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Abstract

In polymer exchange membrane fuel cells, it is crucial to fabricate a highly active and thin Pt catalyst layer for the smooth
mass transport of dissolved oxygen and water. Although a highly loaded platinum (Pt) catalyst based on the hydrothermal
synthesis has been reported in several studies, its growing behaviors and kinetics were yet to be understood. In this study,
we investigated the growth of Pt crystal in suspension after the reduction step depending on a stirring time and evaluated
the electrochemical activity. For only a couple of hours in the early stage, Pt colloids were adsorbed on the Pt-carbon catalyst
and the Pt crystal was grown. After that, the small Pt colloid was formed by another nucleation step, which did not involve
the growth of Pt crystal. We reveal that the Pt-Carbon catalyst with stirring for 6 h showed a high activity toward the oxygen

reduction reaction.
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Table 1. Pt Weight Percent with Respect of Time Determined by
ICP-OES

Table 2. Electrochemical Surface Area (ECSA) Calculated from Peak
of Pt-H Desorption and Peak of Pt-O Reduction

Pt lhr Pt 6hr Pt 20hr Pt-H desorption (m® g") Pt-O reduction (m* g')
Pt content (wt.%) 47.16 48.41 48.76 Pt _lhr 30.96 12.43
Pt _6hr 28.86 14.13
——Ptohr Pt_20hr 28.35 13.95
(a) Pt-20hr Pt TKK 31.00 15.63
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Figure 1. (a) XRD patterns of Pt Ohr (without stining step after reflux)

and Pt 20hr (with stirring step), (b) XRD patterns focusing on Pt

(111) domain and (c) size of the domain with respect to stirring time.
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Figure 2. (a)~(c) TEM images of Pt lhr, Pt 6hr, and Pt 20hr, respec-
tively; (d)~(f) Histogram of Pt particle diameter of Pt lhr, Pt 6hr,
and Pt 20hr, respectively.

o peak O Z & 7 Stk FIG 5 71l A F 71e] peako] Akt

A 32 208~2117 260 nmell Y218t P peako] MFA AT} Z2]
o] SRS FEl BE 9T HA o]o] dEo] wig &
Fo|= Ae g A xAle] HHE FelE EXlshs 21 vl
UV-Vis Gotel|#] o] peako] shbit UEht= Ag, Au Wie 2ke}
© TFEA[19,20], FCC T35 7H W32 Z-9-oll= 271€] Ho] peak

o] YehtA Hrh Wi F o] w X*FJJ% AR #9100 =
5,1=2 =2 5d) state?} (n = 6,1 =0, & 6s) statea A aL S17]
gl Zo]th21]. 260 nmol] YERF= (n = 5, 1= 2 22 5d) state’= Wt
WS AXA & BullelARt Ee] e, wrkagel whet
B A A Aol gAEA] e FRo|TES] ATt tHES v
sttt HbA, 1ok whe sgje] 9JX]s (n = 6, 1 = 0, 3= 6s) state™
WHEAZ|| whe} FFE=7) 5718k, blue shift7h =, ol ARl
we} 2717} 2= pt AAES] FEU) SRR RS on|gic) o
Ao Ag, Audll FEtEo] QIR wAhdw FEkE 3y e

(localized surface plasmon resonance, LSPR)®]l w2}, Wl1E% i 9]

F

Appl. Chem. Eng., Vol. 30, No. 4, 2019



496 7k - 7] - Hw|g) - oA

—0hr
——1hr
—2hr
—3hr
——6hr
13.5hr
20hr

_—
=
S’

Absorbance / a. u.

200 225 250 275 300
Wavelength / nm

(b)

21

—H-— A

“max
—/\— Absorbance,

=]

]

2100 % ~

E . :
> AN 8
£ (0]
= 2094 /\. £
A (7]

Q2

<

Ja'
’\/
TAR A

208 T T T T T T
0 3 6 9 12 15 18

Stirring time / hr

Figure 3. (a) UV-vis spectra and (b) A . and absorbancemax located
in 208~211 nm depending on the stiring time.

Stirring time / hour

20
<°

e e

2% yueleation Crystal

Crystal

growth ; growth
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