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For the commercialization of polymer electrolyte membrane fuel cells (PEMFCs), it is essential to achieve high
performance while improving the durability of the membrane electrode assembly. In particular, the durability of
PEMFCs can be improved by adding radical scavengers, such as CeO; (ceria), to the membrane. Though it is
desirable to insert the ceria at the interface between the membrane and electrode, where the generated radical attack
initiates, this increases interfacial resistance and ionic resistance, thereby inducing a probable reduction in initial
performance, compared to that of a conventional membrane. Here, we developed modified Nafion electrolyte
membranes with a spatially located patterned ceria containing Nafion ionomer to improve durability while minimizing
performance degradation. The fabrication process includes an etching process to pattern the electrolyte membrane,
and the ceria nanoparticle layer is selectively deposited by spray coating onto the membrane. The synergetic effect of
the structural modification of the electrolyte membranes and the introduction of the functional ceria layer exhibited
improved chemical durability, while maintaining the initial performance of the PEMFC.
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NOMENCLATURE

PEMFC = Polymer Electrolyte Membrane Fuel Cell

VEZ} A2 o 2 X (PEMFC Yz HE §87
MEA = Membrane Electrode Assembly J__ el ) 1C Y= = ouA | &
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PFSA = Perfluorosulfonic Acid o2lst ojz] AA EHo] PEMFCL S 253, Foie 7]7].

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://crossmark.crossref.org/dialog/?doi=10.7736/JKSPE.024.041&domain=http://jkspe.kspe.or.kr/&uri_scheme=http:&cm_version=v1.5

534 / July 2024

CeOz

Proton Pathway
Blocking
e

(a) Flat ceria layer

Proton Pathway
Networking

Vertical direction
Proton Pathway
Networking

(c) Ceria micro-plate with ionomer

Fig. 1 Schematic illustration of ceria-embedded Nafion membrane:
(a) Flat ceria layer, (b) Flat ceria layer with ionomer, and (c)
Ceria micro-plate with ionomer

A FE7, AAR, 247] e Aed E] 5 ueRt 2
12]8] 580l 8 SHUCZ A2 4= TH34]. PEMFC|
4 74 089 SATHPAMEAE A715H8 wso] o
ol A4, Skt BUTe] S0l U e wabEe
2 FAEe] Qlth. Yy 2(Nafion) Asjdey} 2 HEZQ
E2EILHPFSA) 7]9h dafduhe £ o] dER, F33 7]

BEIL TS0l Tl B, w2 B, w2 kA R
I, 2aL 7ERE ARAA] s 231049 BHE deke
PEMFCY] %835 Adllsh= =8 aaolrh 53], 2 dF
oA AHEe uf Sd=olA 2ebdgh Ak 2 whgolut
A AT 53t =4 714 A2 A 2 W(Crossovern)Z Q13f AY
= BtdEe] At dasheha Wiy SuljSo) A
ol AQl 0|75 F2, o|Z Qlaf WlEQlo] gFobA|L, o]
717F G, ol Agto]l F4E 4= gtk o] EAIE A
a17] 9lsf, etlzo skehA] e dsfslal WE QS 43t
s17] s WERle] Soid AAA B 7154 HA7HIE A
Aot A7E o] 231 Sl of2fgh F7HA] FollA Al
2lo(Ceria, CeOr)= A B NA 2heds avtaoz A|A
sta QS 4 = 58 Hioll FEEAL Qe Algjore] &
$2 g7 F4e avHew AAste] PEMFCY Wi4&

S
=2 T
433 AW A 7 W AP ol LAEE e
"ojmel, 27] Aol 71 B ARA R £4 otk o
e AU UEH1011],

il

wepA, 2 =2l Eske dsjdute] v o)L lem
ARle] ke Alglol 52 F24 22 Alsh= 24& Aljtel
A} ghe. Fig. 13 2o, AW jof] Aj2jo S1t ARlEoigle A
At AR A, A d55 2H ojem A9l
HEYA7E Al2jof Sofl s AAwA] Zal T-d=313HA41 9 o]
SRR g4 H oY A7 SR R 4 o Ayt
I A= 7 oleem HEYA FA4E s fdl, AdE Ve
3 Algfot Soll a2 o eemE F7lsto] Bd=ekA] o]
Arte gas 2k 4= Sk o Yol SHA 0% 27fo]

