1. M2

11 =ML Z2Y

194171 Groveel ojsl] e geeixg A
7R 2 MEshs oA WME7|2A¢] A5AA
E 7F 2d8d AR M AEOFE 204
7lell EojebA, FAQl Q1 9 AJ|F9] F7t
Z gA AAUA e FaAdo] diFEe] &gt
ATF7E AlFEH AFAAE WAVE FHs= 7]
2 glon Axgr] Hrhs BAAXZ 7]E Ui

7180 Hlg &&0] Fof, I8 ARHEHl FH1, SOx,

NOx & #3F3EdS A9 WlEskA o= 34 1
28 2 AR HZ A A8 ARl dFEE
#3 A9 siagete s ZdgEnh

12 MRMX|Q B

AEAAE AHshe A Asel we} £ 2
A 2xe wet BRI, 1 25+ AREEe A
Ao 22 E AxAo] HHo| He o A
gy @3 2ToA M ABRAXNEE ¢
218 (Alkaline Fuel Cell, AFC), Z¥x} A 24¥
(Proton Exchange Membrane Fuel Cell; PEMFC,
Polymer Electrolyte Fuel Cell; PEFC, Solid Poly—
mer Electrolyte Fuel Cells; SPEFC), 23 H&-&
& (Direct Methano! Fuel Cell; DMFC), 281
4+ (Phosphoric Acid Fuel Cell; PAFC)Z
500~1000 TollA +dsk= £-88AdE (Molten
Carbonate Fuel Cell; MCFC) 3, 1A A3E3
(Solid Oxide Fuel Cell; SOFC) @15 A|2 1o
Ztt ]9 de 9@ AR Fo i AL oA

Edo] 2 dyEe] 9?2 poMe zEz
A AL o] &3 PEFCS DMFCO tisirgt 1
Zat7)2 gt

1.3 7[2 €z

gEUxE A7|HAIR 23 WS dR
AA e A8F (anode) A& F4 & HWEHEY

Abghakg-o], AtA= (= E7)Z, cathode) dlA &
A4 Fgut-sol dojdt), RE AgAHA Y 7]

AFLT S8 (4D
AZRR 433 AAaH

QAT ek} (shah
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i, AFE 53zt AAste] AHgSich. MEAC
A Asjdete o) Zgol me} ARIFEA
B Fa 0]2E AxFVA olFAITIE dEFH,
W87t 3719 A AolA AEE AL QEE &
gt @ 19 d5AR Y F9H FEYEE
vhy ot

1.3.1 PEFC

PEFCE Z2E AxA ynEAEE AA=Z AL
Aalomg A4 e duk¥ o= 85~105 Tol
%} WA 2l o]8dte] FAE AN O
g AL WIS X3k carbon blackel EAdo]
28 polytetrafluoroethylene (PTFE) &%} &
Al o] Az S T FHY o &ESE ¥
o]Av #HA st vk PEFC Hbe-2 3h &*
T wbg-2 v A

+
AL
31;
i)

Anode: Hy — 2H' + 2e”

Cathode: 1/202 + 2H" + 2¢” — H.0

Overall: Hy + /50, — H20

A WL £5% A AN 9o, AA

A2 HAVA,
NAZNE o]g3t] 5

1.3.2 DMFC

DMFC¥ PEFC7]&e] 7|Z3)4 "heolxl 48
A&, PEFCS vlx3l 2%oA ZFec) des

Electrolyte

Cathode
Current

Collector

Ha

Water
Electrical

Catalyst layer
ystiay Circuit

(a) PEFC
18! 1. Schematic presentation of the reactions in (a) PEFC and (b) DMFC.

AdEXATE 7iE A 14 9 4 3 20039 8Y

Current
Collector

7 2L AAAEE TF (EE AT A ¢
=7 =3, AA 7)A), == A2 (biomass) ©ll
YA 2RE 44 4& 5 AdE F3e] Aok DMFC
oA HWEE Bl FAEAE A ¥ dR
AZ Zujdelr AR ARE ATl WEstL 22
Eo] Majdutor wEHn, DMFCe $4E o
28 ARgsH= PEFCel I3l 4 248 /A
717 B2 S B otye), & ouA UEE U3
28— 23 ALAAES e 5= Qlof, Fd
71719) MYo2A 9 7FsAde] Eoh v DMFC
o] 7+ Mo A4 wkgojtt.

Anode: CH30H + Hz0 — CO, + 6H' + 6e”
Cathode: 3/209 + 6H" + 6e” — 3H20
Overall: CH30OH + 3/205 — COz + 2H20

AFA

W)

