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This perspective describes recent advances made in the development of various electrochemical technologies to treat waste
water containing organic pollutants, reducible/oxidizable and non-reducible/non-oxidizable anions and cations using redox re-
actions on the solid surface as well as at the interface between solid electrode and liquid electrolyte. Some of representative
multiplexing and hybrid electrochemical treatment technologies are discussed, which have great advantages of high efficiency,
stability and cost-effective instrumentation without the need of considering non-specific conditions such as high-temperature
and high-pressure; however, choices and usages of electrode materials are absolutely critical issues.
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Table 1. Advanced Oxidation Technologies for Wastewater Treatment
[1]
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Figure 1. Basic electrochemical reactions.
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Figure 2. A schematic showing (a) direct and (b) indirect electrochemical
reactions of various pollutants.

g
=]
[e3

o
T
=
o
o,

Ll AT Fadgoz Q3] Az aso] shold
I ok FAA O cathodes E-8-3lo] A2l 7Fadt H5+ g2
TEEE A HrEA SE50l2S FYAA cathode A= 910l
=2 3shs lolth AAEE dalE B8l V]EE] Sk
2ol HF A Al ek WS YR oz oA &
349 A& A S HA o S A AR
Jolt), ARE Aol w2} anodedl M= A g o] A9 E 0]
I(ES FASG = 2 YA f7lEely FAsEES] AskS
95 9= 4 Utk 2ol anode® T2 ARE-EE A2 A4 A
“(dimensionally stable anode)©|™, 57dF %ol ol2lg(Ir), FEIL-S
Ru)¥} 2 AFEL] AHES IEAIA Azt o]2]dh X5t
A2 77]-5- 3N (electrocoagulation) 4] ARE-E= A, <
e g A9 FaRkgo] dojux] ¢lot xvleu=| ] B et

2H] B uE < glvh

22, M= U My|gfst BikET(e| M|

A=l el Wplate) =2 HIESNA mesh FEl, 3 /d(granular)

AT E G851 Q) dedk 24480 Ao oA A
r

[}

b, A WA i v (porous) EE Y Zlo|t) &FA|uk o]

3k oFd (porous) T-F= 471 71 ¥ (pore)RtellA] L =4 9] o)l

| %3 o] =2 A}§-9] Algte] FHuwtErh A5 dX] ATl A
A9 vt O3 EE ol st oA HARE Bk
F T3] WA AR TR et AR ERE RS AR
o EAleh= Tadole] Sl AAl AHgE L Qi
Hi= anode$} cathoded HF3H gt $x]ollA] npgz}
8= 3 Ell(continuous stirred tank reactor),
X% (packed-bed) ¥} ST E5S 8] W]
E A fAEH SRS o] nl
FE717F AAH ST BEe] #ils 7H
= (fluidized-bed) HH-&-7]0]TH1-3].

o

2 I8
oo
= N g
>

L

nx L
ofl

)
of

)
ol
ol
r
a

o
a2 2L
o

flo

[ égu O{jl

5

1o =
off
b

e
e
oft
=
1o
=

NNt
2

4 22 e

0,
rlr
po
rlo
B
offt

N:

2.3, AF 2|1 7N HIEE B

H4=2] A7]8}8Ha] Al Al A& wAR ARjelERkgo] o]
WA s, dibd o s ANk (N0 2 - R-Ah Figure 2
9} o] AN AT x| REgEo] FalE o] HAxjols whgol
dojt & YAJES Aol el IS Aol sih-gS
AE3] 3 Qe WA L FET L2 FAE ARk v
ot} 9714 FAE 7F - (reversible reaction)ol] 2] 3l A} A=
71% &, B]7Fed Hk-S(irreversible reaction)S Yo7 % Ut

L e B 237

(o]
H Moy
1

H'+ ¢

MOx("'OH)

H% ¢

Figure 3. Pathway of electrochemical combustion/conversion[4].
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Figure 4. Principle of the EKN-process. Adapted from ref.[12].
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Table 2. Redox Mediators for the Indirect Electrolysis of Pollutants
[1,2,18]

Mediator couple

Standard reduction potential (v vs. SHE)

Ag'/ Ag™ 1.98
Co™'/Ca’" 1.82
ce® /et 1.44
Fe*" / Fe* 0.77

Table 3. Representative Reagents That Can be Electrolytically Generated
for the Anodic Treatment of Pollutants and the Corresponding Standard
Potentials|1,2]

Oxidant Formation potential (V)
Hydroxyl radical (H,0/OH’) 2.80
Atomic oxygen 242
Ozone (0,/0;) 2.07
Peroxodisulfate (SO42' / Szng') 2.01
Hydrogen peroxide (H.O /H-0) 1.77
Perhydroxyl radical 1.70
Permanganate ion (MnO,/MnOy) 1.67
Chlorine dioxide (CI'/ ClOy) 1.57
Chlorine (CI'/CL) 1.36
Dichromate (Cr’'/ Cr,07") 1.23
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Figure 6. Schematic of electrocoagulation and electroflotation.

Table 4. Flocculation Mechanism and Associated Fluid Regime[20]

Flocculation mechanism Transport mechanism Forces on particles

Perikinetic flocculation Brownian fluid motion Random motion

Orthokinetic flocculation Laminar flow Low shear
Turbulent conditions Fluctuating flows and eddies High shear
Differential setting Unequal settling velocities Gravity
2H,O + 2¢ — H, + 20H )
Fe — Fe*™ + 2¢ 3)
Fe’" + 2(OH) — Fe(OH), (with dissolved O, in water) )
Fe(OH). — Fe(OH)3 4)

A7) ASAHS o]gste] NaNOsE Agst A7+47}
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Figure 7. Influence of ferrous ion concentration on (a) COD removal
efficiency and (b) color fading using unmodified electrodes|23].
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2.5.5. Hybrid Process - Coupling Electrolysis[31]
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