3 [3,4]. Both the hydration and strength 2. Exper imenta l  
development take place at a slower rate in case of  CA2 
[5,6]. It has been already shown [2], that CA is Reagent grade Ca(OH)2 and AI(OH)3 were dry 
considered to be the hydraulic optimum, but perhaps mixed in a pot mill after required proportioning. 
requirements for a more refractory material will lead The mixture was then shaped in the form of small 
to a greater use of  the hydraulic properties of  CA2. The balls using water as binder. The ball were dried and 

fired in an electric furnace at 1500°C for 2 h. The 
*Corresponding author. Fax: 0091 657 426527. heating was done at an average rate of  5 °C min -1. 
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Fig. 1. XRD pattern of synthetically prepared anhydrous CA2. 

The material after heating was crushed and ground in a Temperature(*c) 
60 200 400 6Q0 8(~0 

steel pot mill to a fineness of ~0.32 m2g  ]. X-ray _~ / , - ~  . . . . . . . . .  S ~3~°" -'--'  

d i f f r a c t i o n  r e s u l t s  ( F i g .  1 )  c o n f i r m e d  t h e  p r e s e n c e  o f  80. L'/" ~ /  (32"56%) 
CA 2 as the main constituent, although traces of CA 
and ct-Al203 were also detected. '6° V 

Synthetically prepared CA2 samples were allowed o ~ _  ~ 
for hydration at room temperature for a different ~ Bo 

v ,v - - -  \ / ,~oy, 

period of  time. 1 g of  hydrated material was subjected ~ \ / ~ 34. ~ ~) 
to thermogravimetric analysis to study the dehydration ~ ,6o 
characteristics of  hydrated calcium dialuminate. The ~ 240 
temperature during dehydration was accurately main- o m 

tained within +0.5°C. ~4 ~,y, 
8 0  

160 

3.  R e s u l t s  a n d  d i s c u s s i o n  
2 4 0  

Differential thermogravimetric analysis curves for 32c 
the hydrated calcium dialuminate in relation to curing 
time are shown in Fig. 2. The corresponding degrees 40o . . . . . . . . . . .  

of hydration are also shown in parentheses. It may be Fig. 2. DTGA curves for hydrated CA2 in relation to curing time. 
necessary to mention here that due to a very slow rate 
of  hydration and strength development of  CA2, the 
one-day hydrated sample was not considered in this weight loss at any time t, and Lo is the total weight loss 
study. The curves of  Fig. 2 indicate the formation of  at infinite time, L~ - Lt  is the concentration of  water 
hydrated calcium aluminates (CAHlo, C2AH8 and remaining in the sample at any time t and, according to 
C3AH6) and alumina gel during hydration of calcium first-order kinetics, the rate of  dehydration will be as 
dialuminate. Weight loss vs. time plot (Fig. 3) for follows: 
three-day hydrated calcium dialuminate exhibits 
exponential behaviour, indicating the possibility of  dLt  - -  = k ( L ~  = L , )  ( l )  
first-order kinetics. At  a fixed temperature, i f  L t is the dt 
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Fig. 4. Isothermal dehydration rate curves for hydrated CA2. 

Fig. 3. Weight loss vs time curves at different fixed temperatures 

for CA 2 hydrated for three days. Table 1 

Rate constants of dehydration of hydrated calcium dialuminate in 

The rate constant k can be determined from a plot of relation to temperature 

log(L~ - Lt)/Lc~ vs time. k values (min 1) at different temperatures 
The method originally suggested by Guggenhein 

and followed by Murray and White [8] may also be l°°°c 15°°c 2°°°c 3°°°c 4°°°c 
0.087 0.222 0.252 0.340 0.545 

adopted. This method involves the use of the following 
equation: 

kt Arrhenius plots for the samples using rate constants 
logAL - 2.30~ + log[L~{/~ - exp(-kAt)}] from the Table 1 are shown in Fig. 5. The activation 

(2) energy of the dehydration reaction calculated from the 

where AL is the difference between the weight loss at 
time t + At and that at time t. The time interval At I / T 

o.ooi o.ooe o.ooa 
between the two sets of readings being kept fixed at a I 
value greater than twice the time for 50% dehydration. 
The values of L,,  calculated by this method, do not 
differ substantially from the direct experimental deter- -o.3o o 
mination using Eq. (1). 

