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An experimental study of removal of chromium from contaminated
soft soil with the electrokinetic soil flushing method considering
temperature and low voltage

ZHENG Jiating', LIU Likui’, WANG Aihua', WANG Yan', LIU Ganbin'
(1. School of Civil and Environmental Engineering, Ningbo University, Ningbo, Zhejiang 315211, China;
2. China Construction Third Bureua Engineering Design Co. Ltd., Wuhan, Hubei 430074, China)

Abstract: A series of column tests of chromium-contaminated soft soil were performed in lab using self-designed
electrokinetic soil flushing apparatus considering temperature. The changes of the current and electrolyte solution
pH, and the effects of the type of leaching agent (i.e. sodium dodecylbenzene sulfonate, citric acid and oxalic
acid), applied voltage and temperature on the removal behavior of chromium were analyzed. The results show that
chromium in soil can be removed effectively with the electrokinetic soil flushing method. Compared with the
single soil flushing method using sodium dodecylbenzene sulfonate (SDS), the removal ratio of Cr(VI) and
Cr(total) can increase to 2.79 and 3.12 times when the voltage of 10 V is applied. When the raising temperature
increases to 45 “°C, the removal ratio of Cr(VI) and Cr(total) both are greatly improved as citric acid (CA) and
oxalic acid (OA) are leaching agents, while the removal ratio of Cr(total) decreases by 4.25% when using SDS as
leaching agent. The group using oxalic acid as leaching agent shows the best removal efficiency, and the removal

ratio of Cr(VI) and Cr(total) reach 82.08% and 77.57%, respectively. After remediation, the soil structure has
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changed, and pores between soil particles become smaller and the soils are more compacted.

Keywords: electrokinetics; contaminated soft soil; chromium; remediation; temperature
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Fig.1 Schematic dirgrasm of the experimental apparatus
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Table 1 Experimental groups
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SE 0.5%KCl 0 5
SF-SDS 0.5%KCl, 0.5%SDS 0 5
SFEK-SDS 0.5%KCl. 0.5%SDS 10 5
SFEK45-SDS 0.5%KCl, 0.5%SDS 10 45
SF-CA 0.5%KCl, 0.5%CA 0 5
SFEK-CA 0.5%KCl, 0.5%CA 10 5
SFEK45-CA 0.5%KCl. 0.5%CA 10 45
SF-OA 0.5%KCl. 0.5%0A 0 5
SFEK-OA 0.5%KCl, 0.5%0A 10 5
SFEK45-OA 0.5%KCl, 0.5%0A 10 45

T SRR BE o R

M = W A AT . A5 2 2
I (8] 1274 48 h, AN [m] Z 475 T #E4T SFEK-SDS, SFEK-
OA. SFEK-CA 50 B Jim A I 8, L rhabk e 3 v Y
ANFEE R R A B3R 3 em, WRIBRIRE R T
P AN 55 50 F AR B B 8 - A P 26 7 em, TR L R R AR
10 V; # 17 SFEK45-SDS. SFEK45-OA ., SFEK45-CA i
6 A HL B R IR AR R, IR R IE R 10V,
P IR 2 U LR VRO IR B R A 45 C

R, U R R Y AR A BERR 12 h A
TR s Y A 2 5 Wb & TP TR Y pH U 2 SRS A
SHAGE 00 9 VR & S R R TR CrOED) 19 s
B EAEE s Y 35 5 B % IR Sk IR
FEIREE d i &am il 1,2, 3,4, 54, B +L
B Cr( V) 38 338 B fife /0 D1~ W e 43 D 't B 125 0
i, (0 EALES A IR T4 66 T (AA-900, 6
[, PerKinelmer) 5 F5 i i #4 7 @ 1 4 4 4% ( MS-H-

S10 Jb 5t K Jg 2441, Cr( VD) K Rl 2 mg/kg, + 3%
e CrCl ) 3 a Fi B B 55 B 1R & SPhi% L, £
FH 3 ZALER A 4 A 3 # (L (S60UP b 5t 31 %
Bb) 5 e B A S B T IR & S 6% (X (ICP-OES, 8300
DV, [ PerKinelmer), Cr( &) & H FR 47 0.5 mg/kg.

