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Electrochemistry and persulfate synergistic action to remove
fulvic acid from leachate

YU Zhipeng, WANG Yigian, ZENG Xiaolan
(Key Laboratory of the Ministry of education of the Three Gorges Reservoir Area, Chongqing
University, Chongqing 400045, P. R. China)

Abstract: The treatment of leachate from most incineration plants in China often involves the use of “membrane
bioreactor (MBR) + reverse osmosis” technology. However, this process faces challenges due to the high
concentration of fulvic acid in the reverse osmosis system influent, resulting in membrane fouling. In this study, a
persulfate synergistic electrochemical system(EC+PS system) was used to reduce the fulvic acid concentration.

The study focused on identifying the main active substances responsible for removing fulvic acid in the system.
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The effect of initial pH value, persulfate dosage(PS), current density, plate space, NaCl concentration on the
degradation of fulvic acid was investigated. The results showed that fulvic acid removal mainly relied on CI°
provided by HCIO,-OH and SOj;- in succession. The fulvic acid removal rate decreased slightly with increasing
initial pH and plate spacing, exhibited an initial increase followed by a decrease with rising initial PS
concentration, showed an initial increase followed by stability with increasing current density, and slightly
decreased with the increase of Cl” concentration. Both current density and persulfate dosage were identified as the
main influencing factors for fulvic acid removal. In practical applications, the leachate effluent from the MBR of
an actual incinerator was treated using the EC+PS system under a current density 30 mA/cm’, potassium
persulfate 9 g/L and reaction time 6 h. Three-dimensional fluorescence spectrum analysis showed that the removal
rate of fulvic acid in both visible and ultraviolet regions reached 98.65% and 97.80%, respectively, indicating the
effectiveness of the EC+PS system in removing fulvic acid from real wastewater samples.

Keywords: fulvic acid; persulfate; active substances; influence factor; leachate effluent of MBR; electrochemical
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Fig. 1 Schematic diagram of experimental device
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Fig. 2 Effects of free radical scavenger on the oxidation removal rate of fulvic acid in EC+PS system
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Fig.3 Linear sweep voltammetry curves of Ti/IrO, anode in different solutions
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Fig. 4 Fulvic acid removal rates with time change under different initial pH values
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Fig.5 Fulvic acid removal rates with time change under different initial PS values
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Fig. 6 Fulvic acid removal rates with time change under different current densities
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Fig.7 Fulvic acid removal rates with time change under different plate spacings
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Fig. 8 Fulvic acid removal rates with time change under different electrolyte mass concentrations
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Fig. 9 Three-dimensional fluorescence spectra of MBR effluent leachate treated by EC+PS system
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Fig. 10 Area integral value of fulvic acid-like in visible and ultraviolet regions of water samples
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3)EC+PS W [F] 44 5 XF 52 B b7 532 U8 W MBR K i (1 & LR A B4 i L BRABUR  FERT IR PSS 9 /L,
T FE R 30 mA/em®, WA E] B A 2 om (19 2 R 25 18R, AT IO IX AR AP IX 2 & BLIR 1 KBRS IR 5 T 98.65%
H197.80%.

S % 3

[ 1] X0BA, AL P, SRR, A5 . F 2 SR A B 30008 D8 A= Ak K 2o AR v o Ak e A AL B 28 BT 2 AP (0], R IR Ak 2%, 2018,
37(7): 1647-1659.
Deng Y, Feng C P, Hu W W, et al. DOM composition and biodegradability of biologically treated landfill leachate during
electrochemical oxidation degradation[J]. Environmental Chemistry, 2018, 37(7): 1647-1659.(in Chinese)

[ 2] 2B OB E AL B 3R 5B ) 5 0 378 8 W 45 YR HLBRATT 78 [D]. 3K IR K2, 2016.

Li K Y. Study on fouling mechanism of RO membrane treament for incinerators and landfill leachate[D]. Chongqing:



