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Moisture Transfer Characteristics of Hardened Cement Pastes in Low Air Pressure
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Abstract: The isothermal exposure tests for 270 d at different air pressure (i.e., 101 kPa, 60 kPa, and 20 kPa) and relative humidities
(i.e., 43%, and 98%) were carried out for hardened cement pastes. Effect of air pressure on the moisture content and the chemically
bound water content in hardened cement pastes was investigated. The moisture transfer characteristics at different low air pressures
were analyzed by a proposed numerical model. The results show that a low air pressure promotes the water loss within the hardened
cement pastes during the isothermal drying process, resulting in a slight decrease in the chemically bound water content. Under the
isothermal wetting condition, the mass of hardened cement paste grows at a logarithmic rule due to the moisture diffusion into the
pore network, the decrease of air pressure significantly improve the early-stage mass growth rate and the final mass gain. The
numerical approach on the moisture transfer indicates that the increases of water vapor diffusion coefficient, mass transfer coefficient,
and intrinsic permeability of hardened cement paste are the main causes of moisture transfer behavior during the isothermal drying
and wetting processes.
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Table 1 Chemical compositions of cement wW/%
CaO SIOZ A1203 FeZO3 503 NaZO KZO Others
65.99 19.45 2.80 0.33 3.20 0.03 0.18 0.02

W is mass fraction.
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Table 2 Mineral compositions of cement  W/%
CsS C,S

C;A Bassanite

64.7 26.0 2.8 3.1
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Fig. 1 Mass loss curves of hardened cement pastes during the isothermal drying process
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(a) P-35S at 43% relative humidity

(b) Cement pastes at 43% relative humidity
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Fig. 2 Effect of air pressures on TGA curves and chemically bound water contents after drying
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(d) P-35S at 43% relative humidity
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Fig. 3 Relationship between mass change and length shrinkage during drying
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(a) P-45 at 98% relative humidity (b) P-35 at 98% relative humidity

(c) P-25 at 98% relative humidity (d) P-35S at 98% relative humidity
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Fig.4 Mass gain curves of hardened cement pastes during isothermal wetting process
(a) P-358S at 98% relative humidity (b) Cement pastes at 98% relative humidity
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Fig. 5 Effect of air pressures on TGA curves and chemically bound water contents after wetting
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Table 3 Water vapor diffusion coefficients and convective mass transfer coefficients at different air pressures

. Water vapor diffusion
Air pressure/kPa . 2 1
coefficient/(m™s )

Convective mass transfer coefficient during
drying/(m's™")

Convective mass transfer coefficient during
wetting/(m-s™")

101 2.42x107°
60 4.07x10°°
20 12.22x107°

4.58x107 1.78x107°
7.67x107 1.91x10°°
22.39x107 2.13x107°

233 ARAUEIREER K7 % i 60 5 H A7
H BT COMSOL Multiphysics, #37 ~]#k

KN 25 mm, &N 250 mm B = Z4ERR L LA
FRAE 5 B il A A RS 5B K E—30). 45
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Fig. 6 Effect of water vapor diffusion coefficient and convective mass transfer coefficient on moisture transfer at different air pressure
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Fig. 7 Effect of intrinsic permeability on moisture transfer at different air pressures
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(a) Effect of water vapor diffusion coefficient and

convective mass transfer coefficient at 43% relative humidity

(b) Effect of intrinsic permeability at 43% relative humidity
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Fig. 8 Effet of different air pressures on distribution of relative humidity values on the center section at 7 d
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