JC F B AP RHE e AL B B A P i B 5 20
BV GRA FEEE RLE B

(1. AFRF REHAFEIREZR FEENSTRUARLBA R ZTEALRE(RFXF), LiF 200002,
2. LigFEiEd s ASZTAHRR, LiF 200092)

T AR R A AL B AN AR 3 R KR Z —  ALLRR T wARML R AR AL o) s AT A 5Lt e, o
BT BB A B T HES R T A (H ) NFRZEE R B R B BT SRR A
My ik 7 H NOJIEJR A NO, AR R 2 = i Ftk o K4 P AR 2 NO, bbb 4T
T2 77 ik B3t d A AR AL B b P e R AL RS AL B SR R A R R 3R T L E
Bl ARG EMMAHEER R FR R T A AT B, b, BT R eRE
oK AR AE B AT A BF AT OARMC R AR R A T KPP A HF K& H F4o Cl A Br &
TRERZ N AFBEABRKX ZHERMMAETEESTERZARRAE, @B R KeHR
LRI FR 5 H T BN G FE R E KK RS B2 538 R % 5T FRF] b A R
K AL LR 6 R AEHLF ., Wb, B2 T AR R A RAF R R kB B4t 3t § A 55 FR R K89
TACKE TR KA P XK TR T 3 5 18 R ik o fe P Wik S BB F B X AR AL SE AT AL
22RO B AR AT M) AR S AR R AL R a3t — F B R Am R
A AR R AEAL  AE R B K LA S A MR R A A
R E 525 X703 SCRRARIAED ;A

Progress in electrocatalytic denitrification using element-doped materials
JIAO Mingshuo' ?, XU Bincheng' >, LUO Zexi'*, CHENG Chen'>, WANG Ying' > *
(1. State Key Laboratory of Pollution Conirol and Resources Reuse( Tongji University) , College of Environmental
Science and Engineering, Tongji University, Shanghai 200092, China; 2. Shanghai Institute of Pollution
Control and Ecological Security, Shanghai 200092, China)
Abstract ; Electrocatalytic denitrification is one of the promising technologies for the treatment of nitrate
wastewater. This review comprehensively summarizes the recent advances in electrocatalytic denitrifica-
tion. Two reaction mechanisms of direct electron transfer and atomic hydrogen ( H" ) —mediated indirect
reduction in electrocatalytic denitrification are analyzed. It is concluded that the rate—limiting step of
electrocatalytic denitrification is the reduction of NO;Z to NO, and the key intermediate determining
product selectivity is NO. On this basis, the element—doping method and its regulation effects on the
catalytic active centers and the electrocatalytic denitrification pathways are summarized, and it is sug-
gested that element doping is an effective method to improve the catalytic activity, product selectivity
and long—term stability of electrode materials. In addition, the influence of other factors such as water
quality characteristics and operating parameters on the electrocatalytic denitrification performance is dis-
cussed. It is confirmed that the coexistence of halogen ions in water, such as Cl™ and Br™, can signifi-
cantly improve the N, selectivity, and most electrode materials exhibit— the best performance under

neutral conditions. Facing the increasing demand of nitrate wastewater treatment, it is pointed out that
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the key bottlenecks limiting the large—scale application of electrocatalytic denitrification are the high e-

lectric energy consumption and the complex composition of the actual wastewater which leads to side re-

actions. Therefore, it is expected that the future research of electrocatalytic denitrification technology

needs to conduct long—term pilot—scale tests based on the physicochemical properties of various actual

wastewater. In addition to improving the reduction rate and product selectivity, it is also necessary to

pay attention to the electric energy consumption and monitor the safety of treated water to facilitate the

further development and practical application of electrocatalytic denitrification technology.

