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Abstract : Nafion/poly(ether(amino sulfone)) acid-base blend polymer electrolyte membranes were prepared and their
proton conductivity and dimethyl ether permeability were investigated. Characteristics of direct dimethyl ether fuel
cell (DDMEFC) performance using prepared blend membrane were studied. The increase of amine groups in the
base polymer in composite membranes resulted in the decrease in dimethyl ether permeability. The proton conductivity
of the blend membranes gradually increased as increasing temperature. The conductivity of Nafion/PEAS-0.6 (85:15)
blend membranes was measured to be 1.42>102S/cm at 120°C which was higher than that of the recast Nafion.
The performance of direct dimethyl ether fuel cell (DDMEFC) using the Nafion/PEAS blend membranes was higher
than that using Nafion®115 membrane. Enhanced performance of direct dimethyl ether fuel cells using Nafion/PEAS
blend membrane was explained by reducing dimethyl ether (DME) crossover through the electrolyte membrane and
maintenance of the proton conductivity at high temperature.

Keywords: Poly(ether(amino sulfone)), Blend polymer electrolyte membranes, Proton conductivity, DME permeability,
Direct dimethyl ether fuel cell.
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Scheme 1. Synthetic scheme of poly(ether(amino sulfone)) (PEAS).
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Fig. 1. Schematic diagram of ionic conductivity measurement cell.
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Fig. 2. Schematic diagram of DME permeability measurement.
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Fig. 3. Schematic diagram of direct dimethyl ether fuel cell.
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Fig. 4. Temperature dependence of proton conductivity of Nafion/
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Fig. 5. Temperature dependence of DME permeability of Nafion/
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7b HA7] wiolehar dekent )

3.2. DMEEIE

Fig. 5= E31=3 8} [s)|d9tz}t Nafion 1159] DMEF
F=2 YeRQITE Nafion/PEAS (85:15) B4 =3t w2z} A
g)duto] Nafion 1158 ¢k 1/5 o3l @& DME 3%
e YeRfATE. oleAddte 2 7w s oA acid-base Ao =
©13}] ionic channel®] Z7|7} ol o X DMERHEE =
AFAL rigid 3 IEAR] polysulfone ©|-&3te] Bz &
S aA JAFHEG] A AoF HRItE? gt ofgl7| 7t
wo] XE,E vk DMEFHAEE YeMIET oIZI7E B
o] XFASE o]2AFe] o Bo| o|FAXHA EAN=rt ¢
Z =]o] DMEFH ol Wall7F =17 w#elatar dE )

3.3. o] HX|o MetXMF W MY SY

Fig. 62 A2 ZA Nafion/PEAS-0.6 (85:15) acid-base &
A= Hadutst Nafion 11598 ZH7he] st 2=d wet
DDMEFC ©e]dAle] A7 3 A8 S4& =A8iH.

0.9 160
OAB—- ]
07
0‘6—.

0.5 1

E/V

0.4+

LW0 MW / d

0.3+

0.2 4

0.1+

0.0

100 200 300 400 500 600 700 800
1/mAcm?*

Fig. 6. Polarization curve and power density of DDMEFC using

Nafion/PEAS-0.6 (85:15) blend membrane and Nafion 115 : (H)

Nafion/PEAS-0.6 (1bar, 100°C), (@) Nafion/ PEAS-0.6 (1bar, 110°C),

(A) Nafion 115 (1bar, 100°C) and ('¥) Nafion 115 (1bar, 110°C).



