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Effect of Solvent Exchange on Microstructure of Cement-Based Materials — A Short Review

ZHANG Ai, GE Yong
(School of Transportation Science and Engineering, Harbin Institute of Technology, Harbin 150000, China)

Abstract: Solvent exchange method is widely used in the drying and hydration termination of cement-based materials. This review
represented the influence of solvent exchange on the microstructure of cement paste. The selection principle of exchange parameters
(i.e., sample size, liquid/solid ratio, exchange time and removal method) was described. The physical and chemical reactions between
common exchange solvents (i.e., isopropanol, acetone, methanol, and ethanol) and cement hydration products (i.e., calcium
hydroxide, calcium silicate hydrate and ettringite) were discussed. The pore structure parameters (i.e., porosity and pore size
distribution) of cement-based materials were analyzed under the influence of exchange parameters and solvents. In addition, the

existing problems and research prospects of the solvent exchange method were also given.
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Table 1 Parameters related to solvent- replacement drying

Solvent Water/cement ratio Sample size Solution/sample Soaking time Solvent removal method
Methanol; 0.45 @25 mmx 10:1 30 d to several Vacuum dried for 18 h.
isopropanol; (1-2) mm months
acetone %)
Methanol; 0.55 @33 mmx3 mm 10:1 80% of the expected
ethanol; exchange
isopropanol **!
Isopropanol ! 0.5 @0.6 mm and 20:1 5 min, 15 min, 40 min,  Direct drying at 40 ‘C with flowing
1.2 mm 80 min, 5h,24 h nitrogen gas and washing by diethyl
ether before the direct drying.
Isopropanol 1! 0.5 1 mm thick Renewed periodically 3d Desiccator flushed with N, gas.
at 10 min, 1, 5,10 h
and 24 h
Acetone 2 0.31 8 mmx 8§ mm 7d Vacuum desiccator for 3 d.
x 8§ mm
Isopropanol 2 <1 mm 3 g sample immersed 15 min Dried for 8 min + 30 s in a ventilated oven.
in 100 mL
Methanol; 0.3-1.0. 1.14 mm thick 10d Maintained in vacuum for approximately
isopropanol; 17 h and then heated for 24 h at 38 C.
acetone %!
Methanol; 0.5 0.5-1.0 mm 100:1 One week Vacuum-drying (20 =2 °C) for two weeks.
isopropanol ! particle
Isopropanol; 0.5 Crushed Isopropanol (10:1; Isopropanol (1 h, 24 h); Immersed in ether at a volume solvent/paste
acetone 1) particle 50:1); acetone Acetone (7 d) ratio of 1:25 for 16 h and then heated in a
(100:1) chamber at 50 C for 30 min.
#2 H&RT5 MIP FLgmERE"
Table 2 Sample size and MIP pore structure information "®!
D, (r) peaks at pore radii/um (dV/dP)x10 S at pore radii/um
Sample Dimension/mm Total intruded porosity/%
0.01 0.002 0.1 0.01
1 7.4%6.4%20.0 27.56 39.5 30.5 1.8 3.0
2 5.4%6.3x21.5 27.21 355 30.5 3.1 2.6
3 3.1%6.6x20.8 26.58 235 35.0 3.7 1.8
4 1.6%6.6x21.1 24.82 18.5 44.0 6.4 1.8
5 1.35%6.6x21.1 21.56 16.0 53.0 7.0 1.4
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Table 3 Physical properties of solvents used to exchange

[16]

Density at Boiling point at ~ Solubility in Diffusion coefficient Surface tension Vapor pressure
Substance  Formula . 4 5 . . s 2 1 . o 5
20 C/(g:em™) 101 kPa/C water at 25 C in water/ (x10° cm™s™) at25 ‘C/(mN-m ) at 25 ‘C/kPa
Water H,0 0.998 2 100.0 72.99 3.17
Acetone (CH;3),CO 0.7899 56.6 Miscible 1.28 23.46 30.8
Ethanol CH;3;CH,OH 0.789 3 78.4 Miscible 1.24 21.97 7.87
Isopropanol  (CH3),CHOH 0.7855 82.0 Miscible 2.02 20.93 6.02
Methanol CH;0H 0.791 4 64.5 Miscible 1.28 22.07 16.9
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