Keywords : Electrocatalytic denitrification; Nitrate wastewater; Element doping; Selective reduction;

Electric energy consumption

0 35

TSR AR AE K v i i B e, LSRR AR (NO3) h
RAE TR A 7E AR iR e e R4 KA
HESm e RS e . AR GT B NOS &%
BRI LT B FUE (3 BB ARE) Y R
BAHALHE SRR h iR E A (NO; -N) K
WIER 10 mg « L7 34k, PR B K & 5 i
Pk Tl 2 7K HE A 6 1 T 22 b 2 /K 55 1l R K
TSMRER & i Efbr . FRE 9.6% KT - NO;-N
WERT 10 mg - L' KEMX TR A 2008
2022 AF—HAFAE M E IR ER TG Y

AN, BREATCE ML EMFAEILA, F NO;
i I SR AR G A R N S Ak B R R R K A
AT B AR SO AR AR A ELAL A% 1 X DA
ki AR Y A 281 o3t o g | N b N E RS e
Vol , 75 AT R A B e BR ] T S B
YT FAEIR R Ak B R, O Nk 2
2550, S — Pl L A S A RS R R R K AL B i

AR E-3, HE+S WEFMAMLS,
PRkt Fi A A S i A B v vl g 23 7 A AN R R A5 1
LRI E =Y, 40 NO; N,0 N, NH, %t ah,
PR LA, FE AL SR T i B 1 B

i3

o

PIAT RN, (HER) , A3 AP SE RORBRAC, HL
b S A BN 1 R S e B AR R IR T
AR A1 4 B LA B R K 45 AE 4 pH , NO; ¥ B
SN TR, ok R Al A FR R AR R B 2%
(O ER AR (A SR S

1 RBENREERMIE

ML AL R A AL 7 ) 2 2 224 N, J2 % PR 055 i
RIFB =9, AR S A8 o Se” e B A i
N, , SRS R R K T E AL B (2 1), HARHE R
WAL E"=1.17 V(vs. RHE) . F57 LA AL S i
ML, RS 45 S A AR A RE DL B H A3 pH 55 55
PIBESRE , b 51 A s ER AR 7= 4 N, B2 4 B K
it REF R e 2503 | v R M H AR b R B A G

2NO;+10e”+12H*——N,+6H,0 (1)

5T 8 1k Z R RAE 7 ST T Ak S A
AN [ s 07 AR, e HG 32 B0 S Ap AT B ([
1), —FRTEMIN BT R S0 NOS |
FEIR ., oy — T S 8 o R K o3 77 AR I T A
(H™ ) TR i AT BT DU bR
NARZ A H BT B KRN AT AT (]
P SO L AL SR TR BTk

1 HEECREENE

Fig. 1 Mechanism of electrocatalytic denitrification
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Table 1 Electrode materials and their performance on electrocatalytic denitrification

HL B A NO;-N ¥/ (mg - L") NO;-N £FRF/ % N, £/ % Bk
Cu/Fe@ NCNF 100.00 96.00 [36]
HWriR 100.00 90.00 [37]
Cu@ Pd 50.00 90.70 [38]
Fe/Fe;0,-Ni 50.00 90.00 [39]
Pd/TiO, 20.00 / [40]
Fe-Sfb 155 100.00 / [41]
CuPd-CNTs 100.00 95.00 [42]
Fe(1I)/Fe(III) -OH 35.00 99.60 [43]
Fe@ Gne 100.00 96.00 [44]
Pd NPs 100.00 87.50 [45]
YMGO/CB-CC 100.00 95.87 [46]
Sn/Ni 50.00 65.00 [47]
Cu-NPC 50.00 100.00 63.10 [48]
P/Co,0,-NF 50.00 100.00 [49]
FeS,@ FF 50.00 98.88 [50]
Cu/TNTA 50.00 / [51]
Co@ Cu,( OH),CO, 100.00 97.11 [52]
LaMn, ¢ Coy , 0, 25.00 / [53]
Cu-BDD 50.00 45.00 [54]
Fe@ N-C 50.00 100.00 [55]
Ti/CuZn;0, 150.00 33.70 [56]
Cu0/Cu,0 NWs 100.00 86.90 [57]
Co-PBAs 50.00 100.00 97.89 [58]
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Fig. 2 Application of element—doped electrode materials in nitrate wastewater treatment
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