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Abstract Carbon supports for dispersed platinum (Pt) electrocatalysts in direct methanol fuel cells (DMFCs) are being
continuously developed to improve electrochemical performance and catalyst stability. However, carbon supports still require

solutions to reduce costs and improve catalyst efficiency.

In this study, we prepare well-dispersed Pt electrocatalysts by

introducing titanium dioxide (TiO,) into biomass based nitrogen-doped carbon supports. In order to obtain optimized
electrochemical performance, different amounts of TiO, component are controlled by three types (PVTNC-2 wt%, Pt/TNC-4

wt%, and P/TNC-6 wt%). Especially, the anodic current dens

ity of PUTNC-4 wt% is 707.0 mA g’lpl, which is about 1.65 times

higher than that of commercial Pt/C (429.1 mA g’ o) PUTNC-4wt% also exhibits excellent catalytic stability, with a retention
rate of 91 %. This novel support provides electrochemical performance improvement including several advantages of improved
anodic current density and catalyst stability due to the well-dispersed Pt nanoparticles on the support by the introduction of TiO,
component and nitrogen doping in carbon. Therefore, Pt/TNC-4 wt% may be electrocatalyst a promising catalyst as an anode

for high-performance DMFCs.

Key words methanol oxidation reaction, titanium dioxide
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wi%E °F 271.1~393.8 nm [Fig. 2(b)], Pt/TNC-4 wt%
£ °F 274.0~412.1 nm [Fig. 2(c)], ¥ PY/TNC-6 wt%
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2 #F Hen, B U AU AlxE A

Fig. 2. FESEM images of (a) PtNC, (b) Pt/TNC-2 wt%, (c) Pt/
TNC-4 wt%, and (d) Pt/TNC-6 wt%.
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(d) Pt/TiO,@N-doped Carbon

Fig. 1. A schematic illustration of Pt/TiO, composited nitrogen-doped carbon supports using carbonization, and a reduction method.
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Fig. 3. (a-b) Low-resolution and (c-d) high-resolution TEM images of (a, ¢) Pt/NC, and (b,d) Pt/TNC-4 wt%. (¢) TEM-EDS mapping data

of PYTNC-4 wt%.
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2] C, PUTNC-2 wt%, PYTNC-4 wt%, 2 Pt/
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Fig. 4(b)= PUNC, PYTNC-2wt%, PY/TNC-4 wt%, 2
PY/TNC-6 wt%2] 274 T2& 438171908l F3d XAl
SRS AFAE Jepdd 438 pt 2 TiO,2] 3
=7 BAEO] Qon, RE AZ o] 25%|A F¢e]
(002He] WL 3d vzvp AR EmS 387
46.2°, 67.5° 2 81.3%NA ¥l A} (111), (200), (220) &
Gin™el A-&stke |A dW FZR(FCC, space group
Fm3m[225]) (JCPDS card No. 04-080)3]d ¥ =7} &
ZEn)'9 o)aks} Eely YA B38kE PYTNC-
2 Wt%, PYTNC-4wt%, 2 PYTNC-6 wt%:= 25.3°, 37.1°
2 62.7°14 (101), (004) 2 (204)Hol| “d-&3h= TiO--
Anatase(JCPDS card No. 71-1166)5 UERNH, 27.4°
43.3° 2 54.5°04 (110), (111) 2 (220) Aol A-3-3h=
TiO,-Rutile(JCPDS card No. 73-1736)° 71¢13+ 34 3
25 VeRith!? wabs] PYNC, PYTNC-2 wt%, Pt/TNC-
4 wt%, B PUTNC-6 wt%®] H4& £33 B4 XA
W S JA (10 wt%) B o]4ks) Blebg Ui dAt &
F3h2, 4, 6 wt%)’F BEFHLE JYPEHJSS on|git)

