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PYC Z1l| (20, 40 wit% PYC)E AM&-3te] Al Aalld A5HA| S MEAE Alxstal 247k &
ufoll X HZA o] Um o] S dofrsitt UuR- gl WE MEAS] 713181 A
Tzl SRR A5 H 7T, electrochemical impedance spectroscopy (EIS), cyclic voltammetry
(CV)E FaliA At val8 ghegell wet dx)e] 243} 5, & A, 2449 AT
5o W3t velsth ol 5o FulE WA BAEe d7l/e)e HEL ARe]9] ‘trade-
of P&} EFEAGE S uks7k2 byl o3t AlolH, tiFE 25 B BAAY Age]
HelE LERTE 20 wi%e PYCSF 40 wi% PYC FHuljollx] 2 o] val2 FHefe 747} 35 wi%e}
20 wt%= UFERTE ol= Pt T@H]e] mE Pt ROl A W Fuje] BIEAA 9 xjo] wfZo
UeRd AFtolm M2 thE Ua2 A HA ] AdAIde] FAEE AeR ddEn

Abstract : To enhance the performance of a MEA (membrane electrode assembly) in a polymer
electrolyte membrane fuel cell (PEMFC), optimum contents of Nafion ionomer as electrolyte
in the 20 and 40 wt% Pt/C used in electrodes were examined. Variety characterization techniques
were applied to examine optimum Nafion contents: cell performance test, electrochemical
impedance spectroscopy (EIS), and cyclic voltammetry (CV). According to Pt wt% supported
on carbon support, it has been observed that polarization, ohmic, and mass transfer resistances
were changed so that the cell performance was significantly dependent on the content of Nafion
ionomer. Optimum Nafion ionomer contents in the 20 wt% Pt/C and 40 wt% Pt/C were showed
35 wt% and 20 wt%, respectively. This is due to different surface area of the Pt/C catalyst,
and formation of triple phase boundary seems to be affected by the Nafion contents.
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A Al AEHA (polymer electrolyte mem-
brane fuel cell, PEMFC)= & A Wx9} A& Al
543, 218734 ol A wEel Aeake] sE4, 7
& 29 ToE I g&Fopt FuiE st A2 CO,
HiZo] ofgt thr|ed B AFdst EAI7E AAIARL
Aoz Rzige) we}l PEMFC ARl 71k 4%
o] o=l ATt

PEMFC?| 48315 flalixe= s 4] Bt
=4 (membrane electrode assembly, MEA) 7]
Zgslth? PEMFCO] A5 MEAE Z2& A
g o] ol g A=) glem Ayl
ZujZolx A== A7)8ke jkge] olaN 7S
HAIAIZIT, dRbE o2 HFee PYC Suje) 22 E
x4 0% (proton exchange ionomer)’} E3HEl
FuFo] glom, ofi=tox FAshg- (hydrogen
oxidation reaction, HOR), F|&To|A] 4kA3kuk-g-
(oxygen reduction reaction, ORR)°] HAJET}, Ful Z
o s X2E M o] == HORY 2Js) AA3€
ZRES AT Z02 Adshs 52 ATHETE oL}
o] AghS 918 viRIE] &S it guides
Dupont AF2] U3 (Nafion)o] 2= AEA TEAZ
7V de] AREEAL ATk

PEMFC®] #17]8}8H4 whgofl= whg7kse} At 2
g Z2E 59| 7] wkeAdRo] oIt vt
2= e e B8l i ARl A7 AR
3l PYC EWiE B3l olsgict 18a 22 EL EuiS
Wiitell e valeog 4E vEHIE B3] v
o olEgitt. wehd =& A5 PEMFC A5%
THE7] fBME A UiFe] wkeuks, Eu 28| o
J20] Fd3A X, S AHAH (triple phase
boundary)®] 2 e 727t fElsith Aol &
w9} vz o] o] EuES FNITE HHEC]
ol FA, Mxl 2 Z2E HrAo] ATt sR|ut
EnjZolM Z2E AeAdH WA AL @ ‘trade-
off7} AR E Tt Fulol] ol o] oW ZRE
AEEE AT HORO 9JsiA AAE Zzke] A
TEE AtHoR s "ok il Ul 3
A w2 & 71 &3 (trapping water)S 5Z51o] Fl
2T ZoflA A Eo| uiEo] dEsA] FHAl Hof
Whg7k20] ke A gt ool EAIHE 9
A AFH2] 2 A3 (ohmic resistance)?t B2
A&} (mass transport resistance)®] S7Fsled A
o] ZFa3HAl "tk WhH, FuiS tiFe] Ua]e] ol
Ao, ZE R A MEEe} whgrkse] o)F
2 AgA T 22 E9 olFrt A wEe] &

