Korean Chem. Eng. Res., Vol. 44, No. 2, April, 2006, pp. 187-192

oEZE=2|ME Z2tet XF HEkE HEMXIE Lul2/Z2HdHSAR (=

USE - MES - 2327 - 0L+ - MES++
Aot sl AE 5y
151-742 AE&A] #Aeb 2-E Al 56-1

AR AR R PRt
415-761 Z71% ZEA 9354 EdlE] AF 14-1
ANl CT At
120-749 A2A] MURET A& 134
(20051 72 19 A4, 2006 32 102 )

Preparation of Composite Nafion/polyphenylene Oxide(PPO) with Hetropoly Acid(HPA)
Membranes for Direct Methanol Fuel Cells

Donghyun Kim, Junho Sauk, Hwayong Kim', Kab Soo Lee* and Joon Yong Sung**

School of Chemical and Biological Engineering, & Institute of Chemical Process, Seoul National Universty,
San 56-1, Shinlim-dong, Gwanak-gu, Seoul 151-742, Korea
*Environmental System Engineering, Kimpo College, San 14-1, Ponae-ri, Wolgot-myun, Gyounggi-do 415-761, Korea
**Center for Clean Technology, Yonsei University, 134, Chinchon-dong, Seodaemun-gu, Seoul 120-749, Korea
(Received 19 July 2005; accepted 10 March 2006)

2 o

Ze)ddel SAR|=(PPOYE o] 4ate] FElZETAHHPAYS AR vl AZE S AlZS Al ks
AZ3har 5L Aol dlEEE Al §AERHPWAR|Y B2 HEQMHPMAYS 316 PPO Bl A&
e Gullol] =] ko mw EFBuE ARE-SIo] A|FZ3IGITE B ATelME PWAE Fo)7] % SuilE mEeE
PPOZE 0]7] oI5t &rll2 SRRESS AREsIglon, E3% PPO-PWA 85 frefat flox Ateigict. tha-d
9] PPO-PWA ulate] U] E3HE-8 ARESto] B8-S Alxsielar, Ay Hiuke o2 dEwg} vehe Fo
£ 5743to] 593319t PPO-PWA 53ute] 3e|9} 43 SEM(scanning electron microscopy)® EDS(energy
dispersive spectrometer)@™ 2515111, B3R 2] vghe AT AR (DMFC)E AsdZA 2] J5-S Al
PPO-PWA %5 7IA3L Q& HEukS o]83ho w24 DMFC dlolx 9] weks T @45 66% £ 4 AUSITH

Abstract — The preparation and characterization of new polymer composite membranes containing polyphenylene
oxide (PPO) thin films with hetropoly acid (HPA) are presented. PPO thin films with phosphotungstic acid (PWA) or
phosphomolybdic acid (PMA) have been prepared by using the solvent mixture. The PWA and PPO can be blended
using the solvent mixture, because PPO and PWA are not soluble in the same solvent. In this study, methanol was used
as a solvent dissolving PWA and chloroform was used as a solvent dissolving PPO. PPO-PWA solutions were cast onto
a glass plate with uniform thickness. The composite membranes were prepared by casting Nafion mixture on porous
PPO-PWA films. The morphology and structure of these PPO-PWA films were observed with scanning electron micros-
copy (SEM) and energy dispersive spectrometer (EDS). The composite membranes were characterized by measuring
their ion conductivity and methanol permeability. The performance was evaluated with composite membranes as elec-
trolytes in fuel cell conditions. The methanol cross-over of composite membranes containing PPO-PWA barrier films in
the DMFC reduced by 66%.

Key words: Polyphenylene Oxide, Hetropoly Acid, Phosphotungstic Acid, PPO-PWA Films, Direct Methanol Fuel Cells,
Methanol Cross-over
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AZAAE= 22F AX| g} t=A F834 glol, 318 ouA & A
A A7) AR R HIA 7= T3 ofluA] 18k Al2"olt), ¢
FAAE =2 ouA HAEET, 1Al 94 TEa B T
FLEE QE o] F-g 52 Fulg T o mA FEAL QIUH13].
Ty AR5 E FAE AMSRE A8A ) B, i 7k A
A g FoE Qaks wAIE 7 QLo wiRkeS A
T2 ARSRE A3 Hleke ARHAA (DMFCsy= A9 e A%
o] ARG vhY] il AlEle] Fiktksle] Folg A e
Aol g Fojd Z o7 HQIt}k, DMFC ol wighe-2 o]ils)
ol B2 A ARslER=], o] mehe =2 olux] WEE v}
A AAZIA, AR, Ao mYEH ] o] 7hssh] o
oll, DMFC= 352 589 F74 thA o= ez 7ok §)
cha-6).

