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Properties of Concrete Modified by Nano-M etakaolin Under Coupled Effect of
Salt Lake Brineand Dry-Wet Cycles

ZHU Huimei, SONG Qigng, ZHANG Jun
(College of Materials Science and Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: The influence of nano-metakaolin on the compressive strength of concrete under the coupled effect of Salt Lake brine and
dry-wet cycles was investigated, and the mechanism was analyzed by mercury intrusion analysis, X-ray diffraction, infrared
spectroscopy, scanning electron microscopy and energy dispersive spectroscpy. The results show that the proportion of
nano-metakaolin has a great effect on the compressive strength of concrete under dry-wet cycles, and more than 2% nano-metakaolin
decreases the loss rate of compressive strength. The modification mechanism is since nano-metakaolin reduces the proportion of
harmful holes in concrete, improves the pore size distribution and makes the microstructure of concrete more compact. The erosion
depth and intrusion amount of Cl, Na, Mg and S ions in concrete are reduced due to the presence of nano-metakaolin, thus decreasing
the content of NaCl in the corrosive layer of concrete and preventing the concentration of corrosion products such as Mg(OH),, and
CaS0,4-2H,0. In consequence,the damage degree of concrete modified by nano-metakaolin with the coupled effect of brine and
drying-wetting cycles decreases.
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Table 1 Chemical composition of materials wi%

Specimen CaO SiO, ALO; Na,0 MgO K,O Fe,O; LOI SOs

C 61.07 18.16 3.71 032 1.18 0.84 329 210 832

FA 2,62 37.10 28.12 047 032 092 4.18 030 24.40

S 3798 28.04 11.51 0.73 552 0.67 045 124 1134

SF 032 8291 054 036 1.88 031 0.08 052 1298

NM 0.27 4836 40.85 0.26 333 0.65 2.82

w is mass fraction; C—Cement; FA-Flyash; S-Slag; SF-Silica fume;

NM-nano-metakaolin.
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Fig. 1 Particle size distribution of materials
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Fig. 2 Morphology of particle silica fume and NM
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Table 2 Mixture proportions of control concrete kg/m®
C FA S SF Fine aggregate Coarse aggregate QS-8020 Water
270 108 108 54 610 1130 1.62 122.3
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Table3 Massof chemical reagents (in 10 L water)used for
salt lake brine wig

KCl1 CaCl, Na,CO; NaHCO; NaCl MgCl,  MgSO4

113.98 116.18 3.03 1.75 1733.14  2474.65 571.94
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Fig. 5 XRD patterns of the surface layer of concrete subjected
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x4 REITRHFRIP 56d MEBFLBERRALESHEDL
Table4 Total porosity and pore size distribution of concrete curing for 56 d

Sample Porosity/% Average pore diameter/nm

Most probable pore size/nm

Pore size distribution/%

<20 nm 20-100 nm 100-200 nm >200 nm
CC-we 8.6 27.0 120.4 20 22.5 17.7 39.8
NMC-we 8.94 26.3 50.48 21. 32.1 7.9 38.4
CC-wce 17.25 45.6 140.89 9.82 18.74 15.03 56.41
NMC-wce 11.91 40.8 75.82 8.15 31.33 18.25 42.27

Note: CC—Control concrete; NMC—Concrete with 2%NM; we—Without erosion; we—With 70 cycles.
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Fig. 11 Distribution of CI, Na, Mg and S in concretes subjected to 70 dry-wet cycles in Saline Lake brine
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