L

38} ¥ (activation polarization)®] ##4 PEMFC
o] ZAaH”
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FAZ o] & g5 (carbon black) BAA] B4] =
ot webd MEA Az 3Pgola veloe] gha &

AA 9] BHE Gt P dRke U HEE]
wf el g FRAA} o] A7 vjE xHdi
PYCEFw| o] 75, vzl e3} dagRA o] HAu= oF
I/C=08-18%=% LA Atk o714 1= U=l o
Qeme] FF, Ce B FAAY] TS vERth
g Bl wEE Aauie] HHo vl S
AHEEE PUCEHRS] SRl FERle] 30-36 wt%
AER WAES STk ANk ' gRA el o
] Pt FAE FE AT 7, el Sk
Fvje] SR FAA S v A o W
Al wiske Zlog o addnt

o] dFelX= Pt FAFNA F ujel ztol7h U=
PYC Z1l (20, 40 wt% PYC)E AME-3ld MEAZ A
Z3lar 7tzhe] Eufe] agh Ao Uue s
Lot et 222 Fujo] B8] 5439 vl HF
Atole] Aol diste] Asiitt.
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2.1. MEA M=

FHA o v 3F AES feir 8-Sl HE
g pt S ETH 47] (TGA, TA Ins, Q50)Z
243 A7}, 20 wit% PYC (BASF Fuel Cell Inc.)2t
40 wt% Pt/C (Johnson Matthey Inc)Z YERSTH 2
2|2 5 ZFuje] v]EWAL BET (Micromertics Ins.,
ASAP2020)E AME-3l] S43I%iTE MEAE AT o,
Aol vl 2e] IS 4 (12 AR-ste] ARbsT.

Nafion content (Wt%) =
nafion weight % 100 ()
nafion weight + catalyst weight

PY/C FulE wlo]de] ¥ F 5% 132 &4
(Dupont Co.)?t o] T 2dYTE YL 37 Fek 257
A E ste] Fvf SellE AT MEAE
222 As)E = (NRE-212, Dupont Co.)ol 25 Zvij
SElglE 2xygo] AYetY o=t Aa=ol Zhzt
P} 04 mg/em™] HE% lch 283 AlE el
$aL 130°C, 0.3 metric-tonollA 150% &< sk
AFe] BAHAL 5emP] L 71A|EAEE (Gas Diffusion
Layer, GDL)-> ®AF(Carbel CL, W. L Gore &
Associates, Inc.yS ARSI Zzke] Swfoll X Ua]
ghako] 20, 30, 40 wi%2] MEAE A|Zg &, 93
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Table 1. Catalysts and compositions used for preparation
of MEAs.

MEANo. Catalyst Ptwt% Ptloading Nafion content
by TGA (mg/cm?) (Wt%)
MEA20-20 20
MEA20-25 25
MEA20-30 20 wt% Pt/C  20.4 0.4 30
MEA20-35 35
MEA20-40 40
MEA40-15 15
MEA40-20 20
MEA40-25 40 wt% Pt/C  39.9 0.4 25
MEA40-30 30
MEA40-40 40

A& Adsted HeH7E siach 283 7P =2
e MEAE A3 v, & ¢ AldsHl vy
ShRe A7) §151e] AElEl MEAS] Y3 +5 wt%
S 7= MEAS A8l Y3t 2402 5
P72 33510tk Table 19]= A%3F MEAS] Zwj9t
a2 S YeEG.

2.2. MEA 7}

Fuel Cell Technologies AF2] ©$1ZX] oA ol =9} 7]
aro) ZizZh 4ot F718 HRTIAE AMSSle] MEA
2 F71si3it). o] W HESTAE ATiSE 100%E 715
5, oot Aozl 2zt SFStREH] (stoichiometry
ratio) 159} 2002 F3i3ivt 22| weldA|e]
LEE 65°CE fAI8ISIT MEAS] 7171818k 542
cyclic voltammetry (CV, WanAtech, GWPG100HP)%}
electrochemical impedance spectroscopy (EIS, Gamry,
PC14)E AHE3l] EA4319 . CV S3A], anodedll 4=
AZ 20 scem, cathodedl] A4S 100 scem FFHO 2 3
FolA ) SPHAES 275t o] W cathode?}
2k A= (working electrode)?] 3L anode’} 71EH=
(reference electrode) == 712 A=02 2-F3gic),
EISE ©@913%)e] AFUE7F 200 mA/em®d v =3
Ea1=

3. 24 & 0

20wt% PYC Zvll= MEA20-20, MEA20-30, 12|31
MEA20405 A|lx3t &, 45971 3 © MEA20-30
o] 5ol 7 =T o]F MEA20-259 MEA20-355
TE ¥ Ass vlasisler a2 A3E Fig 100 W
ERATE. MEA20-259F MEA20-302 23S w, 72
U AsE EAFI Ath IR 20 wi%ol A
35 wi%ZHAl= Sl vlEste] AR Hee
UAIRE U2 40 wi%eell A ] 8] e w4 5H
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Fig. 1. Polarization curves of MEAs manufactured by 20
wt% Pt/C catalyst with different Nafion ionomer content.
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Fig. 2. EIS spectra of 20 wt% Pt/C with different Nafion
ionomer content.

