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» Fuel Cell: 29} At4 7} w53l A7), &, & A4
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DMFC PEMFC
H, P 2H ¢ 20"

CH,OH+H,0 & CO, + 6H* + 6¢"

3120, + 6H* + 80° 3 3H,0 1120, + 2H* + 20" 3 H0

CH,OH + 3/120, - 2H,0 + CO, (E = 1.18V) MEA H, +1/20, 3 H,0 (E=1.23V)

*MEA: Memb d Electrode Assembl
embrane and Electrode Assembly 3 MBI w
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Fuel Supplying Layer

TR

Fuel Diffusion Electrode

Oxidation Catalyst Layer
Proton Conducting Membrane

[:] Reduction Catalyst Layer

Alr Diffusion Electrode

Air Supplying Layer
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Membrane® HQ%#H

-High Proton Conductivity

-Chemical and Mechanical Stability

*Low Gas (PEMFC) and Water (DMFC) Permeability

‘Low Methanol Cross-over (DMFC)

*Thermal Stabliity for High Temperature Membrane (PEMFC)

Low Cost

IIRF

High proton conductivity +
+ Chemical stabllity and water retention above 1000C

for high temperature PEMFC
« Low methanol and water cross-over for DMFC
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Property Membrane Electrode®” Methods
Coudt{ctiv;ty at 25%RH >0.1 S/em at 120°C >0.1S/cm at 120°C 2- or 4-point
(see Figure 1) >0.03 S/cmat 25°C  >0.03 S/iemat25°C  methods (e.g. (7))
H:-Permeability below solid black hne above dashed black wvia GC methods
in Figure 3 line in Figure 3 (eg..(12)
Os-Permeability below solid black line above dashed black wia GC methods
in Figure 4 line in Figure 4 (e.g..(12)
Solubility in H:O <1% at 150°C for 24h  <1%at 150°C for 24h  Autoclave in H:0
Swelling in H;0 +100% H;O uptake in  <200% H0 uptake in  weight-gan meas.
boiling water boiling water (e.g.. 23)
Chemical Stabiliry stable in presence of stable in presence of test with Fenton's
peroxy] species peroxyl species reagent (e.g., (20))
Mechanical Stability enitical less enitical specifications and
requizements 0ot
yet determined
—_’“Tmmaxmeimminmemmmmmybe&ﬂ‘uemmme' used in the el des.
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1. Water Swelling 5. Chemical Stability in an Aggressive Chemical
Environment (free radicals)
2. Methanol or Hydrogen Crossover
6. Ease of Fabrication into Thin Membranes
3. Proton conductivity
7. Adhesion of the Membrane to the Electrades
4. Thermal Stability above 100°C
8. Power Generation in a Laboratory Fuel Cell

9. Cost

7 ysswe I

— 44 —




Proton conductors as a functioy Leading the Next &g

»-Proton conducting material at a temperature < 100°C
*Proton conducting material at a temperature 100~200°C
*Proton conducting material at a temperature 200~350°C
*Proton conducting material at a temperature >350°C
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Proton conductors at a tempera Leading toe Next &

Proton conductivity (¢ ) and adtivation energy (£,) for mame i rials at room p

Proton condudtor o Sem™ ') E, (eV) Reference
Threo-dimensional Snichire

H,5b,0, - 3H,0 2x 107} 0.42 14]
HShO, - 24,0 3%t 0.20 151
Tin-mordenite 10°% (3]
Luyered strucmre

BNH (1 0), 00 Al 3 M4 1 O I3x107 =1k 107" 0.27-0.31 17
H,Ti 0, - 1.24,0 - ]
HUO, ASO; - 4H,0 sxip} 0.27 t9.10]
HUQ, PO, - 41,0 sxto-? 0.38 [1o11]
H,Sh,P,0,, 10H 0 axio~t 0.33 iz
HSbP,0, - 10H,0 1072 1121
a-Zr(HPO,); - nH, O -t 0.3 s
¥-ZAPO XN ;PO ) 2H,0° 3% 10-4 0.24 114)
a-Zr sul fophenylphosphonate 16X 102 020 sl
¥-Zr sulfophenylphosphonate t1x10-? (%1} 116}
Hwibrated avides

SN, - 2H,0 ax et 0.20 nsj
$h,0, - $411,0 75 x ot 0.16 9]
Heterapalyacids

H,SiW, .0, 28H 0 2% 1072 0.4 {20.21]
H;PW(,0,, - 9H,0 ¥x10™* 0.15-0.25 {2020
Sulfonated pohmices®

S-PRI* 1x10=* - (22§
S-PEEK-16" axio~? - [23)
NAFION® sx 107} 0.22 124
Impregraicd membranes

polyacrylamide - 2.4H , PO, Lix1o-? 129

“In pellicular form. very suitable as thin separator for gas sensors.

