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Table S1 Pt loading? at the MEA cathode®

Pt/C Pt@CS/CNF600 Pt@CS/CNF700

Pt@CS/CNF900

Pt loading 0.102 (+0.010) 0.104 (£0.015) 0.104 (£0.012)

0.101 (x0.011)

aUnit: mgp, cm2

*The Pt loading at the MEA anode was measured to be 0.025 mgp cm™2.
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Table S2 Average Pt particle sizes and initial ECSAyy_ps of Pt/C and Pt@CS/CNF

XRD crystallite size? ECSAjupd ECSAj.ypd
TEM particle size?
Pt(111) (half cell) (unit cell)
Pt/C 33(£0.8) 3.7 69.0 (£1) 503 (£10)
Pt@CS/CNF600 3.3(x£0.7) 4.5 95.6 (+8) 64.1 (£3)
Pt@CS/CNF700 3.6 (£0.7) 5.6 100.5 (+5) 68.8 (£2)
Pt@CS/CNF900 4.0 (+£0.8) 52 99.6 (£9) 73.3 (+4)
aUnit: nm
"Unit: m? gp!
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Table S3 Unit cell performance of the reported ORR catalysts

Catalyst

AST condition

Metal loading?

ECSA loss

Voltage loss at
0.8 A cm?

Ref.

Pt@CS/CNF900

DOE 2016
(30k cycles)

Anode: 0.025
Cathode:0.1

-12%

+1%

In this work

Pt/C@PANI

5k CV cycles
(0.6-1.2V)
at a rate of
50 mV s!
at 70°C

Anode: 0.3
Cathode: 0.2

-80 mV?

(1]

PtFe@C

Current
sweeping
at a rate of
10 mA cm?2 s7!
(OCV-0.35V)
for 100 hr
at 80°C

Anode: 0.2
Cathode: 0.2

-30 mV®

(2]

Pt/CNF

Applying
constant
potential of
1.4V at 70°C
for 130 hr

Cathode: 0.3

-39%?

-160 mV®

Ga-PtNi/C

15k CV cycles
(0.6-1.0 V)
at a rate of
50 mV s!

Anode: 0.15
Cathode: 0.15

30 mV

AL-PtCo/CN

30k CV cycles
(0.6-1.0V)
at a rate of
50 mV s!

Anode: 0.1
Cathode: 0.1

-16%

-70 mV®

(3]

Pt-Ni cage/C

30k CV cycles
(0.6-1.0 V)
at a rate of
50 mV s!

Anode: N/A
Cathode: 0.1

-59%

-60 mV?

aUnit: mgp, cm2

bApproximated value
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Figure S1 FE-SEM images of (a) bare CNFs, (b) CNFs coated by Pt-aniline complex, (c)

Pt@CS/CNF600, (d) Pt@CS/CNF700 and (¢) Pt@CS/CNF900.
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Figure S2 (a) XPS survey spectrum of Pt-aniline complex and (b) Pt 4f spectra of Pt-aniline complex
before and after heat treatment. Pt ions in Pt-aniline complex are reduced to metallic Pt by heat

treatment.
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Figure S3 TEM images of Pt/C (20 wt%) (a) before and (b) after the heat treatment at 900°C for 1 hr,

and (c¢) their XRD patterns.
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Figure S4 TEM images of (a) CS@Pt/CNF600 and (b) CS@Pt/CNF700.
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Figure S5 (a) HAADF-STEM image of Pt@CS/CNF900 and (b) superimposition of elemental maps of

(c) C, (d) Pt and (e) N.
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Figure S6 TEM images of Pt-aniline complex (without CNFs) after the heat treatment at 900°C for 1

hr in N, atmosphere, (a) low and (b) high magnification.
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Figure S7 CV curves of (a) commercial Pt/C, (b) Pt@CS/CNF600, (c¢) Pt@CS/CNF700 and (d)
Pt@CS/CNF900 according to the number of AST cycles. The CV curves were obtained in Ar-saturated