Aol vgee EHY
BZ Ade] FUsht, 3
psich AA W % ole wAle o

A2, F Co7t A4 & 9
9 4 9t FHZ P—Ru &
Mo 5ol #7te it AF

=
o:
i

I

ekl
mﬁ
ofs

o)
77}

il
)
o
X
Q

3

iy
file
wy

3

Mool @ o R X

a
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1o

=

o
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=

o] A& dimethylether, ethyleneglycol, =43}
UER 5 31 429 433271 A8 AF

-\
Water + CO,
Electrical

Circuit

(b) DMFC
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2. DEX MeHE2

Hr

2.1 Halizatel A

ol wg Fo| Y& 71§/ T TEE ¥
o A2 2 &4 (sulfonic acid) 717} 444
o® fo] ALEHI &Y ol ETWIT AR
7} Wi 23, C-S AL 4tg 2ol A AF
Ae 7HR7] dEolg. &AL Fol&el ¥l
2 ZgEo] o] glod T2 E witdo] H),
TR ALEE 7 #A37] f8ME & £
A7} & Aol gt B 2AF EA Alolle 2
o 2ol = &£ZA|I} &EAL S0l TEE
oz gy, npx Fat g4 AP T2
EXNY T g A 9] o3 T2 Eo
olgs Hch TRE Ar = £FEA|Y £ o
Tz g U5 29 ool od F¥g A Tt
AeAx &4 F ZZE ndotMe Eo FFA
= 7b48 TARRE 9, B AAT ke

o8k 4457} ek o] B Z2ET g o|FsHe,

= A7)AHEA o]Z™ (electroosmotic drag), A4
Z=0] gl o ok MIz7he] Lt &3 o]F
o3 ot YoM 5 FuiE HolA Hof, ¥4 F
ot gAE A8F B g4}, AT FHE F
47} Ao At B el & EA 5T B
o159 o]2HES vt oHIA L, wEbA

& WERE 728t ol AN B2 52

fan)

2

EXNo] 4% F= A= o7 7HA7F Yok o]
& wEre FH9 o ko) FH, FH 2=
So] F93% Qixtoln), B9 A (W T 71D, °l
& 2399 thermal historyol® G&FS = A
o7 4#A Ut}

Z2E p3vre AL F7 ol wigF (EC
Jon Exchange Capacity) =¥ 3% F% EW:
Equivalent Weight) 2.8 Yeljedl o529 Fele
&7 2

ol w3t §ek=0l w39 Y| FHF (meq)/

g 2A4(g)
e Zak=o| 2y FA(g)/o] 2] FF (eq)
EW = (1/IEC) X 1000

AaAxg AHAE ALHE TZE mEdo]
FbRol & AL e Z2E AxEe VAF F
T, a3y ¥ 7H A% 9 9 ootk &

= AoE Z2E AEEY} F43 "ojxng g
o) Aol glojof Fith wto] AR FA Hi
Arsl 9 2k WkS sk 2l Fell gk WiAdol Hek
atm, ofo] AgYo| Folop s, #HHC] 2
TFdc}h 383 olg & AFES dF At F
QF SR ook dir), o] UL BF WHEAIE
go] AtEols, ol Adjistel AAIBE] A=
M B34 WA Az Ve Age] B,

1960318l Gemini $FAle] AHEE Hx9
PEFC4 o]& m#=& polystyrene sulfonic acid
Aol &slriA go|glou o] £ AztoE
o Y7ol BRI #3833 AN E =
o]7] Ylgtd L 77t o]FolX Z#% DuPont
Abell o)8) SIZEFQ 2 4FEAY (perfloro sulfonic acid)
A <ol 1 (Nafion®h o] /=AU o =
o T2E AL} 58 ¥ olel, E3ea] &
A4 W £EZANE 7R o] FAatelyt AbstA] o
el ez, Adsislel glol PEFC @77
of &) 7ha wo] AMEEH I itk

X YZFeelo|= nidofHE A9}

HEHEZ e 2od¥ (tetraflucroethylene; TFE)
ol FEFo| o8 HEoR YRS IF FHE
AE71EE T JlrRAA AxEH EA 7
oA BE S0S7E Ze 5 d9% 254
9l PTFE %¢o] ulA]l A&7} dold iz &
Agch, 29| 2a Aol S0 717 2 AE -
nm 3%9 AdE AFH ion clusterdt &
A BRRS B T2E S0 o] wik AY
o] dojit= Roz dA Uk

T8 Asjdute] £ g2 Fo3 4%
(F4 = dag) s At
& NafionAl 2] Z3$
2223 jon cluster & Atolof=
A3 godo] EAFl Hy, Op 59 €37t &0k
wepd AFggdzes 22 gl ofs) w9 BE
o] 47 Bt E 254o] A =22 perfluoro
carbon#e] AFzhgol ke T B Fof Fof
7} o] 52 wiEEHE Zlo] Wig ot

NafionA 2] = g EAELE $9dsv A
Z37R0) B3ste] Qi go) w& oo w
A uleg 2EA gk & diA e Ade] viEz
ek dA WA 1ERE FEEAE e AR
& g o] T ok EkE Al
o)ate] AMastodor itk AE W AR Fab

p M

v

‘
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gomA 28] oFolAT BUNEL} LB
Oz + 2H' + 2™ — H30,

o] HAsFATL wra e '@l AE Fagith
E3] HksAo] 2 o2 a%] A4 ¥AE F
3 o] WET|7|7} BoA HolA o]& HA:
o] otz A Azo] oA "k d5HAe|
HEEE FEo] e RE Hol e
o} 318t QtgMo] &2 B4 B& EIREge
AP T &S HERATL
2.2 PEFCOIM =2 22|
Nafion®& EdF3l= T2 E ASE AHFLd
el g2 Wyow AyPPow =