"in membrane form.

*S-PBL sulfonated polybenzimidazole.

IS-PEEK-1.6: sulfonated polycther ether ketone with ion exchange eapacity of 1.6 mEQ/g.
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Structure of Proton conductors at “catiing the Next @

Nafion -(-cr,—cr,)_(cr—cs,),-
(0—CF,—CF)-0—CFy—CF,—8OH

s

+Nafion or Nafion-like membrane

! o, °
Potysullone [”O“‘L:CCO“& ”O“’l *Non-fluorinated polymers

*Nano Composite Membrane : well
dispersed hydrophilic nano-particles in
_ . the polymer influence on the size of
N ) lonic clusters and their hydrophilic
Polybezimidazole *W}—@— interconnections.
f * Nano particle : silica, titania,
EE, etheropolyacids, antimonic acid,
L layered zirconium phosphate, etc.

i L =
PolyEtherEtherKetone —o—4 A\ 1
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Limitation of Hydrated Proton cone . Leading the Next @
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Fig. 7. Typical polarization curves at 70°C and 120°C for a PEM
fuel cell using Nafion 117,
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Proton conductors at a temper: Leading the Next &5

Table 2
Couductivity (¢ ) of representative proton cond in the range 100-159°C
Proton conductor T(C) % trh, o Sen™h) Reference
a-ZHPO,), - H,0 100 97 LS x 10~ 128}
Si0, - 0.33a-ZrP 100 97 3xlom? [28]
a-Zr{HPO, ), - pyramle 120 [} Lax107* 129]
¥-2KPOXH ,PO,) - 2H ;O 100 95 1x10-? [30]
-2r sul fophenylphosphonate 100 50 txla7? 131}
180 0 1x10-* [31]
v-Zr sulfophenyl phosphonate 100 98 §X 1072 [32]
150 80 LIX10-2 1331
Nafion * 100 100 1.6%10-! [34]
150 15 s$x 1072 139
$-PEEK-248" 150 75 ixlo? [34]
S-PEEK-1.6" 100 160 $x 107! {231
150 75 ax 10! [23)
PAMA* H. POy 2H ,PO} 100 [} 1x107% [3s]
PBLYH, PO} 190 1t 4x 1072 [36]
CsHSO, 150 0 sxi10-? [27}

S-PEEK-2.48: sulfonated polyether ether ketone with ion exchange capacity of 2.48 mEq/g.
*S-PEEK-1.6; sulfonated polyether ether ketone with ion exchange capacity of 1.6 mEq/g.
“PAMA: polydiall yldinwthylammonium.

“pBI: polybenzimidazole,
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Relative Humidity vs. Conductiv{§ Leading the Next &

o (Sem ) o (Som”]
- o T+ 140°C
, T = 100°C .0 1
1510 I 1210
1 o )
LT ’.
NAFION 117 o~ ey ®
s - L v 3]
15107 o 7 R 121074
* véﬁ'lx 248
- s 3 B LAY e
110 pmsery o o 12107 4
" v SPP piae <‘(
‘rm
. 110 Ay T y - 1 y
1x10 30 4 0 6 7 E % 10
30 40 50 60 70 80 90 100 O %rh
*rh Fig. 3. Conductivity at 140°C as a function of relative humidity

for Nafion 117 amd S-PEEK 2.48.

*Acidity influences the ionic conductivity under low relative humidity
*Hammett acidity function : Nafion = -12, ZrSPP = -5, SPEEK = -3
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SPEEK 148

ek, 1s10? .
/.@/
[
120 IR

NAFION 117 s
1x10° X
10° v T T T il
80 100 120 140 160 Y 100
70 0

Fig. 11. Conductivity of Nafion 117 in the temperature range Fig. 12. Conductivity for the indicated materials in the tempera-

80~160°C at the indicated relative humidity. ture range 80-160°C at 75% r.h.
*SPEEK may be a solution for high temperature operating fuel cell due to high
ion conductivity at 160°C

«Zirconium sulfophenyl phosphate
*Nafion/Hydrophilic compound: SiO2/Nafion
*Hybrid membranes are highly promising candidates for the future development

of high temperature PEMFC.
14 R e P Aws uncd
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*Thermal degradation of the ionomers containing ~SOH3 is due to the
decomposition of the sulfonic groups.

