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Abstracts: The Pt-Ru dectrocatalyst was prepared on Nafion membrane modified with polypyrrole by chemica
reduction of H,PtCls and RuCl; solution as precursor. From the eectron dispersive microanalysis spectroscope(EDS),
the Pt-Ru catalyst was located on the surface of PPy/Nafion composite. The eectrochemica oxidation of methanol
on Pt-Ru catalyst deposited in polypyrrole-impregnated Nafion was investigated by cyclic voltammetry (CV) and
chronoamperometry. The onset potential of methanol oxidation was shifted to negative potentid as the RuCl; con-
centration in deposition solution. Also, it was known that the Pt-Ru binary catalyst on Nafion could be directly depos-
ited by using polypyrrole and resulting Pt-Ru/PPy/Nafion was available for methanol oxidation.
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MAEA A dEE "= Dupontitell A Al xgk A-8-H<l
Nafion 117 (equivalent weight 1100, %7 0.178 mm)2- A}-&
At & HA=F A Al A3 pyrrole monomer
(Mw=67.09, Acros Co.y= A glo) AHesta Az s
ammonium persulfate((NH,),S,0s Mw=228.2 sigma chemica
Co.)& AH&st3ith. P-Ru &+ &vl A|xel= platinic chloride
(HaPtCls MW =409.8 sigma chemica Co.)$} ruthenium (I11)
chloride (RuCl; Mw=207.43 sigma aldrich Co.)& A}-&-3}%
I Pto} RuE #dA1Z A Z& sodium borohydride
(NaBH, MW =37.82 Duksan Pure Chemica Co.)& A}8-31%1
o £ AgoA ARG g HXFe] 18MQ el FF
2 A3l Nafion 1175-8 H,09F HNOs(vol.% 1:1)
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719} B2 AASAT

2.2. PPy/Nafion M= % methanol permeability

38t NS o183 pyrroleS F¢3E7] Y98k Nafion
whS Aolol] 3 F&o| &= pyrrole 0.2 mol/LE THE &=
NAAZ (NHg),S,0s 0.1mol/Le B wHSA7HS 2elsly
PPy/Nafions #|1Z3tict. 28]2 A= 2 Nafion 2 9Fe] 1]
=g AASH] flate] 24A17F FRF 0.5mol/L H,SO,°l
27F F2Ach
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2k Aol Alolel] FAL el 02M HEES TE 3|
T FHTE AL F aewA B aEge] sRE AT
| whet S8t A= PPy/Nafion =& Fagh vehEo]
&=t gas chromatograph (Young-in M600D)& £-293}3itt.
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bility= DK#LO.Z AAF=T, gas chromatograph® =744 gt
£ E3 7147123 E methanol permesbility® AR <= o},
T3 PPy/Nafion 2o Yol AEEE SH2 ac impe
dance spectroscopy(IM6, Zahner Co.)E o8-8l 3ot 5=
Hpede] 200 mHz~100 kHz, THAE +10mVE A7kt
0.5mol/L H,SO,; A ZolA g3t A7+ 73z
%St (open circuit voltage)ollx] AFELE Z43te] By He
Az3 e $949-2 PPy/Nafion B3 o] Hadgto=z
ABATE, E3A v Yol A= vg 2o ¢JF) AlLkst
Act.
lonic conductivity (o) = 1 DI— 2
R A
3714 R=membrane resistance(Q) - bulk resistance(Q)
| = membrane thickness (cm)
A =membrane area (cm?)

2.3. Pt-Ru/PPy/Nafion S&#| M3o| XM=
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HaA AFe 05mol/L HyS0, s=8-eel] 247k o4 waals]
t}. H,PtClg 5mmol/Loll 3 71E RuCl; %o el Alxw A
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2.4. Pt-RU/PPy/Nafion S| T30 SMEM

Azd A=l A5k 54 Hrke Fg 28F 22 2o
g7l A AAIEIATE 2 A=) cyclic voltammetry(CV) 2
chronoamperometry 42 AFS0|7} EAlsk= Holle WEE
1mol/LE T2 4ell= 0.5mal/L H,S0.E AA A& AE AR
sldth. 7184 Z(reference electrode) 2. = Ag/AgCI(TOA
dlectronics Ltd.)2 AME-39 2 o]l # S (counter electrode)

