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Abstract: Ferroaluminate cement has an effective resistance to seawater erosion due to its advantages in the application of marine
engineering. The effect of mixing with seawater and metakaolin on the fluidity, setting time, heat of hydration, electrical resistivity,
internal temperature, chemical shrinkage, compressive strength, and hydration products of ferroaluminate cement paste was
investigated. The results indicate that the addition of metakaolin reduces the fluidity and shortens the setting time of the cement paste.
The chemical shrinkage at 72 h, electrical resistivity and internal temperature peak at 24 h all decrease. However, the heat release rate,
chemical shrinkage, electrical resistivity and the formation of ettringite at early age can be accelerated when the content of metakaolin
is less than 20%. When the cement is mixed with seawater, the hydration of cement can be accelerated and the fluidity and setting
time can be decreased. The formation of the Friedel’s salt can occur. The mixing of seawater and appropriate amounts of metakaolin
in ferroaluminate cement promotes more ettringite, thus increasing the compressive strength of ferroaluminate cement paste. The
compressive strength of different specimens mixed seawater at 180 d is improved by 48.6%—80.2%, compared to that of the sample
mixed with fresh water.
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Table 1 Chemical composition (mass fraction, w) of the raw materials

Material Ca0 Si0, ALO; MgO SO; TiO, Fe,0; Na,0O K,0 Sr0 LOI
FAC 4191 7.16 2242 1121 1.18 6.43 0.12 0.12 375
MK 0.52 45.15 46.79 0.14 0.17 271 0.02 0.32 0.04 438

FAC is ferroaluminate cement. MK is metakaolin.
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Fig. 1 XRD patterns of ferroaluminate cement
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(a) Cumulative distribution

(b) Particle size distribution
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Fig. 2 Particle size analysis of raw materials
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Table 2 Chemical composition of seawater g/L

NaCl MgCl, Na,SO4 CaCl, KCl NaHCO;
24.530 5.200 4.090 1.160 0.695 0.201
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(b) Sample mould and temperature test equipment
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Fig. 3 Test setup for electrical resistivity and internal temperature of cement paste
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Fig. 4 Influence of MK on fluidity of cement paste with
different types of mixing water
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Fig. 5 Influence of MK on setting time of cement paste
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Fig. 6 Influence of MK on hydration heat of cement paste
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Fig. 7 Evolution of the electrical resistivity of cement paste
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Fig. 8 Evolution of the internal temperature of cement paste
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Fig. 9 Chemical shrinkage curves and rate of change curve of cement paste with different types of mixing water
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Fig. 10 Compressive strength of cement paste with different
types of mixing water
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(a) Fresh water

(b) Seawater
E: Ettringite; A: Anhydrite; B: Belite; C: Calcite; Y: Ye’elimite; M: Monosulfoaluminate; F: Friedel’s salt; G: Gypsum; H: C¢AF,.

B RV ARR) XRD %
Fig. 11 XRD patterns of hardened cement paste

(a) Ettringite (b) Monosulfoaluminate

(c) Friedel’s salt (d) Gypsum
K12 ALK SR AR YR 2H R E 23 4 2R

Fig. 12 Result from quantitative XRD analysis of phase assemblages of hardened cement pastes
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