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fostract

A review Of the current commercial phosphoric
acic fuel cell system pevelopment efrorts is
presentec. In both the electric utility anc
on-c '~ integratec energy system applications,
recucing cost anc increasing reliability are the
technology drivers at this time. The longstancing
tarrier to the attainment of these goals, which
mani fests itselt in a number o' ways, has been
materiazls. 7The gifferences in approach among the
three mz for participants (unitec Technologies
Zorporaticn (UTD), westinghouse Electric
Zorporation/Energy Research Zorporation (W/ERC),
anc Engelnarc Inoustries) anc their unique
tecnnological teatures, incluaing electroces,
matrices, intercell cooling, bipolar/separator
plates, electrolyte management, fuel selection ang
system gesign philoscphy are giscussed. Aadvancec
research anc technology errorts supporting the
cevelopment Ot tnese systems are aiso mentionec.

Bacxgrou-c

For & numde:r Of years tne Pnosphoric AZic Foe.
Cell has been tne leading cancicate tuel cell
power piant syster rcr terrestrial appiicaticrs.
Initially, oevelopment tuncs came primarily ftror
electric anc gas utility sources, trom tuel ce.l
meénutacturers, anc from the Departmert ¢t Derense
{(I0T7. The emezgcence of the Natior's ererg.
eregrar crovicec new cirection couplec wit-
inCreasec government support (chietly ¢
Departme~% ¢t Energy (DOE} anc Tennesce val.e,
&.tmZrity (Tva)) for the ceveiopment of commercia.
tuEL Ceil Dower plant systems; currentiy DOE it
tne Crlet government sponscr of tne Naticrals Fuel
“ell Pregran. The Electric Power Resea:c™
Institute (EPRI) anc tne Gas Researcn Institite
(GRI1) provice substantial suppert in the areas c°
interest tc their respective utility constituents.

A mzicr Department of Energy Fossil Energy
(DOE/FE) goal is to cisplace vil anc natural gas
(premium tuels) with alternate fuel sources,
particularly coel. A key element in DOE Fi'e
strateqgy fto: achieving this goal is its Coe.
Technology Strategy Ov'ective to cgevelop systers
whil™ wii, use coal in a more economic, erricient,
8nC e virunmenta.ly acceptable manner for the
<337'c anc bevorc. The DOE’FE Fuel Tell Progran

iS CONSOrant wit~ tnic stratecy.

Upcate o' Materlal Previously, Presentec
at trne luth Intersociety Energy ~onversion
Engineering “onterence, bostor, MA,
August 5-10, 197v
** Deputy Manager, Phosphoric Acic Fue! Cell
Program Leac Center Oriice
* Project Manager, Priosphoric Acio Fuel Cell
Program Leac Center Oftice

In the near term, PhoSPhOTic 8CI0 Tw®. CeL.
power plant systems are being Oevelopec to Quicwly
penetrate markets where significent quentities or
premiun fuels are usec presently (utility,
resigential, commercial, anc inoustiial;.
Pnosphoric acic tuel cell systems will cemonstrate
capability to 1) use a variety ot fuels from a~y
source from which hycrogen can be Cerivec
(hyarocarbons, alcohols, coal-cerivec, hyGroge,
etc.); 2) improve tuel utilization etticiency Cve:
competing systems; 3) conform to stringet
environmental regulations; anc 4) provioce unigue
features for a variety of applications. In s:
ooing, pnosphoric acic fuel cell systems will mcre
efficiently ano cleanly utilize the prenium tuels
that have to be used ouring the near-term
fuel-switching transition perioc; by providing
nighly efticient, environmentally benign energy
conversion technology, will assist the fleogling
syntnetic fuels inoustry (which incluces, in
aodition to coal-ceriveo fuels, expensive
unconvent 1onal sources); anu, Dy gaining marxet
acceptance tor the fuel cell power plants, will
assist the cevelopment of potentially nigh
efficient, less acvancec fuel cell technclegies.