Z1eu} o]l DMFCe] ZAIells akal DMFCe] A-g-8lell=
7 7H 2 ARl Atk Fulle] whe: EAF) wgkEo] A% it
2L A vk B do7hs HIgkE-e] A2 2 QW (crossover) &
Zdolth. HehEe] A eH A2 A=olA Ak Ablskal 7
5 @4S dopioza A AR &l &=4E Y3tk
[7-9]. 74 Az Ao QlojA it dafjdutow Agsirh= 4
TEARS] U2 22 dHeA] o] w3k atAd AR
29 et Z1A1A, s 54 22 2 7 s
250 Aleko] Qa1 vhs Fot wehEe] A=A Y
olghz AR ZHAL 71 wiEell[10,11] vghe A=~eH ¥
J& EY 5 = Asidde] digh A= mig el EokE ol
=31 Qi
- DMFC ol Mgk 32201 348 Zol7] £13F A
At Az el gk B A7 K= AT} Kim¥} Yamazaki[12]
= HEE FHEE Fo]7] fld vyl i (calcium
phosphate)ys H7Feto] Mafjduhs: Alxzeh= WS AR,
Shao F[8}& Whi&7 Zjuld 452 (PVAR] $HGE Bheke A
g3to] WghE A=A~ ANE Y F Utk AMLS Bl
Sauk 13 A olatgleka 3 WS o]g5le] DMFC &
]2 e AEoljll BRtuhE: #3811 31, Hanaka ‘514> Z2]°ll
dall-g EeRER ollddll vhe ARESlo] DMFC § 182 E 353t
A vk Az

el 222 H(heteropoly acid, HPA)= F-7]At0] A0k FAlof Ak
SAlEA 2GS = QAL delA] w2 IR AEEE T A
RoH S nlEst /7] Sullel] disl & S3lE=E 7Ha k.
el ZE Ak i B3 43EY 22 A fullo] o
=73 &l tisiAE B84 71 AL Q). olelgt 54 wlel
ASAAE At Aafdutor o] §-gof IS wolgtal, Li &
[15F> PVASl PWAE BAIAA aitat dafjduhs: Alxsh= I+
= Y i Aol e dalid e R @S S5835ka
I AEEE FAI7I7] 8, sHZEAR] AR
(phosphotungstic acid, PWA)Z} 2] H % 214k (phosphomolybdic
acid, PMAYS ¥3HF it buhs Al xsl7] flaiA E44-8E A
g3t FHEEE AT AL ik Mee T 22

EE &3 SE ARl 919 AYE TR A% ol F

&8l PPO-HPA 591815 Al %3131 0H16-19].
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A7) HAL Sz Ee)AIR] PWAS PPO°] IGAIA o] % ©]
o B3uke AlxgromA AT i vehe R REs
oli= Zo]th, PPO-PWAS] 5= S22 E50] oS 2431 Ao
shodar, wheke] FEE #E38k7] 984 SEM(scanning electron
microscopy A5, Z12] a1 0] A==} wighE FakE Sstal
I 115 B gl 23304 A% PPO-PMA B3} H] 83
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2-1. M=

el 2 Z 2 AHHPA)S BHAEQJAHHPW ,0,, PWA)Y E2jB %
QI1HH;PMO,,0,,, PMA)C Z Fluka Chemicalsel|A] ull3}o1 0,
o] 9] F221& Fig. 1] HERAITE. 432) HPAS gAI5}iL 300 °C
o 4 A=A (calcine) A FTE E& @l AR Z=(PPO, poly-2,6-
dimethyl-1,4-phenylene oxide, Aldrich Coyx= JAMS EdIY3=
o] A3} MlEke My} SR EXEC)S EUlY fulj= ARgE}
R, JHAHE A xS S8l FEARERE e Ul 15 wi%
Gels ARSIt

