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1

1.3.1 PEFC
PEFC
, 85 105

carbon black
polytetrafluoroethylene (PTFE)

. PEFC

Anode: H, - 2H™ + 2e”
Cathode: /202 + 2H" + 2e™ - H20

Overall: Hz + /202 - H20

1.3.2 DMFC
DMFC PEFC
, PEFC

Electrolyte

Anodw ‘
3 =y Cathode
Current 1
—_ /
Collector /
H

]
[}
1]

7
X b
D— ':,q;:'“ -
L
| -

L

Water

Catalyst layer

Electrical
O ) o
Circuit

(a) PEFC

- Current
1 Collector

( )
, , (biomass)
. DMFC
. DMFC
PEFC
— 2 ,
DMFC

Anode: CH3OH + H20 - CO2 + 6H" + 6e”
Cathode: 3/20; + 6H" + 6e” - 3H20

Overall: CH3OH + 3/202 - CO2 + 2H20

, CO Pt—Ru
Sn, Os, W, Mo
DMFC
dimethylether, ethyleneglycol,

Ly
///' y 1 =“
A L -
e A
[ IT.I. F"
CH3OH/ a2l o
N )
H>O i#;'.;rq
Ly
Water ater + CO2
_> Electrical
Circuit
(b) DMFC

1. Schematic presentation of the reactions in (a) PEFC and (b) DMFC.
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2.1

(sulfonic acid)

, (electroosmotic drag),

(

thermal history

lon Exchange Capacity)
Equivalent Weight)

@

@)/
EW = (1/IEC)x 1000

420

(IEC:
(EW:

(meq)/

1960 Gemini
PEFC polystyrene sulfonic acid
DuPont
(perfloro sulfonic acid)
(Nafion )
PEFC
(tetrafluoroethylene; TFE)
S0s*
PTFE
S03*” 1
nm ion cluster
( )
Nafion
ion cluster
H2, O2
perfluoro
carbon
Nafion
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Oz + 2H" + 2e” - H20:

2.4 Micro
micro TFT -
LCD, CCD/CMOS ,
, CPU 3 ,
, PDA
2
2.2 PEFC . PEFC
Nafion
« , )
PEFC
(6{0) Micro
2.5
PEFC
Nafion , DMFC , PEFC
(010 ,
120 )
. DMFC , 130 200
2.3 Crossover )
DMFC , .
PEFC 150 ,
(0f0)
CO2 ,
crossover
DMFC . .
Nafion cluster , 1) 100
,2) , , 3) 1,000
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Nafion0117 m2 1;,n=2;, x=5-13.5; y=1000

FlemionO m=0; n=1.5
AciplexO m=0,3; n=2.5; x=1.5-1.4
Dow membrane m=0; n=2; x=3.6-10

(€))

(b)

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

, ,4) 1.
: EW. (mm) (Slem) (hrs)
DMFC PEFC Nafion120| 1200 [ 250
Nafion 117 | 1100 175
DuPort Nafion 15| 10 [ 125 %107
Nafion 112 | 1100 50 80 ) 60,000
Nafion 111| 1100 25
Nafion 105 1000 [ 125 - -
3. Dow Chemical| Dow (800 850| 125 0114 10,000
Asahi Chemical Aciplex-S [ 1000 120 0.108 5,000
31 Asahi Glass | Flemion [ 1000 | 50 04 [ 3000
orostyrene a,b,b—tri—
DuPont Nafion fluorostyrene comonomer Ballard Ad-—
( 2). Nafion vanced Materials Third Generation (BAM3G)
EW 375 920 ,
. , Nafion 117 Dow
, —COOH . cell , 15,000
( 2), PTFE,® poly(fluorovinylidene),*
1 poly(ethylene —alt—tetrafluoroethylene) s
3.2
Ballard Power System a,b,b—triflu— ( 3).
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R NN

é CH—CH—
SOH \R @ side chain (FSA)
SG;H

3. Structure of the BAM3G polymer and radia—
tion—grafted polymer.

3.3
3.3.1
200 400
Nafion
Nafion
a)
Sulfonated polyimide (S—PI)
diamine dianhydride
. ( 4 S—PD.° naph—
thalenic S—PI Nafion 117
3 Nafion cell

, 3,000
sulfonated polyimide sequence

b)
phenol sul—
fonated poly(phenylene oxide) (S—PPO)
2 —allylphenol
Nafion 117
Dow barrier
0.2 03um
./ Sulfone  phos—
phonic poly(dimethylphenylene oxide)
phosphoric acid 25 Nafion 117
, 100 150
Nafion B

