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ABSTRACT: Proton exchange membrane (PEM) water
electrolysis is a green and sustainable method of hydrogen
production. The development of efficient and economical
electrocatalysts for anodic oxygen evolution reaction (OER)
is the key to its large-scale commercialization. Iridium oxide
catalysts supported by different manganese based oxide
carriers (IrO/Mn,O,,Cl,, IrO,/B-MnO, and IrO /a-MnO,) were
prepared by two-step synthesis method, and the content of

iridium is about 55%. Compared with the commercial IrO,
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and other noble metal containing electrocatalysts, the
synthesized catalysts have lower overpotential and higher
current density. The overpotential of IrO/B-MnO, is only 228
mV at the current density of 10 mA/cm®. The specific mass
activity of IrO/Mn,O,,Cl; reaches 916.7 A/g, at 1.53V. The
enhancement of OER activity is attributed to the abundant

111

hydroxyl oxygen defects and Ir'" species on the catalyst
surface. The rich crystalline-amorphous interface provides a
large number of active sites for the reaction. The iridium
oxide/manganese based oxide catalysts reported in this paper
provide new insights for the development of efficient and

economical catalysts for acidic OER.
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PR IR B . 0 R R A AT LA R A
OERIHiAL, HATEHRTETE OER K T £ kAt
MR, AR E R MR (I, Ru. PtE)RIEHES
& BB (Few Cov Mn%5)!8, SR K2 4L
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AW SnO,. Ta,0,. %550, IRA, REE
FIEAL IR B T 5 1rOo, ML L 7 5 e PR AR A
PEREN2, ARTEX PR, BEE ARSI E B AL
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K H i 3 7 13 8% (transmission electron
microscope, TEM)(FEI Tecnai G2 F20 STWIN %)
AT HEA TR B R T P SR 45 7, JF R R &



342

FREFRSE: — M T PEMUKHRHIER AU RS R A AL

X 2RI B AR T R AL . R
X 4 28 17 B (X-ray diffraction, XRD) {X (X-pert
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HUHE AR T AR S on RAGTEAS, @i Ak Sk mont
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Fig. 1 Diagram of OER activities of Ir oxide/Mn-based
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LT A% Ak i 2 R B B I SR T . R BIH
AR S RA R AR 56 35 T 1A i e A A 7 £
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R B H R 343
KB B AL R 34T B A 2= FH P s o, 3
— DR RE M R . B IdER T

1.45 VI U T A3 B R 22 0T Re L, R 52
HLEE R (R CPE)EAT I G, SR A 70 (1 R 48 Fi B
R AN B BT R,, CPE NIE SE ARG 7oA. H
i S A% BELATT ER ARSI X I 2 [ B2 €, 1rO,/B-MnO,
HA /A B YT, #3.44 Q-cm’, R
HAE1.45 VRLE S B SRR TR M
W S, HEAL TN OER BIIEL AL iR/, 5
£ 10 mA/cm® B 4 A S K (1) i A7 A 77 . IrO/
Mn,O,,CL, 1 IrO /a-MnO, 1] L7 5 AL BHPURE =1, 40
HA5.77 Q-em*F110.92 Q-cm?.

R1 AFEEATIR OER fEALTE X L

Tab.1 Comparison of OER activities of different catalysts

AL 7] F A 10 mA/cm? I i LA /mV Tafel /3 /(mV/dec) Sk
1r0,@a-MnO, 0.1 mol/L HCIO, 275 59 [32]
(Mn, Ir, ,)O, 0.5 mol/L H,SO, 240 46 [31]
(Ir,;Mn, )0, 0.1 mol/L H,SO, 383 49 [30]
1r0,-RuO,@Ru 0.5 mol/L H,SO, 281 53.1 [34]
Ir, ,Co, ,0, 0.5 mol/L H,SO, 320 40 [35]
IrO,/Ti 0.1 mol/L HCIO, 250 50.4 [24]
Li-IrO, 0.5 mol/L H,SO, 300 39 [22]
Mn, 0, Br, 0.5 mol/L H,SO, 295 68 [29]
1r0 /0-MnO, 0.5 mol/L H,SO, 245 64 A3
IrO /B-MnO, 0.5 mol/L H,SO, 228 46 AL
Ir0 /Mn,0, Cl, 0.5 mol/L H,SO, 230 45 AL

