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Abstract: Water electrolysis is a green hydrogen production technology, but its energy efficiency
is limited by the kinetics of anodic oxygen evolution reaction (OER). For this problem, this paper sys-
tematically summarizes and discusses a system coupling water electrolysis with pollution control
to reduce energy consumption, which has an advantage that the OER reaction is replaced by anodic pol-
lutant oxidation, which not only reduces the energy consumed during the water electrolysis
hydrogen production but also treats the pollutants, so as to integrate hydrogen production and

pollution control. The important role of electrolytic cell design played in the coupling system was
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discussed, as a well-designed electrolytic cell is beneficial to the efficiency of hydrogen production
and pollution control. The development of electrode materials with stable performance is also
important for an efficient coupling system. Nickel-, cobalt-, or copper-based materials and their
composites are all used as electrode materials in the coupling system to improve the stability and
the efficiency of hydrogen production and organic pollutant degradation. Organic compounds such
as alcohols, phenols, aldehydes, urea, hydrazine, and amines, as well as liquid ammonia and
sulfur-containing compounds, are also used in the coupling system. The addition of these
substances can improve the electronic utilization rate of the system and prevent O,/H; mixing,
achieving green hydrogen production and degrading pollutants or even generating higher value-added
chemicals during the hydrogen production. This paper also analyzes the influencing factors, reaction
mechanism and existing problems of the coupling system, in order to provide a theoretical basis for the
research and application of the coupling system. In addition, this paper proposes corresponding solutions
and prospects for the difficulties in the mechanism, economy, and other aspects of the application
of the coupling system.

Keywords: water electrolysis; hydrogen production; anodic oxidation; pollutant degradation;
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Table 1 Electrocatalysts and their activity for coupling alcohol oxidation reaction with HER
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Table 2 Electrocatalysts and their activity for HMF oxidation reaction coupled with HER
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Fig. 5 Two pathways of electrochemical oxidation of HMF
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Fig. 6 The hydrogen evolution performance and oxidation

performance on HMF of Ni;N-V, 0, "
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Table 3 Electrocatalysts and their activities for coupling hydrazine oxidation reaction with HER

R HL i 5T

HER 7§

HzOR 3% ¥ 0K

A fif

PW-Cos N NWA /NF56) 1 mol/L KOH=0. 1 mol/L N, Hy
0. 2-NiSe/NFL57J 1 mol/L. KOH+0. 5 mol/L N, H,
CoSe; [°8) 1 mol/L. KOH+0. 5 mol/L. N; H,
Ni(Cw) @NiFeP/NM> 1 mol/L. KOH+-0. 5 mol/L. N, H,
V-Niz N NSL60] 1 mol/L. KOH-0. 1 mol/L N, H,
CC@WS, /Ru-450L51
Mn-CoS, 2] 1 mol/L. KOH+0. 5 mol/L Nz Hy

NizN-Cos N PNAs/NF%3) 1 mol/I. KOH=-0. 1 mol/L. N, H;

—41 mV/10 mAecm 2
—95mV/10 mAecm ™2
—84 mV/10 mAscm ™2
—33mV/10 mA+cm 2
—70 mV/10 mA+*cm 2
1 mol/L KOH+0. 5 mol/L NoHy  —32.1 mV/10 mA+scm™?  —74 mV/200 mAscm >
—46 mV/10 mA+cm 2

—43 mV/10mAscm 2

27 mV/200 mA+cm 2 171 mV/100 mA<cm™ 2 20

350 mV/100 mA+cm 2 550 mV/100 mA+cm ™ 2 30
170 mV/100 mAecm 2 164 mV/10 mA+cm 2 14
108 mV/100 mA+*ecm 2 491 mV/100 mA+cm ™ ? 12
46 mV/200 mAscm 2 392 mV/100 mA+cm 2 10
310 mV/200 mA+cm ™ 2 100
160 mV/100 mA+sem 2 329 mV/100 mA+cm ™ ? 24

28.6 mV/200 mAsecm 2 668 mV/100 mA+cm ? 20

AR SCHk (62, HER B0 7E 0. 1 mol/L KOH A7, HoAth = ZE & 7E 1 mol/L KOH 0. 5 mol/L N, Hy H1ilf47,

