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s o Electrolyzer: present status and target (US$ Billion)
Annual electrolyzer manufacturing capacity TRL: Technology Readiness Level
2023
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g Ir loading amount should be reduced further toward the wide-spread use of PEM WE.
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Sub-micron sized IrO, catalyst Nano-sized IrO, catalyst

a? . . 100 nm - Ol Py
Commercial IrO, \ / IrO, system nanoparticles supported
IrSro,, IrRUO, on unique conducting support
Nano-sized IrO, dissolution
25 | 100 T
1 ; —CM 110, ;
1800 €] IrO,/Sb-Sn0O, . Ir0,/Ti-Sn0O, —— 5" 0.3 1o, IrO/Sb-SnO,
% 40 £ s . 40wt Ir0/TSO —~ IQATO
o :g 10 G (8] 02, ——|r/C comm.
g 30 b | E —w—IrQ, comm. loading x5
L <
< ol = £
€ 20 Before After —
g 40.1
=2 Dy -
AAAAAAAAAAAAAA 04 ]
0 ‘ococecent®liiissssss — . - ) . v v v 0.0 . ' -
14 15 16 17 18 19 20 0 5000 10000 15000 20000 0 10k 20k 30k
i T et AST cycle
Potential (V) RHE y
1.5-2.0V 300 cycles in H,SO, (pH 1). 1.6V in 0.5M-H,S0, 1.2-1.6 V cycles in 0.05M-H,S0,

J. Am. Chem. Soc.138 (2016) 12552 ACS Sustainable Chem. Eng. 11 (2023) 1121 ACS Catal. 9 (2019) 4688.
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Electronic structure
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Point - Structure design and synergy effect -

A) Crystal structure  (high crystallized support) Chemical stability

B) Interface structure (orientation) Catalytic activity/durability

C) Microstructure (fused-aggregate network) Gas transport

D) Electronic structure (interaction around the interface) Electronical conductivity
g /
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Science.

Target@2025

1 8 0.40 mg cm2 [ ~
~r C amMom. 5 HydroGEN
_lR%Sult@ZgZ'l
1 .6 .Omgcm |
14, Ir loading amount _
(Our research)
19 0.4=0.25 mg cm2
' B Temperature: 80°C 7]
Membrane :NRE212
1.0 I 1 I |

0.0 1.0 2.0 3.0 4.0 5.0

Current density / A cm™

IEA : Energy Technology Perspectives 2020
https://iea.blob.core.windows.net/assets/7f8aed40-89af-4348-
bel19c8a67dfOb9ea/Energy Technology Perspectives 2020 _PDF.pdf

Johnson Matthey : Iridium White Paper 2022
https://matthey.com/documents/161599/3147297/JM+Iridium+White+Paper.pdf/27

Performance
(Acm2@1.60V)

Present catalyst 1 This
< > 10 7 S s Project
| Ogb HycmcEn
O H:NEW
2 0
«— : : :
Ir loading Non Ir U
-2 T
amount (mg cm-2) catalyst
05T

526faa-3b36-9160-6d9d-ac7a6dbb9d9f?t=1688641053268

-Requirement and target-
Ir loading amount:  0.25 mg cm
Current density: =1.70 A cm-2
(@1.60 V)
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https://iea.blob.core.windows.net/assets/7f8aed40-89af-4348-be19c8a67df0b9ea/Energy_Technology_Perspectives_2020_PDF.pdf
https://matthey.com/documents/161599/3147297/JM+Iridium+White+Paper.pdf/27526faa-3b36-9160-6d9d-ac7a6dbb9d9f?t=1688641053268
https://matthey.com/documents/161599/3147297/JM+Iridium+White+Paper.pdf/27526faa-3b36-9160-6d9d-ac7a6dbb9d9f?t=1688641053268
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IrO, dissolution
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| O Dissolution b
[ L L n
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Chem. Mater. 32 (2022) 5854.
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Potential / V vs RHE
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£ 109 e T aNIPDO,, et 56 Q 12 =
510 r e M0 refd0 ® C , J
[ <.t 54 €040, 400 %, ret 58 = QP‘; "u (74
> =] 72 1 . v C VII IV
E L { s el Coy 88,04, 0% v &2 = 100 k 10_"_-:. D VI
71 0! [ . 030, 230 %, rot. 59 '{,u,/.:,. 4%, ol & [¥] 5 v 9 : O
O Films CoCrfr Steel, nt ¢ .§ 8 v
o[ & Powders | i i 8 R = \v/ v -
o 10" 10 109 i 44 10° 102 15 TS~
"""" 10 2V V14 16
/
107 - . - 1v 4V 7 X 4 H<>
17
IO
10°) i 1 3V 6V
1 L L L L et |
3105} 4 0.1 1 10 100 1000
E 1000 °C .
5 " Current density [mA/cm?]
cvr - 550 ©C 1
T -7 e
@ L s 700°C, rof. 88 B - 1 Activated MnO, (J. Am. Chem. Soc. 2014)
S N | €040, 300°C. 8. 70, L COMAO, 200G, oo RuO, (this work) 2 Co-Fe Prussian blue (J. Am Chem. Soc. 2016) Nature Catal'! 3) (2022) 109.
2 10 ;/ L-C0,40,, 300, ref 70 - '-‘; . 3 3 CoFeO, (Chem. Sci. 2017)
> 0404, 4007, =S8 Mg ,Sby 50, 190 °C. 1o 4 CoPbO, (Chem. Sci 2017)
3 5 CoFePbO, (Chem. Sci. 2017)
g 102 1 6 1T-MoS, (Adv. Mater. Inter. 2016)
7 Crystalline Cos04 (Chem. Mater. 2017)
8 NiFeP (Adv. Mater. 2017)
10' 9 Ni42 steel (Catal. Sci. Technol. 2018)
3 10 CogpsFeg 50, (Chem. Commun. 2019)
O Fims 11 NiyTa (Inorg. Chem. 2018)
o N N A Powders 12 Ni,MnySby s 4 sOv(Energy Environ. Sci. 2017)
10'2 1.7 1.6 1.5 1.4 13 13 y-MnO; (Angew. Chem. Int. Ed. 2019)
. . 5 . : ) ) 14 F-Cu,gMn, ;0,4 (Sci. Rep. 2016)
Eg comectes 8 0.1 mA cmi5; (V vs. RHE) 15 Mn,Sb,,0, (ACS Catal 2018)

16 CoFePbO, (Nat. Catal 2019)
17 CoFePbO, (Nat Catal 2019)

ACS Catal. 13 (2023) 14058.
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Conducting ceramic
nano-particles support

ISHIFUK

# D H A EHE

Ir nano-particle
loading

Mass product of IrO,/Nb-SnO, (50 g/lot) will be supplied from ISHIFUKU soon.
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Normalized Abs.
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Energy / eV

Operando XAFS
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Normalized Abs.
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Energy / eV
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