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The application ot the pnl\'mcr clectrolyte fuel cell (PEEFC) as o primnary power soarce in electric
vehicles has received inercasing atention during the Last few years, This increased attenton is the
result of a combination of slgmlu.ml technical advances in this fuel cell technology and the
initizion of some projects for the demonstration of a complete, PEFC-based power system in a bus
or in ¢ passenger car. Such demonstration projects reflect an increase in industry's faith in the
potental of this technology for transportation applications, or, at least, in the need for a detailed
cvaluation of this potential. Nevertheless, large scale transponauoen applicavons of PLEEFFCS require
acontinued concented effort of rescarch on catalysis, materials and components, combined with the
engineering etforts addressing the complere power svstem. This 1s sequited to achieve a cost
citective, highly performing PEFC stack and power system,

A related set of technical and cost challenges arises i the comext ot potenual applications of
PEFCS tor stationary power applications, although there e clearly some differences in thein
nature, particnlarly to do with the ditferent types ot fuels to be cmployed for cach of these
applications. We describe in this contribution some recent resulis of work performed by the Core
Research PEFC Program at Los Alamos National Labotatory, which has addressed m.ucn.ll.\,
companents and single cell westing of PEFCS, Also included are some recent observations and
some nsiphts regarding the potential of this fuel cell echnolopy for stanonary power soneration,

The prerequisite for Larpe scale applicaions of polymer clectiolvie fuel cetls (PEFCW can be bretly
summarized as a combination of high pertormance, gh reliabibity and low cost i tepestrial
tansportation, the souree of hydiogen fuel for the PEFC can be, o principle, a carbonaceous tuel
like methanol, which has to be steam retormed to poxduce the hvdrogen teed. or hyaropen stored
in pressurized o hydeide torm. In the methanol tueled vebele, which has the guporian
advintages of stmple refuecling and o farper vebicle tanpes the PEFC aperates on micthanol
teformate and air. This calls for eHective answers for two mmpornt tequitements The first s
hiph petormance ol ane cathodes, preterably operatmy at ambient an pressore or shiphdy
precearezed an, and the second 1y stable anode operanon with vanable Tow levels of CO e the
anode teed e At point, these two regrarements have o beanravcered sorh Pecatal v,
An cttective teplacement catalvat hive not beenadennbied e ver, and thies vonot oo aapreany
consadcnng the los emperaree of the celb (ovprcalby SO°CH and the acoidie cpenhiore slome acuh
clectolvie Howeser, at thee pnlnl the Pt elecmocatal st does not seem any mose anagon s ost o
pertornnance barpor on the PEEC A chown mour tecent wone apieme e de e ol she vt
fasverand ot o borabie to b mcraheane achieves g veny sarmitioantenban e nt ol taoettes e
cataboie e teviy Pronnna e e Ioadbee G T and acemhicant Tosveerns ot o i s e baneere
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are tabrcated by a prove s of good potential for eftective seale-up (1-3). As o the significans
probiem of CO peisotan s at the anode Preatalyst, we have demonstrated thar it can be effectively
wived by the bleeding of low levels of air into the tuel Teed stream (4-65. We report further in this
preseatation onavpedis of anode catalyst poisoning in PEFCs which are of central importance for
stittonary power gencracon by PEFCs.

ol Teat of Membroedilecinode Asserlies wigh Ll Fow PrlLopdings

We report here on recent westing of activity and long term pedormance stability of PEFCy with
ultra-low Prloadings. Our catalyzed membranes have been prepared by bonding compaosite thin
films of 73% 207 PYCT 257 recast Nadion® (o the ionomeric membrane(1,2). We have emploved
most recently the thermoplastue, tetrabutvlammonium (TBA) form of the ionomer for the
preparation of the catalyst layer. The lowdings employed in such PEFCs have been (112
mgPyemfelectrode Figure 1 gives an example of the performances obtained from PEFCs based
on such catalyzed membranes, when operated as /05 or as Ha/air cells, with external
humiaification of the iniet gas streams. The figure shows that the high frequency resistance of the
cell is as low as 0.08 ohm em-=, and does not increase signiticantly with cell current up 0 3A/cm?.
The latter result means that the previously worrisome problem of water management in the PEEC iy
not oo severe, particularly atter thinner membranes of somewhat lower equivalent weight have
become available. Figure b clearly demonstrates that the air cathode is an imponant source of
performance limitation in the case of the Ho/air PEFC.

