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Abstract — Direct formic acid fuel cells (DFAFCs) are potential alternative power sources for portable devices such as
cellular phone, personal digital assistants (PDA) and laptop computers. In this study, we developed the catalysts for great
performance of fuel cell, and investigated their characteristics by using EDS and SEM. Pt-Pd catalysts showed uniform
size and homogeneous distribution. As the content of palladium increased, the performance of DFAFC increased. Pd
black showed the greatest performance among the five catalysts tested. Also, Pt-Pd (1:1) catalyst had an excellent max-
imum power density of 120 mW/cm?. As the operating temperature increased, fuel cell performance was increased due
to a reaction activity increases of catalyst. But, temperature had only a slight effect on the performance of fuel cell in the
best activity range of membrane.

Key words: Fuel Cell, Formic Acid (HCOOH), Anode Catalyst, DFAFC, Pt-Pd

LM B A7} 2rdsto] Agsp) 7kseitt. 53] duidx e S d=Tt

T o WA o AR ¢ Qe WA o] wiEell A

A7 Were A8 A (direct methanol fuel cell, DMFC)&= 454 2} Ago] 2EE PDA, TrtH— LER 5o Fug olF Al

E ARE ARshe Ak Asl A A5 AR (polymer electrolyte 71718 Aeow 7tE 2oa ek sHARE, vk Feh viekEo)

membrane fuel cell, PEMFC)?} FU3t 329} 25e)& 7]—Z]_1_ F33d 3} Ag ol ﬂ]@"g*f”l] =g AR 5 ’sﬂéﬁﬂ‘”]: i

SARE, AR ZHA FA7) ohd o] wehE-g ARSI wiRhES AEol Ak olF aldshy] fIgt A7t A AAA o ehitel

ol mlal] o|A] WE7E s2a1 Rk, Aol FhAske, QPg g §} Al 2 Folu, o] F sdslr] 13 & o] Ao weke-S

Fzoleh= Axdo] 7] Wil AuswAATE Dk HA & ol As = slaite] AREEATH1-4].

: ke agest nliAE Ao o EAlekL, of

To whom correspondence should be addressed. 201 7)AE0] 145 VaH HErs o o 13
2291 7] . (118 V), F2(1.21 V)

E-mail: ywrhee@cnu.ac.kr

314



A A

Fom, 34 F1ghHo|al mla 2P (FDA)IA AE3d7 A=
3715 QUAllel Fallst Exlolct. T3k, nlw ] 7t Hajzlo]”] LEH
ol 48] o] Fo] F& F« :r_7lEHQD% o]BHOoHE SOl
dste] slgl=7] wliEel doloZ dlElHe Hwkee] 7 9}*
9] Aurt 3750 E A4 01%3}—: crossover”} ‘7%* ZOR 1
olm, AF o ME AME-E 4= Qg Z1O = 7|tETH5-8]. Rhee 5[9]
2] Ate] w= NafionZhS &3t 70u]4ke] crossover7} HEHE-2]
73%9_13} R3] gt Ze gelgd 4= Qo) T3k, 1Eeke] o

£ &3l Jinrte] AsARA S AsEA e BAYE &
AATH10, 11].

27 uik Ag A A= l‘%}% AFHA] A|EE 7|9EO.
2 ARl b AR E BE AR WEks AsAA ¢ H
Hahg AzEoldet. AR Juak Az el djgh 7] AtellA
Fulli= wlghE AZ A elA 98t Je-S e PeRuE ¥R
©2 o]FoF o}, vt WA Pr-Pd7} Zw|ake] AkehES-
o] S8t BAS Zheta HuEHN, AAE palladiumS: vFES.
2 o A7 A8 Fell ATHT. 12, 13].

