Hans Journal of Chemical Engineering and Technology #t23 LHE53iK, 2023, 13(4), 283-295 Hans i
Published Online July 2023 in Hans. https://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2023.134032

EENXSTEREBIFH.0,57E N AR

ﬁ‘%ﬁ; %ﬁﬁ«él, %éga 'f% ﬁ; p-]— 4%5 i'] %5 E@RA*
FEZER 2 Be, bt

Woks . 20234FE5 H12H; FHER: 20234F7H11H; KA H: 2023477 18H

G2

H20: P ELEAME R BRSF ST 2 A TANHEZTR, R, B, KOEEMLH TR BBERY
. BERER H AT DA H0. M F Bk, EREW AL RN, SEERAEE, BFEE. FRER
Wik, SEERSRIEFOAERERAN ZE RSB, BEAIOEREH #IER—MER, S5
BRIFTR, BB RMAMGER, EFIREE. RESEZEFNR. AR T B R i &
HEHENEARE, SEILERNFTTRRIAN T ZIT R #H0: M EZE AR, 24 T Mk %3
RPREEMER, BE TN RRIERIEPE R A % H2 0257 B A THIH SUR K3 R R 75 14 -

XK ia

HZOZ’ E\Z}Eﬁ’ ﬁlﬁﬁ’ mﬁ’ ?éulﬂﬁli, 'f&'f’t%ﬂ

Progress on Preparation and Application of
H20: Produced by Electrocatalytic Oxygen
Reduction

Siyue Zhao, Lihong Qi, Jinxin Yang, Yong Xu, Wei Ye, Fei Liu, Guomin Zuo*

Institute of NBC Defense, PLA Army, Beijing

Received: May 12", 2023; accepted: Jul. 11", 2023; published: Jul. 18", 2023

Abstract

Hydrogen peroxide is widely used in the field of biochemical disinfection due to its oxidizing and
environmentally friendly properties, and its demand in industries such as textiles, paper making,
and water treatment is also increasing year by year. The anthraquinone method is currently the

TESEE .

YEGH: A, KWL, B4R, BB, e T, AEE. AT RR & H,0, RN A RD. T
FEEHIAR, 2023, 13(4): 283-295. DOI: 10.12677/hjcet.2023.134032


https://www.hanspub.org/journal/hjcet
https://doi.org/10.12677/hjcet.2023.134032
https://doi.org/10.12677/hjcet.2023.134032
https://www.hanspub.org/

RBHE A

main method for industrial production of hydrogen peroxide, but it involves multi-step reactions
and is difficult to treat the process solution. Electrolysis, isopropanol oxidation, and direct synthe-
sis of hydrogen and oxygen also have high energy consumption and low safety factors. The elec-
trocatalytic oxygen reduction preparation method is a convenient, economical, and environmen-
tally friendly method, which has the advantages of simple reaction conditions, clean production
process, and safe reaction process. This article elaborates on the basic principle of electrocatalytic
oxygen reduction to prepare hydrogen peroxide, summarizes the main technological progress of
this method in preparing hydrogen peroxide, analyzes the key influencing factors on preparation
efficiency, and looks forward to the new development direction of using oxygen reduction method
to quickly prepare hydrogen peroxide in situ and apply it in the field of washing and disinfection.
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1. 5|
H,0, B Bt (A AL e RS (1 68 7, IR G [ 5 A R PRBE AETF K RIS, RN “ St (1
TP, R AERE 2 SURE G S, W, 2541, FREIAMA, WRtaWy. 4R T