An important test o the viability of such PEFCs with ulira low Pt loadings, is their long-term
performance stability. Life tests performed recently in our laboratory have demonstrated stable
performance in tests lasting as many as 4000 hours. Results for one such cell are given in figure 2.
It is clear from this figure that the high-frequency resistance of the cell has changed only slighily
duning cell life. This sugpests good stability of the 1onomeric membrane and no significant long -
term clfects of contaminants on it's protonic conductivity. A very gradual slight loss of current (
10-209%), seen in most cases during, the first 1000 hours of cell operation, wis at first suspected 1o
b caused by catalyst agglomeration. We have conseguently measured Pr catalyst npening in
PEFCS which operated continuously for 25060 hours at a cell voltage ot 0.5V, on pressurized
hydrogen and air Resalts are gaiven in figure 3 for the cathode catalyst . The results show that slow
catalyst nipening does take place in these PEFCs. The typical degree of ripening can be
summarized as a decrease of Pusurface arca from an nitial value of 100 m?*/gr 1o 70 m2/gr after

1000 hours and o 30 m?/gr after 2500 hours. Such a surlace area loss supgpests that the cathode
catalytic activity should decline by about 60% between the beginning and the end of the life test
However, inmost cises, long-term current losses observed at (1L.9V between beginning and end of
the life testare neplipable. A likely explanition is that the Toss of Ptsurface arca is compensated by
a higher specific acuvity per unit surface area of the Larper catalyst particles. We conclude that the
Pt catalvst ripening phenomenon does nor contnbate sipmiticantly to the long term performance
losses observed mom PEECS.

A tests ot cells wath thin Gl catalyst Liyers continued, we have discovered thata Lipe pancol the
cell pedormance foss, recorded dunny the tast 1000 hours of cell Tite . coald, ey, onpanate
trom ncreased losses at the cell anode, caused by stow anode catalvst deactivition. We will
desenbe i detnd how thes conclustion was reached A this pomt, we has e demonstiated 2000
AO000 honrs opernon Gt constant valtagpe of O 9V) Lo several PETOS Dased on dan hilim
catadvar ot ulug low Poloadimes Inoall cases a catrent loss of only 1O was measured from
onset ob the hte et We can thus conclude that the lony womomtepney of the thin blin caralysis e
very pood, and further thar g ke component of alow coua hiph pedtoranceichabile PVEC
I(‘l'hllt\ln!'\ has been b hied
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We deseribe here onlvasegrient of oer recent meadeling work which highlights two impenant
sources of PEFC losses: the "aurogzen blanke™ i the hacking layver of the cathode, and the limited
1onic conductivity and/or pas permeability within the catalvst laver. Mathemaucal treatments of
these two aspects were deseribed inprevious contnibutions (7). All ol the experimental polarization
curves shown here, and Litted w our madell are iR-corrected. The high frequency resistance of the
PEFC and s varnaion with exterral wates iy and s cell current have been modeled by oy
before 1 Figure 4 demonstrates the gunachis of 2hie it obtained 10 our comprehensive PEFFC
cathode muodel, whick considers Tosses cansed v i ited electrocatalytic activiy and by transpon
limitatons within the caialyst laver and hicring Lover, The figure demonstrates a simultineons it o
four, iR-corrected polarization curves, obtined with a range of cathode inlet compositons and
total pressures. The use of diluted oxypen gas waxtures for diagnostics has been sugpested by
Cutlip, Stonehan and coworkers (9), and trned cat o be a very eftective diagnostic for the PEFC.
The experimental results highlight the etfect of transport limitations in the backing of the air
cathode. At very sinmilar O2 partial pressures (two lowest plots in figure 4 ), the current limitation is
seen o become more severe with increased N partial pressure. This points immediately to the
significant effect of oxygen transport in the gas phase, rather than in any condensed domain of the
system. Such a family of polarization curves has enabled quantative evaluation of the key
parameter of the cathode backing. 1.c., the effective porosity and its possible dependence on cell
current ( through the generation of hquid water). The computer-fitted curves in figure 4 have
shown an effective porosity for the backing which drops linearly with current density from 0.22 at
J=0 w0 O 14 at J= 1.5 Aem? The effect of the ionic resisuvity within the catalvst layer can be seen
from the low "oxypeen advantage™ around a cathode potential of 0.8V, which can be explained only
by such an ionic resistance effectin the laver contning the catalvst (7). According to the model fir,
the effective ionie conductivity in the compaosite, PYC//recastionomer layer, is as low as 0075/cm
( compared with _15/cm for the neat recast ionomer).