_

daFeAE Eo] APHL ©

e
ox,
o
o3
o
u
o
2
b1
Jad
=
o
N
o}t
Sy,
i
&
i
2RI ooy
e N oo N

Y

= 7kol oA Hi=dl o)A
5t

uko] sfte] Alg3tc}. @A 2ol Nafionl
2] AaAete Yyadegael ol Al
120 C A=A Fgo] 73y 1 A4
AL fd) yEAde] & =9 sito] v

P b

RN oY mr ok my Hy o
Ho

o
*

2.3 HEFZ Crossover

DMFColM & &3 & 4lojx A= eEds
RES "t FV|FLE olFdn. F7F
3 dgE B4 37T A5t ALE
8tz HEHOZE C08 Eo| Hed o] uk
odE) F7|FY AAERI}F AR &7 A
wojzlth o}gl 72 Hlgkgo] AfALE Es
o A7le AR &£437 MAREY] AeE HE
crossovergt FEt}t. o] dJE FF7] §5ted
HEES 5331x = dsjdate shdo] F
5lm ol DMFC/Ee FHulxtA e shutelr).
Nafion®} 7o) 2 £o] E8%} cluster”} ZLEA}
o2 HAA Y& AdMe dvwge] FH4sx e
oS g A oY 9o mye] Aug T

o rr e

A

j2

EAE Jle A 14 ¥ 4 320039 84

kJ

dsHEA|, gro] Highgo] HEIA P TE2E T
Zo] Mg TS Az Hgoz ATt
A& ek

2.4 Micro ¥ 2HX|9| 7|&niH| e} TEX}

FHAY A8 AR T micro A8AXE= 2 TFT-
LCD, CCD/CMOS WZ& 7ielet, A5A &2
g}, 14 CPU BAZE 71di=E 34 Fojxs)
FEE Qe PDAS ZE Fog Axr)7ie A
doz FEL Wy 9t} ol FEolE 24 AA
o] FHje iz UEE Ztu glvky AatEz 9l
od Mz ol FY ouA AEE A3 Ve
A 2 7198 2o1 itk o] 7|4 Z7]¢le= PEFC
ol 4oz QoY AaA AFY A5
ek (A, TSR, @3FaF 5O oY
7HA] el A8 A FAo| 7Fssted Fele] PEFC
o gufjo)x] e AMEZ AAZA LAt Uk
Micro QEAR = F2REZoA Algo] 7diHEEg
TASS FHedx g3 2357 AuLis 29
Aot} oe} - WA nHEA3 nEAY
M Ee F-F71A Az 2E 5 g A8
2 Azrt d7=E T 9ok

2.5 Oj2f HE2MX|E 2K Mol Wk

AEHAE gl e v A4 7R 1S 25
AN AFE 5 U ol it At ELd] o)F
oA T Utk 2 =X AEHAE A3 A
2, DMFCH| gleiM Fnllo] Ashe ZE3a, PEFC
o 4eIq CO9 HFe st dS S7H713, &
3l 2 714, 181 EAR AARY BRAS
S5 ¢ e Ao Ak

DMFC®] 7%, 130~200 CelA &3&
o, A oA mlEg AshigS F2AZ
9, Wk ARAR Y &S F/MZE F Aok
PEFCOlA % 150 C odelM &g 4 qlohd,
AF AN Bz ABAkEE CO°) Wit
WA3E St B otdel, A8 olFo] F
7HEo B & AES 48 £ 9tk ¥ Z2E
9] olFo] B9 o3} #AAZ} Qubd, AZIAE 7}
EAN7)E do] e A Hol AlxEo] zhaa)E
&tk o] A £ XA FAFe=dY 2
o] A, ofR 7R ATt o] glof, Ao A
Fo] Hz ok

vy nRA AsAnte] Adsosa, 1) 100 T
ol F2 2%, W2 FEdN w2 ZEE

A4, 2) ¥2 2, vees £34, 3) 1,000

4 30
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Nafion®117
Flemion®
Aciplex®

Dow membrane

m=1,,n=2;, x=5-13.5; y=1000
m=0; n=1.5

m=0,3; n=2.5; x=1.5-1.4
m=0; n=2; x=3.6-10

(a)

£ gAY 94, B8 Ty, 9
bSol A olg 2e 2953
3t DMFCE E?} st PEFCS

& o

3. 1EX Mol &t

31 2244
AERAE ZA AFE e FHE 4EdE O
2 UEAA M dubg e AgEm Qe B
A nEAHS 2 DuPont /\}_4 Nafion®}o]t}
J8 2). Nafion °]eE 22 WEFe2&FEAL
A AsE A7 s A 713”"1 ”Z}
TZE A T} ol = FE &AL
o], —COCH7IZ & &A% U}t ol& o]% ik
gutel B2 ¢ HME MW nig} o] E
ZollA mlAl A7 dofut 9l (O’ 2), 53
7t Fojoh. B 1o AdstHe] e E4A
oEo) gt £A& A

32 232 g2

Ballard Power System*t oM & o8 6-triflu—

b

~—~
=

422

(b)

8 2. Chemical structure of perfluorinated polymers and ionic cluster structure of Nafion .

