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Abdract  The tradtiond perfluorosuifonated cation exchange membranes(e. g. Nfion ,Dow membrane ,and Aemion ) have
beenwiddy used in proton exchange membranes fud cels (PEMFC) . However ,the peformance of the fuel cels usng the membranes
decreases a devaed tenperature due to weater loss ,,and the gpplication of the membranesisfurther limited by the metharol cross-over from
arode to cathode when used in a direct metharol fuel cdl (DMFC) . In addition, high cogs of the membranes d< hinder the
commercidization of the PEMFC. It is therdore ,desrable to search a nove ,inexpensve ,and gable membrane with competitive performance
for the commercidization of PEMFC. This paper brifly summarizes ome neMy developed membranes used a high temperature (100
160 ) PBMIFC and DMFC. The comparison of the proton conductivity and methanol permeahility for different membranesis d s d scussed.

Key words  proton exchange membrane fuel cells; proton exchange membranes; proton conductivity ; direct metharol fuel cdls.
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(100 ,
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2.1
T>100
2 ’ [5]
Néfion 117 110 150 1
, ’ , , [6’] _
(ee) 50 100 ppm™ @ , (100 %RH)
R, R-CO , R-Mo R- , 10" *Sem
Ru R (60} 1 ,
) @ ,
R, . Y-Zr(POs) (H2POs) 04
“ (HOsPCsHiS:H) 0w - nH:O (5 x 10°° Sem) , -z
, (O3 PG H, SO H) - 3. 6H,0(2. 1 x 10" Sem)
(>100 ) ,
1 PEMFC e
Table 1l Proton conductivity of inorganic materialsfor high temperature PEM FC operation
Materia Proton conductivity/S cm™ Qperating condition Reference
8x10° 3 100 60 %RH
0-Zr (O3PCH,0H) 127 (0sPCsH4SO3H) 0.7 nH20 s [7].[8]
10 180 0 %RH
Y -Zr (PO4) (H2PO4) 0.54 (HO3PCs HaSO3H) 0.4 NHo 5x10°2 100,95 %RH [9]
6x10°7 100 ,0%RH
Zr (O3PCzHs) 115 Yo.8s 2%x10°° 100 60 %RH [10]
3.5%x10°° 170 ,0%RH
10°° 100 0 %RH
Zr (O3PCH,0H) 1 7 Yo 73- nH,0 _2 [10]
10 100 60 %RH
a-Zr (O3PCsH,4S0sH) - 3. 6H,0 2.1x10" 2 105 ,85 %RH [11]
0-Zr(O3FOH) - H,0 5x10°* 100 S0%6RH [12]
1x10° % 100 ,95%RH
(P205) 4 (Zr0;) sdass 102 90 50 %RH [13]
P05 r0,90,dass 5x10°° 90 50 %RH [14]
il I 1] [18] )
— Ndion 115 20 ,
, 2 10 °Y cm, 0 , 10°%Ycm
e Nefion ( (160 180 )
= 50A) , , 0.19cm, Ndfion ,
, Aciplex 1004/slicon (5x10°° Y9 cem, 130 ), =}
oxide( 0.4V, 130 ,3am ), ,
Neion  1.73 2.3
1 KO ;
2.2 CsHO,P™®  CsHID, 150 350
, 140 (10°°9 cm) 200
[15.16.17] , 0.045 cm