B A= AA ek Au AR ox] AgEue] B4 o
3t o] ATE uigo® AR ik ﬁﬁxﬁlﬂ 58 A
7] 28 Pt-Pd EHiE 7Eslo] EDS, SEM 5% o] 45 104 5495
A, A g Bl JeFule) d5S
o, 25 W AP Wgle] i de A4S ARSI

2.4 o
= Aol AR At x*ﬁﬁé“l}% Nafion 117°]cF. MEAE A
23170 9 0] o5 go|aAl 7] 8 ey} 2o A
A Bge AH ARSI O 5% 2ikslg-del Yol 80°C
oA AR FRE 7H, @ TR ZH5e] AlFE £ 05M St
ol Yol 80 °CellA 1A17F &3t 714, @ v T2 7i5o] Al
& & 32 TR gol 80°Cold 1A1ZE Bt 71, @ FRAR
AlA, 55 A o] B v SR El %71 o ARE- A
7HA] dssto] BRSS9
37122 FullE= T Pt black(HISPEC™ 1000, Johnson-Matthey)
=1 4%3}"" o, Pto] EA|F0] 7 mg/em¥} HEE A
B Fvl= Pt black¥} Auat AB AR Q) FASE vk dgd
2o 9t /52 el P Ru black(HlSPECTM 6000, Johnson-
Matthey), 7HWAF ARAA] oA 98t ds-S HehfE Z10% B
1% Pd black, ¥ Ao A 7 27}%] 79 Pt-Pd Fujjo|t}.

e =)o) lﬂ—X] o 571 Eujl 2% 4 mgCatalyst/em]t}.
Pt-Pd SFolE A7) Sl pt 9AF ARkl SRS St

o] Zu|)JAE A|Z3+ ¥ palladium(ll) nitrate (PAINO;),) &4 2
%%kg Eele] ol 2417k B9k AHA F AxAAE A%
o= )HI217]9] A AR F 5009 2407 B2k &
"éo}oi Pte} Pdo] H]Eo] 247} 111, 4:10] H= P FHiE A%
3}, AxE Fu= AR AR nj8-L ool ] 98 EDS
(energy dispersive x-ray spectrometer, Oxford ISISYE &3l #-2J3}
slom, Ag=el ARgEl BE Sl A=) 9 FelE doli
7] 938l SEM(scanning electron micrography, JEOL JSM 6300)%-
A& SraE),
QA B715%0) Fo) QY1 Sl Aol Arade] Firol

AZHA| (DFMFC) 315

10 wt% Nafion -&(EW 1100, AldrichyS 20 wt% B8 33}
Atk o] Pd blacks ZH H-Ato] EHx| ¢ko}, HAl &mE [PASH
1-Propanote: ARl 0H, TRz Am= Fujlo = o] & #4513t
Az Ful Jae Ful AL o] & HEE 2gukE wik
33t MEAs= *direct painting® ® 0= &Uﬂo]i'—?‘ ulo] o
7—}7—} 23}A ). Nafion 117 ZHe- 1188} B2 o] 83lo] =nja]a
u}g AzE FulS ol Bads HEAIA AR W 7kne]
RS- 7 sl A7 W 710 RS $1519] teflon gasket
OF A AQS Fg welt). ol V]Sl AMgE A

2 29 #eE Y4l teflon ¥ AS AMESIGILE FA] 9] &
AJHAL- 225 em®| AT}

AZE Aldrich, 96% A.C.S H<] /MuikS AMg-3to] 9 M9 -5
T2 AAA ARSI Aelake] FEEEE 1 mUmine)w, Ak
371 200 mlmin®] 54502 S#FQIT Ag ] A MEAY)
Az g 2 ehe)x =] FAEPgella] AzE vl FEE o] ¥
2 F AEF HGe A7F BF 70°CY] 53 Z719 A2 7|
uaks: EEFglom, oy AX|2] 2= 25°CE FAI3IIT)

li A]%J_QA 7Hu])\}£. /\].%6‘]— Z= 11:_.=_ x-]]x]—g o{g_x-]x] /\Eﬂo]}‘d_

< o] gslo] FBIGIT). Fulle] Fiel w4k kAE ”616}01
712t 22)9] e WskE wEsiglon, pi-pd Fllol| tiste] &
o upE e WskE eIt WA E524412 0CPellA f\l
23 om, AFE worhd HHs 95k A9ES A9t &
= AT A S 18] flste] 3 o wkEsIglon, Hat
oz s Yepgict.

