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Water retention characteristics of grapheme-modified GMZ bentonite
subjected to preliminary chemical cycles
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Abstract: In the deep geological repository for high-level radioactive waste, affected by the coupling of saline groundwater
infiltration and nuclear decay heat, the buffer/backfill materials may undergo the chemical cycles of salinization and
desalination process, which in turn affect their water retention capacity. The GMZ bentonite, the preferred buffer/backfill
material in China, is investigated. Beishan in Gansu province, the potential disposal site, is taken as the engineering background,
and the NaCl solution is chosen to simulate the chemical environment of in-situ groundwater. The water retention capacity tests
considering the preliminary cyclical infiltrations of NaCl solution and distilled water are carried out. The results show that when
the suction is below 150 MPa, the increase of the preliminary chemical cycles strengthens the water retention performance of
the graphene-modified GMZ bentonite, and weakens the effects of dry density on the water retention capacity. When the
suction exceeds 150 MPa, the preliminary chemical cycle scarcely plays a role. In the drying/wetting path, the water retention
curve of the graphene-modified GMZ bentonite has obvious hysteresis, and the hysteresis amplitude gradually attenuates with
the preliminary chemical cycles. When the preliminary chemical circles increase, the water entry and residual saturation value
of the grapheme-modified bentonite increase, and the transition zone slope tends to be gentle. The influences of the chemical
circles on the water retention capacity of the modified bentonite are related to the accumulation of salt content. With the

increasing cycles, the salt content grows, and the influences of osmotic suction are more conspicuous.
Key words: deep geological repository; grapheme-modified GMZ bentonite; water retention capacity; chemical cycling;

salinization-desalination
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Table 1 Basic physic-chemical properties of GMZ bentonite
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Table 2 Saturated salt solutions and corresponding suctions
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Fig. 1 Diagram of sample and apparatus
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Fig. 2 Preliminary chemical cycles for samples
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Table 3 Test plans of water retention tests
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Fig. 4 Water retention curves of graphene-modified GMZ
bentonite under drying and wetting paths
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Fig. 5 Hysteresis of water retention curve of samples
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Table 4 Characteristic parameters of water retention curve of samples
W= =1.50 g/em? =1.60 g/em? =170 g/em?
WOE Rl /Fﬁxﬁi PRARMAE 3 SE 7‘ BEBRRE  BRRWAE BERME 7‘ BBR AR TR
1 10.87 -0.7102 0.067 14.97 -0.6578 0.096 18.61 -0.6130 0.132
2 11.81 -0.6806 0.069 15.55 -0.5849 0.095 19.28 -0.5405 0.137
3 12.71 -0.6370 0.076 17.51 -0.5541 0.101 20.31 -0.5072 0.148
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Fig. 8 Schematic diagram of chemical cycle effects
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