Theories and Applications of Chem. Eng., 2007, Vol. 13, No. 2 1357

AAR ZAM 97 A8dA &
Ay ele] 1#I Ri-no] ©}E FEPIE H|WL

*

Mg, ol5sh 187, AEE, HEF
Feeietin, v el o] 8FF Y.

(dhhan@ynu.ac.kr*)

Comparison of EB radiation-grafting monomers (styrene and
2-methylestyrene) onto FEP for the fuel cell membrane

Dae Yeob Park, Dong Hwa Lee,.Yong Kil Kwon, Byung Nam Kim, Do Hung Han'

School of Chemical Engineering & Technology, Yeungnam University

(dhhan@ynu.ac.kr*)

A&

B4 A= C-Fo 2925 7 542 shebd &84, 44 A, d714 44 2
i e 7T, olE SA4S 7H B AEAE o2 Zokel Aol 7hssith. o] SH
doser, W A}, 9%, -5 e Aol du ARAAE PguUJY AFe A BaA 2

2191 polytetrafluoroethylene(PTFE), Poly(tetrafluoroethylene-co—hexafluoropropylene)
(FEP), poly ethyleneterafluoroethylene (ETFE)7} |#] A}&¥ 1 ¢t #HAlagi=ZE 7]&L o
Mo Zubdelt AAME ol Tk AW ol §F TUEY wgelt AxAPET BAx
AR 7R el vk AlxE RS HEE AR HAA(DMECO)S 4 54 A (PEMFC)
H§d 5 Ak ARAAE WA FEP G52 AW ol 88 FAXAPOE styrened

2-methylstrene =m0l ¢Jste] ®StE Q) o5 F Ewwo] Ty 548 7ML AdA7]4

ol o= Aol $4BAT Maskgh,

pul

A ¥

=

Poly(tetrafluoroethylene-co-hexafluoropropylene) (FEP) Z&-& wu|=* DupontolA] A4t =
49d€ 25025m<e A&t 2 =® ddel oA FEP F&F2 15%40mm 7|2 A=aL
obAlZoll A 24A17bEE AlH k] BeEe AU AEFS 80T Y Ax7]oA 2443 &<t
s Azxste] ZAREE fetridisholl Al Baste] F7HAQ1 oS AT Ajol AMgH =
styrene ©EHA 9} 2-methylstrene® AldricholA 3% += i

AL AFE3EF 2L chlorosulfornic
acid®} dichloromethaneg ¥ Kanto chemical® cica-reagent 552 AMg3dlo] <Z3Hke

Jon

o E sl O/EH E& H137 M2z 2007E



Theories and Applications of Chem. Eng., 2007, Vol. 13, No. 2 1358

$9e st Aapne] BAFAE Aok Budker BB AT 2NN AT ROz AAH
ol 0.7Mev, Aol W AR 35mA, Fol 25kWel LAY AR FHE7leleh, AW 1
Aol g Eg A
FAZAPEE o gahe] 4 sholth BARAYS ol §ste] AHE 272 AusEo] g

| B 8
7247t styrene © A9+ 2-methylstrene® A Y7 H--&7)o] Y1 AXHL FA}S

FEP Z2&& 7217 E

of 2efx¥Y WhE& 3 Stk olu] A FHARARZ, W8] WhEAZE & 2Ast 74
7z A eSS Gl adEd whg 5 v b3 R 9f SRS AlASH] flEA 2
A ZE Fot EFdo A Fo v vk WA e} S RFES Al AT 2 Ey w7 de] FE 9
FAe Fo] BE FAE SAHsIY adzdEs Atbeith. dxHlel of& 747t styrene @
A2t 2-methylstrene® I Z®E FEP ZE9] A2WHe o3 Zoh. WA 217 styrene
239} 2-methylstrene® LI Z®E FEP ¥E5& YFZ2ve(dichloromethane)% 0.2M &%
o] F2 2% ¥ chlorosulfornic acid)o] &3tE & o] Fal 60TCANA 8AIZF Fotk 20 F o]
E oAl 80Te] Sl 12A7s¢ AL, ol =E717h

3l¥l FEP 255 Axs3idY. Alx=¥ FEP 25
LATLEIC)Y o] e uwsS(EC)E =H 3t}

Fig.l& ZAPA=o] 50kGy, HFHS2%E 30T, 45T, 60CAA styrene R 23] 7/1dd
2 3847} 2 Aw Fude Fo FrE veh
Aolth, LAZE Ak LEsh E7hgtel whel "ol el BTl o wdetsl vehth
= o Zexy wbgo] el 74 e

(o] -
Qo] wkgAlgte]l gydY. 53], AEFA A

=
ol
o

£ ot rlo ol rlo M X

o
fz
O
in}
rE
oo o
rlo
r
o
o
o
o
fru
oldt
o

|

2-methylstyrene Ex=™e} styrene Bx™E ZFAA T WS4
Alatste] yEbdl Zlojny AR REGAIZRe] whel g 2 Eo] 2-methylstyrene Rl=
t} styrene Ex"7} t] =A Y$ktl Fig.d:E 2-methylstyrene Ex™ 9} styrene ExHZE A}
&3] Aol 50kGy, BHe2%E7t 45CoA 22" &3 &3 EE el Zojt 7 &
=m7E g E" ol SpEsE S3skE s SRSkt ERE styrene Ex=mEU
9 A uskth Figbe &AFJI=F] 50kGy, WHS2EE 45To|A
2-methylstyrene Ex=wol 23] 7§12 % FEP &S Iy &3