FARER, X PRACHAT MY S AR BESE . JEHGZ HoO, RAFHYEALTERET HAET B A 22 K0, Ho 0, [
HE G AR VN 2RI R AT R B, W fal i S A G BT R AL B % . H0, FE 5
S RIZHTH %, L DAV AR H0p 00 b 2. H A4 i 58 7 BN 95%0K) H,0, #RR R
BR(AQ)AE/™ LA, TERRZE AL A H R A Pd B NI B HARSCHRL, A2 7 i R R 1) S A S R AT
AR (AHQ) UL S N, I W IR A R EUAT B 2 AR AL IR BE 7™ i, IRV Jim Bt — P AL BE[1] . %
TRELEF ARG, EE TR AR R TEME 2, A iafmid #2102 e I R i £ #H e
AEFREER m, HE DL 2 /N AL B B R R TR SR o TR H O, 287 T ikiE A i . AR ALIE
AR ELE LS, WA ZERBUR. HETGRRSE R, MELOVERE, IR FE IR
H0, HI/NUEAEREAE P T2 BRI JRIEN HoOp B il & 520 17— P LB AIIABE A UF )
Tia, B REA RO AR TR R ()4 5 N SR B A RO R TR AR AE ORI R, B OSSR R A
PSRRI NI R SR, BB RO AR T T o AR SR TR B T AR I B S B A
FIRHEALAE L, S EE ok N AT IZ AU BIF 78 AT A o T it o AR SO T S0 P J5 7 2 A i LA 5 4]
B H RO SRR AEA IR A 7R B ) 26 D5 1 B R AT R IR

2. BEUEITREFIE H.0, B4 JRIE

SR JF I S (ORR) A T 25 55 r [P 25 ML 48 A2 HLO DY L1 (de ) S 42 AN AE i HL0, HIT HL T
(e)ikfE, M TRERFE 1o AR RSB R R, T R i SR AR R T AR
WA E(O%), IS H Al 7 B A2 70 i AR i H 0, B HL0 (W3] 1), P fATESR KR, il
F Ho0p N HL p5 JGE HL TR, — AN, B H,0, 1) 26 ORR &34 M AL T - R TR AR F1—
AN AR (OOH*) [1], WL(1)~(4)3R o HEALTIE OOH*Hh [E] 44 2 ] f4e & 5 B 1R e 1 RN = 4. R,
ORR I F2 1 55 28 7= W ik B b AR BT H Ak 22 4B A b 7]
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f@tk: O, +*+ (H" +e)—~OO0H* (1)
OOH* + (H" + &) —~H,0,+* )

BtE: Op+*+H,O +e —~00H*+OH" 3)
OOH* + ¢ —~HO* + * ()

Table 1. Oxygen reduction reaction equation and standard equilibrium potential
#* 1. FRRR AR AR &R A

. B . PR
HLAA TR HL TR AL ST FE (AT )
Bac: 4e” O, + 2H,0 + 4 —40H" 1.23
(pH =13) 2e 0, + H,0 + 26 »HO, + OH" 0.74
Wbk 4e” 0, + 4H" + 4¢—>2H,0 1.23
(pH < 11.6) 2e” 0, + 2H" + 2 -H,0, 0.70
Hfte +tg”
0, —> 0,* ——> OOH* Hre > H,0,
1
1
H+e :
—> 2e-B %% \L ‘i’
L Ht+e H*+e"
4B OowH 0> OH*H0——> 2H,0

Figure 1. Schematic diagram of oxygen reduction reaction mechanism under acidic conditions

B 1 BMFHTECRRNNEREE

Pl AR A BE f5 5 L T R AR A P e e M1 4 FE A (RRDE) , RRDE SR = HUMR A R (N 5] 2), 1)
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JR ) HoO S WA D) )iz it — D R R BIBR AR (B O PR b, AR IEH, /S B . &k
H,0, I3 B 5 FH R I BRBR 4 Ce(SO4), &, HEFER H,0, 44 Ce™ [ (AL JF AL ) Ce® . Ce®
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HH,
200x 1
H,0,(%)=——"* 5
02 (%) (NxIy)+1, ®)
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Figure 2. Schematic diagram of RRDE device in a three electrode electrochemical battery
2. E=BRBAFBMPH RRDE RERREE

I T AT B PR AR BN R e B8 P T HOBUI 2 o AP A R 3 A5 v D) 5 A S At )
TN TR A O A AR, AR R TR RE R A o RIS FE R — R R SN RN, IR AR
T DU LR v, S B ) PR AR SR S A E

3. XEXMAE

FL ARG S0 SR 26 HoO, 2 BIVF 2 IR FEM, 5% H A FEUBRR L B L P B R L PR A 2R
A EEL AR (R TR, 2% 5200 DR 2R IR AR5 — € AOAH ELAR L, DUAGAR ELR2 ) i R AL ] HL0, + 70 HLEE