In the present investigation, L~ values were taken 
from direct experimental determination, while hydra- -0.60 
tion at a particular temperature has been assumed to be ,~ 
complete when the weight loss becomes 0.0002 g in c~ 
5 min time or even lower. Plots of log[(L~ - Lt)/La] o. 
vs time at different temperatures for hydrated -o.ga 
CA2 samples are shown in Fig. 4. The rate constants 
of dehydration (k) at different temperatures were | 
calculated from the slopes and the values presented -1.20 
in Table 1. The limits of applicability of the first- 
order law, as determined from the linearity of plots 
of log[(L~-  Lt)/Lc~] vs time, varied from 90 to - 1 . 5 o  

9 5 % .  Fig. 5. Arrhenius plot for hydrated CA2. 
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Table 2 India, for his kind permission to publish this paper. 
Activation energy for dehydration of hydrated calcium aluminates The authors are also grateful to Prof. N.K. Mitra, 

Sample Activation energy/(cal/g mol) Calcutta University, Calcutta, India, for his encour- 
CA~ 3558 agement during the course of this work. 

CA 5152 

References 
Arrhenius equation is shown in Table 2 along with that 
of activation energy of hydrated monocalcium alumi- [1] R.N. Edmonds and A.J. Majumdar, The hydration of Secar 71 
nate determined earlier [9]. Aluminous cement at different temperatures, Cem. Concr. 

The values indicate that the thermal stability of Res., 19 (1989)289-294. 
hydrated calcium dialuminate is less than hydrated [2] K.M. Parker and J.H. Sharp, Refractory calcium aluminate 

cements, Trans. J. Brit. Ceram. Soc., 81 (1982) 3542 .  
monocalcium aluminate. This study has significance [31 E.M. Levin, H.E McMurdie and H.P. Hall, Phase Diagrams 

in that high alumina cement containing calcium dia- for Ceramists, Am. Cer. Soc. Inc., Columbus. Ohio (1965) pp. 

luminate is often used in the preparation of refractory 779-81. 
castables [10] where dehydration is accompanied by [4] EM. Lea, The Chemistry of Cement and Concrete, Edward 

Arnold Publishers, London (1970) pp. 505. 
reduction in mechanical strength up to sintering tern- [5] S.K. Das, Some Studies on the Hydraulic and Other Related 
perature, beyond which ceramic bonding starts and Properties of Calcium Aluminates, Ph.D. Thesis, Calcutta 
strength gradually improves [5,1 1 ]. University, India (1994). 

[6] S.K. Das and P.K. Daspoddar, Hydraulicity and high 
temperature strength retaining capacities of calcium dialumi- 
nate in relation to refractory aggregates, Trans. Ind. Cer. Soc., 

4.  S u m m a r y  5 (1993) 150-153. 

[7] A.K. Mitra, P.K. Daspoddar and M.K. Chatterjee, Dehydra- 
Hydrated calcium aluminates, such as  C A H I o  , tion kinetics of some hydrated high alumina cements, Ind. J. 

C 2 A H s ,  C 3 A H 6  and alumina gel, are formed during Tech., 16 (1978) 289-293. 
hydration of calcium dialuminates. The activation [8] P. Murray and J. White, Kinetics of the thermal dehydration 

of clays - Part-ll: Isothermal decomposition of the clay 
energy value for dehydration of hydrated calcium minerals, Trans. Brit. Ceram. Soc., 54 (1955) 151-188. 
dialuminate indicates lower thermal stability of [91 S. Ghosh, D.K. Nandi and P.K. Daspoddar, Effect of titania on 

hydrated calcium dialuminate, the stability of monocalcium hydrate, Trans. Ind. Cer. Soc., 
48 (1989) 28-31. 

[10] T.D. Robson, High Alumina Cement and Concretes, John 
Wiley and Sons, NY (1962) pp. 190. 

Acknowledgements [11] S.K. Saha and P.K. Daspoddar, Hydraulicity and high 

temperature strength retaining capacities of high alumina 
The authors wishes to thank Prof. P. Ramachandra cements in relation to titania content, Trans. Ind. Cer. Soc., 43 

Rao, Director, National Metallurgical Laboratory, (1984) 126--129. 


