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Abstract
The development of advanced acidic oxygen evolution reaction (OER) electrocatalyst is the key to
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improve the efficiency of proton exchange membrane electrolyzer, which is of great significance for
the preparation of green hydrogen. Iridium doped tungsten trioxide (W1s049) catalysts containing
oxygen vacancies were successfully prepared by solvothermal method and high temperature calci-
nation. IR doping did not change the crystal structure of W1s049. The electrochemical test results
show that: when the added IR is 40 mg, IR doped W1s049 has excellent OER performance: in 0.5 m
sulfuric acid, the overpotential of 10 mA cm-2 is 307 mv, the Tafel slope is 64.1 mv/dec and the dou-
ble-layer capacitance of 5.72 MF cm-2, and the stability is maintained for 12 hours in acid environ-
ment. This study laid a theoretical and research foundation for the application of oxygen evolution
electrocatalyst in acidic environment.
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1. 5|8

B 1L S A A TR G AT A8 LR A BRZ B AN R R, TFROBT e IR 7 SRtk — B4 T 1] [2]. AR % E
B e R v ] [ R G v =) ) A5 , A8 AR 2022 4 Hp L 32 AR IR T 2 SRUR B o LU B o5 LG 55%~60%
A EE 18%~20% KARS, 7 B 8%~10%- #Z At i b 2%~3%, 11 AT 25 REJR A 2% &5 ELAA 10%~12%.
2023 4510 H 23 HEPRGEIEE KA AN 2024 A REIRREE) , 33 BoRA0A BRRHE A ERGER 45 14
HHHI A 2013 SEHT 82%3ZHT 1 B 2 2023 £E 1) 80% [3]. AT FAE RETRBI AN ABHBE . XURE IV AE 2 ] 1
AEREVR R 2 52 BRI BRI H H A3 PR . S REAE N =+ — LR A IR, BATER . B5
Je. HRREE SR 4], BHAT, ISR R B A BAKEIE. R BRI, K
PEAME U ITVE[S]. TECHOE IR R, AT AR R AL 2K — Bl R . TS I 7 V2 5
PEAK BRI, BT 22 K R (PEMWE) BRI S i M s RIS SR SE, AIRRK AR FE R
BEIA R BT A TR, FARKBHAR OER & — ANV TR RS AR, IR E SE B L AR /K o A2 P 3
Iy AR A, REURNE) ) R g, ROEIEAG[6]. PEMWE fill & — o R PE IR B itk A7 1),
X RZHOLE SR AN, A8, B, BHCYFEE M, IR e, H AT T B DL 5
JEAE AT, XN T X — R A . Fk, FHR—F 5. BRI BN E 2 EER[7].

TERRPEIREE R, AT (Ru)& S AL K Ak RS MRS T Tr 240, 107 Ru A7 5 76w id A AL T A 2
28 3 5 PR AR, TR VE SRR, BRI I AL AR R TE OER S A& J1d kL2 —[8]. HAET, FFK Ir
BE AT — /NI ) N B SRS 2 3 B 4 S A B rE T U 4 e A L DU Sk PR AR St & A A, R
{RFF4 NI 1 OER 3 1E[9]. Y2 AR & R anek, B, W OSP I REIE SR 24tk HRH TR
HHIR IR AR E , AT T B AT 757 A BAR BRI 10~40 atom%/K>F, A BELRIE BT 75 I PE
REFIRR B ME[10]. —AbER, A8, e, =SS MARE I IE & R A o ke e, FEal2
SR, BT RERRPHEEE, LAWY EAERNPIREmE, BG2MNhESULFEER
FALIECJETERE, FTRAG R MBS AR, K45 DL B 00 2 (RS A7 e e AL 1tk e, BRI
I FEURE RS B, RISV BT = AR S R R A R e 228, BTRA
JUFAH A OER TEBE, 1M IrO; 4 HH A1 A F R B A 7ok 55 5 S50 B 47 JE 2 Vi PR R 7 2 KO Fe
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Bz, EREAE R (AT R X - W ST s, DA A S o R A BB B B8R EE 11

ASCIEIS KA 3B KD BRI B 48 e 5 WisOu A, Dl 45 AR 7 P BE I R 1 OER 4L 7)o
WBRREE I, WRETHEAEIERE, BRSE TR BRI SRR EER, Iid T Ak I F o s R )
41 5 FARIR B35, RN ERAE T 8 2 1 FAR S G PR AT 0 o FEAL AR R B, AH S T S B A, Tr-doped
WisOuo HEALFIAE BRIV MR h,  HLIR 25N 10 mA/em? it B4 307 my, Tafel £k 64.1 mV/dec,
HAERMEAEE T OREF 12 /N IASE M, VEREIL T o A SCHOB AL TAEXT 57 & @ 15 44 0 % & s S A0 i Ak
FIIH % BA — 225 8 o