3.1 EFHAE

A BRI FE AL BT DUP A S BLIEAT,  BE 5T HoO, I AR B Uk =4 43 i

S H bR — R LI EUR SR ) HoO, FEfAME, (HiZ3EE P~ BIRME, EH TR =Ma. bR
EALFIVERERI ZR AL, O, 76 FAR B IARVA A . FERRTIFTIT K H,0, ¥R = 0 ik v 5 8000 v] BB A2 R
il R IR R R (E SV AR 0 1) L, 38R R U o F AR A R O S dt, HRT R E L
AR AE S Bl Fodd i . WA, PR EIOE 4 (i A R RE 7 okl 2 TAERA R . 1o T Bk
PR THT PRI o0, (MR BEId a8 L FRD e e R DAy 8 FH LB P gt 70 R P AR, 28 ) s 2 25 P 4 it
(RN T H o

TE LR ARt b, AR R S A e SR 20 P AR DS 23 T, 2 FBEAE AR B3 5 - PR IR 3 P R R ik 2> 17 = A8
X, A —EFERE LT Ho0, 77 3 . Yamanaka S5 [3]HIE 14 37 A B H HEIb AR 72 H,0, i (A 3),
1E1% 2 G5 H,0, % K824 0.289 mmol-cm ™2 h'le Xia 25 A\ [4]4R3E T — a4 [ 44 B il 5 )2 1 Flow-celll
(E 4), RFHPHE 7 RIBA & 722 5 2 B IT A S PHAK, 8 ThEEA0 IS AORK SR A A 7R EAT 26480 Ji I B
A LASRAG KR = IA 20 Wioof) HoO, V. (H/ZiZEE MMl T U2 B8 A e fiss, S35 r it 3 A py B
WK, MR, i, TGl B A, Xia S5 N [SIRHZ VAT T ek, B T RES R
Kl 5), KSR S KA T IR A Ak ok, FEBHBRRN AR 20 31 47 3k /K S A0 A AR SR A AL R AR 7 HL0,
FEER, RN BRI B ATIAF] 200%. B ik FEARZR I 1 HoO, W JR i ik i th T DLUR ) 22 8 L
o Chen [6]%5 AAdH 1 AN 4% F A ZEL A 1) TE B = 25 FL A A (B 1) 6), 5 R 7 i A7 P T A =2
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Figure 3. Schematic diagram of membrane battery structure
3. ARt RERE

mEZ®
L

H,0;

Figure 4. Production process of membrane electrolysis H,O, device using solid electrolyte

4. RFEKEERIREES] H0, REE~RIZ

P
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Figure 5. Membrane free electrocatalytic generation of H,O, flow cell
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0.1M KOH

Figure 6. A three compartment electrocatalytic device for producing H,O,
6. —M=DFREBEMN” HO, XE

EREHIE, HOp A B NIAE] LN 2K

@ REEMERFEE, H0, MR EHIME, 77 i S SR B A, B IR B Ho0, BE— P4
AL, RIS AT

@ FEE AL F A FE AR A BT rE it 7 T A8 AT, BASE IR AR 2 77 3 R AR i ) FEL AT AL
.,
@ RIS BRI ) R I8 4T ARRR R #E o

32. & pH &

LB ¥) pH MEAE S N A i B B RME R, R FEAE AT — 52 HO, R /KA i (1 AR
EVERT pH, ERRTERAT FHEA G . RN pH EAE € 2K, il H0, TR
JoE ] T ARSRIEE A L2 BRI B n] AR LG B A7), R 25 2 A B A A i R dR A pH
EEH A 3 A TR NN ) 2. = pH R AR BB 5 A2 7= HL0, IV T BRI A 4G
HLAE AT B SR FARE, AN RIS ZY A 7730 R I AN R ) pH 808, R RIS F pH L 2.

LA (Y] pH fEL 3R ZURZ M AN 7] ORR MEAGF MG MERIE P . X TSR @ S A7), @ H RIS
R R RIS . 0 TR, 8RB R B mE AR AR G A, (HIX IR
Yaxt, WA ERIE T ARV T IERETE A B AL AT, BRI AL, BN T Re AL AN TR
A AR RS, PR S 75 ZER AL R AT EW L 5 ks . X TR AR, nT bodid e
AN[F] pH B KR SACs HTE LA £ o

SGEEATH AT, A R RAEAS R RR A B rh R # OR, hBE e R AT pH EAZERE SRR R
R AL, REOEIRAS NI R T B RBOR s XA K B0s 45 3R] 7 B8 5872 v Bl A A
R e PR T AL AR R A JE B T B ST )

4. fELF

AR, AR T & B0 TS0 HOp HUEEAL R EFE S RN H . R s it 5 &8 S A il
A, R FAZERE. 5 TR R TR BARER . 5T Sus i 47 55 .