2.1.2 FAGER/ BB A AR 1 o b

HL A 2 0 A A VA6 e 1 791 I B 2 FH ) DG
S8 RHPEHARZIELE 1.3~1.8 V X 8] P 5 fii
AT BEAT LR, AETA 4 500 P8 5 % 8 A4 71 2k
7 A% Ak 2R A AL 22 BE BT b . Wi 2(a) T
N, R FREENAE, rO/p-MnO, i 47
(1 R IR 2 B g T AR 2 AR AR, IR
FE 9 10 mA/em® I, 3 HL A7 M 228.6 mV ALy
2293 mV, XN T 0.7 mV, HLAFE ST H
3.44 Q-cm?A8 N4 Q-em?®, WMREN, FHIHAA
R H AL RS E M . 1rO/Min,O,,CL, A2 5 T 7Kk
2, AT 257 mV. HAEERKZE, W
X 5 1 IrO /Mn,0,,Cl, A1 IrO /o.-MnO, f# 14 771 3 2=
S P R CHT ) — AR R AR D 2 AR, R
7E OER Jx M fEop, s HLBH ROZE WAL K, H
S HL BE B R (R CPE,)(R,CPE)#H ATl & . [rO/

Mn,O,,Cl, [¥] HEL A% H BN 2.8 Q-cm?,  HL fif 4% 7% [
PUE JE R 5.77 Q-cm?2F 4 16.29 Q-cm?, 380 T
10.52 Q-em’, JBR T HAE AL 2 AR ) L 7 3
LV B R B T R A B 38 n,  JF 5 S 4k 7
W E B K . IrO /o -MnO, F i 4 M RS B 22
M 2(a) R Ak it 26 T LA e, B it 0 HE R
P3G, M SRR RN, 18167V
Je FFURIR N, fEARFIXT OER &N KR35 BH A .
2.2 ARG
2.2.1  EALTIAE BT
A XRD B H A [ £ 57 5K 44 (Mn(NO,),~
MnCl,. MnSO,) ] £ 4 5= S Ak 2 2k AR 34T 0 Al
ST, WE 3@, 4RI, MnCL 53 il =
Y1 578 T Mn,0,,CL(JCPDS#81-2247) 1 i Y 45 fiF
T, WA RIIR Mg, HATHERN
B, FRPARE S A RS AT . MngO,Cl )



(C

344 FREFRSE: — M T PEMUKHRHIER AU RS R A AL

Vol.44 No.3

200 —=—10 /Mn,0, CI,

180} —=IrO/B-MnO,
160 —= IrOx/a-MnO2

228.6_229.3

10 /Mn,O,,Cl, 1r0/B-MnO,
AL
(b) & PEMNRHT e BEALTTIAE10 mA e i3 L A7

1IrO /a-MnO,

10} /
— 8t -
ot/ -
o
FH% /l ./.,l ey .r )
2] . - LN
£4r 4 e 10 Mn,0,Cl, ‘-\
= h _{." —=— 10 /B-MnO,
2r :ﬂ' +Ir0x/(x—MnOz
oL . . . .
0 4 8 12 16 20
FH TSI 8/(Q-cm?)
(c) Fase Mt i BHAT IR
N 1446.0
L
1400 oo W
~1200f
E
O
& 1000}
£ so0f
B
& 600t
fa% 400 -
200
0
1t0/MnO, Cl, 1rO/B-MnO, IO /a-MnO,

HEALR
(d) ARsE VERI AT Ja il 6700 P e RS BH T

B2 SRR EEAYIEE OER R R
Fig. 2 Diagram of OER stabilities of Ir oxide/Mn-based
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Fig. 3 XRD diagram of catalysts

YRS IR A AL S AN G O R FH S T
b Mn? BH & A7 T MnO, 37 J7 44 il MnCl,, /\ i 14
H, Mn*BHE 707 T 2 AN 45 S 1) 4L MnCLO,
TR AT L F- 3000 9 MnO, J\ T ACY . Mn(NO,), ]
O3 fE PR WD AE AT S O 28,720 37.32°. 41.08° .
42.74°, 56.64°. 59.34°. 65.02°. 67.46°F/172.34°
Wb BA B RATH I, XS T BAERET B-MnO, A1
(JCPDS#24-0735) {1 (110)+  (101)~ (200)~ (111)-
(211)~ (220). (002). (310)FI(112)1H, J& T P45
i R 45K . MnSO, A1 KMnO, i1 7K A B e AT
BN 12.820, 18.14°, 28.84°. 36.68°. 37.64°.
41.04°, 42.16°. 49.86°. 60.24°, 65.52°. 69.6°F!
72.92° R R ATHIE, 4305 o-MnO, #H (JCPDS#72-
1982) ) (110). (200). (310). (400). (121).
(420). (301). (411). (521). (002). (451)F1(312)
XN R4F, J& TV & RS .