H 1. 4358 2474 & 54
34 AE9 | EW. |7 () |AEE (Sfem)| £9 (hrs)
Nafion 120 1200 250
Nafion 117} 1100 175
DuPont Nafion 115| 1100 125 ~2X10°
Nafion 112| 1100 50 (807 60,000
Nafion 111 | 1100 25
Nafion 105 | 1000 125 - -
Dow Chemical | Dow  |800~850| 125 0.114 10,000
Asahi Chemical| Aciplex-S | 1000 120 0.108 5,000
Asahi Glass | Flemion | 1000 50 0.14 3,000
orostyrene WA e} 71577} A& o8 p-tri-

fluorostyrene comonomer®+#E Ballard Ad-
vanced Materials Third Generation (BAM3G) %
S Itk o] B& EWIL 375~920 ARIE, o]
N =Ad 3 —.—i} =go] i0]— Nafion 117 @ Dow
3} 8] %E cell S Bo)z) gou), 15,000 A
o) A E?l?ia} @S £ RS Bich

a2 ¢el% PTFE,? poly (fluorovinylidene),’

poly (ethylene—alt—tetrafluoroethylene) 9]° .
we Zepd ZAF 58 B3 VIS E ZE AL
&g JHZEANZ "o digk A7 2RHJY
(Jg 3).

I
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H—CH—
SN side chain (PSA)

SQH
8 3. Structure of the BAM3G polymer and radia—

tion—grafted polymer.

3.3 H[ELA
3.3.1 12X AFf
HlEAA 182 AASe g 7 2

94 IRAZ 718BA0Z n o7l 349718
Este] 1A AAARA 715 FAE ol
o 347] 900 98 AP delAAw BB
712329 WAL wgste] 200~400 T 1]
94e 27 Uk Z2E AE4L ol uE §3

—

715
NafionFo| &= n)2)#] Bsh} 538 7143 EA4
& %lb Ae= 012 ﬂ@%%k% ot wRA} A
Nafion B0 &2
ZHEE E_TLELTT_ =

=

% AEEE A48 48 AAEAE AT 9
= [e]

O

)4

Lﬂx—a "]'E]'LH‘C‘
a) Egjoju]=A|
Sulfonated polyimide (S—PI) & &Ei7&

2t Y+ diamine# dianhydride? &% ®H§-o

22E devh, (AB 4 S-PD.° 917 naph—

thalenicAl S—PI=F2 Nafion 1172t} F4 74

E3l= 3w A% 2o¥A Nafion®} vl cell A

179}, 3,000A17F BEe] &4 APEE B

o] it} o]= sulfonated polyimide sequence

o] 7hEEael ) Atge] BoA 71AH BE7F

oA} 7] WEo T Rt}

b) ZHddAGAlol=
AV1EdiHo® A& phenold ©l&3 sul—
fonated poly (phenylene oxide) (S—PPO)7} A=

Bk o] Whg-o] 2-allylphenols golFd ol

e 7InE A % 3ok o] =2 Nafion 117

oltf Dow TRt} o £ wWEHE barrier 45

Hol1 3l& ¥ ozt FAE 0.2~0.3 ym=Z g

A & F e FEo) vk’ Sulfone”17t phos—

phonic”]Z ¥} poly (dimethylphenylene oxide)

phosphoric acid ¥ 25 Tel|A] Nafion 1171}

= w2 e Bolzl gor) 100~150 TelA

Naflonw:} lx%—z— Aso] RuEct?

EXtEta J7le A 14 9 4 3 20039 84

kd

o\ O o SGH 0\ O 0
4&}& . m@@}
4< Has x \ g4 O 0 ¥
S-PI
CHzP(C)(OH),

CHzP{O)(OH)2 E

+/ \>-—o+
Z_ n
05H CHoP(O)}OH),

S—-PPO  poly{dimethylphenylene oxide) pho sphonic acid

bisphencl-A part diarylsulphone part

4 AHB N T N
OO0
+OTO— 10

S-PU =
O

S—-PES

OO

SOH

803+

S-PEEK

«>@+

S03°

S-PP

O e
n
o]

4

N
;O (o}
HOz8 J‘:

S—-PBI S—-PBP

X

/

S 3

18 4. Structures of sulfonated polymers.
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c) Eee&A

Z2)£EZL phenyl ring®) ether”?1$ sulfone
(=S0z-)71ef 98 woizE QA TRAZE, 493
© 2 poly(arylether sulfone) Udel® (polysulfone,
PSU) 9} Victrex® (polyethersulphone, PES) 7}
Utk A9 nEAE HA E3EHE FHA w2t
2 F59 sulfonate PSU (S—-PSU)E L&t &,
bisphenol—A%] ether A% orthoiX|l sul-
fonationo] HAW? JlFEaHe] G @ we
diarylsulphone $JX]¢] sulfonation&'® A7 4 91t}
Az A= 30%9 sulfonationT T Eof =
o082 JEHAEL oz S47teHS Fon,
2ol WL 65%9] sulfonation®] dolok Eof
Homz Aoz AE7bsAol AUk Y,
propylidene?] 7} E43Ho] QlE 3% sul-
fonated PES (S—PES)Ql 9= uho] Eof ¢
Hgsltl. d3le ol ATRE 7] YA B
& <9 sulfonation®] BFAAd]|, sulfonationo]
go| "5 & oA ¥t S-PESY A
= 90%7+A] sulfonations A7 o} Nafiond] HA%=
T #F vzsA =, o] A% 400%7HA B&ol
Lot 7IAE ZErt u)g Relxnt. ol & ast
71 A8, g33t8 £FAVIE HHE3 diamine
< o438 7tEAIA 50% FER &S EROY,
AEEE M Zaddte Aoz By