4.1. REREMELF

B R R A& @RS 2e ORR 247 H,0, (LT, & RA A ik m ARz € P4
MRl v T S 2e MEALTERE, WF 7T T2 204 rh e 53 B R SR AT A S A T2 b, 38 i 454 L RiAe
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BREEATEORL . BARATRIERAL, B Rl .

411 HEFRBIERERELT

B NAES 8 JE 7T LR St & R I T A5 S SRR, AN s H R . Chang [7]56 A
3B T —Fl PA*-OCNT HLAEALF, 6B f iR i b Xt 26 ORR J H 0, A I 100% 13 £ . X B 26407
USRI RAE T A DFT 3R, #0240 Pd 5% SEThEELIY CNT JE¥ 2 8] i 1 5 1 2 v
2e ORR AL TG ML SCHE . AR 4R T F 4B J M A S R O IR R IR 2 5 1A SR AR A TR R 1 2 R B e T
RS

412 RERAGSEMLT

RERE S AWMECEZ)ARIAS GRNEE, BEHEX 26 ORR AL F I AL F AL IS .
Siahrostami [8]%5 14 X lIE T Pt-Hg 49 KBk fE4b i 11k 96%. Zheng [91%5 N KJE T —#h Au-Pt-NiNRs =
TLE R, KB 5% ML RE . IINE RN & B RN &4, MESE TG, &
BEAR T AR RRAS, T ORR #ill 4% HoO, IR H —m ik .

4.2. BJERTFEHFI(SACS)

AT HEAL I (SACS) A& — i P AL i 9 70 5K < i H1 I R M AEAL I [10], By e I 3R 3
Rt FREE AL

42.1. AfLERIREFH SACs

& @ JF T — A & ORR A& PEAZ £[10]. Shen 28 A[113RIE 7 —FlB B T8 5 5 T
A B NAE —DNEFFRAG 450 CuS, 3R 1 i 5 5 1 Pt A7 S AL 7 (h-Pty-CusS,), % HEA 7 BE1E 70 55 B4 R
FIRPERETE 24.8%, 10 SR AR . 0.05~0.7 \V 1% 58 F A0 3 [ P e B M ik 92~96% . VE# AR
WAL (HSAB)HL W, FIA Pt #1 S Z M HAIANVRHE. Pt-S B v AR Je B UM RRIE, 18 S JEF 15l
A1k Pt-Pt SRR, RIhHIRAF T — B0 R 12 B AL

422 BFISHERESEMAEFHMAY SACs

B R0 8E @R F S R E(M-N-C. M = Mn. Fe. Co. Ni Fl Cu)&—Ff HL i {b 4545k
(LB M B SR

Co-N-C AL —Fh il R ORR HEALF, FRtEZ&AF T HO, e v iA $) 90%, DFT iHHfHH
WEA TS N 45 A0 Co JiF/2& ORR Al Ho O, MG P o SALI o] 1A LA Hh 0 42 S8 18
A Fe. Ni. Cu. Mn #1Pd 2%, HIEMMK M-N-C 1k 75 &R H— 2 1 H,0, de Mk [12].

