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ABSTRACT 

In this work, the effect of particle size of calcium 

aluminate cement (CAC) on its hydration products 

during hydration at 40 C was studied. The cement 

hydration at the designated times was terminated by the 

freeze vacuum drying method. The phase development 

and microstructure evolution during the cement 

hydration were investigated by XRD and SEM, 

respectively. The dependence of quantity and the 

degree of crystallinity of C3AH6 on the reducing 

particle size of CAC after hydration at 40 C is 

investigated and discussed.  

 

INTRODUCTION 

Calcium aluminate cement (CAC) is a hydraulic binder 

commonly used in castables[1]. It is known that the 

particle size of the cement influences the hydration 

behavior of the cement[2], and consequently affects the 

setting and hardening processes of castables[3]. 

Moreover, the temperature of castable placement 

environment may be different at different regions and 

in different seasons and CAC may have varied 

hydration behavior at different environmental 

temperatures[4]. 

It is known that curing temperature is one of the main 

parameters that affect the hydration rate and hydration 

products of the cement[5]. For example, 

CaOAl2O310H2O (CAH10) is the main hydrate at 

temperatures below 15 C, whereas CAH10 and 

2CaOAl2O38H2O (C2AH8) are formed at temperatures 

between 15 C and 35 C[6]. As CAH10 and C2AH8 

compounds are thermodynamically metastable, they 

have a higher solubility than the stable phases of 

3CaOAl2O36H2O (C3AH6) and Al(OH)3 (AH3)
[7]. 

Once stable phases start to nucleate, the metastable 

phases dissolve, and further convert into C3AH6 with 

the curing time and temperature. 

In our previous work[8], it has been found that the 

amount of CAH10 is lower with the prolonging 

grinding time of the cement after curing at 20 C for 

18h, indicating that the hydration rate of cement at 20 

C is decreased with the decreasing cement particle 

size. However, little information exists about the 

hydration rate of CAC with reduced sizes at 40 C. In 

this work, commercial calcium aluminate cement was 

ground with various times to obtain cement samples 

with different particle sizes. The hydration behavior of 

the cement pastes and mortars were determined by 

exothermic reaction. The hydration of the cement 

pastes was halted by freeze vacuum drying method 

after curing for the designated times and dried samples 

were analyzed by XRD and examined by SEM.  

 

EXPERIMENTAL PROCEDURES 

Commercial calcium aluminate cement was used in this 

work. The major chemical composition and 

mineralogical composition of the cement are listed in 

Table 1. 

Tab. 1: Major chemical and mineralogical composition 

of CAC (wt %). 

CaO Al2O3 CA CA2 C12A7 -Al2O3 

24.91 73.97 57.76 16.15 0.16 23.83 

The cement was dry ground for one hour and two hours, 

respectively, to decrease the particle sizes. For each 

batch, 5 kg of the commercial cement was fed into a 

laboratory mill (500 mm in length and 500 mm in 

diameter). A combination of 100 kg cylindrical steel 

rods and spherical steel balls was used as the grinding 

media with a cement/grinding media weight ratio of 

1/20. 

Hydration heat evolution curves of CAC pastes were 

detected by a semi-adiabatic method at 40 C. The 

water/cement ratio of the cement pastes was 0.3. The 

thermocouple was embedded in the paste sample, and 

the curve of temperature vs. time was recorded by a 

computer. 



The as-prepared cement pastes after curing for a 

predetermined time at 40 C were frozen at -40 °C to 

halt the hydration and then dried under vacuum at 60 Pa 

at 20 C. The phase compositions and morphology of 

the dried cement pastes were characterized by XRD (D8 

Focus, Bruker, Germany) and SEM (ZEISS-FESEM 

MERLIN Compact, Germany), respectively.  

 

RESULTS AND DISCUSSION 

The particle size distributions of the cements with and 

without grinding are shown in Fig. 1. The particle 

fraction of larger than 30 m is 20 % for the cement 

without grinding. In comparison, the particle fraction 

of larger than 30 m disappears for the cements after 

grinding for 1h and 2h. Meanwhile, the particle 

fraction of smaller than 3 m is 16 % for the cement 

without grinding, while this fraction is 45 % for the 

cement after grinding for 1h and 94 % for the cement 

after grinding for 2h. Therefore, the above results 

indicate that the particle size of the cement is 

considerably reduced with the grinding time. 

 

Fig. 1: Cumulative distribution of the cements after 

grinding for 0h, 1h and 2h. 

The hydration heat curves of cement pastes after 

grinding for 0h, 1h and 2h at 40 C are shown in Fig. 2. 

It is seen from the figure that the sample without 

grinding has a dormant period of about 3.7h, while the 

samples after grinding for 1h and 2h have a dormant 

period of about 2.5h. It is also can be seen from Fig. 2 

that the peak temperature of the sample without 

grinding appears at about 4 h of hydration, while those 

of the both samples after grinding for 1h and 2h appear 

for about 2.65h of hydration. The above results show 

that the dormant period is shortened and the time to 

peak temperature is reduced with the increasing 

grinding time. These results demonstrate that the 

hydration rate of the cement paste increases with the 

reducing particle size of the cement at 40 C.  

