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Ao o] sheln, I8 1o =AE vke} o] 11
B 2 oelg s 289 FuldTe) Alzw
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st =AIE 7HAS 2001 EAA A S

2, 20049 dA| S iAo A Akt
(~$ 500) W HEALA LEAEL] W2 A
1 o), G 7)Ee] s 7HAdn s welA
AR AX7F AFE) Avks 54 2 9k
ExpAs Al AR dolde ul=AGe] H
20039 99 19 43 9winkEolA, 2008 49 7
Sulnks g gjd 2 Ju' [§Ys Aol
= AoF o =Hr)®

AgAA g Aadz uEAdedo] AFE 7] Al
25 218 Du PontAle] Nafion®uro] 1968 7jat
B o]FRE BA5E o, Nafion® 120 2]
60,000A17F (80 C) HAE7HA] g A=|e] Fo] &
A ek’ e, 1REAEsd ARHA (PEMFC)
o 271E3kE Aokst e 8% F &
A A otk = A, 123 > 90 T)elA9
o] 7w Q1 $240l 84w 744 Nafion®

-
3} e B nEjue] Basu olee AxE

A =]
Al

o MFR B WG, 55, AHiee du
SIEEER ESIER EEE

A= (DMFC) & £¢
H,

o= FEm gk oled 29Ee] ByHow 2
gato] ARAA AFHS L FYEH 2 o

Fuel Cell System (2001, $ 324/ kW)

Bipolar plate ($ 23)

Fuel processor ($ 78)

4587 1

olo
o
ot
9,

[
2
o

FARO)EHEA PEMOIA, a0l &EAL
(=SOsHD), A+ (=POsHy), B 1E (—=COOH)
ol Fo7 s mHolow A4 FITxE
wzt olgstA, AajdEt WRe ERAE A3
¥ H;07, HsO.' 59 ez dgdgny dwkael 5
Zol&de w7t FE w9 B8, 21 % vehicle
mechanism¥} hopping mechanism¢] 7} gg
A QS R 2012 A=A PEMY
B, = FEoAE LY 52 FholRAE
= (107°~107" S/em) S HOJA|RE, w2 FEgofA]
=l 22 FAOlEAEEE Helth

olg} B FAO|RAEA
X A7 2 o
WA Aol EA, AR
715dE Fofste] 135S AdAers Adshe
olth. AxAA FE3E flst PEMO| 27542 ot
&3 gt

(1) o]2d%A & : o]w¥s (jon exchange
capacity :IEC) 2 82 #dg x4 v FAE
FaAFIoRE A7A ATE £, FAaolIRARA F
A (BH 40 &¥E%E 0.1 S/em in deionized
water).

(2) AEg A7 A5 HEdS Eola
AAES] e o (BA=TE < 209/
(3) g 3« St =1
22bgol Ajtet I kel A

FOoE 100 CollA &3l AL

Fuel Cell System (2010, $ 45/ kW)

Fuel processor ($ 10)
22%

F
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>
=)
L
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)
e
)
rd
ox
o
m

N
olo
ol
o

Membrane ($ 5)

0
1 Bipolar plate ($ 10)

22%

)

Electrode ($ 97) 7%
30%
24%
17%
Membrane ($ 55) 22%
Others ($ 71)

11%

Electrode ($ 5)

34%
Others ($ 5)

Others : Cooling system, compressor, sensor, startup battery, system controller, assembly, etc.

38 1. 0= AHAIFS| XNHEAE HARHAANLES] FEaE T2,
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g4 (PEMFC) XE& wghs
(DMFC) 9} AF271419] 52 F3hA] g8 Aaf
(5) AFHgA  TRAA N A AT oAl EE
(membrane—electrode assembly ; MEA) A|ZA]
YAl Hary ghn 9 Az Al BEA g FR

(4) AsAEAY -
|%

o]
20 MPa in dry state, St Al Z X384,

(1) A=) 254 1 A7 =) velEA) ool

o} &

(8) A713keta] by L A=A e Absl 9 g
o SN0l FEE WA otok

(9) 3heh4 b4 Bl b - ARAA A
Al @A gzl digh A Bl e xzielA
<] 7}’“‘:"6‘}1011 g 2 A

(10)

fone : PSI),
PES), EF/M]EHE?‘H% (polyetherketone : PEK), &
2ol = (polyimide : PD), E&¥lZo]n|tE (poly—
benzimidazole : PBI), #&]&Alt]o}E (polyoxa—
EE]E’\TLV*] (polyphosphazene : PZ) 3}
IXUols EeaEEs ol&ste] dha
—Erx}xdﬁﬂé‘mg giAsk = A7 2=
th oA E B9, FAo|2HAREE Fols] st W
WO ofF uEARE oldet] AF EES} (direct
sulfonation) Rh&-#}, &<E3} FAE o] 83 At
3} B8 (monomer sulfonation—polymerization) &
o] Stk ko] W F dhhs EEAeY EREE
EEAS v H EESAE FAl ARESke] B