£ AR npolz S8 ol Alejobiol 2.tu] S8 A5t
of A% 74 A28k 9 WY FHS 71N 5 k. B =
oA AkSkE TS AU HASE S Az FHE TG
shuf, Alejo} 52 Aztalo] Y S Fof 1EA €A n}
e NEER S EE L EEE i R

ARIEEE. REHOR AQIE Helot S0l A1l
71% o o) S5t Bkt QS HY S Qo

2 Hzspehuln PE T SO AR 5 ook

s
=
or rle
=)
o

ol
bl

2. AlsdHH

2.1 N2[0} 7|530| &zl Mol MIZ=H

Fig. 29} Zo] mpo]a2 ZufjelE Zh= 1Al AdAE oA
wAI R ARgEo] 7]&9 Uu& 2H(NRE-211, Dupont, USA)
o F2AIeE Fem A"l EPjolv|E AES +AH4
o8 {2 7)uol] FaE vl uf Aol wix|s HES F-AI5t
Aot AgE oMET S Zk=u M (Femto Science, Korea)
Qboll MiRIAIZ] AL, Xg HBT F7] 7hE S Abelo] ot o
Z0] 3.0x107" Torr®] ¢F8E |AA1HTh 50 We] Capacitive
Zopznt Ao ol A4 Ul A% HriRE PAH Ak 2
ehzob AgEglon, 18 AU Az 99l Uule
Tk AZF AIZE OF 2A17F FRF Aba Eefzute] kEA|HT 1L
A 2EAT U2 df Afe]o] R HEom Qlsf AvA
I} b Ato]o] H{FE Hol= AZEA] ogton, AdIA 0] nfo] S
= Zyjdo] uiRE =& FHO| o] Meor A7 Erh
= AA ARGE Alejo} U= Ake] =719} wEIsto], Al
of Qiapel WY WAL YA 27]o] HhujeSe, K& 7))
S AT u iz a7 mI R 4 ook 2ehd
717h 10 nm ol3hl v HATEE QA= F 2k ofgt b
@iz} 316.0] HolgA uo] ZsA SuE Aol Q1)
ATkt Algjob U=yt sksha ehAde AAs 2717 A
Al k9] AT EHA o] Hagtel| et Frkeke Aow
HUECH11]. whebs, 2oz a7 anpel 2t HAdS



July 2024 /535

PUA stencil

Nafion membrane

(1) PUA on Nafion membrane
and Plasmaetching

e

v
»”

T

(2) PUA on Patterned Nafion membrane
and mixed CeO, /Nafionionomerspraying

Y

CeO,/Nafion ionomer

(3) Microhole array mixed CeO,/Nafion ionomer

Fig. 2 Schematic illustration of fabrication of ceria micro-plate ceria
on Nafion membrane
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Fig. 3 The HFR plot of pristine, flat ceria without ionomer, and
ceria with ionomer deposited on Nafion membrane 211
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Fig. 4 The HFR plot of pristine, ceria without ionomer, ceria with
ionomer (ceria solution/ionomer solution = 5.0/0.5 v/v), and
ceria with ionomer (ceria solution/ionomer solution = 5.0/1.0
v/v) deposited on Nafion membrane 211
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Fig. 6 Scanning electron microscope (SEM) images of the pristine
Nafion membrane 211 (a), Nafion membrane with flat ceria
layer (b), micro-pattern etched membrane (c), and Nafion
membrane with patterned ceria micro-plates (d)
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Fig. 7 Morphological features of NRE-211 with Patterned ceria: (a)
The SEM images of NRE-211 with Patterned ceria, (b) The
corresponding EDS elemental mapping images of Fluorine
(F), and (c) The corresponding EDS elemental mapping
images of Cerium (Ce)
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