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Influence of chlorine salt solution on swelling properties of

sodium bentonite cushion

LI Caixia, LI Jun, XU Meng, LIU Min, LIU GuiQi
(College of Mining, Liaoning Technical University, Fuxin 123000, Liaoning, P. R. China)

Abstract: Since the complex chemical substances in the waste permeate can affect the water-absorbing swelling
performance of the sodium bentonite cushion, this paper studies the influence of different valences and
concentrations of chlorine salt solutions on the swelling index of bentonite. At the same time, the influence of
pH value and temperature on the swelling performance of bentonite was explored, and the bentonite treated
with chlorine salt solution was characterized and analyzed by X-ray diffractometer and scanning electron
microscope. The test results show that the high-valence and high-concentration chlorine salt solution inhibits the
swelling performance of bentonite, and the swelling index is at least 5 mL/2 g. The monovalent low-

concentration NaCl solution improves the swelling performance of bentonite, and the swelling index reaches a
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maximum of 56 m1./2 g. XRD test shows that the bentonite layer spacing after chlorine salt solution treatment
decreases from 12.512 A to 11.856 A. SEM test analysis find that the morphology of bentonite in the high-
valence chlorine salt solution changes from regular scaly to irregular flocculation. In 0.01 mol/L NaCl solution,
0.02 mol/L. NaCl solution and 0.01 mol/I. CaCl, solution, the gel state part of the bentonite in the process of
absorbing water and swelling conforms to the Fickian diffusion model, it shows that the diffusion rate of water
molecules in the solution is less than the relaxation rate of the gel state of bentonite. The gel part of bentonite in
the swelling process of water absorption and swelling in chloride salt solutions of other concentrations conforms
to the non-Fickian swelling process, and the diffusion rate of water molecules in the solution is approximately

the same as the relaxation rate of the gel part of bentonite.

Keywords:sodium bentonite; chlorine salt solution; swelling index; water absorption rate; swelling power
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Table 1 Chemical composition analysis of raw ore after

purification
% /N % /%
Sio, 59.11 Na,0 2.97
AlLO, 19.82 MgO 1.34
Fe,0, 0.97 Ca0 0.96
TiO, 0.12 K,O 0.67
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Table 2 Analysis of physical and chemical properties of

raw ore after purification

SWAE i AheERmA WIKIERY WOKREER/
w/% D50/pm (m%g 1) (mL-(2g)" ") (geg h)
88 0.8 58.3 46.0 25.6
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Fig. 2 Schematic diagram of inflation index test

1.4 Rk
RECL.0 g TEE G WM L i AR £ 81

/K B¢ 0. 1~0. 5 mol/L i NaCl, CaCl, fl AICI, % #
(AR FRZ N ARV W) 768 Il N R — g il s
B, 0. 074 mm bR fE T, 01 22 JCoK I AT B AT
L O S QDR e N AT IR NP

my — My

Q=——" (1)

m,
Kb QNI LW KAE 2 g/ gy my R R IE WK
Ja W, gsmo AT ERIZTE £ &, g

2 HR5iE

2.1 SEBRNKERM ST KIS S IE

AN T W B B AN [] e 25 1) S0 R 1 WP B T 1 i
T Mk B Gn 18 3 TR o el B 3 T R A R K
TREBE S B T M AT & SR 2 T REEH Y%
WY FE7E 0. 015~0. 025 mol/L i, %0 £ ¥ Wi Hr 75 4F
% ik 8 508 B K, TE R VR R, R K AR Bz
BH S 4 2 09 52 i A2 /N, 52 ma B B i R E1/N Ry
AP'>Ca* >Na ', hE Wk 5 18 : 78 NaCl i i’
o VSR E R 0. 01~0. 025 mol/L B}, g i -+ (14 g
MAEBOA B e, 56 mL/2 g, SIE L TEEE T
K H B K 35 B (46 mL/2 @M H L R T T 22% L
W BN 0. 03 mol/L _ETHE] 0. 05 mol/L B, B ik 45
BB TRE .  CaCLE W b, % Wk M
0.01 mol/L &3 0. 04 mol/L i, K8 50 NI 1T
65% , Jf 7E 0. 04~0.05 mol/L I {4 £ fa & . 1
AICL W, B2 4 1 B ik 4 Bk /N T 58
K BE 0. 01 mol/L = F+ %] 0. 02 mol/L Y,
i A8 B % 2 14 mL/2 g, BB VR W E /Y LTt
Xof B = 1) B K B8R e R )N

% Y = 40 A B SR Y BH B T 3 M RT RR BR Y
TOT JZARE5H , ik 5 SR W b 19 BH B 1 & 2B T 3
A Hh: Ca- i & +2Na' «2Na— i + +Ca?' . 3

—®— CaCl

—A—AlCl, %‘/;E%;k

FSI/(mL-(2 g)')

