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Development status of Iridium-based catalysts in acidic
oxygen evolution reaction

ZHENG Mingyao, CHEN Siguo

(Chemistry and Chemical engineering School, Chongqging University, Chongqing, 401331)
Abstract:Proton exchange membrane electrolysis of water ( PEMWE ) powered by renewable
electricity provides a simple way for clean hydrogen production.However, the operating conditions of
strong acid and drastic oxidation pose severe challenges to the development of PEMWE. It is urgent to
explore stable and efficient anode catalysts for complex oxygen evolution reaction ( OER ).At present,
Iridium(Ir)-based materials are still the main candidates for acidic OER catalysts. However, the
expensive and scarceof Ir species seriously hinders the widespread deployment of PEMW Es. Therefore,
it is necessary to systematically understand the latest research progress of Ir-based catalysts to inspire
researchers to design efficient and stable Ir-based catalysts to meet industrial needs. This review
summarizes the development status of four typical Ir-based catalysts, including Ir-based metals, oxides,
perovskites and pyrochlores. Then, the structural characteristics of the catalysts are related to their
properties. Finally, the existing problems in the development of Ir-based OER catalysts are discussed
and the prospects are made.
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MEARZ F /K AR, PEMWE thF R gk m . Sl m. RemE e B,
M S5 P PR 5, 20 HRR ISR SZ B T W (10) 32 5P, SR PEMWE BHAR IR 22 1
B Y. (OER) Bl 3 Fsr 2 s R v IR B8, H i JUA (e rh B e g e My
IrO, — EL 4 FHAE R Mk PEMWE (1 FHARAEALT . 4T 4E PEMWE BN 5% 43 )8 41 8k 2~5
MGioo €mM?, RIME KL LLIR AN ) IO, $ 3k EEHEAT 1147, 100MW PEMWE 4 % 50kg Ir (KL
hZLL AW em? P50 o LLHET Ir B (203 2£70/50) #H44, #2100 MW PEMWE X 7E
Ir I RRAEIE )T 1015 J7 3670, IXEEA HIER] Ir (RSt CH AT A4 7= Ak 7~8
W) Ol B TTRAR Ir 255, PEAERT OER LI 3 T 12 5.

23t ZAEWIIY, WIRE W IR A T ZH Ir SRR, ALRishie TR Bt OER
HATARRMEN Ir S FIE PEMWE th ol e . JF FORE & Ir SR Ah7n i e 5 HL 4 b
REAT T o0 ARG, BB I xd Ir FEAEAG R A FEAAAE IR ) RBUEAT 1 4, IR L8 WL AT B0
PEMWE il A I A FEE TR
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1.1 Ir R & BN
PETE Ir A B AL FIMERE RO T VA A Ir KRR IR AR PR BRI SR 5 . Wik 1a By

N, Lee S NI 4 & Je il 46 T — R AL A HLER G4 (COP) FUAL IS Ir <5 )& 4)
et (r-COPs) P I HAWA T3 3ok 5 /0 W 5 R 7 S 3B (HRTEMD Wl LA I L5251 Ir 44
KWORDRIARACA 1.52 nm (8] 2b) , IX FZEH T COP nf LAERMI =5 (A e fr s, I HAR
KBRS T Ir R sh A Ak 2 W i 44 Ir-COPs (800°C) 1t 0.5 M H,SO, 1, 1E
10 mA cm? (R B R R B 242 mV RARIE A7, IXIHRT Ir BREAR BN R G T 5T R
LA Z T NORTO G I A7 s i) FL PR BRI T S 4 R I TE il RE 42 . B4, Ir 4K
ORI AT DAY Al B B 5 5, AT DAk S8R 1 I 70 5 Bk gk 1 (1 3R 2k,
AT AR BAR Ir 42 )8 0 HL - O A7 5 THEE AR I AIE G M o Y85 NSk 56 400 N 55 25 144
TEAeA SR ZP B2 T RER N G, IR MR A, K@ Ir GRB0RL 14
TEAZAT SR F BBI& T Ir@N-G-600 #4167 (I 1c) B, il 1d pos, ZERRARE Ir g i

