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Effect of Calcium Carbonate Whisker on Shrinkage Reduction and
Reinforcement of Alkali-Activated Slag Cementitious Materials

ZHAO Jun', WANG Aiguo"", ZHANG Zuhuda®, LIU Kaiwei', SUN Daosheng'

(1. Anhui Key Laboratory of Advanced Building Materials, Anhui Jianzhu University, Hefei 230022, China;
2. School of Materials Science and Engineering, Tongji University, Shanghai 201804, China)

Abstract: In response to the problem of shrinkage and cracking of alkali-activated slag cementitious material, a new
type of micrometer sized fiber—calcium carbonate whisker was used to reduce drying shrinkage and enhance
mechanical properties of alkali-activated slag cementitious material. The effects of different contents of calcium
carbonate whiskers on the rheological properties, compressive strength and drying shrinkage of alkali-activated slag
cementitious material were studied, and the micro reinforcement mechanism was explored. The results show that
the addition of micrometer sized calcium carbonate whisker has little effect on the fluidity of alkali-activated slag
cementitious material. When the calcium carbonate whiskers’ content is 3% , the plastic viscosity of the freshly mixed
slurry is 12.33 Pa-s, which is only 14.48 % higher than the control group without calcium carbonate whiskers. The
28 d compressive strength of the hardened slurry reaches 105.8 MPa. The drying shrinkage rate of alkali-activated
slag cementitious material decreases with the increase of calcium carbonate whiskers’ content. When the calcium
carbonate whiskers’ content is 5% , its 28 d drying shrinkage rate is only 0.87% , which is 32.56 % lower than that

of alkali-activated slag cementitious material without calcium carbonate whiskers. Calcium carbonate whiskers are
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tightly combined with the matrix, dispersing the stress on the matrix when it is subjected to stress and improving
the mechanical properties of alkali-activated slag cementitious material. The bridging effect of calcium carbonate

whisker can effectively delay the formation and propagation of microcracks in alkali-activated slag cementitious

material, and the development of macroscopic crack can be restrained to a certain extent.
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Table 1 Chemical composition (by mass) of slag powder

Unit: %
Ca0 sio, ALO, MgO S0, K,0 Na,0 Fe,0, MnO Tio, L
38.42 30.01 16. 50 9.56 2.53 0. 38 0.35 0.49 0.25 1.10 0.06
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Table 2 Physical and mechanical properties of calcium carbonate whisker

Length/pm Diameter/pm Aspect ratio/ %

Relative density

Tensile strength/GPa  Elastic modulus/GPa

20-30 1-2 10-30
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Fig. 1 Effect of calcium carbonate whiskers’ content on

yield stress and plastic viscosity of alkali-activated

slag cementitious materials
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Fig.2 Effect of calcium carbonate whiskers’ content
on compressive strength of alkali-activated slag

cementitious materials
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Fig.3 Effect of calcium carbonate whiskers’ content
on porosity and pore size distribution of alkali-

activated slag cementitious materials
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Fig.4 Effect of calcium carbonate whiskers’ content
on drying shrinkage of alkali-activated slag
cementitious materials
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materials
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Fig. 6 Longitude changes of alkali-activated slag cementitious materials under different calcium carbonate whiskers’ contents
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Fig.7 SEM images of alkali-activated slag cementitious material with different calcium carbonate whiskers’ contents
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Fig. 8 Laser confocal images of calcium carbonate whisker in alkali-activated slag cementitious materials
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