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Abstract: In this work, mesoporous carbons {(CMK~3) were prepared by a conventional templating method
using mesoporous silica (SBA~15) for using catalyst supports in polymer electrolyte membrane fuel cells
(PEMFCs). The CMK—3 were chemically activated to obtain high surface area and small pore diameter
with different potassium hydroxide (KOH) amounts, i.e., 0, 1, 3, and 4 g as an activating agent. And then
Pt—Ru was deposited onto activated CMK—3 (K—CMK—3) by a chemical reduction method. The charac—
teristics of Pt—Ru catalysts deposited onto K—CMK 3 were determined by surface area and pore size
analysis, X—ray diffraction (XRD}, scanning electron microscopy (SEM), transmission electron microscopy
(TEM), and inductive coupled plasma—mass spectrometry (ICP—MS). The electrochemical properties of
Pt—Ru/K—CMK—3 catalysts were also analyzed by cyclic voltammetry (CV). From the results, the K3g—
CMK~—3 carbon supports activated with 3 g KOH showed the highest specific surface areas. In addition,
the K3g—CMK -3 led to uniform dispersion of Pt~Ru onto K~CMK~3, resulted in the enhancement of
elelctro—catalystic activity of Pt—Ru catalysts.

Keywords: mesoporous carbons, chemical activation, CMK—3, Pt—Ru catalysts, electro—catalytic properties.
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F871E2 AEIFHSBA-15) 4. 2 M HCl €99 P123(PEQqy
PPO7PEOg, Tri—block copolymer, Aldrich)-& Ak&ollx wrksFa
A Z3jAIZIT) P1230] ¢43] £381=9 tetraethyl orthosilicate
(TEOS, Aldrich) & ¥ 108 3<F adsh), 1083 w4t 3 313
K 3220] Hkg- 8715 ¥al 2443t B¢t A 7Ic)k 24A17F sk
o] BUT HE- §718 373 K 2B ¥l 24417 52 $0keA|171
ok rdukgol Eit T kS E-E WEISk 353 K Q-EA] ¢bals] A
ZoPH HA 120 AEE g 5 Utk AR 1 gF A 25 g7 9
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FY7I3 EMCMK-3)2| &Y. T3713 &at T371% Hagt
E FYO= ojfsle] AL T Aol g ATAE
A ¥e 3 dxz) 347 At AAS Bl 2T @A
A8 9= 3tk B ATAR sucrose (CroHxOr1, Aldrich) 125 g&
50 g9 579k 0.14 g9 Blo] H90n) o] g4 AT gHe
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SBA-15 10 gellt} €3 3% 4lo] A gtk 3 &
353 K 2:320f 30% <t EAX=E ARZ, 373 Kol 12~ 433
Kol 5AREe} dxg) 7S ARtk o] 2YE AR 3 oh sucrose
9 g& 20 g9 SHFSH0.1 g8 3l 321 £ A9 3 Hda o
A e vkEdL 8 S AR F AAE7100M 473 KellA
2ARE 1173 KoK 3ARE FXelE gk o] o 52 ARES 473 K7t
A 2A17E 473 Koli 1173 K7ERE= 5AREC R it daje)r) #1
AZL 5 w9 EFQEIRrAAHHE, 35%, DUKSAN) & o83t
o gl AAE At AAE 33] vhEs & opEc R T
HolET 353K LB XS Tl §ri2 ¢hds) AR

CMK-32| &5}, S3lel CMK-3& Alzsl7] $1sl) CMK—-3
£ KOH &%l ¥ 373 Kol 1243 F<t wksiel KOH7}
CMK—-39] 3ol %3] AT TS 3191, KOHS el digt &
A3l AeZE 47 98 CMK—-3 1 g3 KOHS] 9F&0,1,3 L 4 g&
2 g 3j] a7 Jsick § EES 383 Kokl 12411 A
Z3lo] gt BE SHEES ¢ & 2xd AES FRE HUAE
ARgSIe] A 7EAE 200 ml/ming] S0 ® FEEFAA S 5 10
K/minZ 973 KoM 2213t 52t 2/33ls8)9ict 43} 2] 5 Hols)
2 old ECES Al sl 05 M HCL €<= 353 K
oA 3AIZE B2k A2let v pHIE F40] & W] SRR AlAE
o] BA31E CMK—3S AZsIgnt®Y AFeos doju ideks
+ KOH9] ok w2l KOg—CMK—3, K1g—CMK—3, K3g—CMK—3
2 K4g—-CMK—3z} gaisich