0.01 0.02 0.03  0.04 0.05

PR T/ (mol- L)
B3 TREKRERERHSEERIEHESNZ N
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chlorine salt solutions on the expansion index
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Table 3 The cationic transformation of the solution after

the expansion index test

BA S ¥ 2 /(mmol-L 1)

e K Na' Ca”’ Mg*'

EETK 0.0018  6.4542 0.0023 0.0045
0.0l mol/L. NaCl ~ 0.0012  1.2447 12.3120 0.0012
0.02mol/L. NaCl ~ 0.0017  2.4549 23.4450 0.0024
0.03mol/L. NaCl ~ 0.0021  2.7861 34.1450 0.0025
0.04 mol/L. NaCl ~ 0.0034  4.4567 41.1840 0.0045
0.05mol/L NaCl ~ 0.0054  8.4271 54.5320 0.0075
0.01mol/L CaCl, 0.0027 17.1250 0.0012 0.024 1
0.02mol/L CaCl, 0.0029 24.7530  0.0018 0.0345
0.03mol/L CaCl,  0.0040 29.4510  0.0021 0.0475
0.04 mol/L CaCl,  0.0060 46.4750  0.0024  0.069 8
0.05mol/L CaCl, 0.0064 75.8960  0.0029 0.0717
0.01mol/L AICI,  0.0011  2.2133 0.0018 0.0014
0.02mol/L AICI,  0.0017  2.8742 0.0017 0.0027
0.03mol/LL AICI,  0.0016  1.9874 0.0019 0.0026
0.04 mol/LL AICI,  0.0014  2.5786  0.0024  0.0017
0.05mol/L AICl,  0.0011  2.6785 0.0023  0.0022
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values on the expansion index
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Fig. 6 XRD analysis of bentonite after chlorine salt

solution treatment
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Fig. 9 Fickian diffusion fitting curve of bentonite in

deionized water and chlorine salt solution
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F4 [BiE LK Fickian BRI BIlGSH

Table 4 Diffusion fitting parameters of bentonite Fickian

model

bR n k R’ ey Sun i
JEK 0.7730  0.6076 0.9921 non-Fickian{/'#

0.01 mol/L NaCl 0.1202 15.0293 0.9934  Fickiany/#ik

0.02 mol/LL NaCl 0.0891 12.8790 0.9989  Fickiany/#k
0.03 mol/L. NaCl 0.7185 0.6510 0.9911 non-Fickian{/'Hi{
0.04 mol/L NaCl 0.8851 0.3028 0.9925 non-Fickiand/fi
0.05mol/L NaCl  0.9684 0.1615 0.9943 non-Fickiand/

0.01 mol/L CaCl, 0.3638 4.1921 0.9915  Fickian¥/'#it
0.02mol/L CaCl, 0.6317 0.8559 0.9940 non-Fickiand/ i
0.03 mol/L CaCl, 0.5617 0.8720 0.9952 non-Fickian" i
0.04 mol/L CaCl, 0.6514 0.5471 0.9918 non-Fickian"#i{
0.05mol/L CaCl, 0.6579 0.3204 0.9909 non-Fickian#
0.01 mol/L AICI, 0.5467  0.8931 0.9994 non-Fickian# i
0.02mol/L AICI, 0.5064 0.9250 0.9951 non-Fickian##f
0.03 mol/L AICI, 0.5016 0.7452 0.9933 non-Fickian# i
0.04 mol/L AICI, 0.5265 0.5170 0.9988 non-Fickian# i
0.05mol/L AICl, 0.5078 0.4369 0.9916 non-Fickian# i

3 #ig

1) 7E NaCl, CaCl, 1 AICL 3 8, 24 1 Wi e
i1 0.01 mol/L FF+FZ 0. 05 mol/L i, & ik 45 %k 73 51
A1 56.51.41 mL/2 ¢ FREZE 35.7.8 mL/2 g. W
W — e n A& S TS ki
HOB R OG5 ROR R BN Ry AP >Ca’t >
Na . 590 (pH=8~10) A & i (=60 “C) 2% 14 X i 118
- 11 Bk R AR R VR

2)7E £ B 17K NaCl,CaCl, fil AICLIE # | 1%
T B KRR A 2R 4 5k 24.3.31.6.29.6.23.8 g/
go f£0.01 mol/L NaCl ¥ # .0.02 mol/L NaCl #
WA 0. 01 mol/L CaCLE W, Wi + R Ik ¥ i =
#n<<0.5, )8 T Fickian % ik it 72 , & W1 WK 73+
PHICH BN TR B A A b e % 7E I
b e B SR VR I KBTS 40, 5<ln<<
1, J& F non-Fickian i& ik i 2 , ¥ WK 43 F 97 1o &
55 R B e 25 43 A0S ol R A K U [
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