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e o B d7e AAvEE AR A (Direct Methanol Fuel Cell)o] #&7Hs3 Folend e 7o #3h Aoz
poly(vinyl alcohol) (PVA)dl| 7}m A& poly(acrylic acid-co-maleic acid) (PAM)$} hydroquinonesulfonic acid (HQSA)E <]
g3t 7taAlY gqFS AATIEA TS AT Az e stwA gk Wizl ne} vee FHx, ol
£xg 23aQ0n JIRHY LBt 54Q) g, ol LB T 12T DHO|LEE 5L ZHAUT PAM
Fo] 27189 gt HBE FHEs) oL UEE D go] £F S5 FAS Bolt 9 winRE rae 4
2 w3t ol PAMY A%AZIRTHE AR ES Gl ARHR HOSA FHE WANALNE o|eAmE, ¥
5g 193 olenagde] WAeR ol 1 FAEL wulag.

Abstract: This paper concerns the development of a cationic polymeric membranes for direct methanol fuel cell. The
crosslinked poly(vinyl alcohol) (PVA) membranes with poly(acrylic acid-co-maleic acid) (PAM) and hydroquinonesulfonic
acid (HQSA) as the crosslinking agents were prepared according to the amount of crosslinking agents. The resulting
membranes were characterized in terms of methanol permeability, proton conductivity, water content and ion exchange
capacity. The methanol permeability and proton conductivity increased with increasing PAM content up to 9 wt% and then
decreased. This trend is considered the effect of the crosslinking rather than the introduction of hydrophilic groups. When
the HQSA contents were varied, no interesting increases of proton conductivity, water content and ion exchange capacity
were found.

Keywords: poly(vinyl alcohol), poly(acrylic acid-co-maleic acid), hydroquinonesulfonic acid, methanol permeability,
proton conductivity
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in this study.
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Fig. 2. Experimental apparatus for measuring ion conductivity of membrane.
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Fig. 5. Methanol permeabilities of PVA/PAM/HQSA mem-
branes measured at 25°C as a function of HQSA content
(wt%).

0.13

—_—

£

&

=

\n

N’

)

=

>

= 0.017 A
51 ]

-

=

=

[=]

(5]

=

[=3

-

=4

| =

-9

1E-3 T T T T T T T v 1
3 5 7 9 11 13 15

PAM wt %

Fig. 6. Proton conductivities of PVA/PAM/HQSA mem-
branes measured at 25°C as a function of PAM content
(Wt%).

3o e} ers EJrr)t Zlehe 43S Boled)
o= 7}z 1 c}at Z7he A AFA7E F7lsk
GgFE e Zolg Atgdnh a2a shaAe] I
S Z7AZIga A e stwrt o] o]FojA|A
gete 28 € F AT

3.2. o|2FEZZ(lon Conductivity)
PVA/PAM/HQSA #Ho] o]2HEEE IM H.SO.Z
Hajd gdoz Z4sPon F&3tE Nafion 117
9] oleATEY] ZHATE 25°CAA 824%107 S/em
o] & Yehhdeh Fig 63 72 S & 25°ColA
zu|g "] o]LHEEE PAM 2 HQSAEH 7}



Poly(viny! alcohol)/ poly{acrylic acid-co-maleic acid) ¢)&m %

0.11

0.01 4

1
1E-3i

3 5 7 9 1 13 15

HQSA wt %
Fig. 7. Proton conductivities of PVA/PAM/HQSA mem-
branes measured at 25°C as a function of HQSA content

(Wi%).

Proton conductivity (S/em)

T T ¥ v T T T T T r T

0.5
S
g 1
P-3
£
S 0.4
=]
— A
g
=
0.3
on
S
-
c
@
&
E 024
&}
x 1
@
&
> I
2 ettt
3 5 7 9 11 13 15
PAM wt %

Fig. 8. Water content of PYA/PAM/HQSA membranes
measured at 25°C as a function of PAM content (wt%).