2 RBEEESH

2.1 HLRZE

FA BB IIE 2, ik b, B
RIS, Il TR IR LA b o b LR B B 5 #
3, A RN, HE AR gL, e
TARE . M H 10V B9 ke, ok
T SDS B LA i N, B B OR, X I O SDS
F FEL A O I VA R R v s E R B
TE— B, i TRl g A2 sh e B (i
Cr(VD) BB J8 A B B 5 i /b, FL O # 2o 78 o ™ AR 190
VE PN, HH 10 V HLUES 45 °C IR IR

3r —o- SFEK-SDS -e- SFEK45-SDS
— SFEK-OA = SFEK45-OA
- SFEK-CA SFEK45-CA
0 .

0 6 12 18 24 30 36 42 48 54
i [ /h
B2 HifHERETY

Fig.2 Variation of electric currents with elapsed time



2021 4F

FRAEHE, 25 25 il R0 vl Btk e vk 25 BR T e Ak L b R R AT Y - 209 -

TR AR i, bR B R 2 AR Y, BT
PAWH i 7 %] SFEK45-SDS, SFEK45-OA ., SFEK45-CA [
WA HL AR e, IR E T 12 mA; Bl I e 3 K, 40
WK G B R AT RS, R IR X A S R A BT
VERIIT iR B ™, PR L 0 L S R R, B T M
7} SDS () SFEK45-SDS i HE f# F 9 mA Hi i #h, H:
4% 2 #H SFEK45-OA ., SFEK45-CA [{JHLI 730514 6, 5 mA,
IS A Bt iy HL 3
2.2 kR ISCAE E Y pH

L RIS 3 Y pH (AR AL REE, WL 3(a) .
P 1 5 A 2 B U R W WS = pHL (L IR A [ A2 A A
K, HAEN sh e, W 10 VA SN0 L R e ke iR 56
J& BT U VR AR R A K R, AR R T
ST LA H IR 2% 2H ik S R AR = Y pHL BECE IR (7] 32
FEAI%, FeJ5 B2 E7F 3 ~ 4. i T SFEK45-SDS. SFEK45-
OA. SFEK45-CA 4 % & 1 il B ¥ 75 2 45 °C, F 3L
BB EL i K B N 7 AR I R 32 A K . BT LA, TE oA 5%
AR R, 3 T, pH R AR K .

fm
jan}
o
5
&
g{_
=
3 = SF ~ SFEK-OA
#Z ,| ~*SESDS - SFEK-CA
= -+ SF-OA -e- SFEK45-SDS
~v SF-CA —+ SFEK45-OA
- SFEK-SDS + SFEK45-CA
0 1 1 1 1 1 1 1 1
0 6 12 18 24 30 36 42 48 54
FRFTa] /b
(ORGIIHITIE S
12

N Y
Py : *

= SF -« SFEK-OA
- SF-SDS - SFEK-CA
8F o SF-O0A -e- SFEK45-SDS

e % pHIE

-v- SF-CA - SFEK45-OA
4 -+~ SFEK-SDS SFEK45-CA
% — —
0 1 1 1 1 1 1 1 1
0 6 12 18 24 30 36 42 48 54

i [E]/h
(b) Pk

3 R EWEEFMEE pH R EEN
Fig.3 Variation of pH in leachates and leaching
agents with elapsed time

2.3 MPEER pHE
B W E R pH EA AL HEILE 3(b) o 5T

i A 2R % 1Y pH (E R B T, AR AR R D,
SRR RV A 2E R . R R 10 VOHL RN R
Wk Y& 1) SFEK-OA. SFEK-CA. SFEK45-OA. SFEK45-
CA WRUEZE R pH (A — BEAARRTE 2 ~ 3, X R BN H
VA BT L T R B8 A T B X B A, okt
Xk 6 7 A R A R

3 ERSHMEITE

B854 B R i Cr(VD) e JE K Cr( ) ¥
JE . RERE (1 TR AR IR AE B, Rpal i #hnt ) AR 46, ik
IR IT I FE (4 LR AR AU TR AN T LA R L B b
FBR 1 kg 8% T ZH AR L BE £ RO R I S
H A% (L) & i W3R 20 S ALk Uk = LT R A
B 2t 8, S4B A R IR s
A T TR0 AR S YA P Y T R AR A
Frit S (R 2275 +7% LA o
3.1 WRBER YW