Holl A g Fx& vebd Zojth. E3gh Fig.1(b)of A= vk
of ¥ RixwE Hwd ¢ QQlth of7lelA B T o] Hl2g 5AIZE w o] whE-2 ol A
styrene 2= Bt} 2-methylstyrene Ex=m7F ZEYE 7R 283 sto] Zo] &

SETHIZE O g de A YebEth o= 2-methylstyrene E=m7F ARHAE A
3t=d do] 23 o]Ho] Y& Aoew FUHETE Fig.6: styrene B9t 2-methylstyrene
Hiewo] o)g Tz gol uwE [ECeF ICHe] WstE yepd Zlojth F+ Riw= [ECAA 1

4
%0,
o
=

2o T Jd o

=
o
=
T
[
)
[kl
o,
ftfo
o
[ ox

-

2-methylstyrene EXx=™7

Jon

+ 12
S

Jon

of o OIEH E& Al152 Hez 20075



Theories and Applications of Chem. Eng., 2007, Vol. 13, No. 2 1359

1Y

L)
[

g0l 70% 7h7ke]l F7hgtel wel @ S st A4S molAuk, ICE 30%7HAE 4
Srkehe FACIATY Fe AUzl FksHE Fo] Wl Al EF styrene Hi-
B} 2-methylstyrene Rxm7F £ o =74 el o]= [ECE 2@ ZEHo] =7}skd ut

, Hhdo] ICE Rwnprl E R 2714 9
olal7] WEel o werEch wehy 9o A9
FA e 9o

S
=
2 g% AnAA AL T

ol

ox, =
9
<
=
0]
jm)
@D
fz
O
Ak
8
o
jop
=
)]
=
O]
j)
@]
td
8
g
N
L
re
il
2
N
oo
o=
z
o)
re

1) C. A. Sperati, Flurocarbon polymers, In: [. [. Rubin (Editor), "FEP fluorocarbon resin,
Handbook of plastic materials and technology", Wiley Interscience, NY, 1990, p. 93.

2) J. Chen, M. Asano, T. Yamaki, M. Yoshida, J. Membr. Sci. 2005, 38, 256.

3) T. Yamaki, K. Kobayashi, M. Asano, H. Kubota, M. Yoshida, Polymer 2004, 45, 6569.

4) Y. J. Schmidt, K. Simbeck, G. G. Scherer, A. Chapiro, J. Membr. Sci. 1996, 118, 231.

5) B. Gupta, F. N. Buchi, G. G. Scherer, A. Chapiro, J. Membr. Sci. 1996, 118, 231.

6) J. Chen, M. Asano, T. Yamaki, M. Yoshida, J. Membr. Sci. 2006, 269, 194.

7) R. C. T. Slade, J. R. Varcoe, Solid state Ionics 2005, 176, 585.

8) J. Chen, M. Asano, T. Yamaki, M. Yoshida, J. Membr. Sci. 2005, 256, 38.

9) B. Guta, F. N. Buchi, G. G. Scherer, Solid State Ionics 1993, 61, 213.

o 014 &8 A132 A2z 20075

]
5
0y
Iy



Theories and Applications of Chem. Eng., 2007, Vol.

—8— 05hr-0.74%

—0— 1hr-1.8%

—v— 2hr-44%

(a) 30°C

8
6
4
2
D\
2

—8— 05hr-44%
—O0— 1hr-139%
—v— 2hr-288%
—v— 3hr-54.1%
—&— 5hr-59.9%

—— 3hr-77%
—=— 5hr-192%

(b) 45°C

Sulfur content [%]

—o— 05hr-9.3%
—O— 1hr-29.4%
—¥— 2hr-425%

—— 3hr-455%
8 8 5hr-526%

6

4
: /7/4'
0 - . . :

-3 -2 -1 0 1 2 3

(c) 60°C

Relative distance

Figure 1. Sulfur profiles across
sulfonated FEP film, which was
already grafted with pure styrene
monomer, with graftingtime and
grafting degree after being
grafted at 50kGy and grafting
temperatures: (a), 30°C; (b),
45°C; (c), 60°C.
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Figure 2. Dependence of sulfur
atomic content at the center of
sulfonated film on the grafting
time and degree of grafting
(grafting temperatures: 30°C,
45°C, 60°C).
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Figure 4. Effect of styrene
derivaives on sulfonation in FEP
film at several doses (grafting

temp., 45°C; dose, 50kGy).
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Figure 5. Sulfur profiles across
sulfonated FEP film which was
grafted by 2-methylstyrene

monomer at 50kGy and grafting

temperature of 45°C.
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Figure 3. Comparison of grafting
degrees in FEP film grafted with
different styrene monomer
derivatives, styrene and
2-methylstyrene, (a): at different
doses with grafting temperature
of 45Candgrafting time of 3hr,
and (b):
with grafting temperature of
45Cand dose of 50kGy.
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Figure 6. Correlation of IEC and
IC values with degree of grafting
for the styrene derivatives-grafted
FEP film (250um thick) with
sulfonic acid groups (dose, 50kGy;
grafting temperature, 45°C).