3. 20 3 &

Az Fa2] A Q1 548 dotr ] 218l EDS9F SEM
AL 38190} Fig. 12 Pt-Pd(1:1), Pt-Pd(4:1) Zufjo]] T3+ EDS

H

HAANE HolFal Ytk Table 10 #A3¥ 5 714 Pt-Pd S92
pte} Pd] A7k BlE-S VERITE. Fig. 1(a)y= Pto} PdE A} v]
2 1112 38l A|Zg Fu), Fig. 1(b)= Pte} PdE 412 &
Fheto] Azt Full2] EDS w4 A¥o]t). Fig. 17} Table 1014 X
= Hiel o], Pdo] o] W - Pde peak’} t] #A| o=
AL gl 4= 93l e, Pt peak T3t ghegol whe} k2 A R
e g1 = ATk Piok Pdo] AdE]E B3 o] ARl 4] 9}
AR ehgkont, Pel Pdo) HIES 1% A XF Full= 4
A7} 55:4501900H, 417 Ax3E Fol|o] AT 82:185M] F
Az ] 3 ef F Alel7) gl AoR vkt

Fig. 2(a)~(e)= 10,00081] w2 Zujo] st HElS SEM A}
oz veRd Zlojrt. 21 Av} 7} Fulel] w31 FEj7) v
EPEe ER1E 4= AlgleH, 53] Pd black®] 73-F- wAlIgH 7]5]
WS g1 = QUiet. o]2f gt wA7] 32 Wte] HalA, a7
o] Full, 712 W 1A7E MR Al Hi= WhE AP Az}
BABHA Bz o] H-o] WA o] SRS AP A7) H
71:*;{— 7IAAl HB&, Pd blacke] A5AX|2] FHul|z=A] 9438t A
[l 14]. Pt-Pd FHrlli= g4 v)&o) w2}
B ) fﬂEHﬂ %‘%Lo_ﬂ% 1:1¢] Bl&= A|Z¥ PePd Sl 47
Fe7t 2w, sk FaEEo] Q52 ER1E = Qi o=
Ful] A=A ko] & FHQ] vtz gk, Ak AA)zh
e TE2E A 2 Zlo® JdiEh

fo

Korean Chem. Eng. Res., Vol. 44, No. 3, June, 2006



316 AT - olad - A%
80
P
60 -
8 401 ‘
L]
20 4 ‘ Pl,d
Pl|| |\ Pt
Vet \
U P | "
0 ! I’\" Eettennd \I—~ N o S
0 5 10 15 20
Energy (keV)
(a) Pt-Pd (1:1) catalyst
120
Rt
100 -
80 |
& 60
o] |
‘ Pt
201 et Pa \
. NP ”
o [\~ e — A_Jl ILI.,__;’\ _R i
0 5 10 15 20
Energy (keV)
(b) Pt-Pd (4:1) catlayst
Fig. 1. EDS patterns of Pt-Pd catalysts.
Table 1. The atomic ratio of Pt-Pd catalysts measured by EDS
Pt Pd
Pt-Pd (1:1) 55 45
Pt-Pd (4:1) 82 18
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Fig. 2. SEM photography of five catalysts. (a) Pt black, (b) Pt-Ru black,
(c) Pt-Pd (1:1), (d) Pt-Pd (4:1), (e) Pd black.
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air as an oxidant.
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Table 2. Composition of anode catalyst types and loadings used for
the experiment of Fig. 3 and 4

Catalyst type Catalyst loading

Pt black 4 mgCatalyst/cm?
Pt-Ru black 4 mgCatalyst/cm®
Pt-Pd (1:1) 4 mgCatalyst/cm?
Pt-Pd (4:1) 4 mgCatalyst/cm?
Pd black 4 mgCatalyst/cm®
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