M SF-SDS. SF-OA. SF-CA 5 SF W Xf kLA r] LI E
L RV I SDS | PR . FERRITREIS 4R = Cr( V)
5 CrO8) M2 BR38, HL Y9 Dk 85 TR IR bk B 480 SR e
U, SF-OA " Cr(VI) 5 Cr( &) i KB R 4 388 T
27.98%. 34.09%. keI XT 4% 15 YL Ve I £
TR AR B, X 5 Rui 257 19306 25 5 — 5,
3.2 AL R B S e

WA 10V R E IR, B8 BT
Sk i LR AE R & TS TR R . — T
AT, LIS T ISR I rhb e S 1 g s
3 —J7 T, FEMRTERVE R, 85 M\ 0B L A e, If
WIS . A R R R = T Y 8 R
[l 6 v ok L A% A5 O 2P B TRV VAT I AT
Foth Ak . PR A H 3 04 3 50 4 AR T R i e 3
AR PRI, 4541 Cr(VI) 5 Cr( ) B BRFA T 8%
P TF . e 2 48 h T FE O L AE 1Y 2.40%10° ~
3.06x10 " kW-h, 4k VEW A 0.5%SDS 5 0.5%KCl [
H i SV I, fBL U B K, SFEK-SDS H i Cr(VT) 5
Cre) ML BR i m, A8 T 70.58%. 69.59%, 41
S SDS KPR Y 2.79 %5 5 3.2 1% . Y HFTEE IR
A R PR IR, it fin LRSS A R Btk IR Cr(VD) 5
CrO el ) £ BR 240 51 8 kel 55 /9 2.19 £ 5 2.02 % .
2 FH R AE A Ik PR TR B, it e S Y F 3 bk i 56
Cr(VD) 5 Cr( ) 2 B 253 5 Ry bk gk il 56 1 2.30 f5 5
181 5o MARIR S5 R vl LLE Y, MRV vT AR =
5B B R, AR A H 3h Ik k& 52 1 BT IO Y



- 210 - IR Sl 5T TR 4 5 5% 6 4
Fz2 IHEHCr (V) .Cr(R) BRREREE
Table 2 Residual concentration of Cr ( VI ) and Cr ( total ) in soil columns and energy consumption
e/ (mg kg ) HekE/ L W Cr
P /% 5 IHFERAEE/ (KW-hkg ) () BE/
1 2 3 4 (107 kW-h) o
(mgkg )
Cr(VI) 1111 1123 1072 999 862 13.88
SF “ - - 52
Cr( &) 1298 1311 1377 1277 1011 10.37
Cr(VI) 969.6 9324 10224 1026 529.2 25.34
SF-SDS - - 9.44
Cr(B) 10668 1212 1344 1192.8 624 22.29
Cr(VI) 501 511 372 201 180 70.58
SFEK-SDS Ny 3.06 14.96 33.98
Cr(En) 535 531 466 386 211 69.59
Cr(VI) 304 448 377 267 227 74.70
SFEK45-SD “ 4.47 22.82 34.12
Cr(E) 410 619 617 477 213 66.63
Cr(VI) 936 943.2 951.6 918 579.6  27.86
SF-CA . - - 11.78
Cr( &) 9672 11976 1184.4 957.6 825.6 26.68
Cr( V) 510 613 599 390 227 61.02
SFEK-CA . 2.40 15.12 24.22
Cr(&) 533 654 896 740 397 54
Cr(VI) 498 362 316 279 162 74.05
SFEK45-CA 291 17.25 26.9
Cr( &) 662 695 739 599 288 57.39
Cr(VI) 9612  1054.8 879.6 932.4 4932 27.98
SF-OA - - 14.15
Cr(B) 10164 11148 926.4 967.2 589.2 34.09
Cr(VI) 638 482 552 303 167 64.3
SFEK-OA Ny 297 16.41 26.78
Cr(E) 766 497 808 307 313 61.56
Cr(VI) 298 274 218 187 98 82.08
SFEK45-OA . 2.46 10.79 423
Cr() 388 355 339 290 198 71.57
RO B HENER 2 AT LA, W45 R 5, M T 0 T 2 AT LR v B A A T T 12 i P iR T, 1 v T
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Fig. 4 Microstructure images of the soil samples
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