2490tk o] Uule 20 witedl A HE Uu)e ghako)
Z715e) wet Z2E Axsrl - u AE oA
a2 35wt%ollA Zoirt | slez s g
sl gl oJslie Fuis uiFe] drjele Axw
Alole] “trade-off 7} AAWF 35 wt%oll A AR o]
7P & gAE Zew wodn) SR Eufe 3
2ol Yul o] dfEdE & 7HE gl osiA e
ZoM & wlEo] YA B Ha, o Jgo R
HES 7R~ flol £A|7F eAE 4= k. Fig. 1of] 291

ZojlX FAT AYAIE Hola Yt olelg A=
EZgA| o] & 739l vehs @4l Uale]
3 2 A3ke] Wak= Fig. 29| EIS Aol vk}
ol z)9] e Aol Ar)s FUs FES Holx
2121 MEA20-35914 718 w2 A a&, MEA20-40
oA 7Fd =& A3S HATE MEA20-40S 200 mA/cm?
olale] AFUL = MEA20-359 Aol HA3k A
%5 Holx gt} SNt EIS A Bel%o] B3}
B33 BAAY o] IA Yepdr] wjEe] 343
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Table 2. Characteristics of MEAs with different Nafion
content for 20, 40 Pt wt% Pt/C catalysts

MEA No. current density at ~ Cell resistance  ESA
0.6 V (mA/cm?) Q) (m%/g)
MEA20-20 381.6 0.175 21.3
MEA20-25 402.9 0.148 24.4
MEA20-30 475.3 0.134 26.0
MEA20-35 570.6 0.122 36.1
MEA20-40 401.7 0.221 40.7
MEA40-15 609.7 0.115 594
MEA40-20 758.9 0.086 67.5
MEA40-25 648.5 0.094 59.0
MEA40-30 437.5 0.145 69.0
MEA40-40 185.6 0.760 81.7
e At YeRd Aoz ddEh

o
ya2 gtk 9k Zu€-d 3 (Electrochemical
surface area, ESAYS CV 4] AFol|A FA2H A
O 7 AABINoH Table 20 YeEPATE Uul-2 20 wi%
T 40 %A= 3gel vlEsle] ESATE Stk 73
g2 Bl dwEo g 5T ESAQ FujjEol2le
HOR3} ORRell W} 8o 23t P& tf2A el
gk U2 40 wi%®] 749, cfie=ollX= ESA7E 7]
wliZo] HORe| 4y vul o] 237 EWolx
HORE E-& A7) whgo| ol7] wjEe] Aol
7Xe G Fr) ANa=olx = ORRY <J8iA =&
9] o] WAIE T Q7] W&o EnjjZoll zHEke] vy
22 Eo] &S ARl Ak 7S Wt o]
st @2 7R EFEREAES S7MI7IAL ey 7
A5zt o)de] AfelA 20w% P/C FHle
35 wt%] Uo] FFES u P =2 S
ATt o] AE HZ EHoAM B Az} dx)sw
ATE3 20 wt% PYCOIAME UL 30-35 wt%ed
7P T2 AAEEE VUERME FeE BaEd 9l
40 wt% PY/C Zu|2 A 23 MEAS %3710l A
MEA40-202] “Ad5°] 7Fg =T} o]F MEA40-159F
MEA40-255 Y& & Aeg Frieiden o1 4345
Fig. 39 YERATE. MEA40-20, MEA40-30, MEA40-40
o s vugds o, Yo FEe] Sl wet A
e FAsH Aaste A3 B ol 7
=2 A%5S 1ol MEA40-208T U]Le dhgko] =7}
stol] wElA] B3 B3 BRG] S
iE o= AekEn}. olg A2 Fig. 49] EIS 2o
A BAZITh MEA40-159F MEA40-252] 74-%-, %%]
3%, ESA, AF Sollx A visgt A3E Hola 9l
th ol 20wt% PyCel ZA-¢-AE v el w2
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Fig. 3. Polarization curves of MEAs manufactured by 40
wt% Pt/C catalyst with different Nafion ionomer content.
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Fig. 4. EIS spectra of 40 wt% Pt/C MEAs with different
Nafion ionomer content.
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Ao Vsle FFPuTh B A9, A5 Phwt

