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Abstract: This study focused on hexavalent chromium—contaminated soil, investigating the effects and
mechanisms of a composite additive composed of tartaric acid (TA) and potassium chloride (KCl) on electrokinetic
remediation. The research first established different KCl concentrations (0.02—0.06 mol/L) combined with a fixed
TA concentration (0.1 mol/L) to screen the optimal ratio, then compared it with single additives (TA or KCl) and a
deionized water control group, analyzing changes in soil physicochemical properties, heavy metal speciation, and
removal efficiency. The results showed that the composite additive significantly enhanced hexavalent chromium

removal efficiency. The experimental group with TA and 0.04 mol/L. KCI (FH-3) achieved an average hexavalent
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chromium removal rate of 86.45%, which was 23.45% higher than the control group, 4.01% higher than the TA-
only group, and 16.97% higher than the KCl-only group. The total chromium removal rate also slightly increased,
surpassing the control group of 3.50%. In terms of heavy metal speciation, post-remediation soil exhibited a
dynamic shift between iron—manganese oxide—bound and residual chromium fractions, with an increased proportion
of residual chromium in the cathode region, enhancing chromium stabilization and reducing bioavailability. Current
intensity initially rose rapidly, with the composite additive group showing higher peak current than the control
group, indicating that soluble ion concentration in the soil increased, promoting hexavalent chromium migration and
transformation. Soil pH initially decreased and then rebounded, with slower recovery in the composite additive
group, particularly in the anode region, which might be related to the adsorption of H* and K* from TA by the soil.
Soil electrical conductivity significantly improved in the composite additive group, confirming enhanced ion
migration. Overall, TA and KCI as a composite additive can effectively promote hexavalent chromium desorption

and migration under electric fields, improve electrokinetic remediation efficiency, enhance soil physicochemical

properties, thus having promising application potential.
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Tab.l  Basic physical and chemical properties of simulated polluted soil
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21.1 13.7 13.1 103 — 7.7 9.51 39.4
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Fig.1 Schematic diagram of electrokinetic remediation device
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Tab.2  Experimental design of composite additives (TA+KCD)

Qb HRL G5 HMmFRIARE AR EE/ (mol - L") LB RE/ (Ve em™) & 5 i) /b
FH-1 TA+KCI 0.1+0.02 1.5 72
FH-2 TA+KCI 0.1+0.03 1.5 72
FH-3 TA+KCI 0.1+0.04 1.5 72
FH-4 TA+KCI 0.1+0.05 1.5 72
FH-5 TA+KCI 0.1+0.06 1.5 72

CK EBETK 1.5 72
x3 E&5FMANKEE T
Tab.3 Experimental design of composite additives

AR S SRR SN EE/ (mol - L) HLEBRRE/(Veem™) &SI i) /h

FH-3 TA+KCI IR g 1.5 72
CK-TA TA 0.1 1.5 72
CK-K KCl AR 1.5 72
CK EBETK 1.5 72
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Tab.4  Removal rate of hexavalent chromium AN % Tab.5 Removal rate of total chromium P 1 %
JUSE e ENGER: Ire TN G G USLIE| ENGIER: re s BN T
- THER o RETESTE
G sl s2 3 i sl s2 S3
FH-1 78.63 83.21 82.44 86.26 82.63 FH-1 -39.81 4.85 15.53 42.72 5.83
FH-2 67.18 77.86 89.31 85.73 80.02 FH-2 -65.05  10.68 12.62 19.90 -5.46
FH-3 77.10 83.97 92.37 92.37 86.45 FH-3 -17.48 12.62 31.07 17.48 10.92
FH-4 81.68 83.21 87.02 87.94 84.96 FH-4 -20.39 10.68 15.53 20.49 6.58
FH-5 76.95 87.48 87.02 89.31 85.19 FH-5 -63.11 23.40 14.56 15.53 -2.40
CK 48.85 66.41 60.69 76.03 63.00 CK -33.98 20.39 12.33 15.24 3.50
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Fig.2 The effect of composite additives on the regional

content of hexavalent chromium in soil
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Fig.3  The effect of composite additives on the total

chromium content in soil regions
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Fig.4 Five forms of chromium in soil in different

regions after remediation
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Tab.6  Removal rate of hexavalent chromium A . %
[$2H A[A] 39X S 2 o
%ﬁiﬂ S1 s2 S3 PRRkRE
FH-3 77.10 8397 9237  92.37 86.45
CK-TA 8092 8473 8244  81.68 82.44
CK-K 29.01 81.68  78.63 8931 69.66
CK 48.85 6641  60.69  76.03 63.00
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Fig.8 The impact of complex additives on the regional content

of hexavalent chromium in soil
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Fig.9 The effect of complex additives on the total

chromium content in soil regions
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Fig.11 The effect of composite additives on current variations
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