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Reducing Iridium in Catalyst & Membrane Electrode
Assemblies for PEM Water Electrolyzers
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Trends In Electrolyzer Technology Development——ALK+PEM Mo ot

The "ALK+PEM" combination maximizes the use of renewable energy generation
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Cost Analysis of ALK and PEM Electrolyzer for Hydrogen Production
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Bt (electricity price) + &%t{/i1#& (Electrolyzer system price)

ALK{EA BB M T4 BHEIS 4~

PEM{EA RN TH2EsBHIRIS R4

55.98

20000 5069 60 20000 e 60
45.07
- 40,80 45.87 -
15000 15000
40 40
10000 30 10000 59 59 30
20 20
5000 5000
10 10
0 0 0 0
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0-i Lz 0.3 e 05 0.6 0.7 0.8
B R
R A {rIERE A Hithpk 2~ —HIS NS R A rIERE A Hithpk 4~ —HISINE
PEMBEFREINS vs HISFk4 (@0.55t/kwh)
45 40.82
38.29 B
e R bt . 35.76
. 33.23
35 30.7 e
30 = ALK#EHIS 4% : 33.847T/kg, fEPEM
. RAPEZE4000TT/KWH}, —EmRAEFFE
2000 4000 6000 8000 10000

____________

RGTRRA



PEMES 8 <@ R S A

Key materials and components for PEMWE
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Analysis of the manufacturing cost of membrane electrode assembly (MEA) oM vt Capt
in PEM electrolyzer and its cost reduction paths
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- BRIEBRMAAZI16007T/kW, EAHR{EWLF (anode catalyst : Ir) BASEI—FLLE
- HETHPANE, @HiTiEAFISHEE (improving current density) . FERBEEEBHE (reducing Iridium loading) . #I&
TEEMEF AR FRN, EBERRABEE2025F L A FEFI3007T/kW(IRE #11%871/5)
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How to develop low-Iridium catalyst and high-peformance MEA? AT | cnventdcap
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Challenges faced by the development of low-iridium catalysts and
membrane electrodes assembly for PEM electrolyzer
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¥ 1/Challenge 1: IA/Ir (Ru) EREREMITBENIEESREEASTRE

(trade-off between catalyst activity and stability)
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Challenges faced by the development of low-iridium catalysts and
membrane electrodes assembly for PEM electrolyzer
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OER H,O / “ionomer

binder

e INRSTMKBESERZIINUYFTHE, PHMHAS (Oxide interface impedance)

» SHERBET, [SAERMEAIAS (Mass transfer resistence under high current density)

s BEUEGHARESHHEBEEEDRAIR (Unstable catalyst layer leads to fast decay)
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Challenges faced by the development of low-iridium catalysts and
membrane electrodes assembly for PEM electrolyzer

ML 3/Challenge 3: HEIX LA TSR MBS EHAREANFHARER
(Limited understanding of the oxygen evolution reaction and structural cracking mechanism

under operating conditions)
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e Ir, RUETTEHAFESEMN T I EXERTES (Surface reconstruction)
- BEIEEZ (Of) FE{IFTRIMEFAR (Lack of in-situ characterization) , M\9FIEF/IBFERFRIE
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Anode catalysts - Lowering loading of noble metal, structure ordering

R/ T sk AL TR 2 FIA R

Design concept and iterative path of low-iridium or iridium-free catalyst
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Design strategy and mechanism of anode catalysts AT | oneiicm
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Three-phase interface Regulation
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In-situ electrochemical spectroscopy

FRAUBAFEFEARENEAMRRESRES. BABRIAE, SUMNTER

(To monitor surface reconstruction, dissolution process and dynamic evolution of oxygen species)
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Design strategy for low-Ir-loading high-performance PEMWE FRET | owventrda
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Dynamic Hydrogen have achieved super-low Ir loading
INERE TERE
@2A/cm?(V) (°C)
ENEIRRAE(S SR — () 188 035 03 115 60
DEFEEsE=f) 172 0.2 0.5 115 70 Advantagiy
mSEhee(FTIrit—1X) 1.64 0 0.5 115 70 .
| mEmAEM—f) 178 0 0 AEM 80 | MO, ThEeE
T A T g PR A T g A
B B 1.95 > 0.3 117 60 <1.88V@2A emRlfE |
T;’g’_ C B 1.89 1.27 0.35 90 55 . PERPEEEITF0.3me/cm’
D =S 1.87 2.9 0.3 115 70
E @ 2,02 4.2 0.5 117 50 * BERIrEENF0.5 mg/em?
A dEE 1.88 > 0.3 115 80
“;’g’_ B E 1.91 4 4 117 60
C B 1.85 3 0.5 115 80
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DM Core product - catalyst and MEA development route AT
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DM Core product - catalyst and MEA development route

PEMHE /K ELFIZKESB#R (Current level and target) :

\/ oo s,

EFIPsH. KEEREAHE

(ﬁ;;t?fu/%cﬁ%) 3.000 (Ir, Pt) 0.5 (Ir, Pt) 0.5 (Ir, Pt) 0.125 (Ir, Pt)
metal

b e 2.0@1.72V

ﬁ = /)IL10 E 2 . . . . . .

% E LM E (A/cm?) 20@1.9V 3.0 @1.8V 3.0 @1.84 V 3.0@1.6V
MR A= (g/kW) 0.8 (Ir, Pt) 0.1 (Ir, Pt) 0.12 (Ir) 0.03 (Ir, Pt)

Source: DOE Technical Targets for Hydrogen Production from Electrolysis: materialien zur Analyse »Sektorkopplung« — untersuchungen und Uberlegungen zur Entwicklung eines
integrierten Energiesystems
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Catalyst research & MEA Control Volume
development technology production
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