AA7583A], A 9 A, A 2 5, 2006 93

22 FEollA] Nafion 1159 EA=H 2 dsfd o] H
T 257F TS gAY YRt Sk As &
AT 7 AT Eg e 2oA] o] FTIIEFE T
9] Ad5e] F7tele e ERIF 4 AUSITh. Nafion/PEAS-
0.6 (85:15)2} Nafion 1159 HWHHEEE Ibar, 100°CoA
Z+zb 113 mW/em?, 78 mW/em?, 28] 3L 1bar, 110°ColA &
143 mW/em?, 93 mW/em*S YERNITE EE Hald 2hs
AR 39 A 13 7} Nafion 1158 ARSIES 3%
Hr} oF 1.58) S7IsIAT ol BE Asdute e A
§ 2ol Me] AEw7} NafiondS AMEEIS Z$-Hoh =9k
om AR FHEE Yo F9U7] witeo|#tal ALRHT
Fig. 72 2bar] oA 2% w2 DDMEFC A%< &
Alg}k &det. S At dsjdeke A3 DDMEFCE %
& 257F 120007 SUFslE Ao dEdEE A&
F7FIA. o= dut¥ oz d#zl A o] 2wrt FUHE
TE A8 electrooxidation onset potential®] Wolx]7] wiit
olt}. Nafiong AHE-3h=s AFARX 2] Z9ole 2ol e] g4

[¢]

N

0.9 200
_- - 180
0.8 AAAAAAAAAAAA 1
1 A 00 “n 4 160
0.7 4 AAE 0000077 0, N ]
] A 00 %og, A 4140
[y 2~ ° %o n
0.6 oA e 06 A J
] l.::“ A0 nnfetPong o A 4120
o ) [u] X A q
0.5 w O SA.0 Sog Q -
> N oieaAs Po, Q ) oo 2
< X9 LIS A o
w 04 = YV Y \ deo %
1 uy ®0ooia, ] 1 )
0.3 "y ®0egia, B 460 3
] .l. ... A‘A 4 ~
I. (Y AA i
0.2 L LIPS 40
- "y ®eeia, ]
4 L ...A‘A Jao
0.1 ", %A, ]
1 40
0.04—

0 100 200 300 400 500 600 700 800 900 1000
1/ mA cm?

Fig. 7. Temperature dependence of DDMEFC performance using

Nafion/PEAS-0.6 (85:15) blend membrane : () Nafion/PEAS-0.6

(2bar, 100°C), (@) Nafion/PEAS-0.6 (2bar, 110°C), (A) Nafion/

PEAS-0.6 (2bar, 120°C).

0.9 200

- 160
-1 140
- 120

-1 100

L0 MW / d

4 80
4 60
4 40

- 20

0.0

T T T T M T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 900
1/ mAcm?
Fig. 8. Pressure dependence of DDMEFC performance using
Nafion/PEAS-0.6 (85:15) MEA: () Nafion/PEAS-0.6 (1bar, 110°C),
(@) Nafion/PEAS-0.6 (2bar, 110°C), ( A) Nafion/PEAS-0.6 (3bar,
110°C).

Aoz ety AxLrh 7H4sl7] wiiEol] Nafion/PEAS-0.6
(85:15) E¥IE= Hald HrT 22 HEUTE Yeph

Fig. 82 110°ColA] Z}Z} 1bar, 2bar, 3baro|A 2] Nafion/
PEAS-0.6 (85:15)9] &% Hsld o] A-AF ¢ Agd=
£ ZAIEI. gEo] 715l wet dEEEE F7kek e
110°C, lbardlAl= 143 mW/em?, 2barol A& 158 mW/em?$}
3baroll A= 164 mW/em?e] Fd] AEHUEE Yepfidct 22
204 o] EoldaE HEUnrt T A2 fHol =
olA WA BkSE 4= 9l 7S DMEZF AF¥H) S8k
&o] F71ste] DME®| 7]8l8H skskg XA 7 7] vl
q_.Bl)