2e ORR [ g i AT LU %0 s e R HE— 25 48 . SACs R &8 7 sl 5 0, RO H R 5R )
S, TR BE B N S ORR 2 ) MEE AR, S8R AL, o m A AR M e 2
HRM . [Fk, Li ZF[13]3H T —FmI 4171 Co-Ni-C JR T4 s FEU R RE A Lot oems, L&k —Hh R
A i LS A RO B 1 TE SR AR B DU KA SRR () IR R, ST B R
Co-N,-C 7 5 FH 4 BT BE [ f % 52 B 1L 71)(Co-POC-0).. 45 &1, Co-POC-O *f 2 ORR it & AA 80%
Fi e 30 3 AR B ) S5 7 35 1 (O LA . HLARYERCH 0.10 M KOH. HLJE 0.79 Ve HLVR 1 mA/cm ™), HLEE
MR, Co-N-C JE-Thr s E R A1 7004 Bh T3 A S & R S BTG PE A B . 3 (B S At R
ST (IBS) QKA T8 H Lo 1R 538 I I Co-N A 14 o3 T DA iod ol JFG Jo ol &~ ) R R R RS AR A,
KR, AT A BT R 1 Co-Ng 8 L7 HUEALTR], ot AT A haeth, 19311 Co.-NG(O)
AR T, S BN 1.4 W%, {ERZPE(0.1 mol/L HCIO,). F144(0.1 mol/L PBS) A (0.1 mol/L KOH)
LAV T B BE s 2577 A HL0,, HEFRIEZT N 80% [14].
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4.3. BREMEF

7£ 20 {48 70 AR, Oloman %5 [15]1 Fl A s2 UKL AL 71 T T AL HoO, IR 2 A AR, DAL
UEWIBRATRLZ AT HE A H AR AL SR BRAEAG T o (E R ZURRADRLE FEPEAR, 0 i S AR AT 12 16 8 2K
PERT 3R R ORR MEALYPERE . H AT R I et B A R IR T8 0% SINE RER . WA RT3 s b

Iy
=38

43.1. IR FBFEEMH

N. F. S & JE 745 2% BIRRARME 10 77 F ASE =1 26 ORR THRehE T 2 Wt 7t .

Sun ZE[16]4# FH IR K & A AR (L) otk 1) 5 iE 0 A 2204  Vulcan XC72R. CMK-3 5 Rl AT ib
L8] 7 — R N-B 2R PPRL, X il £ 1 2 41 N-1B 24t R A6 771 1) BET K 1 #4.ORR HLALA 2¢ ORR
AL ZE M REIEAT T RGMTF L S HLXT, RILFHF N-B440 CMK-3 FE R PERE S, JLAERR MRV %o ik
SRS Z 0 95~98%, Hy0, 723N 561.7 mmol- geuaiyst -h s FEBRME VAW VLB R KT 70%.
AT HE ORR I AR H, BB A RN AT E A S B E VR I LE zeta HEA, FIBRIA 0 FE B 2, S0 e &
AR A E R ) & Rl S E R R, R EERESE SRR E LB B, 1
RESTEN, RAGHEMNHN, EERATERMET, SIEMEAREREIEAER, KILTEME &=
7E 0.8%, [RIME S B AE T AT ik B AL H) 2¢ ORR HEALRE, i @8 IRE AT T H0, HIE .
I, T EEIB R bR BR B R A P A, TR P TR P E R A S %, RIS N
AL NARFEE M2 () B R PR B, LR 4 BT . HA IR R 8 A R AR ] i
FALE AL A . Zhao (17381 1B 24 AR RIZRA AN S B F ORI 2 LA B 458, H,0,
PIr= R T F &8, F &8N 3.41at.%x%] H0, & e MR iF . A T F #5822 2 FLI(FPC)
HEALFIRT H,0, ¥ ik 97.5~83.0%, & HLJE Ny 0.2-0.3V JEE A, H,0, 4277 i F Al ik F| 112.6~792.6 mmol
™ Qeataytic ~ (PH = 1, AnifEE AR 2572 B ELE (DFT) B SR SLI6 R B, CF2,3 B AT 2 m 1 ik
IR A R 2 B 2R Z LG5, %] O-0 BAIWIZ, {Eit OOH* IR, XX H,0, K& RE
RHE B,