 

Fig. 2: Hydration heat curves of cement pastes at 40C. 

Figure 3 presents the XRD patterns of the samples of 

the cement pastes after grinding for 0h, 1h and 2h after 

curing at 40 C for 3.5h. It is seen in Fig. 3 that 

hydrated products are not detected in the paste of CAC 

as received after 3.5h of hydration at 40 C. In 

comparison, C3AH6 and AH3 are the major hydrates in 

the ground cement pastes, and the peak height of 

C3AH6 at 17.27 increases with the grinding time, 

further confirming that the hydration rate of the cement 

paste and the amount of C3AH6 increase with the 

reducing particle size of the cement at 40 C. 

 

Fig. 3: XRD patterns of the pastes of CAC with 

grinding for 0h, 1h and 2h and hydration for 3.5h at 

40C. 

Figure 4 shows the XRD patterns of pastes of the 

cement after grinding for 0h, 1h and 2h after curing at 

40 C for 6h. There is not noticeable difference in the 



main hydrates of C3AH6 and AH3 in the pastes of 

as-received and ground CAC after 6h of hydration at 

40 C. Compared with the unground cement, although 

grinding for 1h and 2h accelerated the hydrates 

formation (Fig. 3) during hydration, the grinding 

produced no obvious difference in the hydrates 

formation after a longer hydration period (Fig. 4).  

Figure 5 is the microstructure of CAC pastes hydrated 

for 6h at 40 C. It is can be seen in Figs. 5a-c that 

granular-shaped crystals of C3AH6 are found on the 

CAC particles in the cement pastes. The average 

crystal size of C3AH6 in Figs. 4a-c is 158 nm, 370 nm 

and 980 nm, respectively. It is interesting to mention 

that the crystal size of C3AH6 increases with the 

reducing particle size of the cement at 40 C. These 

results indicate that the microstructure of the hydrated 

cement changes and the degree of crystallinity of 

C3AH6 increases with the reducing particle sizes of 

CAC at 40C. 

 

Fig. 4: XRD patterns of the pastes of CAC with 

grinding for 0h, 1h and 2h and hydration for 6h at 

40C. 

 

 

 

Fig. 5: SEM micrographs of the pastes of CAC with 

grinding for 0h (a), 1h (b) and 2h (c) and hydration for 

6h at 40 C. 

As proposed in the reports[9,10], the stable crystalline 

hydrate at 40 °C was C3AH6 which precipitate near the 

surface of the cement and in the pores between the 

cement particles. As seen in the particle size distribution 

of the cement with and without grinding in Fig. 1, both 

coarse and fine particles present in the as-received 

cement. In comparison, the size fraction of 0.5-3 m is 

increased at the expense of the coarse particles in the 

range of 10-50 m, as a result, the cement after grinding 

only composed by fine particles. As shown in the 

schematic structures of the as-received cement (Fig. 6a), 

the pores among the coarse cement particles and fine 

particles are rare because of the dense agglomerate 

structure. The crystal size of C3AH6 which always 

precipitate in the pores cannot grow freely without 

sufficient space.  

By contrast, it is seen in Fig. 6b that CAC particles after 

grinding for 1h and 2h are loosely accumulated with 

many pores in the structure as the particle size 

distribution concentrating to fine particles. So it is 

probably that the cubic C3AH6 forms freely during 

hydration, which is in contact with anhydrous phases 

and water. Therefore, the crystal size of C3AH6 is 



growing with the reducing particle sizes of CAC at 40 

C. Moreover, C3AH6 can be produced only via 

conversion from C2AH8 according to the following 

reaction[9,10]: 

 

C2AH8+CA+H→C3AH6+AH3                (1) 

 

This transformation is followed by substantial porosity 

generation associated with higher density of C3AH6 

(2.52 g/cm3) than C2AH8 (2.05 g/cm3)[5], leading to the 

anhydrous cement particles with contacting water easily. 

And consequently, the hydration rate is accelerated in 

the cement after grinding.  

 

Fig. 6: Schematic representation of the hydration 

products of pastes of CAC (a) and mixtures (b). 

 

CONCLUSIONS 

The hydration rate of the cement paste increases with 

the reducing particle size of the cement at 40 C only 

within a short period time (3.5h). However, there is no 

noticeable difference in the quantity of C3AH6 between 

the as-received and ground CAC after a long period of 

hydration (6h). Moreover, the degree of crystallinity of 

C3AH6 increases with the reducing particle size of 

CAC after hydration at 40 C. It is probably because 

that the cubic C3AH6 forms freely during hydration in 

the pores of the loosely accumulated CAC particles 

after grinding. 
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