42

TR K F F IR % 46 %

[4]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Chongqing University, 2016. (in Chinese)
WhOCsE, EARTE B T AR A el R Y e o AT A O i B e A AL TS e W R R LAY L D). kAR R 2021(8):
1426-1439.
Han W L, Dong L Y. Activation methods of advanced oxidation processes based on sulfate radical and their applications in the
degradation of organic pollutants[J]. Progress in Chemistry, 2021(8): 1426-1439.(in Chinese)
Fernandes A, Nunes M J, Rodrigues A S, et al. Electro-persulfate processes for the treatment of complex wastewater matrices:
present and future[J]. Molecules, 2021, 26(16): 4821.
Song H R, Yan L X, Ma J, et al. Nonradical oxidation from electrochemical activation of peroxydisulfate at Ti/Pt anode:
efficiency, mechanism and influencing factors[J]. Water Research, 2017, 116: 182-193.
SEURAR, BT, TR, A R Al sy U ) o B R Ak B ML K BT ST R (0], S U, 2017(9): 29-33.
Wu N N, Qian H, Wang Y S, et al. Recent advances in electro-persulfate processes in organic wastewater treatment[J].
Construction and Budget, 2017(9): 29-33.(in Chinese)
WA, ae a5k, B, 45 AL P ) o A R A A T A 3 R A ML K [T]. fL T B2, 2019, 38(12): 5572-5577.
Chen X, Ji Z Y, Huang Z H, et al. Electrochemical synergistic persulfate oxidation process for treatment of salty organic
wastewater[J]. Chemical Industry and Engineering Progress, 2019, 38(12): 5572-5577.(in Chinese)
RE, TR, FIELL, 55 . A7 SRR rlo Bl L T Pl B I R I R K BT TR (0], % A2 5 PR BE A3, 2021, 21(1): 404-410.
Feng J S, Zhang Y, Wang X H, et al. Degrading phenolic sewage via the graphene electrodes through the electrically activated
persulfate[J]. Journal of Safety and Environment, 2021, 21(1): 404-410.(in Chinese)
Cui Y H, Xue W J, Yang S Q, et al. Electrochemical/peroxydisulfate/Fe’" treatment of landfill leachate nanofiltration
concentrate after ultrafiltration[J]. Chemical Engineering Journal, 2018, 353: 208-217.
SRR . o B 2 A v R A A b By 0B R 0 D VA A R R B R (D). L AR PR KA, 2017.
Guo X L. Treatment of landfill leachate nanofiltration concentrate by persulfate advanced oxidation technology[D]. Wuhan:
Huazhong University of Science and Technology, 2017. (in Chinese)
Zhang H, Wang Z, Liu C, et al. Removal of COD from landfill leachate by an electro/Fe*'/peroxydisulfate process[J]. Chemical
Engineering Journal, 2014, 250: 76-82.
Bk, FIREE, B4, 4SBT X B R R AR AL R T (05 W (D], BRIE TORE 244, 2021, 15(8): 2627-2638.
Gu Y, Yan Z M, Wang X, et al. Effect of chloride ions on the oxidation of aniline using persulfate[J]. Chinese Journal of
Environmental Engineering, 2021, 15(8): 2627-2638.(in Chinese)
Yu X Y, Bao Z C, Barker J R. Free radical reactions involving Cl’, and Cl,’, and SOy in the 248 nm photolysis of aqueous
solutions containing S,03” and CI7[J]. The Journal of Physical Chemistry A, 2004, 35(14): 108(2): 295-308.
Li W, Orozco R, Camargos N, et al. Mechanisms on the impacts of alkalinity, pH, and chloride on persulfate-based
groundwater remediation[J]. Environmental Science & Technology, 2017, 51(7): 3948-3959.
le Luu T, Kim J, Yoon J. Physicochemical properties of RuO, and IrO, electrodes affecting chlorine evolutions[J]. Journal of
Industrial and Engineering Chemistry, 2015, 21: 400-404.
Gholami M, Fard M B, Zabihzadeh M, et al. Sulphate radical-based advanced oxidation technologies for removal of COD and
ammonia from hazardous landfill leachate: a review[J]. International Journal of Environmental Analytical Chemistry, 2021:
1-19.
Sirés I, Brillas E, Oturan M A, et al. Electrochemical advanced oxidation processes: today and tomorrow. A review[J].
Environmental Science and Pollution Research International, 2014, 21(14): 8336-8367.
Xue W J, Cui Y H, Liu Z Q, et al. Treatment of landfill leachate nanofiltration concentrate after ultrafiltration by
electrochemically assisted heat activation of peroxydisulfate[J]. Separation and Purification Technology, 2020, 231: 115928.
EYE K, ETE, INEA, 5 AL E SR Gk N B I8 i B TR £k AR AL B AL % K AR AR K D], SR B AL A, 2019,
38(11): 2563-2572.
Wang W D, Wang L L, Sun Y B, et al. Electrochemical oxidation coupling iron plate induction electrode excited
persulfate oxidation treatment of coking wastewater biochemical water[J]. Environmental Chemistry, 2019, 38(11): 2563-
2572. (in Chinese)

(H# # #F)