XoF B IR AR A Bk /e S A DA R R b AR A Bk

°)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



F44t FHIM

K B OB R 345

BEATWIAR 0 T, W 3. BL IO, FT R
B (077 S5 W T T DAYE 4 41 4 45 44 TrO, FI AR R A
(JCPDS#15-0870)F & %, TMi{E 350 C A K AIAAL
B/ A E A T A G B T UE R T I S A AR
AT IEe, X AT e S B AR ERIE M2 T IO 4
FERTE. 5 0RaT R R SR A L, BRE S 1
FEVRT R R R D, HETER N, SRR
P45 i FE A K . 7E IrO/MnO, CLFE S 1, &
LY X6 R F Mn,O,,CL AH (220) A1 (303) 1 FO A7 404
RIS AR 90 9908 27.02°8135.42°, A EL T 97 3 A 2 )
FeAmts, FOAAG R EER N, X2 TR
IrO, % Mn,O,,Cl, i #% 7= 4 T 521 . 7E IrO,/B-MnO,
FE SR BT 6 RET B-MnO, AH (110) T F 7 5 0
A5 fAoN 28.44°, 1 IrO Ja-MnO, B i T & B T %t
2T o-MnO, MBI (310) AT 5506, AT f1 o 28.4°,
H A 7R H A SE T TrO, (110)TH R 7 AR A -
222 HEALFIIC R A AT S

T E A R AR AR A AL M L T
5, F A EDX 43t AL 7 R 70 3R 2H R B
B, RgRAER2PHIH . & R A Bt
G IBARIR B BN 55% AT, ML R B0 %k
86% [1) IrO, AL FFI B B P MK . ETHE M@ TR
) J ¥ EE 4% 18 1rO /Mn,O,,Cly+ IO /B-MnO, F1 IrO /
o-MnO, IR PRI T, 5 JE SRR R
B AR IR BTN 42 B A 785 PR T s AT

#2 BT EAR

Tab.2 Catalyst element composition

IrJif MnJii¥ CUEF O Irffims
% aEU% B EU% BU%
rO/MnO,Cl, 1440  21.40 7.49 56.71 54.10
1rO /B-MnO, 1419 2098 — 64.83 55.47
Ir0 /a-MnO, 1245 21.00 — 66.55 51.89

AL

FH3& 59 f - B a4 i R T3, 20
MEEWmE 4 prR. EEEHET, 10/
Mn,O,,CL B4R 2 iR, 7R 7 HH l 1 AR 43
Fii B bR U BT I IR AR ks 2R 80, i R340 i
¥ S E00A) FE N 0.253 nm, XN T (303) [, 5 7EK
IrO, 7 f¥) MnO,,C1,(0.251 nm)HH L & 4 1] BE A K
KW T I BN SR E X AT
¥ (selected area electron diffraction, SAED) {7~

(a) IO /Mn,0, Cl

8710773

(b) EDS 7T 2 M4

() IrO /B-MnO,

(d) IrO /o-MnO,

B4 AL TEM &
Fig. 4 TEM diagram of catalysts
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Kl 4(b) on TR e = U B, TRLE
th, Ir. Mn. CIFO LRI MINS), RUEMEK
H5RENRMB LB, REKA RGN
AR E A Ir0,. IrO/B-MnO, 7E A% % 4 T th
BN EIRA M, s B TR R
W& E0, T & S R G, SAED B H 1)
ZMTH IR 2 RN, A S ST
TRIE 5 A AR T AT 45 P . 1rO /o-MnO, 7F
A5 B B Ak I 9K R IRE RS, A = i
R T 1) A0 AR D T B ) R AK SR AL, AR R AT,
F& I8R5 0.319 nm, %} o-MnO, H1(310) 1, &
T YERE S S5k . M AR B N BT
SAED [ {2 7 H AR 22 A2 AN [R] R B i 2 A 1) i
SR, SRR A T
223 AHITTERN AT

X 5 6ot LT BRI FH T R AE HLAE AL TR Y
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RMEAR BHTFEMALSFRE . NRAAFH
RN B O TP TR S E R, X
IrO,/Mn;0,,Cl;» IrO/B-MnO, 1 IrO /a-MnO, {1 71|
) Mn 3s. Mn 2p. Ir 4FF10 1s 3% B 34T 5047 .
5(a)dian T HEAL T Mn 3s XU B3, ok Hdk AT iR
HBRUR, o il RQ) THERE S AR T A AL
#r %5 (average oxidation state, AOS), o AE NH
s i &5 £ BE ZEEHE™, AOS [t T R 16 57 HE 1R
RN A, IrO/Mn0,,Cl,. IrO/B-MnO, 1 1rO /
a-MnO, [ AOS 7311 9 2.58. 2.74 F13.10, 4&F-3)
W &S WK T 5 o
Aps=8.956—1.126AE, ()
Kl 5(b) & 7~ 1AL 7 Y Mn 2p B3 . 1rO/
Mn,O,,Cl, F¥ i 7 45 & BE N 641.56 eV F1653.37 eV
R 7R 24N, 43 51EH R T Mn 2p,, 1 Mn 2p,,,
HOHE > B RN 11.81 eV, AL, ESEAREN
644.88 eV AL WLE B — MM, AN 2 T
IEE, X 1r0 /B-MnO, F1 IrO /a-MnO, #E 4k 7,

AE =5.66 eV A, =2.58

0,,Cl
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supported catalysts
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Tab.3 The binding energy and relative area of Ols peak, and relative area of Ir
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