0.1 M HCIO, at a scan rate of 20 mV s,
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Figure S8 (a) HR-TEM image of Pt@CS/CNF900 after the removal of carbon shells (Pt@CS/CNF900
w/o CS), (b) TGA profiles of Pt@CS/CNF900 before and after the removal of carbon shells, (c) changes
in ECSAy.ypa of Pt@CS/CNF900 w/o CS according to the number of AST cycles, and (d) ORR
polarization curves of Pt@CS/CNF900 w/o CS after the removal of carbon shells. The carbon shell was

removed by exposure to air at 300°C for an hour.
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After removal of the carbon shell, in Fig. S8a, some agglomerates of Pt nanoparticles were observed
because the Pt nanoparticles were no longer protected by the carbon shell. However, the average particle
size of the Pt nanoparticles was about 4.1 nm, which was not largely different from that (4.0 nm) before
the carbon shell was removed. The removal of the carbon shell was also confirmed by TGA as shown
in Fig. S8b: the weight loss stage (225-325°C) associated with the carbon shell, was not observed for
Pt@CS/CNF900 w/o CS. As shown in Fig. S8c, it is noteworthy that there was a dramatic decrease in
the initial ECSAy.,pq from 99.6 (£9) m? g! to 64.7 (1) m? g! after removal of the carbon shells from
Pt@CS/CNF900 in spite of the similar average particle sizes of Pt@CS/CNF900 and Pt@CS/CNF900
w/o CS. This is a strong evidence that carbon shells containing N and C atoms contributed the increase
in the ECSA. The stability of Pt@CS/CNF900 w/o CS was similar to that of Pt/C due to the absence of

the carbon shell (Figs. S8c¢ and d).
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Figure S9 CV curves of (a) commercial Pt/C, (b) Pt@CS/CNF600, (¢) Pt@CS/CNF700, and (d)
Pt@CS/CNF900 before and after 30k AST cycles. The CV curves were obtained in Ar-saturated 0.1 M
HCIO; at a scan rate of 20 mV s''. For CO stripping experiment (CO-strip), CO poisoning of Pt was
performed at 0.1 V (vs. RHE) with CO (5%) bubbling through the electrolyte for 30 min.! After Ar

purging for another 30 min, a CV curve was obtained.
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S15



Q
(=2

12 12 12 12
—s=— Initial —=— |nitial
10f —° g‘;%- 10 & 10 . gt% {10 &
S —v— 100k cyc. 3 S —— 100k cyc. 3
< 08f 08 = < 08} 08 =
o] o3 S o
o] 2] ® o)
% 0.6 06 & % 0.6 4106 @
> f < > <
= o4f 043 = o4} 04 =
3 = 3 5
02f 02 § 02 Joz §
[ [
0.0 " . . 0.0 0.0 . . . 0.0
0.0 05 1.0 15 20 0.0 05 1.0 15 2.0
Current density (A cm?) Current density (A cm?)
C 12 _ 12 d 12 _ 12
—s=— Initial —=— Initial
—e— 30k cyc. —e— 30k cyc.
10} I skore. 110 3 10} 2 sk 103
S —v— 100k cyc. g S —v— 100k cyc. g
o8} 08 = o8 {os =
S =3 g o
] ] & o)
% 0.6 06 @ % 0.6} 406 @
> < > <
= o4f 043 = o4} {04 =
3 = 38 5
02} 0.2 3 0.2} 40.2 3
[ [
0.0 . . . 0.0 0.0 . . . 0.0
0.0 05 1.0 15 2.0 0.0 05 1.0 15 2.0
Current density (A cm?) Current density (A cm?)

Figure S10 Polarization curves of (a) Pt/C, (b) Pt@CS/CNF600, (c) Pt@CS/CNF700 and (d)
Pt@CS/CNF900. Solid and open symbols represent the cell voltage and power density, respectively.
The loading amounts of Pt were 0.1 mgp, cm? and 0.125 mgp, cm™? for the anode and cathode,
respectively. During the cell evaluation, 150 sccm of H, and 300 sccm of O, were fed to the anode and
cathode, respectively. The AST cycling was performed at 70°C with H, (100 sccm) and N, (30 sccm)
gases fed to the anode and cathode, respectively. In the AST cycling, the potential was cycled
repetitively by potential steps between 0.6 V (3 s) and 0.95 V (3 s) with rise time of 0.1 s. All reactant

gases were fully humidified before fed.
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Figure S11 TEM images of (a) Pt/C, (b) CS@Pt/CNF600, (¢) CS@Pt/CNF700 and (d) CS@Pt/CNF900

before and after 100k AST cycles in a unit cell.
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