(6.98 ugem™) K, OER W&ETER SAL T-Fik RuO, Fl Ir/C AL Ir K E0RL I35 51 43 A
Ar 5 N 2 B 5RECA A E I SOR T I i A B i HE A, =28 TEAR A B,
Pem T HAEEIETE. BEAh, X Ir GORRURLUEA T S5 A P AT USRI Ir 5@ HEAG R R PR
Huang % AR A6 20 T Fl Ir gkt (& 1e) Bl i Mgt mT DU ARG 1k
RIMARAIE 0, M- BER TG AKURL AR R FRUFA (1) OER PEfE . W& PRI B IX b
HFHIAE 0.1 MHCIO, 1 BAT 4 1.45 Vepe KR LARAL, £E 0.5 M HCIO, 1 BAT L) 1.47 Vepe
PURAR LR HLAZ . Chen S8 AR FHZK I BRSO 6 T AT 2 AL I 23O e QK (Ir
NTs )0, R ) — 4 op 23 g5 K™ 26 T o 22 (0] PG A A5 R0 S R (R TR, TR 3 7 4
eI RE PTG HALh 245 mV)



|I| Eﬁ&iﬁ XEﬁ http://lwww paper.edu.cn

& o &
X {
aey 3:\: RQ’;’}W 73&2&'&'{‘1‘}.\ ™ m&f%\ ! gi\... %
fN Ao Bn 3 RN
Py o g ps>3- S o K x«»x&..
& 7§ XK A o 7
3 < B &
AXL) i" & Feeey 4 ;;f, Beasts > LY XXX
5 1
Q <( 3% *&Xh&%" e 4&'7&,{&,&. a8 i{@é :} _gxﬁ"&
v C oN ol o lr Xr.
25°C 800 °C
(o4
N, plasma 1)t ~
£
5 min 2) Ar, 600 °C e
1] @
graphene N-G Ir@N-G-600 8 I I 0 &
®C @ graphitic N @ pyridinic N o Ir nanoparticles ‘d»"ﬁ ‘&.o‘"’ “"" '::"h'p‘
e

reduction o assembly
I3+ - 2O

o ©
bt ¢

1 (@) Ir- COP LA EMIE: (b)) FEfE% F Ir- COP [ HRTEMI; (o) Ir@N-G-600 )4 i
EE;  (d) Ir@N-G-600 7£ 0.5M H,SO, 'f#) OER TEAEE; (&) =4 Ir ZE KM = &I
80 Fig. 1(a) The mechanism of forming the Ir-COP catalyst;(b) HRTEM of Ir-COP at high
magnificationl™;(c)Schematic depiction of the synthesis of Ir@N-G-600;(d) OER performance of Ir@N-G-600 in
0.5 M H,S0,:(e) Schematic illustration on the growth mechanism of the 3D Ir superstructures™
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95 A Y5 P 18 8 i = 2 U DR T A DK PR RS 5 R 189K 7 e AR PR M TR RO T HLR i T A
FIP A AT R R ) o A Rus I FT Te Z IR I FL - 2008, /b 1 I 19 d s epoe IR Al
T A A RLE AR B R . Feng 28 NGk 1R H AT m LB E Y IrCoNi 2 L7450
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B2 (2) Rhylrggo & Mo BT OER #EREEIM: (b)) RulTe 4K I & R (o) RulrTe 4k
i TEM 02
Fig.2 (a) Schematic illustration and OER performance of thlr(lgo,x)[“];(b)Sch ematic diagram of the synthetic route
of the RulrTe NTs;(c)TEM images of the RulrTe NTs!*2
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Fig.3(a) IMlustration depicting the process of creating amorphous IrO,;(b)XRD patterns for a-IrO, and
c-1r0y;(c)Cyclic voltammo grams (C Vs)recorded on film of a-1rO, and c-1rOy in 1.0 M H,S0,*%
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Fig.4 (a) Schematic diagram of the preparation of 1T-IrO, (color code: yellow ball, KOH; blue ball,
IrCl3);(b)Atomic structure model of thelayered 1T-IrO,. Unit cell model diagram of 1T-1rO, (bottom)™**!:(c) The
structure scheme of 3R-1rO,;(d)Stability test of 3R-1rO,*9
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Fig.5(a) Schematic diagram of the ultrahigh vacuum mass-selective cluster source technique for the synthesis of
Ir-Ta,05;(b)M ass activity of Ir-Ta,Os;(c)Theoretical overpotential volcano plot of Ir-doped Ta,O5 (200),
Ir-dopedTa,05 (200)/Au (111) and 1rO, (110)1*%:(d)Scheme of Ru@I1rO, core—shell nanocrystals;(e)M ass

activity of Ru@IrO, core—shell nanocry stals;(f)Current-time chronoamperometricresponse of Ru@IrO, and RulrOy
electrocatalysts at 1.55 V2!
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