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Electrokinetic migration and removal of lead pollutants in kaolin

LIU Zhi-tao, ZHUANG Yan-feng
(School of Civil Engineering, Wuhan University, Wuhan 430072, China)

Abstract: The artificially prepared lead-contaminated kaolin is used as the research object with a new type of electrokinetic
geosynthetics (EKG) as electrode to study the mechanism of electrokinetic remediation of lead-contaminated kaolin. Two
different electrokinetic remediation methods are used. The effects of different additives on the removal efficiency of heavy
metals in contaminated soil and the differences of the two repair methods are studied by analyzing the current, soil pH and the
existing forms of lead elements. The results show that the later stage of current variation for the renewal electrolyte method of
electrokinetic remediation tests has a significant decline pattern, while that for the electrolyte cycle method has a slightly
fluctuating pattern instead. For the remediation of lead-contaminated soil, the additive of the acetic is more effective to the
removal of lead than that of the citric. Citric acid and lead ions are easy to form substances that are difficult to ionize, which is
poor for lead migration. The ethylenediaminetetraacetic acid disodium can complex with most lead ions to form complex ions.
The hydrogen ion and hydroxide radical produced by electrolytic water can be well controlled by circulating cathode and anode
electrolyte with peristaltic pump, so as to reduce their impact on the soil pH and heavy metal speciation. In the tests, the
removal of heavy metals by ion diffusion and scouring caused by the electrolyte circulation is less than 10%. This further
illustrates the effectiveness of the electrokinetic method in removing heavy metal contaminants from soil.

Key words: electrokinetic remediation; lead-contaminated kaolin; additive; circulating cathode and anode electrolyte;

electrokinetic geosynthetics
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Table 1 Initial physicochemical properties of kaolin
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Fig. 1 Photo of EKG electrode plate
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Fig. 2 Diagram of updated electrolyte test electric remediation

device
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Fig. 3 Electric remediation device of circulating electrolyte test
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Table 2 Design of updating electrolyte experiments
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Table 3 Design of circulating electrolyte experiments
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Exp-7 B&MZ. EDTA-2Na  — ¥k 2 4

Exp-8 MEfZ. EDTA-2Na A 753 2 4
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EDTA-2Na
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EDTA-2Na
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Exp-3 TR TR . 3
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H: Exp-2~6 ¥4 3R 1LF] pH=3~4; Exp-3. Exp-4. Exp-6
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(1) A&k pH M &

WG (3 R AR M 7)) U e (1 pH
bDEly T w7 = ST B S e R O E i 2 Y =
T 40°CHI T4 EE, FEid 0.25 mm (60 H) JE BT
IR AEA 10 g T8 3RS I 25 mL Z848K
Be & A, PESEEEFE 5 min, ZRJGHFE 30 min, H
FEERAEA pH tHIE, A5k A il S pH
i, A% pHS-3C.

(2) TIEELENE

HUHE T 575 ) 3% 6.0 g T 100 mL &0,
N 54.0 mL KN 1 mol/L HIERRIE W, LA 200 rpm 1)
WEEE W 6 h, SRJGTE 5000 rpm %5 5E K 250 20 min,
SKFH 0.22 pm (38 ki de_EEW, BERH R TR
o e e T E LiEw A ES R E E.
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2.1 Visual MINTEQ #&#il Pb* 53585l F /R
e E R, BERMAAE R L
HE RPN RE I ST, O T HEN e it
PR E S BIAER R, Bk P SR LA
WA RAEED, FH Visual MINTEQ #4 {140 &
& BIEAEE. Visual MINTEQ & /Kb 2 it 5
(SR R, R T VPl K A o 1 4 S T e T
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Fig. 4 Distribution of Pb*" in different pH values of 0.2 mol/L
citrate and 0.2 mol/L acetate simulated by visual
MINTEQ software
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T DU 24 51 (PbEDTA™) . £ &l 2

R4 7 (PbHEDTAD 51, %k
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KA F AR F T B AL R
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Table 4 Coexistence forms of Pb®" with acetic acid and EDTA2Na

ik W /(mol- L™ i EE/%
PbEDTA* 3.8X10° 97.46
PbHEDTA 9.8X107° 2.52
PbH,EDTA 4.7x107 0.01
FiA — 0.01
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Fig. 5 Change of test current with time in control group
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Fig. 6 Change of current with time in acetic acid solution group
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Fig. 9 Layout of sampling points of soil

10 (e, (d) 73 A NBERR G2 VA R A S S IR 4
Xof b P 2EL [RI A UL % o P YL T DB e 42 ) - 35
pH, NEEJEE TIAIT R —A R A
Bi. WS 10 (b) ~ (& ALK, IAESERI L
& pH B 52 EEINNATARIR 1) L4 pH &1, 2 i T eI E
3 pH B 7N LREREAT TR, AU R H]
40°C N, SBWERA ML, LA 10 (o),

(d) IR pH i -

AR I 1 23 m] SR P SRS I 77 5 A R R S
FEFE] AR pH ERUEZERAK, K ERERIEE N
WA SEITIA VAL AE R L pH RCRAR T R
PREeZH, M AR pH M EER U, ZZriE il
ZERETIROCR NAZ 4, BUATER IR G2 i Wi 5 R 2%
BRI

PRk Btk

ANl

£
£ 120
#® 100 |
iz

80 |

0 20 40 60 80 100120 140 160 180200

Hr K BEJ7 il /mm
(a) Exp-1

60
40|
20}

5 8/5 8

F—6.8—kn0u1 6.8

180 |
160 K
140
E 120
.@ 100
12 go
60
40 |
20

N N N
0 20 40 60 80 100120 140 160 180200
i BEJ 1l /mm
(b) Exp-2



1364 H O+ T OB % M

2020 4F

0 20 40 60 80 100 120 140 160 180 200
#r K B 1] /mm

(c) Exp-4

0 26 4I0 6b SIO 100 12IO 1;10 16IO 18I0 200
Hr K 7 1 /mm
(d) Exp-5
10 EEIMEE AR ETIZNEEmE pH 576 E

Fig. 10 pH profile of vertical soil cross-section of each group after

updating electrolyte experiments
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Fig. 11 pH distribution of soil longitudinal section after Exp-8 test
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Fig. 12 Residual lead content in soil after electric treatment
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Fig. 13 Residual lead content in soil at various points after Exp-7

test electric treatment
Kl 14 4 Exp-8 BB JEHER = 740, HABH
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X S5 MY EBR R IS 97.44%, AR FpRR
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Fig. 14 Residual lead content in soil at various points after Exp-8

test electric treatment
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Table 5 Ratios of lead content in each part to total amount of

migration
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