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Experimental study on expandability of montmorillonite modified by
electrochemical method

MA Peng, ZHUANG Yan-feng, LIU Zhi-tao
(College of Civil Engineering and Architecture, Wuhan University, Wuhan 430072, China)

Abstract: Based on the characteristics of electrochemistry, a new idea for in-situ treatment of expansive soils is proposed, with
a high charge hydroxy aluminum ion solution as the electrolyte, and the modification of montmorillonite by hydroxyl aluminum
ions into the soils under the effect of applied electric field. From the macroscopic point of view, the particle analysis is
conducted, and the limiting moisture content and swelling characteristics of montmorillonite before and after electrochemical
modification are studied. The results show that the swelling characteristics of the modified montmorillonite decrease
significantly, and the soils in the anode area reach the performance requirements of the non-expansive soils. The X-ray
diffraction tests on the montmorillonite before and after modification are carried out from the microscopic layer. The
hygroscopic sensitivity between the lattice layers of the montmorillonite after modification is obviously reduced, indicating that
the hydroxyl aluminum ions enter into the interlayer, replace the cations and reduce the hydrophilicity of the mineral lattice.
The changes in the weight loss of montmorillonite before and after the modification at different temperatures are studied
through thermal analysis. It is shown that the hydroxyl aluminum ions enter into the double layers to exchange cations and
attach to the surface of clay particles, reducing the thickness of the double layers and the expansibility of the montmorillonite.
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Table 1 Initial physical parameters of montmorillonite
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Fig. 3 Plan of measuring points in model tank
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Table 2 Particle composition analysis results of montmorillonite
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Fig. 4 Particle-size distribution curves of montmorillonite
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index of montmorillonite before and after modification
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Table 3 Free expansion rates of montmorillonite before and after

modification
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Fig. 6 Variation of expansion force with time
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Fig. 8 X-ray diffraction patterns of montmorillonites in various

regions

F X3 2 RN S L X SR AT R RE an i 9
Fis. T ZEBL WEATE SN, 2id o Rt
HJE, SRR (001) REFATHER 14~15A
W2 17~18 A, H L BENWMES ¥, FHARRHAAH
BOKHER, SHETEGRIHER, BAL5ENGE
[T A AL

WL 8, 9 MZEMiA XRD d (001) St Fi d
EXTEEAEZE, W LA A SO 52 I L 1 s SR I K 22 4
3.9221 A RT B E R b Z K 218 (BEIRIX d 248
1.1370 A H#8IX d 228 1.9236 A IRIX d 2518 1.7794
A, XRUIFHEEAR SIS N L, &ad b 2= ektt:, w]



5 s,

. ARG SR R P B A 905

BRI ENRD TN o, RS2
it W@ﬁFE%%ﬂM%kat3%mA FH
W Pk B 1 N e /o 1.1370 A, 5 R T IK B s
FE73 () 4340 3R >R PR, X5 2205
BT B 45 80, R Bk 2 A SR I AT DA SE
Bl K M B . B 2 ARG e, #R
BTN T A FER T Z WA S E R
TR A T HISSER

4000r & 3 ¥ =
2 288 2
3500 (S 1T § 3
3000 % b A
I 2 88 3 T~
£ aso0|wE 3o 7 R BRXEUER)
< -2 ) <
i 2000 E s = o IR (I
Bsoorys 358 3
= =
1000F &R E R -
Kig* 9 g mmzemm
S0\ L i T Ehacke
0 10 20 30 40 50 60 70 80 90

Be¥g200°)
9 BEXEEM L X SHEITHEE (2 Zfaf)
Fig. 9 X-ray diffraction patterns of montmorillonites in various
regions (ethylene glycol saturation)
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Fig. 11 TG-DSC curves of unmodified montmorillonite
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Fig. 15 TG curves of montmorillonite before and after
modification
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