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Experimental study on remediation of chromium-contaminated mucky
clay by electrokinetic soil flushing method considering temperature

WANG Yan, WANG Ai-hua, LIU Gan-bin
(School of Civil and Environmental Engineering, Ningbo University, Ningbo 315211, China)

Abstract. A series of column tests on chromium-contaminated mucky clay are conducted in lab using the 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, applied voltage and temperature on the removal behavior of chromium are analyzed. The
results show that the chromium in soil can be removed effectively by the electrokinetic soil flushing method. When the voltage
is 15 V, using sodium dodecylbenzene sulfonate (SDS) and oxalic acid (OA) as leaching agent, the removal ratio of Cr(VI) is
95.86% and 95.91% respectively , and the removal ratio of Cr (total) is 81.31% and 78.08% respectively. Raising temperature
to 45°C can promote complexation of oxalic acid and chromium leading to the migration of chromium, the removal ratio of Cr
(VD) and Cr (total) reaches 99.65% and 82.50% respectively. However, raising temperature results in the removal ratio of
Cr(total) by 10.99% when using SDS as leaching agent. Raising the voltage to 55 V, the chromium migration has slight effect
on its migration. When using SDS and OA as leaching agents, the removal ratio of Cr(VI) can increase by 2.58% and 3.05%
respectively, and that of Cr (total) can increase by 9.29% and 3.78% respectively. Lower voltage can be selected for the sake of
saving energy. The water-soluble and weak acid-extracted chromium can be efficiently removed by the electrokinetic soil
flushing method and the toxicity of contaminated soil can be reduced. After remediation, the soil structure is changed, and the
pores between soil particles become smaller and the soil is more compacted.
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Fig. 1 Experimental apparatus of electrokinetic enhanced soil
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Table 1 Experimental groups

5 G 5 WP HLE/V It B/ C
1 SFEKS55-SDS15 0.5%KCl, 0.5%SDS 55 15
2 SFEK55-SDS45 0.5%KCl, 0.5%SDS 55 45
3 SFEK15-SDS15 0.5%KCl, 0.5%SDS 15 15
4 SFEK15-SDS45 0.5%KCl, 0.5%SDS 15 45
5 SFEK55-OA15 0.5%KCl, 0.5%0A 55 15
6 SFEK55-0A45 0.5%KCl, 0.5%0A 55 45
7 SFEK15-OA15 0.5%KCl, 0.5%0A 15 15
8 SFEK15-OA45 0.5%KCl, 0.5%0A 15 45
9 EK55-15 0.5%KCl 55 15
10 SF-15 0.5%KCl 0 15
11 SF-SDS15 0.5%KCl, 0.5%SDS 0 15
12 SF-OALS5 0.5%KCl, 0.5%0A 0 15
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Fig. 2 Variation of electric currents with elapsed time
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Fig. 4 Variation of pH in leaching agents with elapsed time
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Table 2 Residual concentrations and total removal ratios of Cr(VI) in soil columns

Cr(VD#E/(mg-kg ")

Fs s 1 2 3 4 5 Ril%
1 SFEK55-SDS15 12 15 15 15 15 98.33
2 SFEK55-SDS45 7 5 6 4 5 99.37
3 SFEK15-SDS15 49 ) 37 29 21 95.86
4 SFEK15-SDS45 36 36 34 38 3 95.91
5 SFEK55-0A15 12 12 10 9 7 98.84
6 SFEK55-0A45 6 3 3 2 | 99.65
7 SFEK15-0A15 36 36 34 38 3 95.91
8 SFEK15-0A45 12 15 18 18 12 98.26
9 EKS55-15 66 51 89 62 54 92.51
10 SF-15 617 721 850 692 611 18.81
11 SF-SDS15 539 721 844 692 455 24.40
12 SF-OA15 534 792 721 631 432 27.67

®3 P Cr (DBERFRE. Cr (B) EMBREREES

Table 3 Residual concentrations and removal ratios of Cr (total) in soil columns and energy consumption

o e Cr (i) WKE/(mgkg ") . AEFE oy RS GED
T ity T2 3 4 5 P gwnny FOVED e me L
1 SFEK55-SDSI5 139 122 107 109 108 8886 1036 52.87 33.1
2 SFEKS5-SDS45 254 264 247 204 193 7787  10.14 59.04 28.5
3 SFEKI5-SDSIS 231 194 201 183 172 813l 1.28 7.13 32.6
4 SFEKI5-SDS45 232 229 238 240 238 7758  0.96 5.61 292
5 SFEKS5-OAI5 251 261 157 183 144  81.03 8.27 46.28 292
6 SFEKSS5-OA45 242 213 148 180 136 8250 874 48.07 30.9
7 SFEKIS-OAIS 244 249 255 211 192  78.08 1.08 6.25 29.8
8 SFEKIS-OA45 191 199 209 195 197 8112 1.87 10.43 323
9 EKS5-15 332 365 378 298 211  69.83 11162 25.1
10 SF-15 849 923 965 938 751 15.70 5.1
11 SF-SDSIS 623 879 923 801 610 2693 8.1
12 SF-OAI5 599 833 978 721 543 30.02 123
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Fig. 6 Scanning electron microscope images of soil samples
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