2-2. S0 M=

HPAS} PPO= A3 Gfjol] 254 ¢17] wiel, &8s At
§3lo] B & 4= QL) & AFeA= Lee S16]9] v=itollA
AAEAR 2748 weh PPO-HPA WS A2k, 1 WS
Fig. 20 YERASIth SR22EE5L2 PPOS Ho|7] 919k Gl AL
G313t 2 ArelA = SElEE IRl PWAS kS 0.5g0 % 11
A &, PPOE =0)7] SI3F FRENEFC] S T A
SR3ITE. mEdh, TN T sHREER] PMAES AME-Elo]
olo} HlwalIth PWA(0.5 gy 3 mle] wgheel] 59131, 0.9 g <]
PPOE 14~20 ml®] SRZ2EF GHof 521 Fof PWA-M &5
PPO-C &9l Wo] 931, PPO-PWA-MC £ ¢bxi3] &5
w7k4] F428] Alo1F=qlek. felet 9 el PPO-PWA 948 3f
A3 T2 AZ819 O, PPO-PWA B2 315 59t 20 7
ZA710L, Frelaat veks: Fefehy] ol E/eleE EFe
LDREeIA 108 59k Bkt A vhete] 570= 34 um it
tH32] PPO-PWA 1} ol U] g5 o]gafo] HaukE: Al
%3 7 SSltk. PPO-PWA o3 f2]3t floll Zar, vl 3
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Fig. 1. Chemical structure of (a) H;PMo,;,0,, (PMA)/H;PW,0,,
(PWA), (b) poly-2,6-dimethyl-1,4-phenylene oxide(PPO).
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PPO(0.9g each) +
Methanol(3ml each) Chloroform(14-20 ml each)

\ / Mixing for 24h

[ PPO-HPA-MC solution |

HPA(D.5g) +

4 Casting at room Temp.

| PPO-HPA films |

Nafion® solution
A

[ Nafion/PPO-HPA fims |

Casting at 80T for 8h

Fig. 2. Preparation procedures of Nafion / PPO-HPA composite
membranes.

Foiok 2l 80 °C E0A] AR Ft AXRAIF L, F

o7 2o QoA s Hw XA SllE ¢bd
WA 7|3 b, Va2 X3 2hd 3] PPO-PWA 1lERS: B
AR 8 Yol freldo gy whks yiAd
ATt B 80°C, 0.5M2] H,80,(98%, Aldrichys 117+ &
gl Fowx 875 FAFHE XA AL, ol At
AAsE] S8l Az w5 80 °C o] Firell 1A17F Bt Sk
Eghke] Al U 8o oke 2dato] f7 Aol 3
SAtt. A ZE PWA-PPO ] F7= 3~4 umo]™, U3 2/PWA-
PPO 53ute] F70= 10045 um ©|tt},

o\ X o

o

&
o 24 30 i ok ofx
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2-3. 90| EM

SEM(FE-SEM, JSM-6700F)& A}§-51°] PPO-PWA =] A} |
A BAS wEsIGith @S o) Sl 2HS PE R
AZE PPO-PWA B19] 3 Ul chdo] Bl 9140 # X TE &
15171 fl8te] EDS 245 AAIEHITE. o2 A Ei= Aol AC
271848} A2 7371 (EG&G model 273A potentiostat/galvanost)
£ AHEsto] SRl AC AYe] F1%5-2 10 mvolglom, i
TNz 493 S ARESto] 7} whof] st WA Agks A%
SIQITY. 7} whof] tijgh wghe FlE-2 A3 qkst S o] &3lo]
2ol FAsIelet. wlehE FobES FHA|(NAR-3T, ATAGO)
2 FAste] AxteRsint. B3ute] gk FaES Ak A3,
Az A FabEs vgkeo] S SIS

2-4. MX| M5 H7t

ATHA Yol dsfidzA J3vre] Ass HAESISIt 4]
25k vho)] oF=e] wiga} S=e] WiE-FEE A5 $ 125°C,
13.8 MPa®] oA 28 Fob 3129k dlo] #2319 t}20]. A
=2 Full @A) 4.0 mg/em’© & E-TEKOA Tuljsle] ARE-s}
A7AA F5 22 e 5% 2M, FEEs
, FF 2T ARle] - 2 keflem? 01910, B719]

HekA-< 2471300 ml/min)E ZH 3130}

8 32
o g B

[e]
3. Zdu} 4 2AM
3-1. PPO-PWA 22| EM3}

FE-SEM #1773 AR F310] PPO-PWA E-35tdh w4 o] g
2 MglE PR Fig. 39l4i= PPO-C §-ollA] S22 EF2

(d)

Fig. 3. Scanning electron micrographs of (a) 14 ml, (b) 16 ml, (c) 18 ml,
(d) 20 ml, amounts of chloroform on PPO-PWA-MC films.