d) Zde2AE

Poly (arylether ketone) ether® carbonyl®
phenyl7|& A% 3EAZE, 713 AR A
2& Victrex® PEEK™o2 <¢4#2 polyether—
etherketone (PEEK) ]t} Hoechst/Aventis/Axiva
A= PEEKE A4 sulfonationAl#A S A3t}
60%2] sulfonationd F3 A& ~6x107°
S/emé] o] AEEF AU, 50 CollX PEFCE
A2 4,000 A AR AAEE BT 714 F
ZEE Eol7] A8l 120 TAA ZtmAIREY,
30%9 &£Z4717} sulfone”]2 ¥ Nafion
o3 22 A= VAR AEE €L 7 U
(S—PEEK). !

38, u]= Maxdem A= Poly—X 2000¢)gk=
°]& 22 poly(4—phenoxy benzoyl—1,4—phen—
ylene) (PPBP)E sulfonationAl# B AZsIth
(28 4:S~PPBP). ©] 22 poly (p—phenylene)
Al FAk&el, PEEKS 22 ZAE +2F 3t 9
=9}, o] B2 S-PEEK®] Hl3] &2 & 547

ZZ2E AEEE Zt1 &, ol 593t sulfo-
nic 717} 9)& side chain®l 7]¢i%tth 100 C ©]
FNHE SrgEe d g oz Y= 9l

o} olsh go] ES LxelA B
e, AREsb 8o 2A 4%
o

Folu}, S—PEEK® H]&l] AAAE

1o mo of HU
e
Ir
zZ,
o
s
5

e) Egl=olnttE

Powers and SeradAlz EA34E F7HA1717]
sl polybenzimidazole (PBD2 2% sulfonation
AR o, gto] RAA]7] AAX A5AAE ro g9
$-go] ojg gtk wabA], PBI backbone®] sul—
fonation718 Z= AKS 78k=8 (OB 4;S-PBD
A e Az 75%9 sulfonationS & 73
%, Nafion 1173 ¥]=3t J5-& Holy, e &
2} Fo] mjf w2 120~200 T, &) §L
AE 2 F=2o] UF AX A8HARY &&
ol et
f) EYEATZ
Polyphosphazene2 338H%, 47 otgido] w2
E2olt}. Sulfonated PP UVel 98 7ta 2%
o] 7bs% P=N- 7|7} F4e A3, ¢ n
T 23 Slo], 43 el & ¥ olYet o
*¥et L2 &8 7ol Frh S-PP+= 7Hn
5w, AEEE BR3ged, Z2E JE
Z7} 71& Nafion 1175t 30% = @2 EAA
o] gla, 76 TolA &= =& EA-e] Utk
H)Z 7lw® S-PP7} 173 T7HA] ek4skzl sh,
o AAZ 120~200 T Alel2] o= Hgst
A kgkepM

g) Triblock copolymers

Kraton (shell Chemical Co)oletar &4&A sty—
rene/ethylene—butadiene—styrene triblock co—
polymer (SEBS)E o]&3&te] DAISAIIA o2 7]
w3193tk Styrene”]9] 50 mol% A= sulfo—
nation®{|A] Nafion¥} 8]%$ 52 2o, 60 C
ol 2] 2500417t A2olA] 4,000A12k2) o] 7]t}
Hck 8] Nafion®] 9|4 729 ¥]&A i)
B 3719 o] uE A FxUF YAHI = B
Ol w7k AAO|EE, &, el BAEEHE A
o] At} olF #7] Y& vld TR e
7ta7t £olgt poly (styrene—butadiene—styrene)
(SBS) triblock copolymer& Alg&lol W= o}hg
ZtRAIZ & £EFAE B4 A9, vgE BE

fo rlr 2

424 Polymer Science and Technology Vol. 14, No. 4, August 2003



=7} 108 o)A ZHAE AW, AETi= Nafiond H]
%3 e Rol: do) AREyn'e

h) BlgA €A

2oy o g djdo] o glo] F4 sl
A 12 AR AL 2t uRAed g &
o] Eoldof wa}, B9 AES & 5 AUe
5& & iAol ARgEAY, AR IR Aksel 3
gxow st ujFA B Az sha Aok

E37 Zo| amphoteric’d A& z3, AAFeelA
self~dissociation F&l o= F= AEAE Ho|
= imidazole, pyrazole, benzoimidazoleS< A
=t o)50] TRE RAE FFLE Bo] TRE
of mlAE AT Hj&Et) At olg2 EET
100 C o439 2ZoME st B3 #e A
T E Ho|3t 9th Nafion® imidazole §H 2
HE] g& w2 ke 2 xod Fof F3H Nafion®
g AEErE Wokou, B2 2RoMe AY 7
o AEd AREE BATH'® Nafiond SOsHS

imidazole®}9] A% Zg-& A3 HIHAA &%
o} wolFE ¢ Fx, 2% Ak FFHe wE 9
4% B9th S-PEEK®| imidazoled Y%
gre 200 ColA 2x107% S/em AEEE HY
t}h1? ole] Aol imidazole® EE A &
2 nEA] A FIAN7E A7t F2 FAA
EUADHSS

