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Research Progress on Conversion Process and Regulation of Hydrates of Calcium
Aluminate Cement

XIA Zhongfeng, WANG Zhoufu, LIU Hao, MA Yan, WANG Xitang
(The State Key Laboratory of Refractories and Metallurgy, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: Calcium aluminate cement is one of hydraulic binders with the superior performance. The metastable hydrates of calcium
aluminate cement are inevitable to transform into stable ones under the action of time and temperature. The volume shrinkage occurs
in the process of transformation, leading to the increase of porosity and the decrease of strength and durability of the material that can
restrict the application of calcium aluminate cement. As is known, the formation and conversion of hydrates are closely related to
temperature. This review introduced the conversion mechanism of hydrates of calcium aluminate cement, and represented the research
progress on regulating phase composition of calcium aluminate cement hydration products via mixing micron-sized powder or
nano-sized particles, adding chemical additives and adjusting curing conditions. In addition, some issues regarding the further studies
were also put forward.
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Fig. 1 Selected orthoslices of the electron density tomograms
for CA pastes hydrated for 5 months!'”
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Table 1 Characteristic parameters of CAC hydrates

15, 8]

Hydrates Crystal system Typical morphology Density/(g-cm™)
CaO ALO; H,O

CAH,o 16.6 30.1 533 Hexagonal Needles or hexagonal prisms 1.743

C,AHg 31.3 28.4 40.3 Hexagonal Platelets 1.950

C;AH¢ 44.4 27.0 28.6 Cubic Cuboids 2.527

AH; - 65.4 34.8 Hexagonal Tablets or needles 2.420

w—Mass fraction.
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Table 2 Chemical and phase composition of different types

of CAC!
wi% Mineral
Cement purity .
ALO;  CaO Si0,  Fe,O3 composition
High 70-90 9-28 <0.3 <04 CipAs CA, CA,,
CAg, A
Intermediate 55-66 26-36 3.5-6.0 1-3 C;pAz CA,CA,,
C,S, C4AF, C,AS
Low 39-50 3542 4590 7-16 CiAz CA,CA,,

C,S, C4AF, C,AS
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(a) Interlayer content

Q Calcium atoms

# Aluminium atoms

(b) Stacking of tetrahedral interlayer above octahedral principal layer
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Fig.3 Projection (001) of the structure of C,AHg?”
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Fig. 5 XRD patterns of CAC samples mixed with different amount of CaSO, cured at 20 °C for 7d or 28 d and expose to 60 ‘C*4
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(e) CAC with 10% CN system, cured at 50 “C for 3 d

(f) CAC with 10% CN system, cured at 50 ‘C for 28 d
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Fig. 6 SEM images of hydration products from CAC with and without Ca(NO;), addition™*
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Fig. 7 Microstructure of the paste of CAC and micron-sized ALO; cured for 24 h at 30 ‘C and dried with different methods!®"
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