N
lo
HOg
rd'
r_Q,

A5} 0|QL OF U 0| AJAElH o

At £EHS ol Yoz 2EHRI A
o7} o1, Zhunkgou aEAAREe] FRle] o
ovie WS zheth T UE #Hy &E3s e
2+ dichloroethane €1j& ©]€3F SO3—triethyl
phosphate complex &Z3}AS o] gap=19721 vy
Hol gled], o] A FukgS FHasgs 4 glov
SO38) H5AH =9 Al =& dgdukg o= Qe ARE
of A|grg W=t} 1 ¢£]e) trimethylsilyl chloro—
sulfonate E3A1E AR % metalation—
sulfination—oxidation ¥H&-< o] g-a}=2"* & ¢}
oFst slsha] AR Eo] AR gith $A= F
=+ 7 wol o] &5 Wo R AR IdFAIE o]

ol =Z3 &, o]F IEAINA FholA
TS Folate WHoE, Eil@h_-J ZﬂOV} £o]

ﬂl

o} 7H*d% Ws peatel AT 2w Q9
o ek

2. A DEXIEGHE ot

™ (ionomer) & 1 LA} HAE| FH
FAEollE 1ol (FE SOl & %
£ Bdol& A aEAE gugitt fAksE §of
| IR FARE| FRATEE ol
Wl (ionene) FFEA7F Utk kA Ash o]
A A AR verdt e x1e RSet
L olenr9] gE: vl Nafion® U Nafion®
gHoF & d#F EIL DuPont de Nemours and
Company (DuPont AP ] =43} o] @ =rEo]t}
B lofMe dA 7 & o8zl 38 BEA) o
exwEt gl g dREA gL O o] AEstEA %=
DowAle] #H BARES Zhe A7 EAE QI
Nafion® -] 7% NE 112 (2 mil 7)), NE 1135

A 7=

Trade Name Membrane Type Company Typical Functional Comonomer

Nafion® Perfluorosulfonic acid (XR) DuPont CFy=CFOCF,CF (CF3) OCF5CF,S0.F
Perfluorocarboxylic acid (CR) CF,=CFOCF,CF (CF3) OCF,CF5CO,CH;

Flemion® Perfluorosulfonic acid (XR) Ashai Glass CF»=CFOCF,CF (CF3) OCF,CF,SO.F
Perfluorocarboxylic acid (CR) CF»=CFOCF,CF,CF5C0,CHs

Aciplex® Perfluorosulfonic acid  (XR) Ashai Chemical ~ |CF,=CFOCF;CF (CF3) OCFsCF5CF3SOsF
Perfluorocarboxylic acid (CR) CF,=CFOCF,CF (CF3) OCF,CF,CO,CH;

Dow Perfluorosulfonic acid (XR) Dow CF,=CFOCF,CF,S0O,F
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CF7=CF, + so, ——*

0-S0
o]
/ N\
FSO,CF,COF  + 2F,C—CF—CF,
FSOZCFZCFZOTFCFZOTFCFO Na,CO,
A

CF, CF;

12! 2. Nafion®2to| Cheky| PSEPVES| ST .

(3.5 mil 7, N 115 (5 mil F71), N 117 (7 mil
FA), N 120 (1200 Equivalent Weight ; EW, 10
mil F71), N 105 (1000 EW, 5 mil 57 ¢} 32
therst 252 2=t} Aciplex® Tl AC-12
(1100 EW, 10 mil 71), AC—4 (1000 EW, 4 mil +
7N 7} Y= 9, Flemion® 2helli= FL—12 (900 EW,
10 mil F7) £k FL—4 (900 EW, 4 mil 7)) 7} 3itt.

