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Tab. 1 Basic properties of bentonite

El¥a] pH A i ik 25 W% 7K 2 IR
82.3% 8.9~10 25~50ml/g 250 % ~350% 273.6%
¥R YK W B Na; O L
37.5% 17.3 >80mmol/100g >1.28 2.71
Q9K H ALk

U AR AL RE R SE AR PE DL 2. AL RE A R AL 5 BEAT it (A e L 11 3
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Tab. 2 Basic properties of Nano-silica
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Fig. 2 XRD pattern of bentonite
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Fig. 3 XRD pattern of Nano-calcia
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Fig. 4 Free swelling-shrinkage
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Tab. 4 Key parameters of free swelling-shrinkage process

i elasgd ez B A i W i B8 E S

Ca:Si:Be  MRAER/V XRSKE/ G AR/ AR/ XM EKR Y
030+ 100 148 132.2 84.8 63.2 15.2
036+ 100 187 175.2 100. 8 86. 2 15.0
430+ 100 70 101.5 34.8 35.2 13.2
436100 170 184.3 114.4 55.6 22.0
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Tab.5 Key parameters of restricted swelling-shrinkage process

St e L (o 5 AR S W 2 B S

Ca:Si:Be  MRAER/V XRSKE/ G AR/ Wi/ G M EKR Y
030+ 100 18.8 60.7 2.2 21..0 14.6
0:6+100 25.6 57.1 3.9 21.7 10.3
430+ 100 1.6 60.7 1.0 0.6 19.1
436100 18.2 60.7 11.0 7.2 25.1

ALK S BYEE R AUE A GRS RO IEZ I L I KV BE A B4R L 8] T K L TR
I HC R AW 4 PE AR B A o ol Q4 P e v A e M R A R A R AR X Ak T A RRE Ak i R K R A 3R
B A R R 4 5 A S 4

B NGRS B BT L, BRI R TLF- AN K A W e (ELTR] B B2 i A Bt i R ORI 585 . [ 42
AP I L R KA RE AT 2 1 DRAIE L AR AAE A 9K S AR e A 2308 A T 0805383 o R X 4 J 1 - %
AT W 45 B BNAT 2 T A Rl o BV Ik 44 0K S A R R R SR AR AT B A A T L 2 A R IR K
I ATARE 0 B[R] L B AR T T4 PR RE L PRAE T 20 - e A% b 5 P B 45 v i R AR S 1

3 FLBRST TR HFAE

3.1 MBEIRE
JE R FL B 20 A 2 i LB o A 9 22 s 2 ol A DR TR R O ALBR A A . WA TE SRS TR



924 L B (2018 4F) 55 33 %4

bt

{1 10 RE L B A R AR A AT 6 R

05 - 02 4

——— Ca:51:Be=0:0:100
| =——e— CaSi:Be=0:0:100
04 - 06 - =
Ca:5i:Be=0:6:100 < R i :
= — 4 +— CaSi:Be=0:5:100
.‘E 03 4 :\\ -'g ............... nil )
= h H\\ S04 i CaSi-Be=4.0:100
(=]
E 02 \:;H__‘\\ ¥ CaSiBe=4:6:100
s RN\ ]
0.1 - “, 11 =
LR B
TR s |
0.0 : y —
0001 001 01 1 10 100 1000 e 1
d i
(a) LB R S vl h 2k (b) SLESAA R 23 A1 i 28

66 WA R SRS B9 LB 2 A
Fig. 6 Pore size distribution of samples at initial stage
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Fig. 7 Ppore volumes distribution of free swelling
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Fig. 8 Pore volumes distribution of restricted swelling
# 6 AN[EBA R LR E

Tab. 6 Porosity of samples with different adding ratio
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Fig. 9 Sswelling model of nano-oxide and bentonite mixture
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Fig. 10 Restricted model of nano-oxide and bentionite mixture
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Study of the coordinated regulation of bentonite
swelling-shrinkage behaviour by Nano-SiO; and Nano-CaO

LI Hui, TAN Yun-zhi, PENG Fan, MING Hua-jun, LIU Yun

(Institute of Problematic soils mechanics, China Three Gorges University, Yichang 443002, China)

Abstract: Bentonite is the preferred material for backfilling of buffer layer in nuclear waste repository.
Among them, swelling property is one of its main evaluation parameters. If the swelling property of
bentonite is too weak, it may lead to impermeability failure due to insufficient compactness; if
swelling property is too strong, it may cause extrusion damage to surrounding rock and metal tank.
Selecting Nano-silica and Nano-calcium oxide as additives to control the swelling and shrinkage of
bentonite, under the condition of limited expansion, it is found that after adding 4% Nano-calcium
oxide and 6% Nano-silica, the rebound deformation rate is remained at 18. 2%, but the shrinkage
decreases from 21.0% to 7. 2%. Experimental results show that Nano-oxide can not only regulate the
swelling potential of bentonite, but also significantly inhibit the shrinkage due to water loss. The pore
distribution characteristics of bentonite mixture samples in different states were obtained by using
mercury injection porosimeter (MIP) and nuclear magnetic resonance (NMR). It is found that Nano-
silica has filled large pores, and the small pores are closed due to the self-healing ability of the
bentonite after water absorption and swelling. Thus it ensures that the porosity under the combined
control of nano-oxide is maintained at 45. 4% (43. 6% for pure bentonite). Meanwhile, the micro-
morphology of nano-oxide and clay hydration is obtained by scanning electron microscope (SEM).
Needle-shaped cements are found between clay particles. Concept models of compacted bentonite
mixture are built for swelling-shrinkage process under different restricted conditions, which describes
the swelling and shrinkage adjusted mechanism for bentonite by adding Nano-silica and Nano-calcia.

Keywords: bentonite; swelling; shrinkage; nano-calcium; nano-silica



