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Effects of temperature on swelling characteristics of GMZ bentonite
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Abstract: The buffer/backfill performance of bentonite-based materials may be affected by the influences of temperature fields,
thereby leading to uncertainties in the safe operation of repositories. In order to address this issue, the swelling tests on
Gaomiaozi (GMZ) bentonite are carried out in distilled water at 25, 40, 60, and 90 °C. The results show that the swelling of
GMZ bentonite increases with the temperature, owing to that the osmotic swelling dominates the swelling of compacted GMZ
bentonite under the experimental conditions. The maximum swelling strain increases linearly with the temperature, whereas the
swelling pressure increases exponentially with the temperature. The swelling characteristics of compacted GMZ bentonite can
be expressed as em=Kp”>. According to the results of N2 adsorption tests, the fractal dimension, D, of GMZ bentonite is
unaffected by the temperature. Calculated by the diffuse double layer model under osmotic swelling, a linear relation is found
between the montmorillonite swelling coefficient K and the temperature 7c, which is verified by the swelling tests on GMZ
bentonite and Bikaner bentonite. Combining the linear K—7. relation and the fractal em-p relation, a simple method for
evaluating the swelling of GMZ bentonite affected by the temperature is proposed.
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Table 1 Physicochemical indices of GMZ bentonite

R % Eho) TR WIR WMfs EWMAaSE FHESF F B E F/(cmol kg 1)
JRE R wL/% we/% B I Cnn /% LR/ (cmol'kg!)  Nat Ca?* Mg?* K*
2.66 276 37 239 75 75.1 36.2 24.7 11.9 3.62
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Fig. 1 Experimental apparatus for swelling tests under different

temperatures
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Table 2 Initial and experimental conditions of samples in swelling

deformation tests
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Fig. 2 émax of GMZ bentonite under different temperatures
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Fig. 3 Relationship between emax and 7. of GMZ bentonite under

different stresses
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Fig. 4 Relationship between emax and pd for GMZ bentonite at
25°C and 60°C

FERAIK J k56 e, A kR A 35 AR R AR
(pe=1.35~1.55 glem’®) o« KI5l LRI, fE45E
BT, WAIHE VAT AR AN G, 3T
B HORES, I IBOEIE BTG . JESh, A
FBCE T O RO, RIEX GMZ Bl
SRR ORI, FLBE T KT %
WK, BORESETR M T GMZ I L AR B
BZRKYE, & ERR N IR IE IR TS s Behh, AR
i Zhang ZFPIGMZ [l - s 4 i 2 4 30 s S g £



80 H O+ T OB % M

2021 4E

() 4R AS B T ik 3 30 MPa o SU/INIFIAR TR AR 4K 75 B4
RIIr BRAERE, P LA AR AL I R FE M AT 38 0, 1 ig?
AR i pII

35001+ 90
3000} ° 60T *
° 40C
2500 4 25C
el
& 2000 . "
™ & L
< 1500 T A
PP = g
1000  +7 e
soof T
0 1 1 1
13 1.4 L5 1.6
pal(g-em™)

5 FEIRET GMZ BEEEH ps - pa XFR
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Fig. 6 N2 adsorption isotherms of GMZ bentonite samples
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Table 3 Calculated values of swelling coefficient K under different

temperatures
T./°C VA x/m'! u p/kPa K
25 19.172 691409134 3.456 1393.12  6.904

30 19.156 ~ 685683554  3.485  1465.08  6.992
40 19.123 674646562  3.542  1615.84  7.165
50 19.092 664125934  3.598 177594  7.336
60 19.061 654082622  3.652 1945.66  7.506
70 19.032 644481593  3.705 212526  7.673
80 19.003 635291309  3.756  2315.02  7.839
90 18.975 626483295  3.806  2515.22  8.003
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Fig. 8 Estimation of montmorillonite void ratio of GMZ bentonite

under different temperatures
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at different temperatures
A (19 PHBKESETEN, 45T
AN F R FE T GMZ B L I IK 77 -
1

1 (G 7
l%-—{;a;[;i' 1}} o (20)

Hz (200 AT, J2AK 0 SERE I B AR T

BIRBON K. VAT R R TR EZIK 7 )
SN AIE 11 B, A RN RE T 2K 0 i e 5
IR HitE 2 18]t B A B 1 — Bk

0 20 40 60 80 100
TREE/C
1M FRETFZHEARRER GMZ Bk H
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different densities under different temperatures
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