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Abstract — To study the effects of fabrication methods on the performance and durability of polymer electrolyte mem-
brane fuel cells (PEMFCs), membrane-electrode assemblies (MEAs) were fabricated using a Dr blade method, a spray
method, screen print method and screen print + spray method. The performance of single cells assembled with the prepared
MEAs were initially measured and compared. Electrode accelerated stress testing (AST) involving a potentiostatic step-
wave with 10 s at 0.6 V followed by 30 s at 0.9 V was applied to test durability of MEAs. Before and after 6,000cycles
of the AST, I-V curves, impedance spectra, cyclic voltammograms, linear sweep voltammetry (LSV) and transmission
electron microscope (TEM) were measured. Under the operating conditions, the Dr Blde MEA exhibited the highest ini-
tial performance. After electrode accelerated stress testing, screen print + spray MEA showed lowest degradation rate.
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Fig. 1. I-V curves of MEAs fabricated by various methods.

Table 2. Comparison of OCV and Performance after Electrode degradation
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Fig. 2. Cyclic voltammograms of MEAs fabricated by various
methods.

Table 1. Comparison of initial performance and E.C.S.A by MEA

Fabrication
Blade Spray Print Print+Spray
OCV (V) 0.942 0.973 0.946 0.938
Current density 880 640 800 840
(mA/cm?) at 0.6 V
E.CS.A (m%g) 37.0 39.2 17.0 29.6

3-2. MEA HMEdl 2 7N H|w

T73E HIAESRE A5 43 715 1 REE A3% & MEA 4
P EE MEA Aol whet vlawstgict.

Zgjolu|= oA Nafion ©H 2 ZAFSH= Dr Blade H¥} A3
@ E] el s Alx3t MEA7F W= 43} 715 A1E & e
Zr2(0.6VellM AFHE ZHA )yt 23 dglo] WH el vls Ak Table
2). Dr Blade$} =33 AT WHH-2 ZdA} $-¢] hot pressing SFX|RF
A3 go] B2 hot pressing 314 %34T}, Prasanna 5-[2]¢] &7+l
2] hot pressing®ll 23l MEA W730] Zasisicd], £ A7-ollA
= hot pressing®ll 2J3l] Pt §1A} 4374 H7t S8 ARt Ert
239 Y] e o3| Alzst MEA d5 1 ol A= 95
2xgo] gt A3 + Aol MEAS] A= d3} 71 -3 Sl
&5 ATt 23.8% % i) FAESITE AR ol Azgo]
ko w A Pt G2 viFo] AT Hol Pt YA o] &gk o 3kl A
<, agglomeration ¥]o] A} A== dae] Bel YT F7]
wFolgtal ot

6,000Cycle 7145 A3 5 Q19 2795 A7)E Fig, 30l ¥ w33l
ut A3 9l A543 YERl:= HFR(High Frequency Resistance)2]
HIl= o} MEA Aol wheh whe] iAol miX)= a8 4]
sk gttt A= sk BAgelx] Hebde A3 (Charge Transfer

MEA Initial OCV After OCV Initial Currenzt Den. After Curren; Den. Current Den. Decrease
V) V) (mA/em”) (mA/em”) (%)
Blade 0.942 0.941 830 640 273
Spray 0.973 0.970 640 480 25.0
Print 0.942 0.912 800 560 30.0
Print + Spray 0.938 0.922 840 640 23.8
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Fig. 3. Impedance of MEAs fabricated by various methods after electrode degradation.
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Table 3. Change of Electrochemical Surface Area (E.C.S.A) after
electrode degradation test (m%g)

Blade Spray Print  Print + Spray
Fresh 37.0 39.2 17.1 29.6
After 6,000cycle 24.4 313 10.8 20.6
Decrease(%) 339 20.3 36.6 30.4
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w3tk A~ o] Whell 2J3 MEAS] ECSAT 39.2 m%/g® A&
MEAZ2] ECSAS} B8t THE W] © 2 A 23 MEAS] ECSA
a7t AL A LV s AT AY Y A FLsit A
& 8l 2" F 2320 (Printing + Spray)ét A ¥} MEAS]
ECSA 7H2-&o] Zolxitt.

Fig. 50| A= 715 A8 & i 42 715 gRlsl] 9l TEM
TS A 1otk TEM 43 Al 233 Z3Es MEA
2, 2710 MEgARE 2~4 nmRIE] ©F 7~9 nm7HA] QIAF7E A37gsk
Ak, W AR Aol Slal g wAjo] Zhasstar ool whet Al
a7t AeS AR S E ERIBIGIT

Fig. 62 A5 43} 15 LSvE &3l sl 2] 4 534 A7

ot} Aol MEAS] 739 A543} A% 4 Ff

il
|\
o
o,
Y

A5 W3t A Qlek rev A3 IR MEASE A543}
T Fa Fub A7) s o) 2 Agw ZHEE MEAE
A543} 2ol S 249 WA o] kvt AA LSV 4 ol
%27} cathode® FT}EEENE AFslelR] B8ty 1 A= &
A wjioloh4]. 1 A=E TS MEAT G3labgela
Ash= ok & 4= Qi)

4.8 E

PEMFC?| MEA Az We] w& MEA %7] d53 W7-del
oisl) Ast AuE vha 2ol Helsiait.

Dr Blade ¥, 2~ do] ¥, ~37 Y H A~ +Spray W
©% MEAZ A|Z3819EY] Dr Blade Ho) AlY & 27] 452
Rl Axo] Who] Al W& 27] AJ5S Kotk TR MEA
A2 anode?} cathode Pt $&F0] 5 0.4 mg/em®1d] A% =
28] WP anode™= 0.1 mg/cm?, cathodel= 0.2 mg/em?C. & 7| %3}
Al MEAZ 0.6 VolA] 800 mA/cm? AFUES A1),

A= 43} 714 Al g3l 2 MEAS] U438 71kl
742~ <2417} Print > Blade > Spray > Print + Spray <=0]31T}. o=
Azl oJgt Hal A A& T7F oA FYste] MEA

S
fr oo
™
44

a) before degradation

b) after degradation

Fig. 5. TEM images of MEA fabricated by screen print method before and after electrode degradation.
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