Nafion®, Flemion®, Aciplex®9} 2-& 71 Al&e
Zhe BEastEEA oA e a8 29 2
t}. &, Tetrafluoroethylene (TFE)& SO3¢} HHS-
AlA cyclic sulpones A|Z3}a, ©]& rearrange—
mentA# rearranged sulpone (RSU)ES #|%3t &
2 Z9] hexafluoropropylene oxide (HFPO) <} 1t
SAIZ F, BAEER shollA] 7Hdete] WAl
perfluoro sulfonylfluoride ethyl propyl vinyl ether
(PSEPVE) & A|lZ3HE"07 o] 348} ekl 1}
=43 g dFAE FSTAIA To] AxHw,
dFA Y] FEREe SOsHE st Al
of wat Alzzg whe] IEC gho] debxich

Nafion® #}9] fre]do]l&mi= —SO:H FElQl 3%
£ 103 ColH, F< o] ox X3 o] wm<l
735 o] 7k R Qe A} AFES] mobility 7} 7
kel 210~240 CT7HA] A%ekh? Nafion® ot
o] AAYAdE #EshHE, 290~400 CollA &3
A8l 400~470 Tl BARES] #3ll, 470~560 C
oAl PTFE FARKzS] #all7h vehde, Na* ez
o] ol HY FErt %o A4S B
o112

Nafion® who ot 358 2 F20]L7
Tt & 2o EAFEACE? 1714 effective ionic
concentration®]# membrane?] wet densityE EW

DEXAENL J1E A 15 d 5 & 20049 109

——  FSO,CF,COF

E
D —

F802CF2CFZOTFCF20CF=CF2

CF;
PSEPVE

H 2. CHsH EW 248 2= Nafion® 24S0f ofst &48
X O|RHEE

EW |Water Uptake Effective Io‘mc Proton Conductivity at 23 C
) Concentration «
geq) | (wt%) (S/em)
(M)
1500 13.3 1.245 0.0123
1350 194 1.338 0.0253
1200 21.0 1.492 0.0636
1100 25.0 1.591 0.0902
980 27.1 1.764 0.1193
834 53.1 1.761 0.1152
785 79.1 1.539 0.0791

*Proton conductivity was measured in liquid water under
ambient condition.

E e #oE Fhol2ARLe) v WA #A

=
£ Zheth dle A, 350 2575, 52 T
Aol 2ATEE YERA ®vt e, Fokst A&
o] WA A, F5E TEol ol EEE
B XAA ZE EWMHE W F40]edEEE 1
ol71% )k A4 1100 EWS 49 &EA7] &)
U 167 ool ERas Zojgy 4 Y= A

(EEW] shbd A8 + e
[SOsH]D) & ZEt=tt.

AF7A F2 oM B Nafion® uhe] =200
SHEEE B 37 o] dAzgolv S4sh= 42
9] T)x}Ql (¢ Four probe ¥ Two probe me—
thod), dlo]g] 4w 715213 e A3z
of wet vhekdt Fhs vEbdth 3 AR HA g
AL AR Nafion® wHe] S0l edwo] gt
Lo]EA o] thaksk z71slollA A slAE o]
&3to] YeRfol Ht
21 AEAMA DEXEE St

Nafion®ulo 2 tues H8aAd uiads)a

Ak = [H01/

-~
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E 3. Nafion® 2to| CloFet ZZ0| ME $40|2FEE U 2To/EY
Nafion® External Electrolyte | Temperature (C) Proton Conductivity Activation Energy Reference
(S/cm) (kJ/mol)
Liquid H,0 20 0.092 31
100% RH vapor 30 0.060 32
100% RH vapor 20 0.078 33
0.05 M HNO; 0.060 34
Nafion 117 Liquid H,O 30~80 21.8 35
(HY Liquid H,O 20~170 0.092 7.82 31
Liquid H,O 25~70 17.2 30
100% RH vapor 45~80 0.078 1~2 33
100% RH vapor 30~40 21 36
100% RH vapor 50~70 12 36
100% RH vapor -33~27 31.5 37
e e FaolRARE, Beld, s a9y 5 gk
thokst Aol = B35k, DMFC -8l lojA] ol 12 W& Al VA AR HAE Bs)
FSFEHE (~107° em”/ sec) 7F Erhe HAP e 7] 918 Nafion®A 73} 23tetel] djgk A= 23y
o BO FWE QI BFUPOR FholeAEE  Hx Itk ok G TRAANALS AT B,
7} w3Fsk] AR5AA] des wAsHA BaA7IE A WA BE o, A Faoled
Aol 3-89 FAS Wk H2 AvdA] AT Ex9] grE 9t dajdute 7 9 AR | &
FAE AHEH A5 ¥FE Tk 23 Wik 2 AdE £ ddst M E B A8d
Fo] Sl Yaksleks (CO) 9 MEEFn) J5H Y-S AdFelE 7108k, 71A14 AR HelxE 784
27717 918 (PEMFC), A8 339 weso] Q AgE sk Bep
@ AEEE JJAA17]7] 18] (DMFC), 100 C E 5= PEMFCE Nafion®7] 73 Etute] st
o1gl LEAE ARAAC e AT Pol AE  ABHILE wolFr], el % ¥& B3 oy
so] gt} o]l 1.e $-8S 9184 Nafion®3} 2 A 9 AR AR Agshs ZEAZ PTFEZ AL
Q