(1) The Potgntial of Sationiny Power Generation by PELCs

Stable PEFC anode operation oo a feed sueam of, e g, natural gas reformate, is a challenpe that
has 1o be met in order to enable atilization of PEFCS for stationary power gencration, This
challenge is considered more seriovs in the case of the PEFC because of the low temperature of
operation ¢ R0YC), To the best of our knowledge, no demonstration of a system consisting of a
natural gas retormer and a PEFC stick bas been reported as yet. However, some of the problems
associted with the operation of PEFCs on realistie fuel feed streams have been addressed recently
in the context of operation of PEFCs on methano! reformate. In the Lauer case, it has been
demonsirated that a sipnificant lowering, of the level of CO, from 1% at the refonner ¢ atlet down 1o
about 10 ppm, can be achieved inaselectuive oxidation stape based on a PUAlumina catalyst (10).
We have shown that the sensinvity of the PEEFC o sueh residual levels ot €O (10 ppm) is still
very sipnticant. We have demonsirated, however, the ability o remediate etfects of residual CO in
the fuel teed sticam by bleeding of small levels ot Oy, er e, into the anode compartment of the
fuel cell (4 6) This approach s demonstrated in tipures 5 and 6. There hive been some recent
indications an the suceess of nplemenuny this approach i PEEC stacks, We have tested the
oxypen vleedmy approach tecently for proloayed penods of ame as part of our single cell esting,
activity and foued no problemy assovnted wathoins extended apphication. One can thus conclude that
stable cnode performance e PEFCY e onated ononanoral pas reionmate can probably be achieved
with coombioation ot (oa CO evel ionted 1o 10 m the sefommer outlet siream, (i) a0 selecnve
oxadanon supe upipeenthe tebeell o lawer the CO down o the T TOppan fevel,and G i s
oxveen bleedinge mreoahe anede comparnent o emove ctfeos of ressdoal COOFothe extent tha
levely ot CO hipher than Vo ae penerated m natural pas reformmmy, aowater shite staye tollowing:
the retonmner and oparanne at s lower temperatire shonld solve thes rohlem, and enable
i aton ot osadaove neatment pegquied doeswon strcam The overatl Toweod fouel cauned by



oxidative reatments of this v shos'd noe el vron A0 e Cur Leve b sen e
outlet stream s lowered 1o 147,

A funher very important point in this contextarimes trom the ditferent condisions of operation of
PEFC stack and a selective oxidizer in the power generation v the transportation mede. for
example, a large part of the effort devoted o the in situ exidatve removal of CO (4-0) had o do
with the higher power requirements trem the PENCn vansporation apphcations, In the case ot
sationany power generition, where energy conve: soneilicsaey is of highe s concern and the !t
would operate at a constant working point o answhal ower power, sone of the profdenes
caused by residual CO within the anode can be cmnaliv solved by appropriate snode citaly s of
suflicient CO electro onidative actuviny, eog, 1 E7Co Our recent work wide a Pe-Ry, O, FERC
anade catalyst, prepared and bonded w the menshre e e same way employed tor PUC cataly i
(1,2), gives reason for some optimism, [he beaetiz of stationary operation of the selective oaidizer
could be even more dramttic because the tundamental requirenent of accurate wempenture conli ol
in this stage can be implemented muen more easily under such simpler operation conditions.