N ) )
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Fg.1 Time peformance teg of Nefion 115 ,Aciplex 1004/dlicon 31
oxide ,Nefion 112/slicon oxide and Nefion 115/slicon oxide & a ) 126] .
_— . , DMFC Nefion
pressure of 3 am. ,H, and O, humidifier tenperaure:130 ,cdl )
terperature:130  potertia 0. 65V. : 150mA/cm '
80 mA/ent 355 my/ (cm’h)
[19]
' Ndion 30, (Aerod| 380)
(44mA/cm2) 27
2 =1 (PTFE)
2 PEMFC , 10 *Y cm, 70
[l DMFC , 50 rnA/(:m2 s 4 mw/
Table 2 Proton conductivity of solid gate oxide ot (350 ),
materialsfor high temperature PEM FC operation PTFE ,
Proton conductivi eri
Materia v o .|ng Reference
/Scm ! condition 3.2
5x10°° ’
2 140 ,0%RH '
CDD, 5x10 ? [20]
SQperprotoric 152 0 %RH ,
trangtion 140 :
3x10°5 0 0%RH P —S%:H+P, —NR, [P —S3%] +[HRN- R] (1)
1072 150 ,0 %RH
P+ G (HSD:) 2 (Hy 2 200 OO/ORH [21]
1.6%x10° ,0 %l ,
(P,904) ) »
S.perprotonic trandtion ) )
125 (sP) ,
2.5x10°° SPE| SPEEK]
0-Cs3 (HSO,) 2 x. - (sPEK) ( ) »
(H,FOy) SQperprotoric trangtion 140 ,0 %RH [22] (4 ) (PAVP) | (PBI) []
e 140 (2] , P, NR; -
2.5x10°7 130 0%RH (R=H ,CHs)
1x10°2 150 ,0%RH i DL TG
CsHD, 16%10" 2 200 0%RH  [23] 280 350 ' '
Spemprotoric trandtion
Bl )
120 (mBI)
a4 2, 3
Ba Y ] 10 120 0 %RH (24] (FBI HoFOL)
° 10-5 200 0 %RH ST
@@ ;(2)
MBI/ H;FO 130 150
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3 [30]
}I —~ = ol ~N .
| | | | \)_ Table 3 Methand and water per meability of membranes
1;1"'" P R ""‘I;T Aux in pervaporation
H H | Thickness (@htm?
Folymer pm 7 (Fed 20 wt. 9% mathero)
n
Metharol Water
2 (0] , 25 350 1800
Nefion117 175
Fig.2 Ply[2,2-( mphenylene)-5 5 -hibendimidamle] ,FBI. 55 660 2900
25 250 2400
H SPEK 30
A 55 1300 11000
— e T e N PEK - 25 80 1000
_K& J “(:p,}_ 55 1300 5500
=4 R SPEEK (D57 %) 60 55 250 3500
H ! SPEEK (D85 %) 90 55 Sluble Sluble
H SPEK/TEOS 29 55 610 5500
3 (2] SPEK/CDI/AS/ TEOS 31 55 200 2300
I ) 1 acidl cooedl FEI SPEK/IFSILANE 40 55 1 320
g. erzim dazoni um cation present in acid dop! . PEK/CDI/ASFslane 0 55 7 270

, ( Bl suifonation degree (D) ;1 ,1-carbonyl-dimidazle (CDI) ;aminopropylsilane
), 80 , (AS) ;tetraethoxy slane (TEOS) ; 1- (3-triethoxyslyl propyl)-4 , 5 dihydro
(FBI/ HsFO,) (270 barrer) imdamle(l-dlane) .
Nefion-117 (80000 barrer) (1 barrer = 10" cm’ (STP) v (59 DMFC
et scmHg) , DMFC fau
. 5x10°Y cm, Nefion
Néfion 70 % o (
(0]
.0,z ) ) Ndion )
(SPEK) (SPEEK) 90, ,TO;, ,
zr0, 20, 60 3.3
13 0, : (=] Nafion
( 10% 30 %) , Ndion ,
( 28 ) 3 SPEK SPEEK , ,
4 ) )
4 ()
Table4 A comparison of methand per meability of membranesat room temperature
Type o membrane Unnodified Rasreretched P outtered Rasmiaetched and Pd-gputtered-membrane
Permeahility/cm?s” ! 2.392x10°° 2.106 x10°° 1.700x10°© 1.5981 x 10" 8
4 4 , Pd R
, DMFC , ,Pd
= p 300A 4
Neion , )
Pd 500084 , Pd (6]
(0 10004) , (290x10°° , ,
2.23%x10°°%) 30%, ,

Néefion117 ,
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