o) wek Ueld Aoldh PAMSE] o] Fv1ed) wE
LBET oA dEke TREY S 25T
b Adasle A%S BYEd ol ZtuAY ol
Z7vgo) me} tmaae) FEFe] AujHoR 3
oj¢l= 2] HQSAS] &F& F7H4)
ol o} o] LAt 2FH FUtS AR & AHF
& HBojx] gsith

oz BE FT o)l AR WAYUEL 27HA
AZ7} doH21). 3 & U FLoio0] E¥aL 3
zZo] Eo] iyt Al dell AT o E2AY 2o
WA ojEste ‘Grotthus' H¥ ‘Jump' w7 US|

282 Be ke Faoed) £9) 245 ol

A} ¥

o) o2 AET S hydroquinonesulfonic add ¥7} A7 49

1.0
—
¥
H
5 0.8
£
@
E
=t}
\2 0.6
=
on
S
« (.44
] M
W
—— J
=
<
<@ 0249
[
L2
~N—w
=
5 a.0 e — T T p—r T — ]
3 5 7 9 11 13 15
HQSA wt %

Fig. 9. Water content of PVA/PAM/HQSA membranes
measured at 25°C as a function of HQSA content (wt%).

(H;0", CH;0H,)S dAsted o]Fgithe ‘Vehicle' v)
AL} Zo]t}. PVA/PAM/HQSA oA Jump’ #AYE
2 ALY Fhojo] EEAY Eof olFInE
ol AL} AA HFTFS WA ¥ Helv 2w
A Jump’ WAHAUZE Huhs PAMEERY] F7ld) wWE
thjel AFRY7} gasle] Froled AEY H0
1 CHiOH, 9} 28 Foj2oh} ojir} v & Hi07,
H,05°, 283 HoOs" 8} 28 & Fejo] Ealso) 2
2 F ojFdhE Ao GFE ol ojHEEI) T4
st 4SS vehhtin AlREDh 53] o] g
& RAxd ol2ARLY AAY] AFE wasie B
o oA FASS & 5 Utk f9 22 oA
& d@eFHAme] A A Vehicle' HALE] PVA/
PAM zholM ] AEHA Fe3S A 448 +
Aok 23y R 6 A WAYES tEEEE
7} o) eo) gid olF EEASRE HYHE olEn}
.

‘electro-osmotic drag’ 28-S 3 dlofo} 3o

3.3. g58(Water Content)

Fig. 83 95 7} A1) PAMa} HQSAS] g2k wis}
of g &g Vepd AUdd dubd H$ 7t
Aol Fhe §489 AE veY Fego] g
AL 29 swelling 77t Hde A& Yulsts 72
= Rsidel ize A5 odNy 294 3
o fF83% <ugti22]. A4 DMFC| AHEE R Q)
= Nafion 1179} 2§ 3482 037 g H:O/g membrane
2 OHA Q23] PAMY] @io] F/hgel ot ¥

Membrane J. Vol. 14, No. 1, 2004



50 354 - 9

2.8

membrane )

2.4

2.0
1.6 /
1.2 /

0.8

0.4 1

0.0 T T T T T T T T T T T )
3 5 7 9 11 13 15

PAM wt %

Fig. 10. IEC values of PVA/PAM/HQSA membranes as a
function of PAM content (wt%).

Ion Exchange Capacity (meq/ g

)
N
o
J

1.6

1.2

0.81

0.4 1

0.0 T T T T T T v T T T T 1
3 5 7 9 11 13 15

HQSA wt %

Fig. 11. IEC values of PVA/PAM/HQSA membranes as a
function of HQSA content (wt%).

Ton exchange capacity (meq/g

go) Fashed ole PAME| o] Z7kaRA

DEA AIEY EEAL JAEIAL swelling E3}7}

Ao Fashs AL Bele Reg ARHY
3 =

3.4. o|2u#g(lon Exchange Capacity, IEC)
WFEHIEC)E shlle] AFA7I ol
3l719) IALE & F Ae R AV|gstyem
243 EAolt}. Nafion 1179 IECE dutz oz <oF
0.91 meg/g membrane®. & L&A AcH24]. Fig. 102}
11 & 7tuA9 & Frto] e IECE vehd Zo]

dugel, Al 14 A A1 5, 2004

—
S "7

==

o0 8-

g

=3

QL

E 6]

=

(=]

£

«

E 47

=

%]

@

g

S 27

=

2

g 0 T T T T T T T T T T T 1
R 3 5 7 9 11 13 15
=

PAM wt %

Fig. 12. Fixed ion concentration of PVA/PAM/HQSA
membranes as a function of PAM content (wt%).