4.3.2. REFThEEILIRMH

TR R R THT 1Y) SEU R B [0S HoO A2 J 135 1 R PR A AR KRR

Lu ZE[18]HR AN IR F AL IR 44 K S (CNT) 3 2 1 B 2= RGN KB (O-CNT), /£ O-CNT HIE T, H,0,
WJETE 30 min AR 2 1975 mg/L, FERRMEFI P 24 T IR PEISZ0 08 90%, 378 i T AH RL A A S A ik
YR . SEINEE R, MAFIEHERNE RS 5 & A& R 2 IEMHX. DFT 55 XPS i kW, ik
TR S8 AL J B 2 KA 2 JF BRI T LR 480 BE 1 (-COOH A1 C-0-C), 5 2 MIAR HIRR I 12 i AL AL & B
2¢ ORR HIFEMENL Ao Zhu ZE[19]H KOH Ab 4 4k A7 58475 (GO) fhill & T iy bb 2% [ AXURH /3 H Ak 25 3G P 11
rGO_xon» XF Ho0, HIREFEIEZI N 100%. ABA T XPS 20 #1 K I rGO ko HE B BERILL C-O-C N, &5
# DFT iF5IEM C-O-C AR IR IR T G MEAL A, X 5 5 HARRF 70 AR ARAL, TRt AT ] R 30 e
[ 2 B A R F C-O-C AER, AWM EHOSHESAL T 5% 7 M,

4.33. FREIFER. S5 apEasmR

WA R AL R B TE AN SR [ X) 2 ORR i FE i R H 2 .

Park Z£[20] /% I 2 ORR [ 3 7 SLEIS A b L 8 I LE A AL IS Z B AN il FL U8 2 Bk 1A
RE, AILHA LA B A B m i S Sk Bk, 1X T B RO LA T DU s (i A0 2 4% 5 e
93 )7 2 SLBR(HPC) [21] BRI B AT B (1 O 30 B3 PR A R 4 )3 S AL S 3 18, FERR PR X HL0,
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fIE BRI 80.9~95.0%, H,0, WK% N 222.6~62.0 mmolL™ (2.5 h)AIHH R i A Ak & 2E 72 % 395.7~110.2
mmolh™'g™ (pH = 1-7. —0.5 V). HPC 7E H,0, HL-A 7 T (A 5 M RE T A S 3 T3 sp®-C & i BRI
K RN A AL R . 22t — DL T B A P A LA M 1 = 2% B2 5 (CMK-3) 11
2¢ ORR PERE[6], BRI, EAELAMBIAE X 26 ORR A2 ik H,0, B it 90% 1 ik £k, K3t
VE N B AAL R 4% 1 — RN TSR L, 76 1.6 V FIAMINF AL T, (RFFEE 1 46 mA s
i, FTRAAERZ) 2 /A A 0.3 wi% ) Hy0,. Jing SE[22] R TR S A A ST L - A HLE 4L3E AT
PEA R MCB FEidh, &KL MCB-350 F i 7ER I S 11 T 2 I AR R i S S el & i, i A S
FEYE > 90% AL F5 I AME . XPS H1 DFT THELF W, B bR 45 A4 A1 A L I8 TE 0T T 18 715 I AT Aok Jo 38 o7 &
PR OCEZL, MR T ORR G, MIEFEIEANZ M, X— KIS 5 FLIE AR g4t 78
B 577 . Dong 5 [23]4kIE T —Fp HAT & 5 E BE A1 HCNFs L7, xR A7 LA R KK,
AW TR O 1 FRLfA 5T A0 25 12 A SR e R Vs Mo U B, S i) = AH #HIEI, 7E 0.1 mol/L KOH 1, HCNFs
HAT 97. 3% i S SR 1, S AR 2 HERIESL T DL ShEEI EZAER, Bt RS T IS T
AN ERBE E E AR AL A XIULAR BT B @SRRI & 2eORR & LI = AH Ft 1 {4 77 T R
T % iEAt.

T AT AR R AR IE ) 2e-ORR HEALFIBIHERE(FE 2), R I LASR 48 1y i 5644 A 48 A 7701 P Fa A
JEH RN, T DARRAE SO S A AR W AE B 26 AR AT R T . AE. R ERERS
IR 77 TR A AR B VA 5 OB ST R, S 45 s 2 vk P T AR I AT i v 1 AR R Fe vk, 4
SR P TT DASEAS AR AL 70 (0 L R TR T, [RDRE T LB i S v P TR AR DASRE e Btk

Table 2. Summary of the performance of two electron oxygen reduction catalysts
2. ZHFREFREATIMERSE

FEAGETTA AL HLE 5 /pH PR (%) SH R

. 0.1M
Pdd + “OCNT HCIO, - ~100 [7]

0.1M
4 HCIO,
JE R 01M

Pt-Hg HCIO, - ~90 [8]

7l
HeRa e Au-Pd Igélg/: : ~95 [25]

RIRTH %4

Pt SA/HSC ~1950 mmol gy 1 h™* ~96 [24]

