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Experimental study of electro-osmotic interface resistance of
soft soil based on electrochemical reaction
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(1. China Railway Construction Group Southern Engineering Co., Ltd., Guangzhou 511466, P. R. China; 2. Coastal
and Urban Geotechnical Engineering Research Center; Zhejiang Urban Underground Space Development Engineering
Research Center, Zhejiang University, Hangzhou 310058, P. R. China; 3. Zhejiang Jiantou Innovation Technology
Co., Ltd., Hangzhou 310012, P. R. China)

Abstract: In order to solve the issue of high energy consumption and significant potential loss at the soil-
electrode interface during electroosmotic consolidation, this study investigates the impact of electrode reactions
on interface resistance from an electrochemical perspective. By using a self-designed one-dimensional electro-
osmotic consolidation device, indoor experiments were conducted to explore the trend of the clay-electrode
interface resistance under different electrode materials and different power supply modes. The trend of interfacial

resistance of four different electrode materials, electric geosynthetics (EKG), iron, aluminum and copper,
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under continuous power supply was investigated through laboratory electroosmotic tests. Further, the
electrochemical mechanism of action of two optimized power supply modes, intermittent current and polarity
reversal, were investigated. Results show that electrode reactions alter the interface electrochemical properties,
affecting interface resistance and thus the electroosmotic drainage rate. The rapid growth of the interfacial
resistance is one of the reasons for the high energy consumption of electro-osmosis The anode interface
resistance is significantly affected by electrode reactions, with a smaller anode interface resistance observed in
the EKG electrode under long-term electrification, while the metal electrode exhibits a larger anode interface
resistance due to the combined effects of concentration polarization and surface membrane resistance. Using an
optimized power supply strategy could help alleviate interface polarization and inhibit interface resistance growth.

Keywords: electro-osmotic; interfacial resistance; electrode reaction; experiment study; ground improvement;

electrochemistry
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Fig.2 Anode interface resistance curves with time
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255k Lo BH B B T v BEL R B AR S T A B AT D
KB A AR, B A TE R RE X H B ROR R
FREM . iR E B WAL & EKG B, B AR
T BHL 28 R T B A o BRI AR S i Fl B S AN B B
T H B B A B SRR B B HE K B T H A
Mmook 22 A AN B S o (W] RT L B, A
A S 1A HE L 38 5 Sy U S %) ] L R B AR v B T
A Al 5 BH AR 26 0L, 3X 2 T B R A vk
27 W, BEL 0 3 TAD B BEL A O T W A T I L /N B HL R
1B BOYTA% TE Ak H B 3G, PRk 33 R R i Y B
A 5t T F, B 1 R 8
2.3 HEKEFBIR

LB 0 T, HE 7K S 2 e Ry DR 1 4 T R 92 A
T8 BR, B 5 AN [ e e 7E Ff 4 HL R HL B HEK
st Pl A ] A AS At 2 . fR S AT, EKG HL AR A HE
IR e AE: 180 45 oA HE K B 5 250 mL; 76 3K

BT M4 R B, EKG Rl BT B R 3,
OGS L R A Y HE K & A R EKG B9 85.6% .
77.3% .64. 1% o HEAK 5 AR Al il 2k R R Sk T %K
55 20 (W HEZK 3R EKG AR 7638 fL 10 h N HEZK R
e, B 5 W RCGE i T A B Ak, B IR IR S
4 h N HEZK B, BRI 5 HEK 3R A ] EKG H
e o ST R SR AR R 1 3 6 2 HE K s R R 25
ST R BH — 5 R B AT DAAE R H B g R b s e
IR PR HE A o

—0— EKG
250 |- - O BRHLl .o
A g PN
- g 000 p s
e N
200 - O g v
S vV
2 gB o
£ KB e
1 150 R~
2 B
i b
= -4
100 :
(&
sob 4
0 4 8 12 16 2 24
Hif 1) /h

