J. Korean Ind. Eng. Chem., Vol. 17, No. 2, April 2006, 223-228

ol s A=Y #AT g B Alx R
olF o|-&3 AH Hitty ARHA e Zvf HAA 54

e LRl BRI R B IS | E R L RS L

xS YA 7] AT AoUA AT, wxF i etul 38y ety
(20061 29 14 F<7, 2006 39 15 A9

Preparation of Uniform Porous Carbon from Mesophase Pitch and Its
Characteristics of Catalyst Support for the Direct Methanol Fuel Cell

Ki-Don Nam+'**, Tae-Jin Kim*, Sang-Kyung Kim*, Byoung-Rok Lee*, Dong-Hyun Peck*, Seung-Kon Ryu#*, and
Doo-Hwan Jung*'T

*Advanced Energy Research Department, Korea Institute of Energy Research, Jang-dong 71-2, Yuseong-gu, Daejeon 305-343, Korea
wxDepartment of Chemical Engineering, Chungnam National University, 220, Gung-dong, Yuseong-gu, Daejeon 305-764, Korea
(Received February 14, 2006; accepted March 15, 2006)

A5AA A Zu] GXANZA AT 27 72 O3 gae vEde)s Ao A
T8 A 7tE o] &slto] AF3)SI T Tetrahydrofuran (THF)O &3l X} vgkgo] #4kd -
AE7te E3tsta gglet $o 5 M NaOHZ A 2|7He 27Zbske] b3 &g wETh o] tadeta]
WA ALY 7Y Agte] 4 A7 FeFE FbEoH, 147877 mig WS YENIL Ha 7]
A7 we AgH Aegt kAol wet 50~ 550 nmZ ThFshA UERRTE vk 'R g Aol wg 3 FE|
TS 9XA717] f8 HFEAHS ARSI, 60 wi% ME-FElFC] BXE FHule A7) Atsh @44 2 A=
N BEXNO 223 ot ARHT B9 A]zﬂoi Hrrskgich B Ad W9 F 50 nm A IS o] &ste] A
Z3 W FEHE/ta A e e 4960 wt% Pt-Ru/porous carbon), <=3+ At AFH AJFolA 04 VoMo AF
A% ghol 123 mA/em’7F SAE A, @ AA] A AFelME Ho) A7 dE gho] 60 T} 80 T, Ah2E-9]7]
oA Z+zF 105, 162 mW/em S YERA T
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Pore-size controlled porous carbons for the catalyst supports of the direct methanol fuel cell were prepared from the
mesophase pitch by using the silica spheres with different sizes. Pitch solution in THF and spheres were mixed,
carbonized and etched by 5 M NaOH to make porous carbon. Specific surface area of the porous carbons was 14.7~
87.7 m’/g and average pore diameter was 50~550 nm which were dependent on the size of silica spheres. Aqueous
reduction method was used to load 60 wt% PtRu on the prepared porous carbon supports. The electro-oxidation activity
of the supported 60 wt% Pt-Ru catalysts was measured by cyclic voltammetry and unit cell test. For the 60 wt%
Pt-Ru/porous carbon synthesized by 50 nm silica, current density value in the cyclic voltammetry test was 123 mA/cm’
at 0.4 V and peak power density in the unit cell test were 105 and 162 mW/cm® under oxygen at 60 and 80 C,
respectively.
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Table 1. Typical Properties of AR Mesophase Pitch

Bulk Density (g/cm’) > 0.65
Specific Gravity (25 C) 1.23
Specific Heat (cal/g®C) 0.65
Softening Point (‘C) by mettler 275
Mesophase Content (%) 100
Hydrogen/Carbon (atom/atom) 0.58~0.64
Benzene Soluble (%) 35~44

mesophase pitch [ ————— Silica sphere
Mixing
THF 257, 1day
Stabilization 3007, 4hr
Carbonization 10007, 4hr
(0.5C/min)
NaOH etching 5M, 1day

Characterization

Figure 1. Schematic diagram for the preparation of uniform
porous carbon.
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Figure 2. Synthesis procedure of Pt-Ru/porous carbon catalyst.

a Powders; (a) 40~
50 nm, (b) 90~100 nm, (¢) 220~250 nm, (d) 550~570 nm.
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Figure 4. Particle size control of silica spheres by changing CH;OH
concentration.

Figure 5. SEM images; (a) pitch and silica particles after carboni-
zation, (b) pitch with partially etched silica particles, (c) porous
carbon synthesized with 50 nm silica (K50), (d) porous carbon
synthesized with 100 nm silica (K100), (e) porous carbon synthe-
sized with 250 nm silica (K250), (f) porous carbon synthesized with
550 nm silica (K550).
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Figure 6. N; adsorption isotherms of the pitch and the size
controlled porous carbons.

Table 2. BET Specific Surface Area and Average Pore Diameter

. Original
Kinds (AR pitch) K50 K100 K250 K550
(S'Sz'/A) 1.8 87.7 71.9 40.2 38.6
m/g
élhp\./?A) om n/a 50.2 80.8 120~140 n/a

Note) S.S.A. : specific surface area, A.P.D. : average pore diameter, K550 :
porous carbon by using 550 nm silica, K250 : porous carbon by using 250 nm
silica, K100 : porous carbon by using 100 nm silica, K50 : porous carbon by
using 50 nm silica, n/a : not available.
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Figure 7. X-Ray diffraction patterns of the carbonated AR pitch
and the 60 wt% Pt-Ru/porous carbon.
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Figure 8. Cyclic voltammograms of the 60 wt% Pt-Ru/porous
carbon catalysts (E-TEK : Vulcan XC-72R).
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Figure 9. Cell performance with 60 wt% Pt-Ru/porous carbon
catalyst at 60 ‘C (anode : 2 mg/cmz-Pt base, 2 M MeOH 0.6
cc/min, cathode : 5 mg/cmz-Pt base, O; - 100 cc/min).
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Figure 10. Cell performance with 60 wt% Pt-Ru/porous carbon at
30, 60 and 80 ‘C (anode: 2 mg/cmz—Pt base, 2 M MeOH 0.6 cc/min,
cathode : 5 mg/cmz—Pt base, O, 100 cc/min).
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