14 4 2003 8

E% 8 g iQH E :} 8 Z ;
0 o) Has x y
S—PI

H2P(0)(OHR

HO A

SosH CH;P(0)(OH), 'CHeP(0)(OH)2

S—-PPO poly(dimethylphenylene oxide) phosphonic acid

bisphenol-A part diarylsulphone part

AN

( i N r o
-eo — < H—

|

CH3z o]

SO3H

CH3 o
LA )~ F
CH3 E n

SOH

O+
~O—Q—O

/H

KD‘C@/

S—PBI S-PBP
4. Structures of sulfonated polymers.
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c)
phenyl ring ether sulfone
(—S02-) . )
poly(arylether sulfone) Udel o (polysulfone,

PSU) VictrexO (polyethersulphone, PES)

2 sulfonate PSU (S—-PSU) -,
bisphenol —A  ether ortho sul —
fonation 2
diarylsulphone

sulfonation *°

30% sulfonation

65% sulfonation
propylidene sul—
fonated PES (S—PES)

, sulfonation
. S—-PES
90% sulfonation Nafion
, 400%

sulfonation

diamine
50% ,

d)
Poly(arylether ketone) ether
phenyl ,
VictrexO PEEK™ polyether —
etherketone (PEEK) . Hoechst/Aventis/Axiva
PEEK sulfonation
60%  sulfonation
S/cm , 50
4,000

carbonyl

PEFC

120 )
30% sulfone Nafion

(S-PEEK). ™
, Maxdem Poly—X 2000
, poly(4 —phenoxy benzoyl—1,4—phen—
ylene) (PPBP) sulfonation
( 4 S—PPBP).
, PEEK
, S—PEEK

poly(p —phenylene)

~6x 1072

, sulfo—
nic side chain . 100

Nafion
, S—PEEK

e)
Powers and Serad

polybenzimidazole (PBI) sulfonation

e , PBI backbone  sul—
fonation ( 4 S—PBI)
13 . 75%  sulfonation
, Nafion 117 ,
120 200 )

)
Polyphosphazene ,
. Sulfonated PP UV
P N- ,
. S—-PP
Nafion 117 30%
, 76 .
S—-PP 173 ,
120 200
14
g) Triblock copolymers
Kraton (shell Chemical Co) sty —
rene/ethylene—butadiene—styrene triblock co—
polymer (SEBS) DAIS
15 Sstyrene 50 mol% sulfo—
nation Nafion , 60
2,500 , 4,000
Nafion

poly(styrene—butadiene —styrene)
(SBS) triblock copolymer
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10 , Nafion

16

h)

17

amphoteric ,
self—dissociation
imidazole, pyrazole, benzoimidazole

100
. Nafion imidazole
Nafion

18 Nafion SOsH

imidazole
. S—PEEK imidazole
200 2x 1072 S/cm
10 imidazole

P4VI, P4VI —co—2 —acrylamino—2—methylpro—
panesulfonic acid imidazole

’

Imidazole PEO
imidazole volume fraction , dop—

ing 20

CH2CHA™ CH zCHH(CH 2CH2)~ (CH2CH[CH2CHzs] )“—ECH 2CHVVY CHoCH +

X

SOsH

NG G o

HymCH=

E:Hg_ FoHoH=CH-CH,- . @
EL— Gelstion

y X

SOsH

5. Chemical structure of sulfonated SEBS and sulfonation process of crosslinked SBS.
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Polymer membrane Developer Temperature | Conductivity Durability
Slem hrs
S-PPO Polymer Research Institute, NY State Univ. USA 100 150 <01 -
S-PEEK Axiva, Germany 25 130 006(25 ) 4000
S-PSf CNR-TAE-Institute Transformation and Storage of Energy, Italy 25 160 004(80 ) -
S-PPBP Maxdem Inc. USA 50 130 0.09(80 ) 200
3.3.2

crossover

a) Macrocomposite
crossover
palladium foil

Nafion
25um
21

barrier
crossover 2223

crack

W. L. Gore and Associates,

Gore—Select ,
woven
non—woven matrix
interpenetrate ,
woven PTFE web
PTFE
, PTFE
(de—
fect) , 5 20 um
b) /

dope ,

Silane PEO precursor -
sol —gel PEO SiO2
.2* Monododecylphosphate
(MDP, ), phosphotungstic acid (PWA,
heteropolyacid) dope
PEO/SIiO2 , 160 1x
10°*sS/em
Si0o ,
dope
, dope PEO
) dopant -

H2SOs4  dope  SiOz/poly(vinyl difluoride)

