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Effect of Milling-Induced Physical Property Changes of Pt/C Catalysts on
PEMFC Electrode Structure and Performance
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TAEHOON KIM'

Chemical Materials Business Division, Chemical Materials Research Center, LT Metal Co., Ltd., 117 Namdong-daero, Namdong-gu,
Incheon 21697, Korea

TCorresponding author :
tahkim@Itmetal.co.kr Abstract >> This study investigated how milling-induced tap density variation of

. Pt/C catalysts affects the cathode catalyst layer structure and single-cell per-
Ezsggzd 23':&22326 formance of polymer electrolyte membrane fuel cells (PEMFC). As the milling
Accepted 28Ju|y: 2026 time increased, the tap density decreased from 0.139 to 0.121 gmL™. All cata-

lyst slurries exhibited shear-thinning behavior. The 2 min condition produced the
most uniform catalyst layer and exhibited the highest electrochemically active
surface area and mass activity of 21.85 ngpt_i and 0.0450 A-mgp{l, respectively,
while its specific activity was 0.206 mAcmp 2. Electrochemical Impedance
Spectroscopy (EIS) and Distribution of Relaxation Times (DRT) analyses also
showed that the 2 min condition had the lowest charge-transfer and mass-trans-
port resistances. These results confirm that tap density variation of Pt/C cata-
lysts affects Pt utilization, oxygen transport, and PEMFC single-cell performance.
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Fig. 1. Schematic illustration of the CCG process
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Table 1. Characteristics of cathode, anode catalyst o= oﬂAOP %E}
. 60% Pt/C 35% Pt/C
Characteristics (Cathode) (Anods) ;Ii';l:z;é Effect of catalyst milling time on tap density and par-
Particle size (nm) 2.30 2.02
BET Time 1 min 2 min 3 min
. 2 200.61 284.43 . 1
Specific area (m™g™) Tap density (g'mL™) 0.139 0.126 0.121
Pore volume (cm*g") 0.51 1.05 Dio (pm) 1.564 1.585 1.594
Mesopore volume (cm*g") 0.45 0.95 . ) D5y (um) 1.824 1.807 1.812
- ; Particle size
Metal dispersion (%) 22.54 26.58 Doo (nm) 2.208 2.105 2.112
Pt contents (%) 60.01 35.02 Span 2.068 2.042 2.045

Vol. 37, No. 4, August 2026

Journal of Hydrogen and New Energy <<



364  Pt/C IO 24 20| M 24 H3l/H PEMFC T 2

M

= =
3.2 &0 28 E4 24

OPA QL ule} o], PEMFC Zw5-8 S &
eelo) Alx W 29 e e YAE, Lele)
of guishd S4e = ZUNT HE FujE 7
zo] A4 A vk olo] & AN
PUC Zwhe] B4 ARH

vAE GFE B

=P g8E M= Asel
o u, 7 A7E Fig. 20] 1}
ehigich. BE Sl Sl AuhE Z7)of uteh
AE7) ZAaste A2l Aeket3K Shear-thinning)

10 FE

%S Uitk PEMFCE Smf o)zt of ¢
A, o] @iem 9 gulz TAE chak Eaboln, Zu)
UApel g7 Alejer ol erem Bl we}

sk E4o] gebi A0 gelA Q. 1
Aol AT Folo] At
min 403 gAsteIch oft B4y Ak ufet PuC
Zof Buro] %71 B4} gaa g Q4R 7 Ak
Fo] WS, AT ZANA FAHE U5 ]
E9]29] st debyy] giEo HekE v,
AT elolai e Agkelo] ofs) i 84
27} BalEEA A& 7 A 2po)7} 7Haskack
whebA] PUC o] 14 Al el Sk Al

1 min > 2 min > 3

- ° - _
of st S48 st 7o), ofelgt Aol ofF
2% T F00E 72 B0l L vR A
0.045
—o— 1 min
0.040 |- L] o
0.035 | \ RS
°
= 0030 [ \
=
& 0.025 - o
£ o5
2 0.020 | | %
<
> 0015 |- o o
e ()
. (gor'
L oo
oo ..-'.° M
0.005 M
0000 1 1 1 1 1
0. 0.1 1 10 100 1000 10000

Shear rate (s™)

Fig. 2. Viscosity profiles of cathode catalyst slurries with differ-
ent Pt/C milling times
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Table 3. Surface roughness characteristics of catalyst layers prepared at different milling times

Sample Average height (um) | Surface height variation (um) | Maximum height (um) | Surface area ratio (%)
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Fig. 4. Surface profiles of catalyst slurry-coated GDL prepared
with different milling times (A) 1 min, (B) 2 min, (C) 3 min
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Fig. 5. Surface morphology and binary image analysis of
slurry-coated GDL prepared with different milling times: (A)
1 min, (B) 2 min, and (C) 3 min milling
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