* Replacement of ~SO3H groups with thermally more stable acid groups
[Phosphonic acid groups], y-ZrPO4[02P(OH) ~C6H4-PO—(OH)2]nH20

« Condensation reaction of acid group are facilitated at temperatures higher than
190°C. a-zirconium bismonohydrogen phosphats, a -Zr(HP04)2 : P-OH
condensation @ 300°C

Piane of zirconium astoms

- O :

\i’/ \;/ l ~l
I N e
PN 1N I/;'\

1y (L]} is)

Fig. 4. Distance between the oxygen atoms of the acid P-OH groups belonging to adjacent Liyers for: (a) monchydrated o-ZrP, (b)

anhydrous a-ZrP below 224°C, () anhydrous «-ZrP above 220°C.
15 7S P s un od




Proton conductors at a tempera Leading tne Next &9

+350°C 0142 2 0iAE acid group0l 283 S=C0 VIRFTHES A8,
+22F TSI S acid groupatS] HelJt £88| RO H L0j0k 31X 1™
2 proton jumpit R BAS UKD BHSHH =0 WS =0t IR
SOFNA I

+BaPr03, BaCe03 : 0.01 S/cm @ 600°C
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UTC Program for High Temperatiie : Leading the Next &9

Objectives (high-temp membrane)  Technical Barriers and Targets

« Optimize candidate membranes for operation ¢ DOE Technical Barriers for Fuel Cell Components

at 120°C, 50% RH ~ P. Durability
« Characterize membranes for suitability in - g' $Le°"°‘:e P:’x"t"a"‘wce .

high-temperature fuel ceil — R Thermal and Vater Managemen

- ex-situ testin .
» cond%c(wity at vanous humidity « DOE Technical Target for Fuel Cell Stack System
» water upteke for 2010

. . .lenstle strenglh — Durability 5000h

= in-cell tests: ! ~ CO tolerance (2% air bleed) 500ppm ss /1000 ppm transient
. ?ggo;nance st 120°C and 50% RH, 1.5 kPa - Power density* 650 WIL excluding H2 storage
» urs stability tests
» fusl crossover ~ Electrode performance 0.2 g PrkW

» eiemental analysis of the exhaust waler
* operate in thermal and water balance
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UTC Program for High Temperature
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Conductivity vs. RH % & 120 C

Principal Approach
investigator :
' Hygroscopk  soid  ion
Bonville conductor {e.9., zirconium
phosphate stc ) fiiled
e (e
Prof. Dighy Suifones and sulfoxides of
Macdonaid aromatic PPB> and aliphatic
PVA_ Covalen! sutfonic acid
bonded PEEK, PBI and
. PPBP
Prot. Andrsw Layesed sulfonated
Bocarsly ©F
system
Or Susanna Suffonated PEEX-PBI-PAN
venwura
Prot. James Sulfonated Poty(arylene
McGrath ather sulione)

Contuctivay, mSm
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1997

1998
Year
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1999 2000 2001
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JIEL 70 (60%)
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Du Pont 10 (9%)
Dow 9(8%)

Hoechst 4(3%)

S Aventis 4(3%)

—— Ballard 6(5%)

/ Tanaka Kikinzoku Kogyo 4(3%)

\ ™~ case western 3(2%)
Sybron 3(2%)

Dais 3(2%)
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*High Temperature PEMFCE Membrane® 12, RIS A|IAE HNES
F Bt heat resistant (12X}, 28, cross-linked)0i 1, XAl I} &8 (self-
humidification, lonic liquid) Membrane Jj&0| & Q35}C}.

*DMFC& Membrane2 HE S £ crossoverg 243611, JIHE
S=J| /48t I 2 (hydrocarbon polymer) Membrane JE 20! B 4= 0|C}.
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Portable Devices
(Note PC, Cellular Phone, PDA)

Fuel Celf Vehicle
(ZEV or LEV)

Stationary Power
(On-site Power Supply)
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