(PVDF) (10%/15%) 0.21 S/cm
25
Staiti PWA silica PBI
30um
400 . 60 wt%
PWA/SiO; PBI 100 100%
0.3 S/cm , 90
150 , 100% 0.15 S/cm
%8 silicotungstic acid silica, PBI
/ , 50 wt%
, 160 , 100% 0.12
S/cm , HPO4 0.22 S/cm
27
poly
(benzylsulfonic acid) siloxane 8
25 1.6x 102 S/cm , 250
S—PSU phospho —

antimonic acid 2
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Nafion 117 )
80 PEFC Nafion 80%

Polyvinylidene fluoride (PVDF), sulfonated poly—
styrtene—co—divinylbenzene (PS—co—DVB) an—

timonic acid, *° sulfonated polystyrene
31

phosphato—antimonic acid Nafion
Tricoli ** Nafion caesium
Watanabe self—humidifying
Pt
PEFC cell 2 silica
Nafion 3% 145 DMFC

, CNR—-TAE-Institute
Transformation and Storage of Energy
DMFC , 140 0.1 S/cm

1,000
3 proton conductor, Zr(HPO4)2
in situ 3

35

c) Acid/Base Complex

complex
, complex
complexation
DuPont Nafion 1-butyl, 3—methyl

imidazolium trifluoromethane sulfonate
molten acid salt (BMITf) dope

180 0.1S/cm
%% savinell 11 M Phosphoric acid
Nafion 117 dope , 175 5x
1072 S/cm 87

(pKa 2.16) self—dissocia—
tion

. HsPOs 42

14 4 2003 8

basic site (ether, amine, imido )
homo—
geneous . PEO,*® PEI,3*
Nylon,*? PAAM,® P4VI* PVP,**PVI  “*® com—
plex , 311 K
10™° 107" ,
HaPO4

polyelectrolyte , poly(diallydime—
thylammonium—dihydrogenophospatic) PAMA+

H2PO4~ » HaPO4
PAMA+H PO, /H3PO4 150
100 1072 S/cm
n
N+/
\
H,PO,
3. HsPO,
H:PO,/ conductivity
i Ref.
SyStem repeat unit (S/cm) °
H:PO, infinity 0.28 (100 ) &
PEO 042 3x10°(50 ) 3
PAAM 2 8x 107 (40 ) 3
PBI 5 4x 107(190 ) 4
45/16 5x107(165 )013(160 ) | 49
5 19x 107 (175 ) 50
PAVI 15 3x10°(100 ) 51
Nylon 18 1x10°(70 ) n
PEI 05 3 10°(100 ) 39
2 1x10° 4
PAMA.HPO; 2 1x107(100 ) 52
—FCHZCHZO-)— —%0—1@4%— _QCHZCHZNHa_
T=O
NH,
PEO PAAM PEI
H
/
<1 JCC
N g N
|
PBI
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3 base polymer complex poly(thiophenylenesul —
fonic acid) (PTPSA), polyperfluorooctane
dope sulfonic acid , base PEO,® poly(alkyl —
complex ene carbonates), poly(propylenecarbonate) 59
1 sulfuric acid complex
PEL* Nylon,? P4v1,® PBI  **phosphoric acid
complex ,
1.8 phosphoric acid complex S—PEEK S—-PSU
PBI
compex , 270, 350 ,
[Nylon/HX, X=ClI, Br, 1,** PBI/HBr*"]. 70 PEFC Nafion 112
1995 PBI phosphoric acid 300 .
complex , PBI  pKa 55 15 ,8 DMFC
basic polymer T, 430 80
. PBI S—PPO poly(vinylidene fluoride) (PVDF)
107** s/cm , HaPO4 45 Nafion 112
Nafion cell , 200
. PBI/H3PO4 complex flexi—
electroosmotic drag coefficient O bility,
(Nafion 0.6 2) 25
DMFC . Cela— 5
nese 200 PBI/H3PO4
MEA
PBI  HzPO4 H2SO04 HBr incorporation
, 4.
35 7.5 H3PO4PBI
2° 130 2x 107 S/cm, 190
5x 107% S/cm S
PBI 4
d)
4. PBI
- e R
immersed 1M HPOs H(i([gs )) 05Pt 80 100 (0.70A2/im2) 150 .
5H3POdlrep.unit Meo(')"z Zﬁm;té)(r't') 045t 8 110 049 200
6.2 H5POy/rep.unit gi((nlohhu%) 0457t . (1.20A5/5cm2) = ®
e [T T e INEIE
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System —SOsH/ rep. unit Water Content Ty( ) Proton Conductivity at 150 ref

1:2 (PTPSA:PEO) 0.1 < 0.5% 5 1x 107 62

3:1 (PTPSA:PTMC) 1.5 2 14% 9 1.7x 107 59
3:1 (PTPSA:PPC) 1.3 > 1.4% 8 3.3x 107 59

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

. PEFC
5 mnm
Ra 0.1
10 mm (
)
63
) , cell
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