P4V, P4VI-co—2—acrylamino—2—methylpro—
panesulfonic acidoll A% imidazoleg 7Fste] A
7% A3, o] g Fidle TEE AEEE 1
YA BA e FRRRE FUAEE sk A
wootyz}, Ax %ol 7x FE TRE AR &
Aol ms)] Fojo] e BlTh

Imidazoleo] PEO°] ¥-&g 5d 432 T3 A
TEE o] fEldo)LTe Ees HiY &
imidazole® volume fraction®l| 2JE3}A%}, dop—
ingMNNE AEETE A4S Bank ol a
BRoSe gt 54 B 200 it

%CHZCHWCHZCHH(CHZCHQ)_(CHQCH [CHoCHal )HCHQCHW CH2CH+—
X

SOgH

Y X

SOzH

M

_C H_

"~ forcrecH-Ch,- _CH‘©
@ Gelaton

~CH

(9

i~ crosslinkage

sulfonation

hydrophobic

hydrophilic

a® 5, Chemical structure of sulfonated SEBS and sulfonation process of crosslinked SBS.
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# 2 H$A 2% WY S

Polymer membrane Developer Temperature | Conductivity f Durability
T Slem hrs
S-PPO Polymer Research Institute, NY State Univ. USA 100~150 <0.1 1 -
S—-PEEK Axiva, Germany 25~130 006 (25 C) . 4000
S-Psf CNR-TAE-Institute Transformation and Storage of Energy, Italy 25~160 |0.04 (80 T) -
S-PPBP Maxdem Inc. USA 50~130 ]0.09 (80 T) 200

3.3.2 B¢ AX

AEAR Lo 2 AMEZ L&A DAL LA
et d7s 5RO O Asg AT A s
v #Egez AYHy ot e FE FUv
F71edg B8 58 AEE crossoverd 9tA
1}
il

r

ofk

, L2ANE AR F Qe BFA 2 EE

T7F AZFHo gl

a) Macrocomposite

HebE crossoverE 2] A3 Nafion 2 Ato]e]
25 umFA Y palladium foil& go] 2uhg A2
3tof? digrg o) B3E wglon, Hl¢ 2 3
o QojA e AAAer AgAx s AF Z
He BEFHA Fx ot

oto] oo 9k barrierEAS FHYSte] e
£ crossover® SHE AIRE FRHUTEESB 8

T T3 dojd FHo| gk u AAe A
A 247 e A, Bolu HlEkE 8 SellA
ME 98 BRES B cracks WA= £
A 7o) At

W. L. Gore and Associates, AbellA] 7)ata}o]
Gore—Selectzh= AEHoZ HET Qe B2, A%
EE AFIEA 71AIE AEE Fol8 D woven©]
1} non—woven matrix®] T2E ARA 2AE
interpenetrateAl7l 53t £ 44 olexHE
H)523 439 woven PTFE webo] A&AH g
< AZRIHT EaA o]k = |3 PTFE
Hgo] Eo} o] ALLr} UMy PTFE %ALY
EAA REA Abel9 AjtElo] ol AR (de-—
fect)o] A7 AR FAZE 5~20 ymZ
) R AHe] Qlt. FAAUL gked Aol =
of, AREE FToHE ARl Jou, obF A
o] e @& oA uztst FA el i

b} #71/77 &3

EMEAEE Fol] A% AEE, f4 i
o} geoll g3 714 AAY 53} A7
sty dnrze s TRE AEFS Fo357] 3
o AZ Fo| Ak2 2 dopeE dHAY, A

& He IEA FoA 2AE 4l0] ghe Axd)
3 Utk
Silane®] A7}¥ PEO precursorZ &—71+%
& %3] sol-gel ¥HOE PEO°] Si0.7} H7t
232 g=9}) 2t Monododecylphosphate
(MDP, A #-3H4)), phosphotungstic acid (PWA,
heteropolyacid) & Z& Aol dopedts] AZF
PEQ/SiOzh2, 160 TolA ZEE AEE7} 1X
107" S/emela, g wi¥o] vhe|E 27]9) §7)
SiOz7} Slof, €8 AFEE A =) E8 A=
T 7k ¥ dopedl & Aol kel wjdsk) sk
A8k, dope¥H+ A& PEOS FAMET AlEzrgo
AA, g Yo dopant7} T -FAH] ¢ <t
A AEEE Yehiz ok ©X @@L ob 7k
o]

A 22 229 AR L) des AL

ft o

3L
7F 2 A7) Stk

HS0s0 dope®  SiOg/poly (vinyl difluoride)
(PVDF) (10%/15%) 522 0.21 S/cm8] %2
o] AEEE BT

Staiti 5& PWAZ}F 548 silica®h PBIE 4o
& Az3Ach 2 30 pm FAR & A %
% HAFQT Ex B4 oz Y,
FollAE 400 T7HA 8-S Bk 60 wt%
WA/SiOxE 3t PBI 22 100 T 100% 4
24 0.3 S/cm8 AEEE BN, 90~
0 T, 100% 74t FEA4= 0.15 S/em?]
2 w9tk ?® Silicotungstic acid$} silica, PBI
dast 22)/%71 g9, 50 wi%7-
£, 160 T, Al $% 100%°1A 0.12
S/cmZ YRSl a, HPOAE Fol= 0.22 S/em
7N EEe Busgleh?