HzOR 5 HER B# G K 2 BOR8 2 78 6 PE L fi
Jo e HEAT Y R IRE B P A2 OB AR . B AR
2H,0+2¢” — H, +20H" (3
FH A 52 )3
N, H, +40H — N, +4H,0+4e (4
SRV
N,H, - N, + 2H, (5
Tang 257 JF & T 3T NiCOH), /NF ) Ni, P/
NF 249K FE 50446 ), 5 S 8T HzOR 4 Bl il &
PWFIE . L B 5E T N, P/NF /) HzOR
W IESZ L HzOR BUIG OER AT DL R AR BH A% 2 1
13 B A7 . ZAEALFIAE 1 mol/L KOH A1 0. 5mol/L
N, H, MIRG W, 25U —290.18 mV W H
JEBI AT £ HER A1 HzOR #4572 P 52 B 200 mA -
e 2 L AR BE (UL IR] 8, P A R A b v T LA T 30 R
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Fig. 8 LSV curves of HER and HzOR for Ni, P/NFP"
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2B RO I BE R CoSe, A0k A HLMk % HLH Ab
T2 1H H BUS B AOK R L R AL, DL R BR T 2 T
PEA A T AL B SR Y B, ZEAT 0. 5 mol/L
JUF R il B ) KOH 3 Wb, Il CoSe, HLMR 278 7™
LIE PR R IR 98, 3% (UL 9Ca)) o X il & 1 2
I H R RCRAEE S . B 9(h) R, AT
HzOR 5 HER #4& 0o RS0 0. 164 V B Af
FEAE 10 mA « em RO HLIR L IE AT DIZE 14 h AR
SE il S, Xu S0 3 K Gk 25 A IR IR B 1L, T
il & T AE B K B R A AE K Co, P@Co, O, 42K
451 (P-Co, O, /Co) , LU % B 4 100 mA » cm™ Y,
7K i R b ) F Y L s B S 1 mol/L KOH 1Y
HL A A 1. 57 V., Hou ZF2 R ] CoS, H1484% Mn
Ji - 1 SR W R T LT A5 4 L 7R R BE 4 R COHZS)
SR B 111,329,447 mV B A[ 3K 3h 10,100,
200 mA « cm ‘B HLE % E . Qian Y IF R T TR
AR LA AR KB A FE NiyN-Coy N 7 i 4514
1) 5 9 2 £L 90 K A B %1 (Nig N-Coy, N PNAs/NF) ,
T HEM OHzS &g, HF % 0. 668.0. 825,
0.964.1.09 V (/) id B A7 BRI AT 3K 3l 100,200, 300,
400 mA < cm TR, EAEENE . N FR
OHzS Gy A5 f U5 7] 8, 76 Qian 451 1 52 46
o AT EE R R H it (DHZFC) B9 3, L
Kl 9(c) ,DHZFC LA Ni;N-Co; N PNAs/NF 2k FH#% ,
DL AE B 4K B Po/C L M BARR ., P& A
1 mol/L. KOH+0. 5 mol/L N, H, ¥ Hi f# I, P11k
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Fig. 9 Catalytic performance of the CoSe, and schematic

diagram of self-powered hydrogen production sys-

tem!®
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246 mW » cm 2 AT A EZ N 9. 95 mmol « h ' EFL
BRORN 98%, RHNIZ RGN H R AT, 5 #H K
P.W 3£ 7% Co, N ] %) PW-Co,N NWA /NF A F
HzOR Il HER =200 D g LA AL 7] . H it F Ry
0.429 V I f¢ K I % B Al 35 46. 3 mW « cm *,
MBEE] H, 0B BR AR 45, 8% . X F KA
I FH S B Y v AN B e M R A BBk M 1 1)
A Fir DL S B N A AT K Y IF 5 TR W
AT

BEAL L 5 3 A7 BF 52 41 4 HzOR FE 7K H ff #
AR AR BFFEHRGE . Sun 25T DL K R B A% B A%
W, LA 1 mol/L KOH H1 0. 5 mol/L kb BH A% v fi# ik
r ] FH B S 58 J8 B B 20 2 AN X R A L i
RGEATLITE 1,05 V IR T 328 500 mA « em °
F14) e FEL IAE 8 8 b T F A K T SRR AR 249 45. 6 0 1Y
B JF HJE ClO™ AR B, 33 20 8 0 sUAS 1 7K
ATl b kTS 7K R #8610 R 48, AT DL SE BRAIR
BUAS AT FE S AT 58 U e W 0 R A
3.2 RESUKRIES HERBE

PRZE K FEEOR H IR E A it B iy T2 HE
SN RSIL/ R R0/ NS QTS L (KA N i
o FH L G S ok 22 A0 B PR 2R K AT DL H SR B e R
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Table 4 Electrocatalysts and their activities for coupling urea oxidation reaction with HER