FE 14~20 mlZ WEA]7]WA AZF PPO-PWA-MC 2] SEM
olu|A & Jeh) gt} FE 2L 29| ofo] 12 ml o]dtelA]= uho g
AxHA EFH oM, 14 ml oAl A e uhe] FeE sy,
uke] e 541 gulje] FkeF 2jolof| o)) 7]Qlsle], B &
el Uy 5 7T gL, 1 @4 MAUSS Fig. 4ol
UERIQITH21]. Al whe 222220 ko] 14 ml Y wi= 7]%
o] 77] 9 ¥} 74 B AR, 16 ml Y W P
AU oM, 16 ml 013 Bfolle Tl 71827t dAEA
FatA AlxE -

Fig. S@°IM= S2REFE 16 ml AHE319E 3-9-2] PPO-

Chloroform Evaporation

PPQO-lean Phase
Water Diffusion

PWA on Pore Wall

PPO-rich Phase

Fig. 4. Model for pore formation and PWA distribution through
PPO-PWA.
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Fig. 5. (a) EDS spectra of PPO-PWA thin films, (b) Cross-sectional EDS image of PPO-PWA thin films by mapping on tungsten(W).

PWA T} tidollA] BlAHle] EDS H3-5 HojFth BAdE g
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PMA-PPO kg A2-2] Zoll ©7H4 30A1%t0] Avt &
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Fig. 6. Effect of various amounts of chloroform in composite mem-
branes on performance of single-cell DMFC at 80 °C.
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Fig. 7. Scanning electron micrographs of (a) PPO-PMA, (b) PPO-
PWA films.



sElZEThkE 7Ist Bt Az 191

Table 1. Comparison of ion conductivity and methanol permeability
of composite membranes at room temperature

Type of membranes Ton C(osr/l(c:lrl:lc;tmty Methan(()(l:n]zgg;leablllty
Nafion 115 0.0385 329x 107
Nafion/PPO-PMA 0.0341 2.01x 107
Nafion/PPO-PWA 0.0272 1.12% 107

—&— Nafion 115
—¥— 0.5gPWA

0.4 1

0.3 A

Cell Voltage (V)

0.2 4

0.1 4

0.0 T T T
0 100 200 300 400 50

Current Density (mA/cm?)

Fig. 8. Single—cell DMFC performance of composite membranes at
80 °C.

ek Fabr= o] Ul 1157} 3.29 x 10 em¥s® 78 3=
¢k, PPO-PMAE 39% 7+425 0] 2.01 x 10 cm?/s, PPO-PWAE
66% 7¥2=310] 1.12 x 1070 em?s Stk o] A 7]3-29] oJgko g
o] 78 F%= 717l PPO-PWAS] 79 W& weke TS 7}
A= As & F A8

3-3. K| M5 Il

80 °Coll4] PPO-PMA, PPO-PWA -3lu}ko] DMFC A5-S v
2 115%} v]w3lo] Fig. 8ol EAISIIE. Z#l el YEfbRo]
PPO-PMA E3Hto] 035 VollA] 160 mAE W] 115 k= 33%
ol =& A58 BT, PPO-PWA E3hako 1w 1159} e
%55 ®3tl o] PPO-PMAS] o] AEEE Uy B} vhi
SRk, Hekgo] G240 S ASAA wwkE: Fyws) L
2 11585} 39% S7] el @] 52 dide Folo 1
1} PPO-PWA2] 7ol vlehe T3 TE PA3] W3iAvl, o]
2 AET A Y& volr] A4 Adse] dE Bolx= B3t

4.4 E

PWAE PPO°l GAIA vt/ vluks Alzatal, ofof vl
FNE Mg E3uhe Alxsigint. whe] 719 s E-g
% PPOE Holi= SRR XF oFs dsto =z dA AT &
ATk Az 2] SEM 4 EDS 4 A3}, 16 mle] EFEREXE
< AREIE A 7P dds 7SR 7, PWAZE E

Abelo] LASENSS & 5 ATk A e 87 A% 7V o
Azt 71 FEE 7K 16 mle] FEEEES AHES] Bguhs
AzsAE W 035 VoM 120 mA AEE 7FE %2 J5S Hal
ou}, 1 9% Ul 1158 32 ol 9i

selzZetolet sitjekie Firel weh the oS Hol= 2
©7 el H]E PWAZE PMAC] H]&l] AHo] 1) &kl
PPOC] IGAIA vfekE: A2 B9 71 727F PMA Bt} 713
7] gl 2k Erddsal Ho] F9), vighs FaeE Ul
115 ] 66%Lt SO, o Akle oA ZHeAlA A A
o] A Xk 12k PMAE ol8sto] BetHhe AlEst 73
T Ol RAEEE AATIA ROUNE vehE FAEE 39% 7
2AA W 11580 @ 4] S vkt

PMAS} PWA & HPAE ©]83}o] H3HE Az 73, e
FHEE A8 AAaAIA U2 1159 FUs L s e
WA ds RS e 5 ATk
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