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The effect of acid rock drainage on the permeability of sodium bentonite
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Abstract: Sodium bentonite holds significant utility in environmental geotechnical engineering as a primary constituent of
anti-seepage structures, notably vertical cutoff walls. This study assesses the dispersion, expansibility, and permeability of
four sodium bentonite varieties in acid rock drainage (ARD) by sedimentation, free expansion, and modified filtrate loss
tests. Results from the modified filtrate loss tests indicate a permeability coefficient for sodium bentonite in acid rock
drainage ranging 2-3 orders of magnitude higher than that observed in deionized water. Despite a decrease in the
permeability coefficient of sodium bentonite in acid rock drainage with increasing filtration pressure within the 50-150 kPa
range, such pressure increments fail to offset the deterioration of the acid rock drainage. Furthermore, this investigation
delves into the mechanisms governing the deterioration of sodium bentonite induced by acid rock drainage, employing
scanning electron microscopy test, X-ray diffraction test, and chemical composition analyses of effluents of filtrate loss test.
The study concludes that the deterioration of sodium bentonite due to acid rock drainage involves both ion exchange and
mineral dissolution. The ion exchange primarily entails the replacement of monovalent cations (mainly Na*) in bentonite’s
montmorillonite by trivalent cations (primarily Fe**) in the acid rock drainage. Mineral dissolution occurs mainly due to the
strong acidity of the acid rock drainage, which converts Na in the montmorillonite into ionic form, thereby disrupting the
structure of montmorillonite. By comparing the microstructural test results of four types of sodium bentonite, the study
elucidates the differences in their deterioration mechanisms and identifies the key factors influencing these differences.
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Table 1 Physical and chemical properties of sodium bentonites
o I AT H T o
e o FH B A i FEH W% il SR
WM E X G (cmol/kg)
CEC/(cmol/kg) o I SI/(mL/2 g)
Na® K" Ca?* Mg¥ ZFEWA A% Hiia K4
Wyo-NaB 2.566 91.7 488 1.0 95 3.0 74.06 14.67 0.48 7.90 29.5
Na-CaB 2.516 74.4 493 1.1 7.0 20 5221 2379 2.14 2186 24.5
zh-26-NaB 2.867 103.8 895 53 91 15 66.11 1675 137  3.65 19.0
zh-4-NaB 2.747 115.4 558 14 177 37 79.62 1032 196  0.59 12.5
=2 EEMEKOEKFERS
Table 2 Chemical composition of the ARD
Na'/ Mg/ Ca*/ Fe3t/ AP SO4*/
i pH Cl/mM  I/mM RMD
mM mM mM mM mM mM
PR IR K 2.4 1.84 5.17 3.28 14.13 462  33.34 9.60 173.7 0.011
5 MR MR K 2.8 0.37 1.03 0.66 2.83 0.92 6.67 1.92 34.7 0.007
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Fig. 1 Final sediment volume of sodium bentonite in

deionized water and acid rock drainage
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Fig.2 Swelling index of sodium bentonite in deionized water
and acid rock drainage

M 2 AT U, B FR R TR PR KA L
(RIBEG Rk N e XET ARV &, 4 PRk
fRH ST S AKX STwyoNap>SINa-cas™>Shn26-NaB™>
Sli-anags HH Wyo-NaB Fl Na-CaB 7E £ F/KH
MK EOCT 18 mL/2 g, i /& GCL Hx il +
NERKABE 2K 1R 5 MR RRYEE KT, Wyo-
NaB (2K 8K IH AT AR FRAE 24 mL/2 g PA L,
Tt FERIR FE R MR 7K 1, Wyo-NaB 7] DAfR#F R 4
2K s FERRYEIE KT, R Wyo-NaB (2K 1
BONRELF, zh-26-NaB Ml zh-4-NaB (1M HCH
7 mL/2 g, BETEEERZIE L, SRR PR ACH B2k
HEziE - B I 4 e B BAAE 70 3
22 SAEATRSEN

(1) YL LA KB 1K BBE

TR BT KA, A 38 R0k H yE 2 A
TR IE R BB ENERIRT EEAER .

Bl 3 BN A e 25 B K b B R IR IR 5
R, ME3 F153], fEEBFKH 4 Mz R)E
ZERBNK DT N kmosNas>koh-a-NaB>kwyo-NaB>
kna-cans X — T 55 2 B AR K 145 21 A0 45 18 2%
A3, R K f ok m Hgd R AR



3 1

HIER, S RVED LR NI 2 2 BV 217

zh-26-NaB Hll zh-4-NaB [1][5i214: Ge FH7K A 1 BE AR XY
KRN, XATAER zh-4-NaB 52 i A0 45 & /K 5y
THIBE IR R E . Uz kPR R ReAE
NEBFEVERENI S, FEARBAEN S OB EMERE I
XPRARE, FRE,  BEE Y R 2 2
PERVEURI S K E, IS meUhEsE 24 Flin
Na-CaB M55 BN 23.79%, SRR %2, H
e VRS AR A 3 A1 20%~33%, &5

%, Wit (D ~ Q) HEFEEINZE R
P, X% 22 AT DU T 24 M S K T 968 P T SR ik
Do WHTIBIE RBURAR . JEA TR U I 1,
BB PRIHSIE REAEAE— R 2%, JERELHE
VWA 2 B VERE I T SE 4R A

1x1078
3 —— Wyo-NaB
—o&— Na-CaB

- F ——— zh-26-NaB
E a0 | —o—zh-4-NaB
= 3
2 ‘\\
W&
% L
f@ 1x1070 L G\S\e
= 3
] 3

1x1071 L L L

0 50 100 150 200
S JE/kPa
(a) JePHBERE k
50.00

i Wyo-NaB
=== Na-CaB
40.00 || =#—2zh-26-NaB
== 7h-4-NaB

£
i 30.00 | /
K
% 20.00 O/*,-_e
Py
, — o .
10.00 |
0.00 1 1 1
0 50 100 150

S /kPa
(b) JeRIERE
3 WEMIETEERBFRFREAREER
Fig. 3 Filtrate loss test results of sodium bentonites in DIW
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Fig. 4 Filtrate loss test results of sodium bentonites in ARD
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Fig. 7 X-ray diffraction curves of sodium bentonites
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