The obvious remiaining question is what are the advantages 1o be gained by solving the problem o
stable anode performuance i a PEEC stack operating on natural gas reformate, The answer is that
the PEFC may have some rather attractive Teinures Tor shis application, particularly when compared
with alternative fuel cell technologies for stationary power generation. The PEFC is a low
temperatere system ~mploying very benign materials, and a pseudo sohd state structure, Compired
with other low-temperature fuel cells ithas the advantages of employing distilled water rather than
corrusive clectrolytes, and to have a structure thai easily enables pressurization, including
differential pressunization. Pressurization, up to an optimized level dictated by overall eneigy
cfficiency considerations, can bring abont significant enbancement of i cithode efficiency. Also,
the power density obrined at an optimized working point for stationary power generation ( abwout
0.7V) would be 2-3 times higher than that of the phosphoric acid tuel cell, and thus the foot print
of a PEFC zrack will be significantly smaller. Compared with high wemperature cells such as
MCEC or SOUC, the major advantages are assoviated with the much less severe materials
problems, and much casier aceess and maintenance associated with the lower wemperature of the
PEFC stack. Also, much casier start-up/shut down will e possible, enabling surge power
applicitions without the neeed to keep the stack continuonsly at a high tenperature o be ready for
nse.

The conclusion scems o be that conndenation ot PEEC stacks for power peneration is very
worthwhile, and, once stable anade performinee has been demonstrated in conjunction with a
natural gas reformer, as seems feasible from the discussion above, the advantages of the high
power density, reliable, pressutizable, and casily minntanable tuel cell stack associated with
minimuzed materials sability problems, will cleady enweree,

Refcieneey

1) M S Wilson and S, Gottesteld, 7 Appd Hleenochem (22,1 7T (1990,

M AMOS Wikion and S Gontesteld, F Plecrochem Soc TR T 28 80 (99

4 CoDevnn, U Spoanver b Unibe ] Valeno, MO Walson, T S awadd aineda
Al S GiotesSeldd, ook of Al tood she “Tadd Cell Senn g 100
Toesom, Nirzopa, Neen e

.') 4 (...”._-l‘h.l.ill Y l..||"i--.“ '.”:||",-,, ll.“‘h ll)."”

") S oGuogie teldbaradb bobaroe 1 v cnees on PAS G an Y 9RY,)



0)

Ia

R

9)

{})]

. Tobias, M. T. Patfeu, P. AL Pappin, J. Valerio and §. Gowtesteld, in Direct
Methanol/Air Fuel Cells, Proveedings Volume 92-14, The Flectrochemical
Society, pp.37-50

TE. Springer and S. Gottesteld, Proceedings of the
Symposium on Madeling of Battenies and Fuel Cells,
(Proceadings Volume 91-10), The VClectrochemical Saciety .
pp. 197-208 (1991).

T.E.Spnnger, TO AL Zawwdzined 1 and S, Gouesteld, J Electrochem. Soc.,
138, 2334 2342, (1991,

S. Yang, M. Cutlip, and P. Stoncharnt, Electrochim. Acta 35, 869 (1990).

N.E. Vanderborgh and J. Gueante, R.E. Dean and R. D. Sutton, Book of Abstracts
of the "Fuel Cell Seminar 1988, Long Beach, California, Oct. 1988.



-T
—1

1.0

0.4 ! Hydrogen/Oxygen = 3/5 atm

CELL VOLTAGE (V):
CELL IMPEDANCE (2 cm?)

0.2 - Cell impcdance

0 L 1 ! 1 | 1

Membrane Loss

Correcled

—

|
-

0 0.5 1.0 1.5 2.0 2.5
CURRENT DENSITY (A/cm?)