A% F, % JoT HER i ¥ UOR 7tk 4 fs r fig g nt & /h
1 mol/L. KOH+ )
NiSez-NiO 350L7 — 1.33V/1I0mA +ecm™?  1.39 V/10 mA + cm™? 25
0. 33 mol/L CO(NH2)»
R 1 mol/L. KOH+ )
CoMn/CoMn, O, 70! —69mV/10mA *em 2 1.32V/10mA +em 2 1.51 V/10 mA + em ™ 2 15
0.5 mol/L. CO(NH3),
1 mol/L. KOH+
Ni-Mo NTsl7] —44mV/10mA *em 2 1.36 V/1I0mA «em 2 1.43 V/10 mA + em 2 24
0.1 mol/L CO(NH;)»
N 1 mol/L. KOH+
NiFeRh-LDHL) —33mV/10mA « em 2 1.45 V/603 mA « mg~ ' 1.344 V/10 mA « cm ™2 62
0. 33 mol/L. CO(NH3),
. 1 mol/L KOH+ ,
Cug, 2% -Co(OH) ,[76] —76mV/10mA + cm 2 1.31 V/1I0mA « em 2 1.389 V/10 mA » em ™ ? 21
0. 33 mol/L. CO(NH3),
R 1 mol/LL. KOH+
NiSe;-NiMoQ, /NFL77] —35.6mV/10mA + em 2 1.32V/10mA « em™? 1,37 V/10 mA « cm ™2 100
0.5 mol/LL CO(NHz),
1 mol/L KOH+
Ni(OH) 5 /NiO-C/WO; HAs™S —53mV/10mA +cm 2 1.34 V/I0mA «em 2 1.37 V/1I0 mA « em ™ ? 16
0.5 mol/L CO(NH;),
R 1 mol/L. KOH-+
O-NiMoP/NFL"™ —54mV/1I0mA *em 2 1.41 V/1I00 mA » cm 2 1.36 V/10 mA » cm ™ ? 10
0.5 mol/L CO(NH3),
1 mol/L. KOH+ ) ) )
Ce-Ni, P/NFL80] —127mV/10mA *ecm % 1.4 V/10mA « ecm™ 2 1.51 V/10 mA * em™ 2 12
0.3 mol/L. CO(NH3)»
1 mol/L. KOH-+
NiO/Ni, P/NF-40L81] —79mV/10mA + cm 2 1.338 V/1I0 mA « em 2 1.457 V/10 mA » em ™2 24

0. 33 mol/L. CO(NH3)

W3k AL R 3R M ST Botte U L &
PN TE B A 5 B b — 2 B A R WA Y
UOR g, I 42 1 /E T UOR M9 Ni JE 4 1k 57 19
T PEY A2 NiOOH ., 1M Ni R4k ) 1 ) UOR #
LRI == = =R I RGO OF N |- R =2 W1 4

Ni(OH), + OH™ — NiOOH + H,O+ e (9
b2 A4k

CO(NH2), + 6NiOOH + H,0O — N, } +

CO, 4 +6Ni(OH), (10)

Xu 5 & T —Fh 432 3D BRI (Ni, Py /
Ni-Pi/NF) iz A5 i HEFI A NF 9 Nip, Py Fili
IR S B R R (N-PD K B FEF 4. DL Nip, Py /
Ni-Pi/NF 1k 3T e i Ak 70 4 £ 1Y) H A 68 n] L) 7
1 mol/L. KOH HI 0. 5 mol/L. CO(NH,), ', X
1.662 VA HLJEIZME 500 mA « em RS E, 5
OER ##2£(1. 949 V/500 mA « cm ?) A I, L JE [
KT %5 15% , Sun %7 R & B4 B 7K #k il
£ T KWK i Rh #2448 NiFe-LDH 44K
A %1 (NiFeRh-LDH/NF) . Ni 1 Fe (% [7 %k
DL Rh 8 2% 5 800 7 45 #4781k {75 NiFeRh-
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LDH/NF HA H 0 i) i i 4k 2 B 8l 71 %, 7 UOR
5 HER B4 (0 H A Al b, A 1. 344 VARG HL St AL R
BPRTSCHL 10 mA « em Y HLU B2 L IR AE TR IR
100 h J5 LR R R 2 . Yu 27 & a7 R ER 7B AR
i NiSe,-NiMoO, 5 J1 25 ¥4 fi 16 71, i T8 (4K H
2 1. 62 V I HL M 4 BEIA F 50 mA + cm ?
FR FEL VR 5 B L AL 0.5 mol/L CO(NH,), J5 ik % 4
IFi) Py Pl 9 8 B T it FL AR 1. 42V,