2. SCROERSy
2.1. iR

ANEME(WCles AR Filh; TALZERFIA R A F]), SEKER(H2C16Ir - xH20. AR Bl T 4623850
FRATF), ToKEE(C2H60. AR, RETN KALERAFIRHL A R A ), K02, 99.9%. F bk
AR B R AR, BRER(H2SOs 99.9% KIETTVL R THARFIRAF), maAiE < (Ars 99.999%.
KERFEMEERAF]), @AES(02. 99.999%. RKEXRFSMERAF]), WAU4*3 em. T3 RIR
REVRRIIR), S8 AT BRI R AT AT AL ], S50 K350 25 B 7K

2.2. Ir-droped W18049 B9I&

# 0.4 g 1) WClg IARAE 18 mL fIJE/K ZEE(C2HSOH) H1, #F 40mg SAKER H2C161r-xH20 ¥ #AE 2 ml
ToKCEES, Sraldite 15 /e 2R & IF, BRI AR N ZEN S, IIA—/ 1*3 cm FIBRAR.
160°CHIR P& T AT 24 h A AR =G, B AR PRI, T LB FRKREIFEZ X, Eik
Ja T, JEERTEREE T LL 20°C LR %R 12h, B3] 7 Ir-droped WisOuo RIIRAE, G 1E Ar SR, 350CF
el 2 h, frE A EER, B3R M4 I-droped WisOuo0

2.3. GAFHEMEB LRI

SRR R (SEM)BEIT 1R S IR0 E S . A8 S0 R 4 58 A2 72 ) TESCAN MIRA LMS
RS S A3 T S OB SR SR i P R T ROW T 3. B X S 2R AT S (XRD)WF AL 1A% i 1) S AR 45440
A8 30K H Bruker D8 Advance B X 2R AT 4 (XRD) 7 B ACGHEAT Ml K

MR X RATH(XRDYIFE TR 1 AR S5 8 . AR SCRA Bruker D8 Advance AU X 5F2R1TH
(XRD)Z BT GHEAT I . X SFERANE R Cu #L, Ko H2k(4 = 1.5418 A), D% 0.02°, MEAHIEN 40 kV,
HLN 40 mA, FHHEEE N 5° min™', FHETEEDN 10°~80°. HIRET 1% KRRAT b AR KRR BT T R
SRR R A B IEAT IR

FELA 2 A 45 FH R 27 AR 5l (CHI 760E), 364 — MMl AR R AT AH SCIIR . DABE B i bl e 21 25 4L
RN TAE MG, 1884 % B, OER MK AN Hg/HgS04, FEMAEWCH 0.5 m BRI i) e
A HAL AR A T A AR (RHE) AT, #5454 5

Epe = Epgiig s0, +0.652+0.059% pH (1)

Hot,  Eppye AR T ISR (V),  Eyyg,s0, NERIAFHIARN T Hg/Hg, SO, Z HLHIBR )
BE(V), pH B HRRE pH 1S
3. ZER5VR

B, N33 Ir-doped WisOuo FITIOLIESR, X AFEhEAT 1 SEM RAE. m i B & 1(a)~(c)
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ALAE Y, Ir-doped WisOu HEALTIBINFERRAUK LT E AR, 14 1(c) R T8 BAT i JUIR 4K 45
¥y, ZYESAE R RERG TG VRN R R B 2, IR H AR A A T R

Figure 1. (a)~(c) Scanning electron microscope images of Ir-doped WisOa9
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Figure 2. XRD patterns of Ir-doped W1sOs9 and W1sOuo
[ 2. Ir-doped W1sO40 F1 W15049 HY XRD Elf%

BATEE T X AT E(XRD)EE] T Ir-doped WisOus HIMIAH S o Tr-doped WisO4o ] XRD 45 5
W 2 Fros, 553K, Ir-doped WisOuo I3 ERHF T WisOuo IIVIAHEEHE, 1E 23.48°, 24.39°, 34.14°F1 48.02°
i, 53515 WisOu0 (PDF#04-008-6726)f1(010)+ (100)+ (500)F1(020) 5k AR, 45 5 bR & 3 I () XRD
&9, XAhES Ir D BB IE X,

AE O LRI 0.5 M B BRIA TR L ARV R VP8 1 Tr-doped WisOuo HITE T, FE 5 0L 1rO, fEALFIRE
bb o JE I AR R 2B (LS V)E— B W FC BT A BRI EAE T, B E R E Y SmV s Wi 3(a)
Fi7R, Ir-doped WisOs RILH AR T 1) OER fEALIEYE, 7E 10 mA cm 2 B3 AL (10 = Bj=i07'.23 V)IUA 307
mV, T H Ir0: (Mi0=380 mV), 1Ml WisO40 4 & JLF-AH & OER VGTHUEH T, #iH Ir #5285 OER
PR B E T