Fig. 5(a)-(d)= 10 wt%®] W& Fnf @A % o]4tst
ey YedZAE B3sle "a4 =9 g XA (PY
TNC-4 wt%)®] 382 AelE #9838H7] fAste X-
A B FAPES #ESE e zoln) Fig. 5(a)9] 4
7 f92 C 1s 3= 27 C-C 25(~284.5 eV),
C-N 15(~286.0 eV), C-O LE(~287.6 eV) L N=C-
O 25(~288.7 eV)Z YEMITE™ Fig. 5b)2] N 1s XPS
2HEY AIE ~397.6 eV, ~399.3 eV, ~400.8 eV L
~402.6 eVOlAl Z}Z} Pyridinic-N, Pyrrolic-N, Graphitic-
N % Pyridine-N oxideol| sj33l= £el® ¥aE0] &
ZHE AT A4 =3 F9e oA 7k F5e] of

vAto mRE WASGO, B HH 3 el

(a) (b)
100 —a—Pt/NC PUTNC-6wt%
——PYTNC-2wt% - T J\.u. e o
8ol —o— Pt/TNC-4wt% —_ PUTNC-4wt%
—_ —— Pt/TNC-6wt% = __—“_JJM_M
o\° © A Pt/TNC-2wt%
~— 60 B e
= % -o? A A PUNC
'g’ 40 -;:: 20 2 (1) (200) (220) Pure-Pt
; ::; * ‘8 (101) (004) (200) l =
2 Anatase-TiO
20F " L I “l!l” ooy e
5 211
450 500 550 600 650 oI o | (1|11l I( ) Rutile-TiO,
0 Templerature <C) . ) - - - | - | - 11 ) -
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Temperature (°C)

20 (degree)

Fig. 4. (a) TGA curves and (b) XRD plots of Pt/NC, Pt/TNC-2 wt%, Pt/TNC-4 wt%, and Pt/TNC-6 wt%.



e

olr

HgkE Elacas

o=

Qe

—
L)
N

C1s

C-C groups

Intensity (a.u.)

200 288 286 284
Binding Energy (eV)

292

—
(2)
N

Wp Ti 2p

Intensity (a.u.)

468 466 464 462 460 458 456 454
Binding Energy (eV)

Fig. 5. XPS spectra of Pt/TNC-4 wt% for (a) C 1s, (b) N 1s, (¢) Ti

A5 E3she Pyridine-NS HEE n-Al 27 o ahtol
p-AAE AlFste] Eu) Aol tig Ao 54
F7HE F k. o= Fuie] 518H4] whgol] B8 sk
A A 9 SR A7) S 24 F9E Alst
of JAE A FUE 2 HgAS Yekd 4 g
Fig. 5(c)= Ti 2pollA Ti 2psn B Ti 2pipoll 2H2t el
Sl 4585 eV 464 eVl ¥ FEHJTP

Fig. 5(d)e] Pt 4fe] XA 3z FAPH A= 2574
o2 EAEkE NF Fvi7t 714 eV B ~748 eVl
Z¥Z} Pt 4fsn B Pt 4fp0l SF8h= PH(0) states =17}

AU Egh, 3759 bk ofgk Wi ksl H
Pt precursord] A= kAo HEgOo R 730 eV 2

~76.2 eVellX ZHz} PtO%} PY(OH),7HS Pt(Il) states ¥
a7t yehd ez ddn? webd, Az 10 wi%
W S ©@R] g o|iks) Eelr EstE A4 =3
H B A A9 Fx2A 54 9 slet AgdH 4
IE Mo = Hdr)stet FHuf EAL et o8
A7 S8 2 AAG-A7 SHHS sk

Fig. 6(a)= ‘48 Wa Zvll(commercial Pt/C), 10 wt%

915k 045} Elek BSE Wi =3

s RR|A] A 19

—
(=2
N

N1s
Graphitic-N

Pyridinic-N

Intensity (a.u.)

Plyrrglicl-N ) L
402 400 398 396
Binding Energy (eV)

406 404

(d)

Pt 4f

Intensity (a.u.)