F.J la

3.0



—f

Hydrogen/Air = 3/5 atm

G 0.8
NE }-\\ Membrane i
> ; ,—- —\‘:'Q-_\,\ Loss Corrected
G W06 T
= 2 B N '\\
| -
O i
S . 41 Hydrogen/Air = 1/1 atm \\ 1
< = | \\\
o % . \ Membrane
Oz | \ Loss Corrected
S 02 b
o Cell Impedance . \‘
e —— g o o o PPN
0 ] | n ] 1 1 | | {
0 0.4 0.8 1.2 1.6 2.0

CURRENT DENSITY (A/cm?)

Fua b



Curreat Density (ma /cm”™ )at0. SV

Cell Voltage(V)

THIN FILM ELECTRODE LIFE TEST DATA

1000
7 . £
p = Current Densitly -
300 . — = High Frequency Resislance
4 = = - - [ == = = ———— -1
600 3 =
40055 a
3‘ TF69,Naflon8117,0. 13r|ngPt / cm? E
2
003_) 20/60psigH, / alr, T = 80°C -
0 s T A T L L T E
00

%0 7100

Days Under Test

N

f;*ﬁ

—— DAY 2

3 —o— DAY 89
051 - — - DAY 177
-
1 -
047 \‘:n\
j1 >, \‘
0.23 \v B
O T 3 Ll T L T R T Ly T T M ¥ T Li ¥ L T T T L L v T ki
0 0.5 1 1.5

Current Density(A /cm 2)

0.

o ©
N

o
——t

o
o
<

(=

25

-
n

(,wo(y) duegsisay Houanbar g ydiy

4

Fag 2




MASS FRACTION (DIM)

—o— 0 HOURS

_ 2\ ——=- 1300 HOURS

. / \ — ®— 2200 HOURS

: j >

- fo

—_ i |

. | \

- ’ \

" ’I \Il

- 4 ":

:- !/ .’;.—-

! ‘ |

- F

T ¥ halll S

Co ‘ [ 8 >

- A/./ ./ 1 ' o \
0 '4/ : Pt é\/ s N i \: s N i L 1 - | %

0 4 8 12 16
PARTICLE DIAMETER (nm)

Fia b



cathode

g

— 2
- D 5
B
: 5.atm Alr
- 1

- s

: B

g d ¢ A\\ i\o
:5-atm 5.2% O!k AA\

— G ;

: ¢ . 2 atm 13.5% O2

| , 1 i (-

e — 1 .

0 0.5 1 1.5
CURRENT DENSITY A/cm?

Fia 4

1 l._l.l.._l_ ] R S

.I_L. LI S § _.L,_J‘. PO



CHELL VOLTAGE (valts)

1.0 T { I T T 1 1 T
09 | PURE H, |
| Hj + 100 ppm CO |
8 - ~——=Hy +100 ppmCO + 2% O - E
0.7 - |
; B
0.6 ~ Th——— 3 ';
Q.5 »— T - | !
04 L PEM FUEL CELL T |
j NAFION 117 MEMBRANE,
0.3 L 175 u THICK .
0 L ! 1 1 1 | 1 1 | ! J

C 100 200 300 400 500 600 700 800 900 1000 :- '
CURRENT DENSITY {(mA/cm?) ]

U

Los Alamos -

V4

ELECTHCHICS NESEANCH ~-——r

Fiy S



CELL VOLTAGE (volts)

INTERMITTENT OXYGEN INJECTION

0.01% CO, 2% Oy

3. PEM 78 0.01% CO 7-mil MEMBRANE
.. NEAT H, OFF Te/Tn = 80/105°C, PA|RIPH2 = 60/30 psig _

'~ /001% COON J = 300 mA/cmZ, FLOW = 4C0 SCCM

05 OFF
.\ 03 OFF &
!

(]
()]

0.4 - ]
- T
0.2 - \J -
| \
; 0, ON O3 ON 0.01% CO OFF
— HON ]
9 - L ] I [ -
0 30 60 90 120 150

TIME (minutes)

Fla A

180

Los Alamos

ELECTRONICS RESEARCH ——)




