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Research progress on enhanced electro-Fenton removal of
refractory organics in water by co-catalyst
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Abstract: Large amounts of wastewater containing refractory organics would be produced in chemical,
pharmaceutical and other industries. This kind of wastewater has complex composition and high toxicity.,
which has become a puzzle in the field of industrial water treatment. Recent years, electro-Fenton (EF)
technology has attracted much attention due to its efficient removal ability towards organic pollutants,
However, traditional EF technology still has some shortcomings such as low solubility of iron ions at
neutral condition, slow reduction rate of Fe’™ and insufficient hydrogen peroxide production. Fortunately,

the problems mentioned above can be effectively fixed by different enhancing methods like adding organic or
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inorganic ligands, synergistic effects of transition metals, as well as heteroatom-modified carbon materials,

enhancing the effect of electro-Fenton technology. This review briefly introduces some latest work focused

on the enhancement of EF process via different co-catalysis methods and analyzes their main mechanism.

The advantages and disadvantages of typical co-catalysts are compared and analyzed. The main development

direction in preparation and application is prospected according to the problems like insufficient mechanism

research, complex synthesis process and that single technology cannot give full play to its advantages. This

article aims to provide a reference for enhancing the EF removal of refractory organics by co-catalyst.
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Table 1 Co-catalysis methods and mechanisms of EF
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Fig.1 Mechanism diagram of ligand enhanced Fenton
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Table 2 Effect of ligand enhances EF system in removing refractory organics
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(IS e 27 FHH% 3% pH fH B17 AT \
(IR [a] 5 B3 Sk
NTA 2Rl (10, 0 mg/L) DSA GF 8.0 Fe:10 mg/L. 1.50 mA 20 min; 100% [12]
EDDS BHA(13. 7 mg/L) 1rO; CF 9.0 Fe:5.6 mg/L. 1:.50 mA 45 min; ~95% [13]
SD 2,4-DCP(20. 0 mg/L) Fe Ru-Ti 7.5 1:20 mA 180 min; 100% [21]
4-PP ATZ(10. 0 mg/L) Fe ACF 8.4 1:0. 5 mA 60 min; ~>90% [20]
3-PP 2R (131, 7 mg/L) Pt Ni-Fe-F 6.0 1:300 mA 50 min; 100% [24]
3-PP KW (131, 7Tmg/L) Pt Fe-F 6.0 FeF:1 g/L 60 min; 100% [25]
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Fig. 2 Mechanism diagram of electro-Fenton EF system with

Fe-M bimetal catalyst
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Table 3 Effect of EF system with Fe-M bimetal catalyst in removing refractory organics

HEALH HYLY) HL A pH {H AR &M FBRBER(TOC) S 30k
FeSO, /WS, RhB(50. 0 mg/L) WO;/PVC/GF 4.0 0.5 h:63.8% [26]
Fe’ /MoS, SMT(10. 0 mg/L) DSA/GF 4.0 1:50. 0 mA 1h:41% [27]
GF@MoS, @FeOCl ~ CIP(10. 0mg/L)  GF@MoS, @FeOCI/RuOz/Ti 6.0 E:—0.6 Vvs. Ag/AgCl 1.5 h:74.4% [32]
Cu/Fe@Fe, O TC(20. 0 mg/L) CFR/GCE/ 3.0 1:40 mA 6 h; 89.8% [28]

Ti/IrO2-RuO;

Fes,75Cu0 05 AMC(100. 0 mg/L) Pt/GDE 13.4 E:—1.1 Vvs.Ag/AgCl 1.5 h; 70.0% [29]
gl AO7(182. 2 mg/L) BDD/CF 1:300 mA 6 h; 95.0% [33]
FeCuC S#EME MB(50. 0 mg/L) BDD/FeCuC 7.0 1:10 mA 1 h; 80.0% [34]
FeO,/CuN,HPC  Z&M(50. 0 mg/L) Pt/GCE 6.0 E:—0.6 Vs SCE. 3 h; 81.6% [35]
Fe/Cu NPs NAF(36. 0 mg/L) BDD/GDE 7.0 1.5 mA 4 h; 41.0% [36]
CoFe-LDH AO7(40 mg/L) Pt/CoFe-LDH/CF 3.0 I:4.2 mA 2 h:87. 0% [31]
Fe CIP(50. 0 mg/L) Ni-CE/Ti/1rOs-RuOz 7.0 1:200. 0 mA 8 h:81.0% [37]
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Fig.3 Pauline model of oxygen adsorption toward double

electron reduction
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Table 4 Typical carbon-based cathode material

FF AR bR iB17 &AM BATIE]/min - Ho O, P2/ stk
Pd/CHo] 0.55 V vs. RHE >95%
PdFe/CM5?] —0.5 V vs. SCE 80%
CB600L33] —0.1V vs. Ag/AgCl 30 (517. 742, 4)mg/L
O-CNTE 50 mA 30 1975.0 mg/L
N;-GE-GFL48] —1.1 V vs. SCE 120 683. 0 mg/L
cPANI/GF, %] —0.6 V vs. Ag/AgCl 120 46.1 mg/L
FPCL0] —0.3 V vs. RHE 60 4 930. 0 mg/L
F-WACT] —0.4 V vs. SCE 60 2 278.0 mg/L
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