W=-2ElE SOIEK. SUEXs SRS AR8S gAEE 2
i ARSI ' 2AIA) 0.5 g2 Sl A=) Z(CoHOH; 99
Wwt%, Aldrich) 400 mL g7} £3lslo] 302 Bt 259 H2E
3] Bt ©A FAll disl 242} 10 wte We—FEkE 3%
o2 GX3] HEiA 0104 go] B AAR] AskEAHHPCls,
Aldrich) 3} 0.05 g¢] FelE A7A19] FelFElERuCls, Aldrich) &
=0l oEAFElE G908 7] ¥ BT fallef] AMAPB] T4dsle] 5A
2 AN Z)E 3 g9l pH 248 913iA 0.1 M NaOH 89
100 mLE 3713t % 410 Kol 3ARE 71d8iint. BE Ax3H
< olEHAr) 71 BN FEsliglom, aiA] Ekg sk
FHFE MRS F 340 KollA] 24 A1 231 S0llE I3ith

Z0io| SMEBM. I T AR} Falje] vl 724 WHslE
AAs7| Y8l X—A 3BEAH(XRD, X—ray diffraction spectro—
scopy, Rigaku Model D/Max) & ©1831510m, T/d¥ gha AA|A|
o} Fvlle] v EAAT HFTE E TRFE FAS HEHARA]
(surface area and pore size analyzer, BERSORP, JAPAN, INC)
£ o]g3}4] 77 Kol S7331itk $d v AAAI) Fafle] v)
W2 (Ser, specific surface area)2 BETAE ol83l5om, & 713
B3 ( Vg, total pore volume) = P2=0.9901] &2 24 oF
o2 T390t Pt—-Rud] BX%kE S48 S8l f=as k=t
AR (ICP-MS, Plasma—mass spectrometer, ELAN 6100)
& Mgt A3 2AE sisict

gE g AR 3 FHelE FEsy] skl FARIARRA
(SEM, scanning electron microscope, JEOL, JIMS—6335F) & o|-&
&0 343 PEMFCs§ A55000] YRi=7] 2 B8 AR
7] 95l FRAA0)7(TEM, transmission electron microscope,
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Figure 1. Small angle XRD curves of SBA—15 and carbon supports.
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Table 1. Textural Properties of the Prepared Activated Carbon
Supports

Sample  Ser’m%2) Vil (cm’/g) Ve lcm™e) OF(nm)
SBA-15 781 1.12 1.05 573
KOg—CMK-3 891 1.13 1.04 5.07
Klg—-CMK-3 1188 0.91 0.67 2.98
K3g—CMK-3 1573 1.10 0.76 2.79
K4g—CMK-3 795 0.56 0.33 2.81

“Serr: Specific surface area calculated by using BET equation at a relative
pressure range of 0.2~0.35. * Vg Total pore volume is estimated at
a relative pressure £2/%=0.990. ‘ Weso: Mesopore volume determined from
the subtraction of micropore volume from total pore volume. ‘I Average
pore diameter.

Figure 2. SEM images of (a) KOg—CMK—3; (b) K1g—CMK—3;
(¢) K3g—CMK-3; (d) K4g—CMK-3.
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Figure 3. Wide angle XRD curves of Pt—Ru catalysts.

Table 2. Textural Properties of the Pt-Ru Catalysts

Seetr” Viotad Wieso™ o

Sample g (m¥e) (mYg) (m)
Pt—~RwKOg—~CMK~3 712 0.90 0.83 5.05
Pt—~Ru/K1g—CMK~3 918 - 0.68 0.50 2.96
Pt~Ruw/K3g-CMK~3 1112 0.77 0.53 277
Pt—~Rw/K4g—CMK~3 642 0.45 0.26 2.80

“Ssete Specific surface area calculated by using BET equation at a relative
pressure range of 0.2~0.35. Vit Total pore volume is estimated at a
relative pressure F2=0.990. ‘ Weso: Mesopore volume determined from
the subtraction of micropore volume from total pore volume. dei Average
pore diameter.
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Table 3. Loading Contents and Mean Size of Pt-Ru Catalysts

Pt Ru  Loading Crystalline Crystalline

Sample (Wi%)* (wt%)® level(®%)® size (m)® size (um)*

Rt-RwKOg-CMK-3 7.1 6.0 622  39%02 40%01
Ri-Ru/Kig-CMK-3 74 6.3 635 35101 36%0.1
Rt-Ru/K3g-CMK-3 7.8 6.5 755 32101 33*01
Ri-RuK4g-CMK-3 6.2 54 552  3.0%02 3102

Measured from ICP—MS results. “Measured from XRD results, ‘Measured
from TEM results.

Figure 4. TEM images of {a) Pi—Ruw/K0g—CMK-3; (b) Pt—
Ruw/K1g—CMK-3; {c) Pt—RwK3g—CMK-3; (d) Pt—Ru/Kdg—
CMK-3.
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