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Optimization of Electrode Configuration in Soil Electrokinetic Remediation

LIU Fang, FU Rong-bing” , XU Zhen

(Shanghai Academy of Environmental Sciences,Shanghai 200233, China)

Abstract: Electric field distributions of several different electrode configurations in non-uniform electric field were simulated using
MATLAB software, and the electrokinetic remediation device was constructed according to the best electrode configuration. The changes
of soil pH and heavy metal residues in different parts of the device during the electrokinetic remediation were also studied. The results
showed that, in terms of the effectiveness of the electric field strength, the square (1-D-1) and hexagonal (2-D-3) were the optimal
electrode configurations for one-dimensional and two-dimensional respectively and the changes of soil pH, the removal of heavy metals
and the distribution of electric field were closely related to one another. An acidic migration band, which could prevent premature
precipitation of heavy metals to a certain extent and promote electrokinetic removal of heavy metals, was formed gradually along with the
remediation in the whole hexagon device when the cathodic pH was controlled during the remediation of the four cationic metallic ions,
Cd**, Ni**, Pb** and Cu’*. After 480-hour remediation, the total removals of Cd, Ni, Pb and Cu were 86. 6% , 86.2% , 67.7%
and 73. 0% , respectively. Remediation duration and replacement frequency of the electrodes could be adjusted according to the repair
target.

Key words: heavy metals; contaminated soil; electrokinetic remediation; electrode configuration; optimization
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Fig. 1 Schematic of electric field applied in the soil
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Table 1 List of physical and chemical properties of the soil

YRR T V5 g 11
pH 6.08
/g cm 3 1.88
%%%/MS'cm’l 221.0
>0.05 mm 54.70
BT/ % 0.002 ~0. 05 mm 35.21
<0. 002 mm 10. 09
FHIKE/ % 38.4
OIS B/ g kg ™! 7.93
cd 108.9
EeE TR/ mg-kg™! Ni 165. 1
Ph 109.2
Cu 134.3
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Fig. 2 Schematic of electrokinetic remediation cell

FES R B R L R v o Ay o A ) 2 BB ) i LT 4 2R
. AI(B1) ., A2(B2) . A3(B3) . A4(B4) Bkt S 5
FHAR (4 AE R E 25 433312 0.1, 0.4, 0.6, 0. 9.
1.5 Wik
48 pH {H . SKFRB BTk WLSCHk[19].
S S 04 T A A IR 36 R A BE AR 4B Method
30521 AT  FRBOR ST 0.5 g BORESL, IIA 9 mL
WAHIR . 3 mL S HER, B T 0 ,5. 5 min
FHEF (180 £50)°C , T (180 £50) C {445 9. 5 min,
ZIERH, Uk, B, A TR, B
B SR I E R K SR O o SO B TR (55
PE /3 #] AAnalyst 600) #4730 22 .

2 HREWE

2.1 ANIRIRLAR A LA L 37 0 A AL
K3 2 e L S B 2 v L AR L B H A A

= = =

(a) 1-D-1

(¢) 1-D-3

o = s e =

(e) 2-D-2

@ mk O mk

SRR

AR AR 3 (a) ~3(c) H—LEHR AR 5 3(d)
~3(F) h YE AR, A s B R T Al
ST IN 76, 45 Fofr ebL Al AL AR R R . k4,
ST W FLAR R B 2 B I T N FL A B T R
Wi, WA IR SN T 1E/\IIE (2-D-4) | 1B+ ZiE (2-
D-5) HUARAG TR (4 B I B 43 AT, Al 4 .
2.2 R[EIFEARAS B AL 3BT

W R 5 L B B b 48 2
i IR RS RN AT BRI R B R i
SRR S 1T 4 i ) R T R S T EE 3 K
ANIEAR S PRI B 37 B %o 1 4 i s & 7
FERZM, 0] IR i 70 B e B BT A R
YR IX AN IR P X2 @ i %t 4 b e 3750
AR BT RCE AL B, AT DA RIS [R) G 55038 o b o
A SR X TR E A L, An LS (a) BT, AR
A DX A 5 s o 08 36 768 5, 459 380 1 A 2080 T Rt

= = =

(b) 1-D-2

A/T DT

(d) 2-D-1

LA 2°cpee

(f) 2-D-3

[:]%ﬂﬁﬁ¢wﬁﬁ

3 6 MERMIEHARIFEIREE

Fig. 3 Six common electrode configurations of non-uniform electric field
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Fig. 4 Electric field distributions of different electrode configurations
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Table 2 Indices of different electrode configurations

A b ) ifnﬁjﬂ N LT EER 7 QU AT AR % 5 G S s e A T T AN T ST R 77E KRB &0
/m /A /A /% /Vem~! F-¥Y/Vem !
1-D-1 1.00 4.00 4.00 79.0 4.26 1.07
1-D-2 1.00 6. 00 6. 00 95.3 4.86 0. 81
1-D-3 1.00 8.00 8.00 97.9 5.14 0. 64
2-D-1 1.30 4.00 3.08 100 8.30 2.69
2-D-2 2.00 5.00 2.50 100 9.88 3.95
2-D-3 2. 60 7.00 2.69 100 11.17 4.15
2-D-4 2.83 9.00 3.18 100 11.58 3.64
2-D-5 3.00 13. 00 4.33 100 11.74 2.71
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