BEl5 HEKkEREREIE gk

Fig.5 Variation curves of drainage with time

I R FHE L R AR AR R 30 VAR
A5 HL I Y S Ak R TR B AR AR R A BHL Y AR AL
P16 J2 H It Bl B[] 1% 78 Ak ittt 2, 45 12 36 21 fRL O A T
WA /N E BT RS R B AT LU B AR
e o PR IA B HL U WA, S T 5 0 EKGHL AR
BRH A I b O A S R (B R 2 i JA) T
A H A TR . &0 B BRI IT R
TR EKG AR T R B N T4 R
B, BEAE A B I ] 3 ] N R R BCR ML I . B e
8 HL 3 B804 A — > DR R R Y o AR A0 Bk H AR 1Y
1.25~2.4 h #5 | M 19 0.5~1.9 h F1 4 1 )% 1
1.25~3.6 h, Ho o DL A A 9 28 [ 45 2 B (0] B
K, 5 R B e K .

6 4I é .1I2 ]‘6 2‘() 2‘4
Frfila)/h
6 FBAR E L L

Fig. 6 Variation curves of current with time
i TP A B, A L R B K A /0N T

BEOR 7R BB HE K b A H B AN T e 2 BT
{EGF HE EKG AR A 2 Ja A Al CR ) 2 B H ) G He



% 44

WA, FATEAFR BRI EER G E XL AL 15

T AR AR AE AT LA K B, EKG B % A f 2 HE K 2 A E,
WA KT 4@ st , B EKG 4] R dL B K T4
Ja& F AR B LT, R R H BEATS /N T 4 e o

(A5 — 4R A9 02, 7E F7 238 B P 5 9 (EKG HL )
19.6 h BRH LAY 14 h 45 AR Y 16. 5 h DL 4 i
e 9 20 hAd ) AT DLW £ 21 H 3t 9 58 T, HLHE K &R
A 1 3 0 2 P 28 B B (EKG ALl > Bk
B = FR AR =>4 R ) o 3K TR AL L HEK
ORI 5] B A+ AR HE KRR AT e K M 4 A8
R RS R E AR, kiR S+
A 1R 8 A I8 2 et 4 f T ARLUR /)N | A FE 3 AR R B
22 i TG AR A 2 25 DR/ A P Y %A R G K, 3 Ak r BEL R
Rk, DRt HE BT T 2 Hp T R ) B R A T R L R R
5 00, FLBHL A9 R B 0 F i T, B RSOR R .

3 AHEBERNKEER

Xt 5 252 1 A 0 TP R K SCR B ) EKG HL R
Rk ri A O JRE A Ak ol v 5 I o S T R UK
T, DLEOUL S e 2% 3 e BT RO RS SOR AN 7 i
Ro TEATRIGZF T, EKG H AR R H b 76 5 o
A R AR B R G B0 KRR | 1) B L i
K B T 15, 400 A 14 800, I G AR T ) 4
#0400 A8, 006 SR I IR [1) J 2 i [m] B 1) i
HLRE A B 4R 5 i B R ACR

350 [ Fegsmd [0 el aicm v [ fedksa
321

300 | 295
278 | 289 287 4

250 |- 250 |

EKG A Btk

E7 FAEBEAXHKEITL
Fig.7 Comparison of dewatering capacity under different

power supply methods

53 M7 38 H o R v 2% a0 20 FlL g L A T F BH AR AR
155 00, e O Ak 38 i AR Xt S T He, BEL 7 5 )
3.1 EKGERIXBELER

EKG HL % 2% 12056 4 v i 28 Ak &) 8 fv 7 o (]
5 I 3 FE AR AN o AR F R AR R R b 3R
IRy e /N IR SEAC FE BE & HE K H S BT R A
o HL AL DA R FN /N UK Sy [] I HY, | S i HL R AR
grim, SRR -, EREIFRE 10h N,
R 2L 20 T R AR D, IS WU Sy B i 2 N Ta) R
2H o SR HIOC A 38 FR A X /) R 3 H i AR Ak 5 ) 4K