2 &5 B nEAFEREO 2 QofA] ol ¢
Aoz Qg FAHo] Yehdt}

wEbA, 2o = ElZ, 38 obgAd Ul
2B WS (water retention level) & Z+= Nafion®
bkl w3k A7) ohofst WS Fall Wy
i, 71 AES B 4ol Rt il A9,
AL 21 Si0, (Aerosil®) U TiOy, ZrOs, TEOS
3o B AkskEe] =% - F71E5E pho—

sphotungstic acid, silicotungstic acid, phospho—

fo v ko
%0

N

molybdic acid, silicomolybdic acid¥} 72 hete—
ropoly acid (HPA) 9} inorganic acid’} =1¥ 7]

A BT W f - )R Bqtee] Az,

A3, EQE FEE) o8 s A
v @y 2 meelH Y FREAEE S0
w, $71ke] £qlol ofs meelH o] W Hel
W Sol @A) Aol lofsigick, e, ¥
o ulelAle] 7712 gapel SAE ngom, 7]
Bo) LB Hito] B Y50 FH QAR Hg3}

[e)

o A (20~40 pm) T3t 71AA, d71gst
A rgd-E Ao, vtk vlE =2 A
&S 1527 % PTFE—varn embedded types
ot B4 g ZHs Wb, 80 um ©JFkE Alx
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[e]

S %= poly (o, B—trifluorostyrene) B & 4= 9l

W QIx}e] ZA} (o] A9, proton irradiation)

o A%
th o] B 948k e 2 ATIMYAS Ay 8l Al EENEE) gl Az AHe EE3 £
ou}, 2xkst o] oa) FAHths FAES ztu Hld 24w 7l PTFE (RX-PTFE) & v 2A}
A% E 5ot 2 g o] D2 E vy S &

71 9)ell poly (vinyl fluoride) (PVF)9] ndat= E3} Whgol o8 Alx® THEE o] ¢ wwjup T
H4 PEMFC % DMFCQo HEg=Z
Materials Type Proton Conductivity Operation Conditions Ref.
(S/cm)
6x107 100 T, 0% RH
Zr(0sPCsHs) 115085 2%x107* 100 C, 60% RH 39
3.5%107° 170 C, 0% RH
(P,03) 4(Zr05) 5 glass 1x107* 90 C, 50% RH 40
P,05=7r0;=Si0, glass 5%107 90 C, 50% RH 41
- 1x10™ 120 C, 0% RH
. . Inorganic oxide - '
Bas¥Sn0ss ¢ 1x107 200 C, 0% RH 42
Tetraethylorthosilicate (TEOS) 43
Montmorillonite (MMT) 44
TiO, 45
7r0, 46
Si0, (Aerosil®) 46-48
5x107° 140 T, 0% RH
CsDSO, 5X10 ‘ 152 C, 0% RH 49
Superprotonic
transition 140
Inorganic acid 25%x1077 130 T, 0% RH
1x1072 150 C, 0% RH
CsHSO, 1.6%1072 200 C, 0% RH 50
Superprotonic
transition 130T
@ =7r (0sPCH,0H) | 57 8x107 100 €, 60% RH _
(03PCsH,SO3H) .73 * nH0 1x107° 180 C, 0% RH ’
y=27r (POy) (HoPO4) 54 102 .
(HOSPCAH,SO05H) o sotn0 5X10 100 T, 95% RH 53
1x107° 100 C, 0% RH
7r (OgPCHgoH)l,NYojg HHQO 1x 1072 100 Dcy 60% RH 39
a —7r(0sPCsH,SO3H) + 3.6H,0 2.1x1072 105 T, 85% RH 54
5%107° 100 T, 60% RH
a ZI’(O;POH) Hgo 1><1074 100 DC, 95% RH 55
Het Wvacid 3x107° 90 C, 0% RH
eleropotyact 1x107 150 C, 0% RH
B—Cs3(HSO,) 2 (Hx (P,S)0,) 1.6x107° 200 C, 0% RH 56
Superprotonic
transition 125 C
2.5%107 140 T, 0% RH
@ —Cs3(HSO,) »(H,PO,) Superprotonic 57
transition 140 C
Phosphotungstic acid 43,48
Silicotungstic acid 48
Molybdophophosphoric acid 58
(HgPO; . 121\/1003 . XHZO)
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H 5. Nafion® 235} =89t 7|& MsH|w

