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Components of A Single Fuel Cell .-X9

Membrane

Proton conducting membrane
High mechanical properties

Low fuel permeability
Bipolar
plate Catalyst layer
Flow channel Catalyst
; Proton conductive bindin.
Conducting materiel g
Hydrophobic Several additives
properties Gas diffusion layer
Anode Cathode Hydrophobic treatment
Foul Col Rassarch Cantar
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Basic Requirements
for Fuel Cell Membranes

» High Proton Conductivity

» High Mechanical Properties

* Low Fuel Permeability

« High Dimensional Stability

« High Inertness

* Low Cost for Commercialization
Foul Coll Rasgarch Contar
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Problems of Sulfonated Polymers

« Sulfonated polymers can not be used at high
temperature (> 80 °C) and under low humidity
(< 50%).

« Membrane electrode assembly (MEA) using
sulfonated polymer show significant loss in a cell
performance due to CO poisoning of electrode
catalyst.

« Water management is always problem in gas
diffusion layer and bipolar plate for low temperature
(50 - 80 °C) operated fuel cell.

Fusi Coll Resaarch Cantar
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New Polymers for High Temperatur&™>
under Low Humidity

COCof 105

PBI, polybenzimidazole
poly[2,2'-(m-phenylene)-5,5"-bibenzimidazole] ABPBI (poly[2,5-benzimidazole])

» Operation condition: 120 — 200 °C, low humidity
+ High CO tolerance (up to 1%)
+ [or residential or automotive

Fual Coll Rassarcy Conter
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DMFC PEMFC
CH,OH + H,0 » CO, +6H" + 6o H, > 2H*+2¢"

3/20, + 6H* + 60" & 3H.Q 120, +# 2H* + 20" & HO

CH,OH + 320, 3 2H,0 + CO,(E = 1.18V) MEA H, +1/20, &> H,0(E=1.23V)

*MEA: Membrane and Electrode Assembly
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MEA®9) 4] Membrane

=4 % HES

Fuel Supplying Layer
Y

Fuel Diffusion Electrode
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Oxidation Catalyst Layer
Proton Conducting Membrane
Reduction Catalyst Layer

Air Diffusion Electrode ¢ P LTI At e L ]

Air Supplying Layer
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High Proton Conductivity

-Chemical and Mechanical Stability

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

‘Low Methanol Cross-over (DMFC)

“Thermal Stability for High Temperature Membrane (PEMFC)

*Low Cost

High proton conductivity +

» Chemical stability and water retention above 1000C
for high temperature PEMFC
+ Low methanol! and water cross-over for DMFC




Requirements for High Temperait
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Property

Electrode™ Methods

Coaductiviry at 253%RH

(see Figure 1)

H:-Permeability

0;-Permeability

Solubility in H;O

Swelling tn H,O

Chemical Stabiliry

Mechanical Stability

»0.1 Sfem at 120°C 0.1 S/cm at 120°C 2- o 4-poim
>0.03S/amat25°C  »0.03$/cmat25°C  methods (e.g., (7))

below solid black line above dashed black via GC methods

line in Figure 3 (e.g-(12)

below solid black line above dashed black wia GC methods

line in Figure 4 (e.g. (12)

<1% at 150°C for 24k <1%at 150°C for 248 Awtoclave in H:O

<100% H;O uptake i <200% Hi0 uprake in  weight-gam wmeas.

boiling water (e.g.(23)
stable in preseuce of stable in presence of test with Fenton's
peroxyl species reagent (e.g., (20)
less cnitical specifications and
requrements ot
yet determined

~ Fnote that the icnomer in the membrane my be different from the ionomer used in the electrodes.
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. Water Swelling

. Methanol or Hydrogen Crossover

. Proton conductivity

. Thermal Stability above 100°C
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h

. Chemical Stahility in an Aggressive Chemical
Envirenment {free radicals)

6. Ease of Fabrication into Thin Membranes
7. Adhesion of the Membrane to the Electrodes
8. Power Genperation in a Laboratory Fuel Cell

9. Cast




Proton conductors as a function:
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«-Proton conducting material at a temperature < 100°C

Proton conducting materlal 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 temperatur:
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Proton coaductivity (o )} and activation energy (£,) for some rop ials at room

