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(electrolyte)

(cathode)
(electron)
(reduction)
(22)

H k

U202+ 2 ++2

(permeable)

fuel cells, AFC)
membrane fuel cells, PEMFC)
cells, PAFC)

2 )
(anode) (oxidant)
(oxidlation)
(21)
2 t+ 2 (21)
HY) (22)

(direct-current ~ DC)
(reaction site)

[4
(alkaline
(proton exchange
(phosphoric acid fuel
(molten carbonate fuel cells, MCFC)

(solid oxide fuel cells, SOFC)

80-200 °



600-1000 °

60-100°
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211 (gas diffusion electrodes)

(carbon paper) (teflon
emulsion)
2
L (black platinum) (hot presasing)
2
2 (dlirect
impregnation method) ' (lon-exchange)
, 10
3 ' 1
2.1.2 (electrolyte)
Nation
(sulfonated fluoropolymers)
(fluroroethylene)
(perfluorination)
(tetrafluoroethylene)

(polytetrafluoroethylene)  PTFE 2.2
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ethylene POlyethwene
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Tetrafluoroethylene Polytetrafluoroethylene (PTFE)
2.2
(sulfonate) (sulfonic
acid) 2.3
02 (hydrophilic)
{pocopdlds
FFFFFOFFFREFE
F-0-F
F-C-F
O
F—C—F
F—C—F
O=5—=
O—H+

2.3



(hydrophilic regions)
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(hydrolysis)
8) (cation)
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2.2

General Electric

(phenolsulfonic  acid) (formaldehyde)
I
. (partial sulfonation) (polystyrene) ]
200 60°

(styrene

divinyloenzene) (fluorocarbon - matrix)

Gemini 7 .. 1964 500

60 ° CH (alpha)
(cross-

linking) 1000
(homapolymer)

alpha-p .p trifluorostyrene suifonic acid

(polyvinylidene
fluorice) (plasticizer) (triethyl
phosphate) 2000 80 “

.. 1968 DuPont Nation0

(tetrafluoroethylene) 03
(cyclic sultone)
(hexafluoropropylene epoxide) +1 > 1

(sulfonyl fluoride vinyl ether)

(base hydrolysis) Nation® 25
Nationq



FSOZJF,CFZ(G&ECF,)rD(;Fg =0 (sulfonyl fluoride aoducts)

heat
Sodium Carbonate .

FSOXCFXF.(0CFCF2rDCF = CFj (sulfonyl fiuoride)
CF 1

(CFCFINCFC(CF-CFO)ICFLF.SOF (XR Resn)
| CF,

Sheet or tube

(CFZCF2yr - GFO(CF2CFOJICFCF2 OaNa* (Nation)

CF, CF,
2.5 Nafion0  Perfluorosulfonic acid polymer
Nafion

(hydroniumions)

120

mis (175 )

Nation®1170

(equivalent weight) 100 ,

mils
2

(tetrafluoro ethylene, PTFE)

10

DuPont

20

10

(Supported Nation0 membrane)

70
200 Nafionl
25- 150"



Dow Chemical

il

? (perfluorinated ionomers)

(chloro-alkali indlustry)

chain)
NAFION
(CFJCFJ.fCF—CF)
(
CF,
CF3CF
|
CF2
CF,
SO3H
2.6
DuPont
? Dow Chemical
Nation®
(600 - 950)
Nation®
(gelled polymer)
Nation® 50
? Dow chemical
165° 110"
Dow chemical

Nation® ?
Nation® (Side
2.6

DOW
(CF,CF,),(CF—CF,),
[

O
I

cf?2
cf2
so3h

Nation®
? Dow Chemical

(acid strength)
Dow chemical

Nation®
?  Dow chemical
Nafion®

Nation®
(>100°)
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2.3 (Chitin and Chitosan)

231
[7] Poly-(3 -(1,4)-2-amino-2-
deoxy- D-glucose (<8 04N)n
2.1
' I
HO s
, cior
2.1 [7]
(acetyl group)
(deacetylation)
(glucosamine)
(active) ,
(-NH) (CHH)
[10] polycation
50
0 -9
90 100 full deacetylation

232



(organic solvent)

(lonic strength)

pH
pH
pH
2.4 (Polysulfone)
CZHZ) 4
4
(T9) 190°

(sulfonation)

2.8
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2.5 (Zeolite)
zein to boil lithos
boiling stone
(crystalline aluminosilicates)
) (S04 AlOJ
(tetrahedron) ( )
2-10 ( )
23)
M20 Al04xSi04HZ)
M) 1 2
X Sio4 2
y
(Si04

(AI04

14

stone



15

(Zeolite A) Mx[(Al022(Si021 -27THA) X-Ray

Diffraction pattern 2.9 (Ot-cage)
(cubic) 2.10
(SEM) 211
047

4.2 700 °

()]

zcw l

07 A '[1]11 [[ l..l'l.l wl_ oy

v U N RV 4 0
2.9 X-Ray Diffraction pattern [9

i Sior Al

f - cage (sodalite cage)

e e
v—7— A

f- cage (supercage)

210 [10]
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TD15.8rm 20.0kY x10k

211 (SEM) [11]
2.6
(2546) [2]
Nation®
Nation®
4%crosslinked chitosan + 50%LINO3
0.07 /
Tricon  Nannetti (2003) [12] 2
(chabazite) (clinoptilolite)  Nation
40
Libby (2003) [13]
(direct methanol fuel cel!)
50
(heat treatment) 150° 21
Nation 20
Kwak (2003) [14] perfiuorosulfonic

copolymer resin ( ordernite)



100°

Wan

Lufrano

7

mordenite
mordenite
mordenite
130° mordenite 10
0.07 /
(2003) [15]
(Intrinsic fonic conductivity)
104/
1
NHGt OH
(2001) [3]

(trimethysilyl chlorosulfonate)  sulfonating agent

1.25
80° 0.043 s
80° 400 500 |
/ /
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