»
J

»
1

N
1

o

Fixed ion concentration (meq /g H ,0)

w
o
~
©
N
=
-
w
N
o

HQSA wt %

Fig. 13. Fixed ion concentration of PVA/PAM/HQSA
membranes as a function of HQSA content (wt%).

t}. PAMS] &gko] Z7}ghe kol my|e FUHE
JuistE g IECE Zo] Z7tshe Ad¢S Jehiy %
g HQSAS 3dtgo] Zrvlald A IEC7F Z71stA v

2 A%He BolAE Yotk

3.5. IHo|2==(Fixed lon Concentration)

Fig. 128} 138 7luAlY) 3 & ol s %
2 Yehd otk nAolesEE Adxd vdshe
A FefA Jed JLRBELEL FFEE U
#e TTH2s). &skE o
90%°]4 He e iFo)LFEE 9

H,02) W$)o] ATh26]. PAMS] $¥F Z7te] ©e 1



Poly(vinyl alcohol)/poly(acrylic acid-co-maleic acid) o] 2w &ato] o] 2HAE % FAHE hydroquinonesulfonic acd ¥7} A7 51

Aol &E T 2.89~7.59 meq/g H:00|" PAMS] &gk
11~13 wi%9] 2E0) o] Yo vHE3ic)

e

R

PVAS} 7biA) PAM, HQSAS o] &3 o] olew
SAAF 7] gt AP T3t 2 At
2= 91qith. A A, PVAo] HQSAE 5 wi%&
1712 PAMEHS S71A1700 e} vge &3

1.16 X107 cn/SoA Z7)Vetthrt Aadtes A
HPgor oleARE Ea 933x10° SlenollA 2
TFelthrt Aasld oy F71EL nulgk £FEoi
ol PAMEFS Fvtd @& stmazte] U<lo)
AtgEch £ WAZ PVAY PAMS 5 wi%g 143}
HQSA &S F7MA 7S AS daesdxs, ol
Tx 283 o] Mubgo g Z7lslg A uk
b Al mElg Ao g yehytch dukgel 4
MY W FREs) o]2AET= wEH
A7} PVA/PAM/HQSA®HS o] 83 £ A=
A 2tk £, olxuds
S7INE A7 o $A% 23
Z1537]7F HQSAR.T} Z]ujj 2 0]}

12 j{g
ﬂllO FUIO

oo ORI o et
rr ox
>~

W

2RI

M

o>
o
1R ofy

N
~

=
2o PAMS] &g
£ HY=d PAM
%

= ¢ g ATk

© o do

Atel 2

2003 Fhgdudtm StEAFRAIE A
AFEgoen o]d A=yt

2

fo
o s

£ rle

rlo

=t
a

el

kl
Mo

jo—

. 1. Stephens, Fuel Cells Bulletins, No. 12, 6 (1999).
. J. H. Hirschenhofer, et al. Fuel Cell Handbook
Fourth Edition, FETL (1999).
3. C. K. Dyer, Scientific American, July, 88 (1999).
4. M. P. Hogarth and G. A. Hard, Platinum Met.
Rev., 40, 150 (1996).
5. Bryan S. Pivovar, Yuxin Wang, E. L. Cussler,

[\

“Pervaporation membranes in direct methanol fuel
cells”, J. Membr. Sci., 154, 155-162 (1999).

6. S. Y. Kim, H. S. Shin, Y. M. Lee, and C. N.
Jeong, “Properties of electroresponsive poly(vinyl

10.

1.

12.

13.

14.

15.

alcohol)/poly(acrylic acid) IPN hydrogels under an
electric stimulus”, J. 4pp. Polym. Sci., 73, 1675
(1999).

. H. C. Park and M. H. V. Mulder, “Pervaporation

of alcohol-toluene mixtures through polymer network
hydrogels composed of poly(vinyl alcohol) and poly
(acrylic acid)”, J. Appl. Polym. Sci., 69, 479 (1998).