4.2 £

Nafions} ©}717]7} 0.6~2.0 X]3+E poly(ether(amino sulfone))
(PEAS)E AREEle] Bdl=d vzl Aafd w& A3
Balcd A uhe 2o recast NafionH U= S+ 9]
LATEE JERATE 50°C ©]dollAE recast Nafion®tl o =
2 T4 o RAEEE YEpth Bdl=d dsid v A¢
e Yal23 vlaste] DMEF#E7E ¢F 1/10 =R 74
sttt EHE e ek ARS-ste] 100°C o/dellx 23 DME
AEAAE] Hes S5t Bd=d Hdsid 232t Nafion
1159] 4% 43 227t 37HErE AgUert S71sih
Ibar, 2bar®] FH3lNA EF=" Hs)2 o] Nafion 1155
The ©91A] oA BF oF 50% oo =2 Hojdg
Aes Yelle 24945 Btk £ A7elx /9% Nafion/
PEASEAI=F Zsd 2 100°C o]dolA] NafionEt} <=3k
g 7= A YuE dEHZE A8HA] 45 ZAT 9
oA AFS wpel o] DMEE I A¥ULe] A8ZA A8
2 AREE] flEiA= 100°C o] A 2= 9 Tk 29171
E frAstof shad], olF flside Lolxe] #e olex
548 Zte Aad o] wfe- Fasith B dApeh e
A2 ol2HEA Al /e 53 DMESF o] Hrh Qbd
gt ARE ABHA A& F AU, Eg of gt A
He, Bslra A7 48 I A EE mE Yitkst
gag Qe o] 2" A humidiyZ2Ho] 875 +=
PEMFCY= H-8d 4 glogzt A

UMl 2

AT AR A58A] 9 ZIeiEAR EHIRE
:10022715)°1 Jsto] =71l ofel FA=HY.

m
o

ik}

1. M. A. Hickner, H Ghassemi, Y. S. Kim, B. R. Einsla, and James E.
McGrath, “Alternative polymer system for proton exchange
membranes (PEMs)”, Chem. Rev., 104, 4587 (2004).

2. M. M. Mench, H. M. Chance, and C. Y. Wang, “Direct dimethyl
ether polymer electrolyte fuel cells for portable applications”, J.
Electrochem. Soc., 151, A144 (2004).

3. J. T. Muller, P. M. Urban, W. F. Holedrich, K. M. Colbow, J. Zhang
and D. P. Wilkinson, “Electro-oxidation of dimethyl ether in a
polymer-electrolyte-membrane fuel cell”, J. Electrochem. Soc., 147,
4058 (2000).



94

4.

5.

10.

11.

12.

13.

14.

15.

J. Korean Electrochem. Soc., Vol. 9, No. 2, 2006

R. Wycisk, J. Chisholm, J. Lee, J. Lin, P. N. Pintauro, “Direct
methanol fuel cell membranes from Nafion-polybenzimidazole
blends”, J. Power Sources, web released (2005).

M. Doyle and G Rajendran in “Handbook of Fuel Cells”, Eds. by
W. Vielstich, A. Lamm and H. A. Gasteiger, John Wiley & Sons,
West Sussex, Vol. 3, p352 (2003).

. V. Tricoli, “Proton and methanol transport in poly(perfluorosulfo-

nate) membranes containing Cs* and H' cations”, J. Electrochem,
Soc., 145, 3798 (1998).

. A. Kuver, I. Vogel, and W. Vielstich, “Distinct performance

evaluation of a direct methanol SPE fuel cell”, J. Power Sources,
52, 77 (1994).

. J. Won, S. W. Choi, Y. S. Kang, H. Y. Ha, I.-H. Oh, H. S. Kim, K.

T. Kim, and W. H. Jo, “Structural characterization and surface
modification of sulfonated polystyrene-(ethylene-butylene)-styrene
triblock proton exchange membranes”, J. Membr. Sci., 214, 245
(2003).

. L. J. Hobson, H. Ozu, M. Yamaguchi, and S. Hayase, “Modified

Nafion 117 as an improved polymer electrolyte membrane for direct
methanol fuel cells”, J. Electrochem. Soc., 148, A1185 (2001).

C. Manea and M. Mulder, “Characterization of polymer blends of
polyethersulfone/sulfonated  polysulfone and polyethersulfone/
sulfoneted polyetheretherketone for direct methanol fuel cell
applications”, J. Membr. Sci., 206, 443 (2003).