Praton conduaor ¢ Scm™ ) E, (V) Reference
Threedimensional smcure

H,5b,0,, - 3H,0 2% 107! 0.42 1<}
HSbO; - 2H,0 ax 1o~} 0.20 9
Tin-mordenite 10~ % 3]
Laoyered structure

BN H 10N 40 Al o 11MB O axpo I x 107 0.27-0.31 171
H,1i,04 - 1.2H,0 1074 1s)
HUO, A¥O, - 41,0 sx0t 0.27 {9.10}
HUO,PO, 41,0 sx10m? 0.38 l1001]
H,Sh,P0,, 10H,0 4>107? 8.33 u2
HShP.0, - 10H,0 10772 [Th))
a-ZH(HPOY ), - aH 00 104 0.3 0y
-ZIPOyXH ;PO, ) - 2H,07 Ix 0= 0.24 [14]
a-Zr sulfophenylphosphonate 16X 10" 9.20 [{}]
¥-2Zr sulfophenylphosphonate %103 0.2t 116]
Hiwilrared axides

SN0, < 2H,0 ax 1074 0.20 {18}
8b,0, - 541 ,0 25 x10? 0.16 ]
Hereropolyacids

HSiW, 0, - 28H,0 2x 1073 (2] [20.21)
H,PW|;0, - 91,0 ¥x107? 0.15-0.25 {2021}
Suitfonared pohmers®

s-pRI¢ 1xto~? - 122
S-PEEK-1.6" Ixi0™? - [23]
NAFION * sxi07? 0.22 124)
Inpreguated membeanes

polyacrylamide - 2.9H PO, L1x10-2 129]

:In pellicubar form. very suitabk as thin xeparator for gas sensors.

1n membwane form.

‘S-PBIL: sulfonated polybenzimidazole.

4S-PEEK-1.6: sulfonated polyether ether ketone with ion exchange copacity of 1.6 mEq/g.
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Structure of Proton conductor:

Nafion 07, —0F JCP—CF )~
(0—CF,—CF)-0—CF,—CF,—5091
F3
Polysuifona \.O_f’ w--{}jﬂ o
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i !
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Polybezimidazole < m >—©_
Ny
,
% .
L
PolyEtherEtherKetone —-o—<\__%—o \ 7
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«Nafion or Nafion-like membrane
*Non-fluorinated polymers

*Nano Composite Membrane : well
dispersed hydrophilic nano-particles in
the polymer influence on the size of
fonic clusters and their hydrophilic
interconnections.

* Nano particle : silica, titania,
etheropolyacids, antimonic acid,
layered zirconium phosphate, etc.
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Limitation of Hydrated Proton ¢
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Fig. 7. Typical polarization curves at 70°C and 120°C for a PEM
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Proton conductors at a tempera Leading the Next &9

Table 2
Conductivity (r) of representative proton oond in the range 100-190°C
Proton vonducor T () % rh. o @San™h Reference
a-ZrHPO,), - H,0 100 97 15107 [28)
SiO, - 0.33a-ZsP 100 97 axlo? {28]
a-ZIHPO,), - pyrazle 120 0 Laxio~* (291
¥-ZAPO XH ;PO,) - 2H ;0 100 95 3x107} [30)
a-2Zr sulfophenylphosphonate 100 60 1x107° 31)
180 ] 1x10-* [31}
¥-Zr sulfophenytphosphonate 100 95 sx10°r . [32)
150 80 13X 102 133
Nafica ® 100 100 1610~} [34]
150 7% sx107° [33)
S-PEEK-248" 150 7% Ixio7? [34]
S-PEEK-16° 100 100 sxi07? [23]
150 7 axiet [23)
PAMA™* H.PO; 21 PO} 100 0 1x10°? {35
PBI.YH,PO] 190 1 4x107? [36]
CsHSO, 150 0 sxio? {271

*S-PEEK-2.48: sulforated 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 vidimethylammonium.