N T aE— P A Tr-doped WisOuo ARV, IrO, [ S B2 50 ) R4, 4] 3(b) firs K R PR AR %2
1EHE4T OER MR 18 3 1 #580 S BE 135 JE /R (Tafel )&%, Tr-doped WisOu 1) OER 35 3E/RFHE N 64.0 mV
dec™!, (TR IrO, ¥] 97.8 mV dec ™!« B HE /R A4 6 (AR N A0 /IMEL 2R B X [ N3] 75 2% 1 n i B A FRARPEF
3(c)A2TE Ir-doped WisOuo FF fHIA ] 10 mA cm 2 Ak 1 HSAE IR T B AL 22 BRPTRE(BIS), Z5RER, 5

DOI: 10.12677/ms.2025.155101 969 R


https://doi.org/10.12677/ms.2025.155101

W#idE, XfE

IrO; (28.4 Q) HL 1A #4675 H PH(Ret) M EL,  Ir-doped W18049 1Y 1 3.4 Q, iXE M Ir-doped W18049 E.A Hi /M)

R 35 A% FELREL

a)A1oo

80

[o2]
o

Current Demsity (mA cm
N
o o

o

)
O

-
-
N

-
o
!

Z"/ohm
N A O o

Iro2
—o Ir-droped W18049 ~ 1.70
—— W18049 a
r 1.65
7
>
> 1.60
S 155
[=4
[0}
51.50
; ; : : ; 145
12 13 14 15 16 17 18
Potential (V vs.RHE)
> Ir-droped W18049 ( )&\0-6‘
s Ir02 £
S 0.5
E
~ 0.4
° 2
J 2031
° ° (0]
° " kel
e 0.2
1 g o
I s ]
j\ 301
0 5 10 15 20 25
Z'/ohm

(b)

Ir02
o Ir-droped W18049

| ——w18049

97.8mv/dec

276.7mv/dec

64.1mv/dec

S
o
a‘)\)d
o
o9

10 05 00

05 10

log(i/mA cm-2)

15

—o— Ir-droped W18049

| ——1r02

5.72mF cm? »
"

o
* 4.93mF cm™

$

40 60 80
Scan rate (mV dec™!)

20

100

Figure 3. An electrocatalytic performance of doped WisOuo; (b) Tafel slope; (c) Impedance; (d) Double layer capacitance
3. Ir-doped W1sOuo HIEEfE 1L MEBEE](a) OER #RILEAZL; (b) HBIERFIZE; (o) MiN; () WEEESR

R T B HUER T Tr-doped WisOuo 7 ML IrO, HIVEPELT 2R, PL 20 mV s ' 40 mV-s .60 mV-s!,
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ANTRIFA R T S 1) FL A A A 5 0k R R A R I SR AT M S, BB R E A, BRINRIE X )E
Z(CA)E I R K 3(d) . SIS TR TN 2 A (CA) R LR 2R (Cs) ME, TR F b
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Figure 4. Chronopotentiometry test curves of Ir-doped W1sO49 and commercial IrO2
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FE PERBR THEALTETESL, PP FIZERR PE % 25 OER A58 T LML MERER ) — DN EE R bR A
HFSR A T I AL (p-t) R T Tr-doped WisOuo AT MV IrO, fA2 52 1 o 45 5 41 4] 4 7R, Tr-doped W09
£ 10 mA em™ I HRVEE T RILHIT 12 h KR ENE, TRk Ir0, K47 4 h I ENE. 45K,
Ir B2 5 AN AN WisOuo Jo, TERRMEE B IAEE T ARIRIRFF R AT 1Az e 1k

4. B4

[RAE N — PR TEE I RRIREE, BAARRER s R0 RSt ml, B R ARk R
VAR FR I A . WO R 1 T AR BRI SR AE FH AR K R S SR N R m AL TR A
773 FFR s PR AR E 1) OER FLME LRI FUA /K i S 2 G B B2 . o ¥ 4 J S A 1 v A A 80 5 vl f A7)
B2 RUFH SR BRSSP T I 1) FEL -S54 o AR SR IV I3 5 i B e 1) 7 sUReEh il 2% T 8Kk (Ir)
B A S A = AL (Wis0s0) AL 71 Tr-doped WisOuo HIT B 45 48 Ir, HEALAMEREWI BARTT,
BHAR TR IrO, FAHEALT,  HBbe Ja T B i R R S5 44, el 1 (i Akl A Hh s B4 A B 5 FEL AR )
BB, NIRRT T2 I AR AL 5 I BB 2 A B WisOuo IR SRR Z5HE) o HIAL AR B,
AEXT AT T HAR, Ir-doped WisOuo HEALFITERR M MO AR Y, FRUALEE 2N 10mA/em? B i L4 307 myv, Tafel
RN 64.1 mV/dec 1 5.72 mF om 2 I HLZ Y, HIERRMEIREE FIRFF 12 /MR M, AT
APEREIR . ASCHIBE A TAEXN Bt & @ 5 0 iV & R A ) i LRI dl s B H — 2 S % B L
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