8 EKG B H i bl B 8] 2 40 gh 2%

Fig. 8 Current versus time curves for EKG electrodes

R [A]BR AL/ e 0 i i A e ) 2T L 10 h s
AR LI R T iR I 2 R R T b — A
RIS 2, TS 28 % T W 5 B AL TR R S I TR
JE L R R . % A 3 B A B R
s B4 A S R B AT

P9 2 3 B LN EKG H B B A% 53¢ 1 r, B
ARG LR o TR RO B b R R R
[F1] B 2 5 o e 20 BH R mi BEL I B 2 o ol R A U
R I0hIN, SRFEEHABARES . WESH/NA
SU1 A E Bl B T LS P R AR T LA B [ R Bl
i HL e /N S P R B AR A BT /0N U 5 i e
FHL 78 e 5 2 52 B - o A AL v Ak R 1 CBH A S i ™
W) e HE 520 < 5 5] R PR IS, T PR S0 1) R R R T 3R
BRS84S AR T 1) A7 180 97 BT
T S 5% A I i PH AR R Al 2 SR X (2) e e
A (3), e I AR ol A 480 MR 8 1 i #8327 o e o i
SRS 1o PHAR R SR TR T R Wk 2 T
K, DRI, A /0N Jo 309 90K 52 R 3% I A B FH A
LT ERHERT AN

PR ST HL B

o

= EKG-FFAH
o EKG-[u] il HL
A EKG- 4%

w

0 4 8 12 16 20 24 28
R 1)/h

9 EKG E 4R A% 57 T B FR B8 A 18 25 1k #h 2k

Fig.9 Anode interface resistance versus time curves for

EKG electrodes

BF A% 5 T R BEL AR Al R # WL IR 10, AHERS T 5 22
21, [ B ie R Y (94 R BEL T 8 h AR AR BN HE R AE 6 Q
Zed 8 b AT I B 5 S B i R I A R LA L T
U 2 h NI T e L 2 Tt o AR T H BE /)
JE S AE A oy S A~ B B, BT S LB R R



16 +r K5 x ¥

% 47 %

25 qm
Ll

Tl
l AT il
i W“LLLLN\\\k/Kr ) s

)
=)

(‘f‘ﬁﬁf

FH A 51 HLRE O

s

= EKG-FF4Eim

w
e
»

o EKG-Ju) e e,
ALK(JJE%LEE
0 4 8 12 16 20 24 28

s 1a)/h
E 10 EKG H % BB 4% 5 1 FB BHE RE A (8] Z5 14 fh 2

Fig. 10 Cathode interface resistance versus time curves
for EKG electrodes

WRT I . 4ia i (E ) Uk B, EKG
P A (] IR 32 (9 B Bl B T e BEL A2 A5 i i 400 A
R BHL A /0N L A 52 B A R BHL R e AR Fﬂ;ﬁﬁﬁ
A PRUAR S T F JHL K B R v L 5 0 o /)
AR FHAR L B AR L T — 2
3.2 HEMRXBRER

R L S AR B AN R 11 R o SR A AR
3 A AU i TR OB AR 3 T T A B AR AL -
B, MR LU /N B R T LR A > [ ] >
FrEe 41, A5 & i 8 HEK B 5 O /N ICIE FE A AL
5 LU, LI 2 I IR 20 B S A I AR 0 H I Y
2 h7e A5 A Ji5 28 B 30 F A 4 b A R] BCE LAY 6 h e
A AR A R DRI TR B 0 00 A DR HE K
e, R PG A8 FL AT L2 fige P AR B SR B &2, fdE
I 280 2R B Ol 11 50, B WA v I S A R B A FRL 2 S A
PO 5 49 IF 220 9 4 R o ORE R IE 1R 38 FRL B9 20 min

PR — /N JE 300 18] 85 5 e 16 4 Al O 1 /0 J 3D 2
“LUIE  RIVE T R i 20 A R T — R A R
Wi R

i 221, i e %

0 1 S 12 16 20 24 2
IFa)/h
B 11 ke AR H T e A 1A 2R 4L g &

Fig. 11 Current versus time curves for iron electrodes
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