olite] Ao 20wt% PYCSF 40 wt% PYC 1S
A3l MEAE AIZS o, 249 Y ke 77}
35 wi%2l 20 wi%the A3E At ol ErielA
vale] gEkato|7t A e AL T Fvje] Pt
3} H|EE Ao zjo] wjEoz AE UnkH oz
AF9 APARE Fislr] alirle valo] gha g
AA L] EHE QoAM= GXAH 7] 271291 AEe
FABIL ofof st webA pyC Fuie] FRIFe] &
FE F a3t Yal9 o] B Z0F ditEet uEii
T Fuje] vlEmAS dopr] 9 BETE 431
neorm A gkt F) Fo] EAlElE 718371 (pore
size)2 Fig. 591 YEPATE 40 wt% PYC =77} 20 wi%
PYC ErjErh o] B AAE F3E £ 9SS HOF
T ok F Zue] BET ¥WHAL 20wt% PYC Svi7f
193.6 m’/g, 40 wt% PYC Z#l7} 302.1 m%gS Table 39
HeRATh Fig. 3(@elA F 9 2% 1.6-100nme] 71
o] Bx o] AT 40 wt% PYC 77} 20 wi% Pt/C
ZujEct § B2 7y 5 /A e ez u
ERIT) Kong 52 GDLY] BB vlA7]85 (micro
porous layer, MPL)®] 7% 7|7} wkg7k2e] ik
EAAGAE, & 7HE @ 5o 9L FE o=
BIFTEY MPLE &A5A0lal S Aol
ol AR EQRG] 715 Fag 71Fe] A
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Fig. 5. Nitrogen adsorptions and desorption isotherms of
20 wt% and 40 wt% Pt/C catalysts.

Table 3. Optimum Nafion contents and BET surface areas
of two catalysts

MEA No. PYC Carbon Nafion BET surface (PxB)* (PxB/N)°

(mg) (mg) (mg) (mg)
MEA2035 10.0 80 54 1936 1936 0359
MEA40-20 5.0 3.0 13 3021 1511 1.162

4PxB) = (Pt/C)x(BET surface area)
®(PxB/N) = (Pt/C)x(BET surface area)/(Nafion)
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Fig. 6. Pore size distributions (BJH adsorption cumulative
pore volume) of 20 wt% and 40 wt% Pt/C catalysts.
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FEFE F= Fo2 dEfA Aok 2 AqteAE BET
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50nmyt B2 Aoz RIS e 1 AHE Fig 6
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1} macro-porelli= Pt AL} FAl Uzl2o] 29 4t
IAEE FAAE 5 IAT micro-poredl= APAIH]
PE FE0] Ag o o). A HsEHA
713 AZHo] & 40 wi% PYC Zwll7} 20 wt% PYC 1
o AL v dollx 2 AXATE B Ao
Z JeEch

AFAIZ FAGollA PYC Z12] meso-poret}t macro-
porell= Pt YAt} A vo]2o] A APdAHEE
A 4 YA micro-poredll= AdAIHO] P4
g50] S 107 dAtEtt A5 Semell E3HE Enf
A TS 20 wi% PYCSF 40 wt% PYColA 242+ 10 mget
S5mgelth. ZE|aL 7 Fvizt Hae] 4e5g HAS W,
yl9] k& 747t 54mgd 1.3 meelth F Sujz ¢
€ FZ9] MEAIA & 15 o PYC Fvllo] EHHL
20 wt% PYCS}F 40 wi%eoll Al ZH2F 1.94 m™% 1.51 m*©]t},
wl2bA BET ®HZ0] 40 wi% PYC Zul7} 20 wite PYC
Hr} IR ExF pyCe] goll g WA BET 3%
wZo] vl 2 2Jol7} itk 40wt% PYCE| o] 735,
Fig. 7¢] TEM ARlelA 1ol AAEH 20 wt% PyCRTh
Pt 947} ko] AR PR RS B S AR 222
1mge] U202 =3x8 pyC Ev9] A2 20 wi%
PYCS}F 40 wt% PYCOlA ZH2E 0.36 m*pyc/mguon 2+
L16n7 Mo”1 T ©] AAZHE] 40 wi% PYCE
& AZT ) 20 wi% PYCe] 7§ BT}k Ao o)
3202 53t AMANS sk AoE AnkH
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Fig. 7. TEM images of (a) commercial 20 wt% Pt/C'> and
(b) 40 wt% Pt/C catalysts.
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