HEAol e IeAtet F1A EFLOE poly
(benzylsulfonic acid) siloxane®] 702 et 2 o
a2 25 CTolM 1.6x107% S/emE Bol1, 250 T
ok Hgsisiont, 71A1A ATt w2 ©io] gith

S-PSUS Z2EF HEA F¥o] 8= phospho—
antimonic acid9}e] B&9% MEE et v %

T
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Sogofo o e
e
y Z
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o
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Z7eJA Nafion 117l d#sts 43§ Holuh
80 Teo)A PEFCS) Nafion® 80% A=) n)H 1
8 e FAHEE ¢ sink

Polyvinylidene fluoride (PVDF), sulfonated poly—
styrtene—co—divinylbenzene (PS—co—DVB) ¢} an—
timonic acid,30 T+ sulfonated polystyrene®
phosphato—antimonic acid$+e]* 28r=-2 Nafion
of WIvhe AEEE Bl A%, BFHAE
) AEE7F "olx= Ao oA EAFORE go}
=y

Tricoli=* Nafion®l caesiumg YolFo} wlgh
’%-’] ‘7‘4’}% E]A'L_C‘ = Méa 31;61‘:]’ o]_QJ‘. H])\o}
Al Watanabe £ self—humidifying@ & U=

wuE] 3719 Pt ojut & AHEES dhel Yo

BukE whEo] AFeA g FA Yotk
HE PEFC cell A%g RAFYLH® Silica®
Nafion®el] 3% % Yolso] 145 TellX DMFC
A& LESN T, olEiE}e] CNR-TAE-Institute
Transformation and Storage of EnergyolAl
DMFCY] d5& dgs g, 140 TellA 0.1 S/em
9] AETE Zkw 1,000AI7F Z¢t £40] 74538}
o, B2 2EIAE B FIEHY e & ¢
A1tk 2714 proton conductor, Zr (HPO4) 2%
E2AR in siuR AAAA A7|Hog 3 set
Hog® atg Azslo] wuH.

c) Acid/Base Complex

2oA AREE = Gl BhE ] YeiE
Eo] &M ¢ HER B9 J9Fd2 T 4 9o
A Z2EY FuE A4S ¥ 5 e A AS
complexA|7lE AFoR AZHD z2v dut
HoF A complex¥ #HE Atoji} ¢37] &
AL &4 F°) complexation®] dolA vz 7%
4& WiAE 4 gloh

DuPontell 4= Nafion®ell 1-butyl, 3—methyl
imidazolium trifluoromethane sulfonate$} Z+&
molten acid salt (BMIT) & dopeAlZ#Ht}. o] 22
180 CelA 0. 1S/cm4 2 ZRE AEEE Yet
WAh* Savinell 52 11 Mel Phosphoric acid
o] Nafion 117 E}'E dope*]?% 175 ColH 5%
1077 S/ecm?) AEEE 47)% R

AL ko2 (pKa=2.16) self—dissocia—
tiong T3 AH A=) wi$ =3 Aare 4
&2 ot AdL UE 92 1EAEY Ed=g
shzdl Adolth HsP04S] 42 Colld om0 4

DFXaEta 7l A 14 ¥ 4 5 20039 8€

Iz e .T’_l"i— 2}t “EZ"%-— 6H)~i homo—
geneousd A& w5 4 k. PEO,*® PEL® !
Nylon,”* PAAM,* P4VL* PVP,*® PVIS}e}* com—
plex7} AEHY, AETE o] 274 311 Kol
A 107°~1077H4 agloy, tEE AAEL g
'6]-1—1Y 7]74]7(-] o=z Eo}xﬂzﬂ- HH 0}1_,]3}.’ :z\_ o ]/\1
HsPO49] $Hfrell Alsto] Qloigteh AM=ZEE 18t &
Q) <kol 2 polyelectrolyte?), poly (diallydime—
thylammonium—dihydrogenophospatic) PAMA+
HPOy & 2 EAE AAZ ARSI, HPOs8 &
A=3Pd PAMA+H,PO,~ /H3PO4ULOE 150 Coj
ME g5ty 100 CAME 1072 S/cm7HA] &2

pis

3
Fe o 9 4 g

ol

N /
-~ +\
H,PO,

E 3. HiPO,2t T E 99 §Y

system HsPO; / conductivity Ref
repeat unit (S/em) '
H:PO, infinity 0.28 (100T) 47
PEO 0.42 3x107 (507) 38
PAAM 2 8x10™ (40T) 43
PBI 5 4x107(1907T) 46
45116 | 5%1077(165 ©)/0.13 (160 T) | 49
1.9x107% (175 ©) 50
P4VI 15 3x107°(100 ©) 51
Nylon 18 1x107 (70 T) 42
PEI 05 3x107 (100 ) 39
9 1x107 4]
PAMAH;PO, 2 1x107 (100 T) 52|
—'(—CHQCHQO'}— +CH2TH+- _'%CHQCHQNH%_
c=—=—0
b
PEO PAAM PEI
H
N: N/
~ATJCL 20N
N N
|
PBI
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B 3¢} base polymer$} Atm}2] complexoll ©f
g A7E Asth

$HH dope H& 4H] Ffeol HAE e EA4E
Bl 182 9HE ¥F complex® 4o B4
7F 130 @& A= sulfuric acid®} complex®d
PEL* Nylon,*2 P4VI,* PBI 52 phosphoric acid
9l complex® TEARL & HELE HolL,
71 8)7} 1.8 o)Al 739+ phosphoric acid®} complex
H 1827 o 2 IAEEE Rt yidd #
Z7E compexAll AL BF W AEEE B
elt} [Nylon/HX, X=Cl, Br, 1,*? PBI/HBr**].