JCE B2 KT AR A IR R T R LY
HL 55 4 980/ SR S THTREL 3 22 80 38 W] DA IS A
F 5 AL 80 IE A S, Ak R T A I
A&, 25 UOR By & ) A v ity W B 5t 2 N Ji
T IR A SR 1 4 T A AL P AR 8 AT S A
UOR 7P, Li 255750 o K Gk fe A b A K
Ce-Ni(OH), @CC, R J5 7£ NH, /Ar K5 F iR k4
B Ce-Ni, N@CC, & B4k BA E & LB
g5 Ce 38228 NigN 1,77 LUk Nig N 24t 5
18 25 AV RN AR 1 B 3 T B AR 1 R o g 5 % Wl BHL
FFETT CO, W B E . B SE B 5 19 UOR PEfE.
5 1 mol/L KOH 1 {#) OER i k. [F] &£ 3K 3
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At A T AT AN IR £ 3k, BL Ce-Ni(OH), @ CC
) e LR A TR A HL AR L 7E 10 mA » em TR
HLWL B N M RAR = 1. 34 VL IRAE 15 h Z 51
REPRAFF R AP IR . X LR E/R T Ce-Ni,N@
CC W& ERE . % UOR #iBh il S A R4y & e
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RS AR AT A AR 4 if A1 25 L 5 vh 2 i 3 R AR5
[) &, R e A HoA O U 4 R FE AL (Mn, Cu, Fe
SO W F UOR RO, i H, B AfxF IR &
F, A AL Y LB AT R S L I 0 ol =2 o A0 A f R L B
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B B 9T SRR R O L DR R R
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W DR 38 DA AR, LA — 28 5 S Ak & Pt mT LA
T 5 HER #& DB & REAE a0 ik B = 551k
F=x//P

Jlig (g #4 ) 2F SEA BL S Sl — 0. 77 VL /N F 4l K
HL i () RS FE AL, B B AR Ty S AR A, i ot i A
A A O e i 2R AV A AL B W 55 = A 2
TR G S 25 L R U SRS A Ak 2 i R UL T
AU R A 8 3 Ak 2 SR A T BT 2 Y RN R A
FEAT FERI . 522 A Y Ak R 2
WM. Zeng FRIT T HAT Se a3 7 M Ni BUR 19 J5
TFIEEEM CoSe, W44 K77 (CoSe, /Ni-SVs SBs) fE 4
PR A AL 7] . DL CoP AE Sy BRI AR A £ 7]« 38 3 Fi A £ 4
AT R AFE 1,37 VI JE F 228 20 mA « cm 2
fR) R U ORE ARG 2SRk AR AR 4y il i
98. 9% 1 96.7%

R e —FAEw e R Rk, B 17 7%
JREDBO MR EEM 3000 W « h« kg 'HIfE
A Y Ak E AR T DL T AR K TG E
AL B, 7E SR H AL AR CRAORIIK 5 TR AT i A
STCTR A 1B M RURS: . B AR 2 ik 2R 8 3 a5 i
Zhang %1% fF 58 T — B R RN XUB 24 1Y La, NiO,
AL F) (Lay, 5 Srys Nio o Cuo1 Oy 5-Ar, LSNC-Ar) H
T R AT SR N R G . IR R 7E HER &
FEH LIRS 20 mA « cm CHIBIREETRE —1.45V
(Ph Ag/AgCl EIRAE S O My R, il FH %
JKF 0.5 mol/L KOH 1EN L fi BT 7 1. 22 V HYAIK
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FEFEAR I Jry B el 38 % B R 8 B AR RIS
% 28 % S A L 30 T ZEAE AR I AF 58 v i — ik ok

4 AR S HER #6&
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SOR B HL AV —0. 48 V, It OER H A F| T
%, 5 HER # & E N4 ¥ al 17 . Gao %101
T Ni.Co AW Ni 152420k W & & Ak
BRERIR 94 2K # 14 51 (Ni-Co-S/NF) 1E 7 SOR 1k
S ) s A T — o AN X R Y TR AR R R S
FFI AR £ R PR 55 1 T BT &L PHAR FE B P 45 440 T 7=, B
E=—0.274 V BMKJE BN RT 15 3] 100 mA « cm 2 R H,
T T SR PR AOR IR 9700 ~ 98 %, PR B VA FI
AR N 95% ~98%,

SOR #fi Bl il 0 BRI L B BH A% 34 0] 45 51 7= i
R OER A4 A% B 1, {H 55 H: Ath 480 4k S 1 A [7]
Jii 252 BH A 7™ 1 28 A 4 B0 R A A 50 1 i — 28 I R AT
TR,

5 ZHEHREE

ARSCREE T AT 05 e (RS T 2
I IRE R AR i 5 0T BN FE A B 9T
J& . BRI, TR E A ST £ i b
R F 5 L 5 & B A AL AR, 35 ) 4 58 2
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