F. Wang, M. Hickner, Y. S. Kim. T. A. Zawodzinski, and J. E.
MaGrath, “Direct polymerization of sulfonated poly(arylene ether
sulfone) random (statistical) copolymers”, J. Membr. Sci., 197, 231
(2002).

L. Li, J. Zhang, and Y. Wang, “Sulfonated poly(ether ether ketone)
membranes for direct methanol fuel cell”, J Membr. Sci., 226, 159
(2003).

J. Fang, X. Guo, S. Harada, T. Watari, K. Tanaka, H. Kita, and K.-
I Okamoto, “Novel sulfonated polyimides as polyelectrolytes for
fuel cell application”, Macromolecules, 35, 9022 (2002).

K. Miyatake, H. Zhou, H. Uchida, and. M. Watanabe, “Highly
proton conductive polyimide electrolytes containing fluorenyl
groups”, Chem. Commun., 368 (2003).

D. J. Jones and J. Roziere, “Recent advances in the functionalisation
of polybenzimidazole and polyetherketone for fuel cell
applications”, J. Membr. Sci., 185, 41 (2001).

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

B. Smitha, S. Sridhar, and A. A. Khan, “Synthesis and
characterization of proton conducting polymer membranes for fuel
cells”, J. Membr. Sci., 225, 63 (2003).

Q. Guo, P. N. Pintauro, H. Tang, and S. O'Connor, “Sulfonated and
crosslinked polyphosphazene-based proton-exchange membranes”,
J. Membr: Sci., 154, 175 (1999).

K. M. Nouel and P. S. Fedkiw, “Nafion-based composite polymer
electrolyte membranes”, Electrochim. Acta, 43, 2381 (1998).

J.-S. Jiang, D. B. Greenberg, and J. R. Fired, “Preparation of a
Nafion composite membrane using a porous Teflon support”, J.
Membr. Sci., 132, 273 (1997).

M. Walker, K.-M. Baumgartner, M. Kaiser, J. Kerres, A. Ullrich,
and E. Rauchle, “Proton-conducting polymer with reduced methanol
permeation”, J. Appl. Polym. Sci., 74, 67 (1999).

J. Kerres, A. Ullrich, F. Meier, and T. Haring, “Synthesis and
characterization of novel acid-base polymer blends for application in
membrane fuel cells”, Solid State lonics, 125, 243 (1999).

J. A. Kerres, “Development of ionomer membranes for fuel cells”,
J. Membr. Sci., 185, 3 (2001).

J. A. Kerres, “Blended and cross-linked ionomer membranes for
application in membrane fuel cells”, Fuel cells, S, 230 (2005).

L. Jorissen, V. Gogel, J. Kerres, and J. Garche, “New membranes
for direct methanol fuel cells”, J. Power Sources, 105, 267 (2002).
M. D. Guiver and G. P. Robertson, “Chemical modification of
polysulfones 11", Macromloecules, 28, 294 (1995).

“Reagent for organic synthesis” by John Wiley & Sons, 1, 1178
(1967).

M. D. Guiver, G P. Robertson, and S. Foley, “Chemical
modification of polysulfones”, Macromolecules, 28, 7612 (1995).
R. B. Moore and C. R. Martin, “Procedure for preparing solution-
cast perfluorosulfonate ionomer films and membranes”, Anal.
Chem., 58, 2570 (1986).

R. F. Silva, M. D. Francesco, and A. Pozio, “Solution-cast Nafion
ionomer membranes”, Electrochim. Acta, 49, 3211 (2004).

K. Miyatake and M. Watanabe, “Recent progress in proton
conducting membranes for PEFCs”, Electrochemistry, 73, 12
(2005).

I. Mizutani, Y. Liu, S. Mitsushima, K. -I. Ota, and N. Kamiya,
“Anode reaction mechanism and crossover in direct dimethyl ether
fuel cell”, J. Power Sources, web released (2005).