. H. C. Park, R. M. Meertens, and M. H. V. Mulder,

“Sorption of alcohol-toluene mixtures in poly
(acrylic acid)-poly(vinyl alcohol) blend membranes
and its role on pervaporation”, Ind. Eng. Chem.

Res., 37, 4408 (1998).

. J. W. Rhim and Y. K. Kim, “Pervaporation separa-

tion of MTBE-methanol mixture using PVA/PAA
crosslinked membranes”, Membrane J., 8, 235 (1998).
J. W. Rhim and J. H. Jun, “Salt effect of metal
ion substituted membranes for water-alcohol systems
using pervaporation processes’, Membrane J., 11,
133-139 (2001).

C. S. Lee, S. Y. Jung, J. H. Jun, H. S. Shin, and
J. W. Rhim, “Studies on the methanol permeability
through PVA/SSA ion exchange membranes sub-
stituted with various metal cations”, Membrane J.,
12, 51-53 (2002).

H. S. Shin, C. S. Lee, J. H. Jun, S. Y. Jung, J. W.
Rhim, and S. Y. Nam, “Preparation and charac-
terization of ion exchange membrane for direct
methanol fuel cell (DMFC) using sulfonated poly-
sulfone”, Membrane J., 12, 247-254 (2002).

S. Y. Nam, K. S. Sung, S. W. Cheon, and J. W.
Rhim, “Pervaporation separation of aqueous ethanol
solution through poly(vinyl alcohol) membranes
crosslinked poly(acrylic acid-co-maleic acid)”, Mem-
brane J., 12, 255-261 (2002).

S. W. Cheon, S. H. Hong, H. S. Hwang, S. L
Jeong, and J. W. Rhim, “The effect of PAA on
the characterization of PVA/SSA ion exchange
membrane”, Membrane J., 13, 118-124 (2003).

J. W. Rhim, H. B. Park, C. S. Lee, J. H. Jun, and
Y. M. Lee, “Proton conductivity and methanol

permeability of crosslinked poly(vinyl alcohol) mem-

Membrane ]. Vol. 14, No. 1, 2004



52

ol
tolr
o,

b 9A

branes containing sulfonic acid group”, Submitted Membr. Sci., 156, 61-65 (1999).
to J Membr. Sci. (2003). 23. T. Lehtinen and G. Sundholm, J. A. Electrochem.,

16. V. Tricoli, “Proton and methanol transport in 29, 677-683 (1999).

poly(perfluorosulfonate)membranes containing Cs 24. Qunhui Guo. Sally O’'Connor, Peter N. Pintauro,

and H' cations”, J Electrochem. Sci., 145, 3798
(1998).

and Hao Tang, “Sulfonated and crosslinked poly-
phosphazene-based proton-exchange membranes”,

17. E. L. Cussler, Diffusion, Cambridge University J. Membr. Sci., 154, 175-181 (1999).

Press (1984). . N. Carretta, V. Tricoli, and F. Picchioni, “Ionomeric
18. rhfEF%, BEERY, ELHER (BH 599F) membranes based on partially sulfonated poly
19. G. J. Hwang and Toshiyuki Nagai, J Mem. Soc., (styrene):synthesis, proton conduction and methanol

156, 61-65 (1999). permeation”, J. Membr. Sci., 166, 189-197 (2000).
20. W. Cui, J. Kerres, and G. Eigenberger, Separation Won Choon Choi and Seong Thl Woo, “Modification

and Purification Technology, 14, 145-154 (1998). of proton conducting membrane for reducing
21. Bryan S. Pivovar, Yuxin Wang, and E. L. Cussler, methanol crossover in a direct-methanol fuel cell”,

“Pervaporation membranes in direct methanol fuel J. Power Sources, 96, 411-414 (2001).

cells”, J. Membr. Sci., 154, 155-162 (1999). . A. Heinzel and V. M. Barragan, “A review of the
22. G. J. Hwang and Toshiyuki Nagai, “lon exchange state-of-the-art of the methanol crossover in direct

membrane based on block copolymers. Part III:

preparation of cation exchange membrane”, J.

wuFl, A 1449 A 135, 2004

methanol fuel cells”, J Power Sources, 84, 70-74
(1999).



