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Abstract: Electrochemical disinfection technology has the advantages of no need to add chemicals, high disinfection effi-
ciency, few disinfection by-products, flexible operation and low management level, and has unique advantages in decentral-
ized water treatment. Electrode is the core component of electrochemical disinfection. The selection of electrode material and
its configuration design have a vital influence on the disinfection mechanism, mass transfer rate, disinfection effect, service
life and operation cost of electrochemical disinfection system. On the basis of introducing the principle of electrochemical dis-
infection, this paper summarizes the characteristics and development of electrode materials in flow-by and flow-through elec-
trochemical disinfection systems respectively, and looks forward to the research and development direction of electrode mate-
rials, which provides ideas for the popularization and application of electrochemical disinfection technology.
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Fig. 1 Formation mechanism of active oxides
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Table 1 Metal electrode materials and their characteristics'?"’

Electrode .
. Characteristic
material
AICl; and FeCly are generated, which can pro-
Fe, Al ’ . . .
mote flocculation while disinfection
. Colloidal substances generated at the same time of
Zn,Sn .. . R
disinfection can play a flocculation role
Ag,Cu Ag" and Cu®* produced in electrolysis process

have continuous sterilization
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Table 2 Study on dimention stable anode materials

Anode material Reaction condition

Current density:20 mA cem”? s

electrolytic time ;10 min

Ti/Ru0, , Ti/Pt,
Ti/Tr0,

Ti/Sb-Sn0,/ Current density:30 mA cem 2 s

PbhO, electrolytic time:75 min

Test result Ref.
The inhibitory effect of three materials on algae growth is 25
Ti/Ru0O,>Ti/Pt>Ti/1t0, [25]
Escherichia coli decreased by 1g7, and the energy con- 126]

sumption during disinfection was 4. 978 kWh -m™
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Anode material Reaction condition Test result Ref.
Ti/ 10, , Ti/ 10, -Pt Current dens‘ity : 10 mA .C'm’z , The chlorine production of Ti/IrO, anode is 9. 38_]mg L7 [27]
electrolytic time: 10 min and that of Ti/Ir0,-Pt anode is only 3.30 mg -L
Ru-Ir coated Ti, Voltase: 15 V. electri . 110 mA The inactivation rate of three electrode materials to Esche-
Pt-coated Ti, lect odagfe TS ’38 eetne C;Hienl't. i m . ’20 _ richia coli is Ru-Ir coated Ti electrode, Pt-coated Ti elec- [28]
Ir-Ta coated Ti clectrode spacing: mm, electrolytic time: ®  trode and Ir-Ta coated Ti electrode in turn
Ti/Sn0,-Sb, 05/ Current density; 100 A -cm ™2, The number of fecal coliform bacteria in the treated efflu- 129]
B-Ph0O, electrode spacing: 5 mm, electrolytic time; 12 min ent is less than 500 CFU -L™'
. . N ~ v . vem 2
Dimention stable Current density: 75 mA -em ™, The inactivation rate of Escherichia coli reached 98% [30]

anode flow rate: 200 L +h™* , electrolytic time; 60 min
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Fig. 2 Schematic diagram of cross-flow electrochemical disinfection device
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Table 3 Study on the application of silver nanowire composites in electrochemical disinfection technology

Release of Ag*/

Electrode material Reaction condition ( L1 ) Test result Ref.
pg oL
The removal efficiency of Escherichia coli, Sal-
Polyurethane sponge , carbon Filtration rate:1.5 L ch! s 70~ 94 monella typhi, Enterococcus faecalis and Bacil- (4]

nanotubes, silver nanowires

voltage :5~20 V

Filtration rate;800 mL + min™",

voltage :20 V

Silver nanowire , cotton fibre,
polyaniline
Filtration rate;2~10 mL +min”",

voltage: 10 V

Silver nanowire , activated carbon

fiber cloth

Silver nanowire , polyacrylonitrile,
polyaniline, activated carbon
fiber cloth

Filtration rate:1~4 mL -min~",

voltage:6 V

Silver nanowire, polyacrylonitrile ,

thermoplastic polyurethane Time:10 d, voltage: 1.5 V

lus subtilis is over 99. 99% , and the removal
efficiency of virus phage MS2 is over 99%

The electrode material can achieve an inactiva-
<40 [51]

tion rate of more than 99% for Escherichia coli

<15 The maximum inactivation rate of Escherichia [55]
coli and MS2 phage was over 99. 9%

Staphylococcus aureus and Escherichia coli can

<10 be completely inactivated [56]
The membrane flux of 10° CFU - mL™" Esche-
richia coli water sample was reduced by

30 35.3%, and 98% of the membrane flux could [57]

be recovered after 5 min backwashing, and the
bacteria inactivation efficiency was maintained

above 99%
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Table 4 Mechanism and characteristics of different electrode materials

. Electric field . Electrolytic ~ Reactive oxygen Heav

Electrode material . Electroporation Lo OXve ¥

compression chlorination species metal
Graphite electrode + - + + _
Dimention stable anode ++ - ++ + _
Flow-by Boron-doped diamond ++ - + ++ -
Ag,Cu ++ - - - +
Other metal electrodes ++ - + + _
Non-metallic conventional electrode +++ - + + _
Non-metallic nanocomposite electrode +++ ++ + + -

Flow-

through Metal and its oxide nanowire composite electrode +++ +++ ++ ++ -
Ag nanowire c()mp()site electrode +++ +++ ++ ++ +

Notes: “+” in table indicates the strength of the disinfection mechanism, “++” indicates strong, “+++" indicates very strong, and “-"

indicates no; e-

lectrolytic chlorination is aimed at the presence of Cl™ in electrolyte; electroporation is aimed at the situation of normal operating voltage
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Table 5 Performance comparison of different electrode materials

. . .. Energy consumption/ Disinfection .
Electrode material Object Efficiency (kWh -m™) by-products Ref.
Graphite electrode Escherichia coli 99. 7% 3.85 — [20]
Dimention stable anode Escherichia coli 98% 5.6 Chlorate [31]
Flow-by Boron-doped diamond Escherichia coli lg4 2~2.6 Organic by-products, [39]
chlorate , perchlorate
Boron-doped diamond Pseudomonas 100% 0.3~0.6 Chlorate, [58]
aeruginosa perchlorate
Escherichia coli,
Copper oxide nanowires Enterococcus faecalis , >lg7 0. 007 — [3]
Bacillus subtilis
Flow-through Polyurethane sponge, L .
carbon nanotubes , Escherichia colt, 99. 99% 0.028 — [4]

. . Salmonella
Sllver nanowires

Ag-Fe;0,-modified membrane Escherichia coli

>1g5 0.041 — [53]
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