HzPtCls, RuCls
input

NaBH: input

O

1

PPy/Nafion membrane

Fig. 1. Schematic of reaction cell for Pt-Ru/PPy/Nafion composite.
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Research)E ©]-8-38}]t}.

o hoMe] pt gl Ru Ao 4% §= E¥E EDS
(electron dispersive microanalysis spectroscope, JSM  6400)E
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3.1. PPy/Nafion 2 S4

Ze)9Ec] FFE Nafion =] Hlgs T3 54 2 o]
e HSE 9E SRl w2h dobr it PPy/Nafion
s 233 veks £33 552 Fig 39 YeERAUT}. Fig. 3
o] Azt tiE wege] Fx Wl g 7|&7]25E
methanol permeabilitys 733t} =2k 05Me| H,S0, &4
M AHALRE o] &ste] FHT Fole HAEx RstE

B D C

A

A: Pt-Ru/PPy/Nafion B: current collect
E: 1 M CH;0H

C: counter electrode,

D: reference electrode F: 0.5 M H2SO4

Fig. 2. Schematic diagram of a CV cell fitted with a one-side Pt-Ru/
PPy/Nafion.

0.20

® Nafion 117
® PPy 10 min

01579 | 4 PPy 30min

0.10

0.05

Methanol Con. [ mol/dm® 1

0.00

0 20 40 60 80 100 120 140 160 180
Time [ min]

Fig. 3. Methanol cross over rate of Nafion 117 and PPy/Nafion
composites.
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Table 1. Methanol permeability and ionic conductivity at room
temper ature of PPy/Nafion membrane.

Polymerization time

Omin 10 min 30min
lonic conductivity 0.071 0.055 0.078
[Sem] ‘ ' '
Permeability 3539108 1479x10° 3353 10°
[em?/s]
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Fig. 4. Linear mapping of Pt-Ru distribution along the cross-
sectional Pt-Ru/PPy/Nafion.
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200mv shift Ritk= 28 & 4 Uedl Ru F0ie] Pz
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Pt-RuPPy/Nafion E-3H4 =2 11.35mA/cm? 2.2 PYPPy/
Nafion A1}t ZA4 gt o]7& Proll RuE F715He 24
WERE Ak} Hhgollx SdE Fv) 48 Role Aoz AZh

.

20

H,PtCl, 2ml
. H,PtCI; 1ml

o
L

o
L

Current density [ mAlcm?]

-5 T T
-1 0 1 2

Potential vs. Ag/AgCI[V ]

Fig. 5. Cyclic Voltammetry of Pt/PPy/Nafion for methanol
oxidation. (Scan rate: 10 mV/s)
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Fig. 6. Cyclic voltammetry of 5/20 Pt-Ru/PPy/Nafion for methanol
oxidation.

Table 2= &9 F§A7ko] 1082 PPy/Nafion ©ho= A
Z¥ P-RuPPy/Nafion £33 AF9] ve-E Akgl 7)x]29]
2 M3 AFE v FUTH P-Ru/PPy/Nafion 2154 W)
e 2kgl A A9Ye RuClhe w27t T7HEE delxle
AL 4 e o3l FE5E0 9 OHe| St dash &
AAollAR17} grolx]= AL efngihtt. B3 RuCl; s=0 et
V3 AR g Fhshke 2AE o F AdTh

Fig. 7& A 4= 5, 10, 20, 50mV/s & z+z} =43
CVE AFdeo] o} ©A1g 28oelth. 10 min PPy/Nafion <l
P-RUZ FAANZS W P-Ru 525, Pt-Ru 52021 7-$-<j
FAF Seo mEkr] dRAo® AAs] Frlsh AR A

Table 2. Potential for the onset and peak current of MeOH oxidation on the Pt-Ru/PPy/Nafion.

Eon [mV] Ip [mA/ecm?]
scan rate
[mV/g] 5 10 20 50 5 10 20 50
Pt/ Ru
5/2.5 360 370 370 355 0.75 1.35 1.95 2.82
5/10 300 315 320 310 7.38 12.00 15.62 19.75
5/20 350 240 270 290 5.96 10.35 13.35 16.71
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Fig. 7 . Current density as a function of scan rate on 10 min Pt-Ru/
PPy/Nafion.
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Fig. 8. Chronoamperometry of 5/20 Pt-Ru/PPy/Nafion according to
methanol concentration.
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Fig. 9. Current density as function of MeOH concentration on Pt-
Ru/PPy/Nafion from chronoamperometry.
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