*pBI: polybenzimidazole.
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Relative Humidity vs. Conductivit 7 Leading the Next &3
a(5em )] o (Scm™y
T =100°C -
le()"? L 1x10”
R .
NAFION 117 o7 e NAFION 117
. e v g
1510° o s 1x10%4- -
o reek 2.8
. o 2] _seEex 24
IXI07 wzepser). & v 1xi0 L
s s e £
T™or
" x10* ; y T - y—
T 0 4 SO 6 70 50 9% 100
3 40 S0 60 70 80 90 (00 110 %rh
% th. Fig. 2. Conductivity at 140°C as a function of relative Tumidity

for Nafion 117 andt 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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Comparison of Relative Humid Leading the Next &

o (Sem”)
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Fig. 11. Conductivity of Nafien {17 in the temperattve range Fig. 12. Conductivity for the indicated materials in the tempera-
80-160°C at the indicated relative humidity. ture range B0-160"C at 758% r.h.

*SPEEK may be a solution for high temperature operating fuel cell due to high
lon 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.
1 B P nnsuncd

Proton conductors at a tempe| | Leading tne Next g

*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 phosphate, o -Zr(HPO4)2 : P-OH
condensation @ 300°C

Plans of ircanium stoms

-
~i- P S a—
‘l’ l \L/
5 ! g 3 L s 3 L
AN I l/x\
€ @— —
18} 1} {e)

Fig. 4. Distince between the oxygen oms of the acid P-OH groups belonging to adjacent Liyers for (a) monohydrated «-Z1P. (b)

anhydrous o-ZrP below 220°C. (¢} anhydrows «-ZrP above 220°C.
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Proton conductors at a temperat

+350°C 01&t2 R 0llA = acid group0l 28 3| SEE0 012 E a8,
S8 N3t B acid group2te| HelDl #2381 ROX A0J0F ShXI2F 08
&2 proton jump® FI8t B8 QL XD B13HA HOl 8= MR

SOHX &Lt
+BaPr03, BaCeO3 : 0.01 S/cm @ 600°C
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UTC Program for High Temperatu

Objectives (high-temp membrane)

. Opiimize candidate membranes for operation
at 120°C, 50% RH

» Characterize membranes for suitability in
high-temperature fuel cell

- ex-situ testing
» conductivity at various humidity
» water uptake
» tensile strength
- in-cell tests:
» performance at 120°C and 50% RH, 1.5 kPa
» 100 hours stability tests
» fuel crossover
+ elamenal analysis of the exhaust water
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Technical Barriers and Targets

* DOE Technical Barriers for Fuel Cell Components
- P. Durability
- Q. Electrode Performance
- R. Thermal and Water Management

+ DOE Technical Target for Fuel Cell Stack System
for 2010

- Durability 5000h

- CO tolerance (2% air bleed) 500ppm ss /1000 ppm transient
- Power density* 650 WAL excluding H2 storage
- Electrode performance 0.2 g PtkW

* operate In thermal and water balance
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Conductivity va. RH % @ 120 C
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Mr. Leonand Hygroscopic  solid  ton

Bonville conductor {eg. zirconium
phosphate sic ) fileg
Nafion*)
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Macdonald aromatlc PPB® and aliphatic
PVA  Covalen! sutforve acid
bonded PEEK, PBl and
PPBP
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Bocarsly Pot
system
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1996

~1095

1997

1998
Year

19

1999 2000 2001

v LI




Leading the Next a

Du Pont 10 (9%)

Dow 9(8%)

Hoechst 4(3%)

i Aventis 4(3%)
_—Ballard 6(5%)

Tanaka Kikinzoku Kogyo 4(3%)

i

JIEF 70 (60%) \ ™~ case western 3(2%)
Sybron 3(2%)

Dais 3(2%)
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*High Temperature PEMFCE Membrane2 118, SIt& AAE HER
* %| &t heat resistant (D& X, =&, cross-linked)0| 2, XtH J1& ¥ (self-
humidification, lonic liquid) Membrane Ji & 0| ¥ 23tCt.

*DMFCE Membrane2 UlEl& 1t RS crossover® S4316t1, I8
23| f 8 2 (hydrocarbon polymer) Membrane J{ 0| <= 0iCt.
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MembraneS A8t HBXX

Portable Devices
(Note PC, Cellular Phons, PDA)

LN 00w

REDT 2%
Tk WS «DR «HE8am

Stationary Power
(On-site Power Supply)
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Fuel Cell Vehicle
(ZEV or LEV)
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