Type of Reinforcement Mechanical Strength Thin Thickness <50 um Smooth Surface Content of Reinforcing Material
PTFE porous sheet High Possible Easily available 20~ 30 wt%
PTFE—yarn embedded Very High Difficult Available 10 wt%
PTFE—fibril dispersed High Possible Easily available 2~5 wt%
6. HEXAE DEXXEH AL L 0|2 O|XEX|E LEAEHE Aol FAKY
\ PEM for Lithium Secondary Battery PEM for Fuel Cell (PEMFC/ DMFC)
Properties Example Properties Example
Ist Generation Linear polymer PEO, PPO, PEL, PVAc | Linear anionic polymer SPSf, SPL, SPVA, SPEEK

(1st Gen) SPZ, etc

2nd Generation

(2nd Gen) Modified polymer

comb—shaped polymer
cross—linker polymer
random/ block copolymer
polymer blend

comb—shaped polymer
cross—linker polymer
random/ block copolymer
polymer blend

Modified anionic polymer

Matrix polymer (1st, 2nd Gen) +
functional materials

3rd Generation
(3rd Gen)

PEO, PAN, PVdF, PP +
organic solvent + Li salt

organic—inorganic composite

Polymer composite .
amphoteric polymer

110 €9 T2oA QEEHA Fomr] =& F4
OleALLE Zk= E a3 HEoln|E o] 9 n-mul’?
e dE = 7 vk divie] B¢ %ﬁ:ﬂl TS

b r@aw, ) ] n x}ﬂu e
ESEWNY RE 9 vl el Aol Fal
e FroledERT At UPom )
23 Folut.

ofnt
s
o
o
N
)
2

Ag RSN 7129 ATAYRY 2 pAE
Wel A B 63 gol AT HAHIS Ath BE,
eJFoI A & IRADNA] A5 74 Ad 7%
o 5go] Ao et vk, ARAAE 18
AN T AHGEA 9 20 AFHER )
oFsA EelH, 331 o] oltol walslo] g
TR melA o]} gk e, elEele g 1
EAANDANA AR ERY BAT YRS B
8 714 AWFY T FolF A e ARA
Ag TRAANA Aol e wgo] B 3]

ARAAE AN A, Al 1A A ge—

neration ; Gen. 1) TEAAHA L olgjg} 2 <l
AYoly EutAgel| FaolALYE Folslr] 4
3 A7), '] Q1A 2 3

AT A aEAES 2t

(1) polysulfone (PSf) E+= polyethersulfone (PES)

(2) polyetherketone (PEK) %+ polyether—

etherketone (PEEK)

(3) polyimide (PI) X+ polyamideimide (PAI)

(4) polybenzimidazole (PBI)

(5) polyphosphazene (PZ)

(6) polyvinylalcohol (PVA)

A 241t (2™ generation ; Gen 2) L’—‘:‘rx}xﬁﬁ
AL JYP=ZE Fx TJlu RS ALY %
P 278 d9& = %‘:d e 55 %%‘
Aol Feu EdEnte] FHE 2 AR

gt} A 341 (3" generation ; Gen. 3) 1%}

o —T—‘
o
r o
}1]
o,
i
dlo
5
fo
o

EIL?L’O

RO

A A 1A W 2 wRAdsde] wEe
wear) dal §7] 2 FAEMA 5L w0 B
gute] P2zt

Hx9] &3l aA ol wHE GEOA /EdE &
Z3} HlE-F 5B E 4 T £E3 Z8~
Elglo g Hojd REEAAI HY3S ZEARL ter—
tiary C—H bondsY} benzylic bonds?] 22 3}38t
A PYA o 3l ARAA] &8l Slof sAlE 7t
;du]. o]é 7;]]7]i cleksl o 0ﬂx4 A S zZt= 7(17]-
o vlEAA TR A7t Ay E 7] AT
A A AL AT g TR ARk
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N Alkaline Optimum
Type of Doping Time . ..
Alkaline Type of PBI (day) Concentration | Conductivity
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LiOH PBI 10 4 25%107
NaOH PBI 10 20 10x107
NaOH PBI 100 15 30%107
KOH PBI 10 6 10x10”
None PBI-B:SH 12x10™
NHOH | PBI-BzSH 15%107
(CH),OH | PBI-BzSH 8.2x107
imidazole | PBI-BzSH 79%107
1,4=diazabicyclo -
122.9] octare PBI-BzSH 12%10
LiOH PBI-BzSH 12x107
NaOH PBI-BzSH 12x107
KOH PBI-BzSH 17x107
CsOH PBI-B:SH 17%107
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OH OH
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