19953 x& WE ¥ PBI$ phosphoric acid$}t
2] complex’t 72=RA+=4, PBI= pKa=5.5%
basic polymerZ 7z7} 430 €T AEE dHsH o
2 i P uEAelt. &8 PBIe AR
7H 10712 Sfem® @Ok HaPOs}e) BAEE 53
Nafiond] g7t A5 2 713 AAES 21
gt} FHE PEE =74 PBI/HsPO; complex
2] electroosmotic drag coefficienty (Q°]EZ
(Nafion¥= 0.6~2) &g F=7t 263 7
238t DMFCE&&°l% 7Ith7t #a o Cela—
nesedA E@Ao=Z 200 C &3E PBI/H3PO4
B4 RS AHES MEATHS @ojsla Qo

PBIe} H3PO4, H2SO4, HBr 55 incorporation
A7, 28R sHEGAY Ake] Bt F7MES
% o] ggo] dojupA Hu wetM AEEE F
71 7148 s 9 s ZAaEd. diy
¢l FHAu|E= 3.5~7.5 HzPOyPBI W& @0
th® o] 2R 130 Tl 2x107% S/em, 190 Col
A 5x107% S/em®] ol AEES B g
°] ®o PBIZ 7|02 Azg oo 278 E 4
2 Yehdigith

d) ¥z Ed=

H# 4. PBIE A8 HETX AEZDY

EEZA71E 223 3lE poly (thiophenylenesul—
fonic acid) (PTPSA), T+ polyperfluorooctane
sulfonic acid$}, base T¥F) PEO,*® poly (alkkyi—
ene carbonates), poly (propylenecarbonate) 9P
9] BUEES ve @ FEIANE E2 ARE
£ RojFo] 2 &XX FAEdE AsdA ¢
o=z g4 7S AAES

S—-PEEK ¥+ S-PSUS &2 71E A3 A
= nExe} PBISE 22 @U14871F ZHe 18A
9ol Bal== Ealerr) 42 270, 350 Co)1,
70 ColX PEFCA%< Nafion 1128 A9 W%
s QFgAd2 300 Alztez worth 28y dgt
& FUEE 747 154, 8ulE Hol DMFCE 1t
7FeAe RoFYrt®

S—PPOS$} poly (vinylidene fluoride) (PVDF) ¢}<]
BA=E® 45 CollM Nafion 11280 o &
cell 45& Hola QIARL 20041 BES] @&
3 AL Hoja Stk AT FL2 flexi—
bility, 71414 FE4E T3 EXMY @& H&
o7 g TN A= A5AA AR A
& 7testth B 5o nEA EAES] B4 HY
aHith

4. HBMXIE 218 A= AHE

AF7HA] ARAAE Z2E AR o 223 &
Aol s A7RsAct feol Z1ed XY MEL
ZRE ARA 2EAHS] A7) 35 4o
28X 9] EALS AR T BAFAA dsA gl

et glott ride] i FPHelt Az

Aol $49E W) 7] F thstels FEG
AR7h gk Fore Wk Age] she SEel

system Fuel catalyst Membrane thickness Power density Temp. ref
Y (humidification) (mg/em?) (um) (W/em?) T ‘
: ‘ H,(48TT) - 0.25
_immersed 11M H3PO, 0, (287) 0.5 Pt 80~100 (0.7 Afem) 150 i
MeOH reformate (r.t) 53.56
| 5 HPOfrepunit | o o ormae A 0.45 Pt 80~110 0.49 200
‘ 0, (no humid)
H, (no humid) _ 0.55 -
6.2 HsPOy/rep.unit 0q(no humid) 045 Pt (1.2 Alem® 190 5
| DMFC MeOH/H,0 4.0 Pt-Ru
| Oyfair (r.t) 40Pt 80 01 200 57
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B 5 1=X g¥l=o 54
System —S03H/ rep. unit Water Content 7, () Proton Conductivity at 150 C ref
1:2 (PTPSA:PEQ) 0.1 <0.5% 5 1x107° 62
3:1 (PTPSA:PTMC) 1.5 > 14% 9 1.7x107° 59
3:1 (PTPSA:PPC) 1.3 = 1.4% 8 3.3x107* 59

PTMC: poly (tetramethylethecarbonate) . PPC: poly (propylenecarbonate). PEO: poly{ethylene ether) .

A8 B7te ©@dlraA A EAS A Ud
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sty AgAx| o] glojd HaiAn 9oz TExR:
o] FEL I FufFAlole] HFEH AIES W e o
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o} L&At Z*ffﬂ@‘”oi HA o)TE& M TRE
7R A ‘TSL:"@OE“ AgAA HAY
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2d 7 AT LA LA7 FH] 2= 9
49& WEiskr godAME, 549
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F71 9% A77F FFE R vk ik AF 5 pym
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