PtO/Pt(OH),
78 76 74
Binding Energy (eV)

2p, and (d) Pt 4f.

82

F 202 9A3 @A =3 E4(PYNC), 10 wi%
o] Wiz FulE @] 9 o]itsl Elely E3st A =
B9 BA(PYTNC-2 wt%, PYTNC-4 wt%, 2 PY/TNC-6
wt%)S] HEehs AsiRke 54 A3E yepd Aot A
AL FAY-AF SAHE ol&st 2.0 M CH;0H
9} 0.5M H,S0.Z &3 =&doA 50 mVs ' scan
rate® -0.2~1.0 Vo] P 9lolx F4sisdnh. 23 vl
e AEHAE weke Ashikge] H3de-dF 24
e ~0.68 Vol Uehte ek AEdFEE() 2
~0.45 Vel Yeht= gk Ak RdE()= SEE
th o] Tl T AP RE (i S7HEESE o)
e Ak Whgo] 4% S 548 JEhY, 9w
2bsb A F % (j,)= CHO, CH,OH, HCOOH % CO
ST EA 719302 e AxE S
NFshike Eu) 549 & Ak REE &4
8 WF F0(429.1 mA gy, PUNC(530.4 mA
g '), PUTNC-2 wt%(535.8 mA g ',), PYTNC-4 wt%
(707.0 mA g',) ¥ PYTNC-6 wt% (6283 mA g ' )&
Uehdith £3], PUTNC-4 wi%s= 7HPE =2 Astd e

o



20 Zx87] -

(al 1000

- a Commercial Pt/C

o | ——PtNC

< 800 = Pt/ TNC-2Wt%

£ 600 = Pt/ TNC-4wt%

-~ [ —— Pt/TNC-6W1t%

g

‘w 400f

o

© 200f

)

c

S o

= -

o _200 I 1 1 1 1

02 00 02 04 06 08 1.0

(©) Voltage(VS. Ag/AgCl)

. 1000

- a ——nitial Pt/TNC-4wt%
o 800} =——After test

< AE(%)=91

E  e00}

>

 —

o 400t

o

©T 200

e

=

S of

£

=

O -200— L . . L . .

0.2 00 02 04 06 08 10

Voltage(VS. Ag/AgCl)

(bl 150
a Ay Commercial Pt/C
TU) TR —Pt/NC
< 210 ——PtTNC-2wt%
£ s |3 = Pt/ TNC-4wt%
= 100§ == —— PUTNC-6wt%
> 5 0
it [x)
) Time (Sec)
o
°T 50
i
=
o
1S
=
O o0 L ) .
0 500 1000 1500 2000
Time (Sec
(d) (Sec)
. 1000
_a Initial Commercial Pt/C
o 800 } —After test
<
£ oo} AE(%)=75
=
‘w400 i
>
< 200}
rery
c
£ 0
=
O -200L— L L . A ) \

02 00 02 04 06 08
Voltage(VS. Ag/AgCl)

1.0

Fig. 6. (a) Cyclic voltammetry (CV) measurements of methanol oxidation of Commercial Pt/C, Pt/NC, Pt/TNC-2 wt%, Pt/TNC-4 wt%, and

Pt/TNC-6 wt% in 2.0 M CH;OH and 0.5 M H,SO, electrolyte at the scan rate of 50 mV s!

and voltage range of -0.2-1.0 V (vs. Ag/

AgCl), (b) Chronoamperometry (CA) measurements of Commercial Pt/C, Pt/NC, Pt/TNC-2 wt%, Pt/TNC-4 wt%, and Pt/TNC-6 wt% in
2.0 M CH;0H and 0.5 M H,SO, electrolyte at the 0.5 V for 2,000 sec. (c-d) CV measurements after 10,000 sec CA test of Pt/TNC-

4 wt% and Pt/NC, respectively.
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