. 0.1M -1 -1
Au-Pd-Ni KOH 0.0591 mmol L™ h - [9]

. 0.1M
0 - -
Pt (0.2wt%)/TiC HCIO, 68

Hihy4 58 .
AHOEIRR o 6 35w96)/TiN ﬂ'él('\)" ; -53.1
4
0.AM

HCIO,

0.1M
KOH
R 8E)R PBS
e Mo,/OSG-H (oH = 10.9) - 86 + 4 [27]
PBS
(pH =8.7)

[26]

h-Pt1-CuS, ~546 mmol gey *h? 92 -96 [11]

SACs
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Continued
80 mmol g *h™*
N 0.1M (0.5 Viue)
Co-N-C HCIO, 275 mmol gg *h? >90 [12]
(0.4 Vrie)
813mg L *th™
0.1M (100 mA)
Co-POC-O KOH 478 mmol g ht >80 [13]
(100 mA)
Ni-N,O,/C %'\H" 5.9 mol goy T h 9% 28]
0.1M
C0,-NG(0) PBS - o [29]
0 -
! 01M ~418 mmol g Tht 82
KOH (50 mA)
N-£ 5% (N60.7%) Tl 1286.9 mmolge, *h* ~75 [30]
112.6~792.6
FPC pH=1 mmol gor bt 97.5-83 [18]
) ) 183.99 mmol gy th? _
HPCS-S 077 Va) 70 [31]
RIETHA F-mrGO(at RDE) - -
) 01M 430.8 mmol gy tht _
F-mrGO KOH (0,685 Vo) 100 [32]
F-mrGO(600) - ~100
) ) 0.1M 561.7 mmol gey *h* -
N-CMK3-IL KOH 01V 86 [16]
- 11
O-CNTs 3950mg L “h ~90
Bt 01M (50 mA) (1]
KOH
AL CNTs - ~60
ﬁ” /= &b
Hhied 01M 224.8 mmol ge L ht
" . . cat
0x0-G/NH3H,0 KOH (0.2 Vare) >82 [33]
rGO-KOH &%M - ~100 [19]
01M 395.7~110.2
HPC HCIO, mmol oyt h 80.9 - 95 [21]
0.1M 0.3 Wt% (2 h) _
CMK-3 KOH (1.6 V,46 mA) 0 [6]
0.1M 24+2mM
0-GOMC-1 93+1 [34]
B KOH (16 h, 3 mA)
0.1M
H,S0, - %
g-N-CHNs OF',EQ" - 90 [35]
0.1M
NaOH i 63
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5. 58

PR A S0 i L B A 5 T S S AR T L & et TR R IAT ERRIAZE T Ho O, (7 AEM T2
B TSR BERIERIE, RTINS S0 J5Us N0 26 mT LL/NRAR R R DI 34 0 HL RE 8 AR 75 2L 1 46, AT LA
SRR EEBAA HoOp 1y — K fa R b2 i i 2 BRI, BB R RERT St . ORR Hillid AL A 52
P2 ARG, LR ER pH ST A R mEBCOR, #T7E S5 T T A PERE L
o RRMBMIEE I e, BT 525 BREBIINA . S5H5E 1) g =5 07 sQBE T & I iR B
KAHI S NAEALT], G EERIN AR S RNEE, T ORR RMNVHET, $Em H0p ibHElE, KX T
b A A A SR TR A 7 i R A SRS B AR AR HEE A

R BN E IR B A B B RIE AR AT T WU FER N, BT 2. HIAHERERAE N HoO, WAL,
AT DR AL i BRE R S, G B R B 1) SRS A X O T UL 2-CEES IR T RE 1 5 % — ¥R T
AR, SEDEFRTE 4 f45[36]: TAED L H0, i LA AR A AL iR M 4R, T LAE
5min WX FIX HD. VX, GD HFMIEIRCER[37]; HoO, £ L MM EAL T 7l U A S B, 6 %
Rz RE UM PR . XS OBRRE . ORREESE S 0E. S0 a Rt i S A S5 1y T AT e 55
[38] Ur SRR LA 5 S ILILA ] WE HoO,s T LA R R HoO, fEAT Gl 32 f P A7 45 1 2 42
B A BN TR G R S S KR AL AT 2 -
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