Tne Natjonal Aeronautics anc Space
Aoministration (NASAT thIough its Lewis Researc”
sente:r, serving as tne DOE Pnosphoric ACiC Fue.
Cell Program Leac Center, is resmronsibie fCr
CarIving out the DEE/FE Procra™. The Cvela..
objective of this program is tO OeveloD
come:Ciaily viable phosONGTic aciG tuel Ce.l
power plant systems 10! & variety Of
applications. For electric utility anc inoustria.
applications mu.timegawatt power plant systems are
appropriste; rc: resicential, commercial, anc
small inoustrial applications, multixilowatlt
systems (particulariy on-site’intecgratec ene: g,
systems, 0S/I1ES) are appropriate. Curientily,
three major contraclors o7 contractor teams are
active in the terrestria’ phospheric acic tuel
cell tielo veveloping systems tor the commercCiol
market: Uniteo Technologies Corporation (UTC),
west inghouse Electric Corporation/Enercy Research
Corporation (W/ERC), ano Engeinarc Incustries. In
aadition, the reclilowing major efrorts are beinc
carriec out to support the cevelopment of Lhese
fuel cell systems: 1) research anc techno.loQs
erforts to augment anc aovance the tecnnC.ogh
bDase, J) stucies t0 ioentiry mgior potentia.
dD;l;Co'.lL"“ aANC assOC.ateC enc-use seclors
consicering technical, economic, environmenta.,
Jegal, 1nstitutional, anc marketing racters, and
') analyses te oetine system configurations, an.
assnc.ateo system ano subsystem perfrormance arc
cost requirements.

In tnis paper a review 0! the status Of the
ma jor phospnoric acic tuel cell ocevelopment
etrorts is presentec. In both the electric
utility ano on-site integratec energy systern
spplications, regucing cost anc increasing
reliability are tne technology crivers at tnis
time. Tne longstanoing barrier to the attainment




of these goais, which manitests itsel! in a nueDer
of ways, has Deen materials. Tne gifrerences in
approsch smong the three mejor participents anc
their vn'que techwological teatures, incluging
electroo s, metrices, intercell coeling,
bipolat/separator plates, electroiyte managesent,
tuel selection and system gesign pnilolosphy are
oiscussec.

At present, dotn UTC anc W/ERT are sCreing
towerc commercializing fuel cell power plants tor
both electric utility sno on-site, integratec

(OS/1ES) spplications. The UTC ejectric
utility program is in the systes-technology
ceronstration or operationai reasibility phase
with 2 4.8 W mocule test scheculeo to De
concuctec on the Con EC network in mig-198i. Tne
UT> OS/1ES program is in the engineeling ane
cesigr (EAD) pnase O a preprototype 40 =&
system. Tnis is to culminate in & preprototype
system veritication test which will be completec
1" m0-198i. Tne EAD prase leacs cirectly into o
Fielc Test o' W to 4% preprototype 40 kh power

plants anc a parallel Commercial Deveiopment Pnase.

The 4.8 M Osmo test represents an eariier
pnase of cell cevelopment than the 40 kw
preprototype and, theretore, dj ‘ferences exist in
the basic cell contigurations o' the two systems.
However, it is expecteo that the general
characteristics ot the cell anc stacx technolugy
tc De Ccevelopec Tor commercialization will De very
similar ror botn applications. Both will employ
catalyst layers, two-phase .LiQuiC CO0LING systems,
fivrous carbon/grapnite cell eiements anc simila:r
reactant seal anc supply systems, Thougn sim.iial,
some ootimization Of various aspects Cf tne
tecnnUiogy will De required to aocress the
gitterences in Cesign power leve. anc operat.ng
concitions ot the tws applicaticns. The present
electric Ltility syster (4.8 Mm) will Operate (t
3750F ang SO peia Over a protile trom /4 to
full-ratec loac; '0r tye uitimale CommeICial DOwer
plant, current thinking Dy UTD is to utilize a
large atea Ce.. operatec ot apuronimately &OOWF
anc & to 120 psia. On the otner hanc, the OS/IES
is tc e operated at atmosphe:r.ic pressure,
3740r . over a lcac protiie rrom cpen circult <
tull-ratec loac. Tne beginning stages have Deen
initiatec for multi-year programs aimeo at
aovancing both the Electric uUtility anc
On-Site/Integratec Energy Systems thioudh the
prototype leve! ot Oevelopment anc into the
iritial stages ot commercializatior. ®8oOth (!
these programs will provice an opportunity tor the
user community to purchase a limitec procuction
version of the commercial powe: piant.

In 1977 DCE (then EROR' contracter witn ERC tO
aDD.y the experience Qainec uncel the.il '-vea!
Army PTOGTa™ 10 the somewnal Q.tlele !
requirements ot 0S/1ES. In 1978, ER teame. W
with westinghouse to oevelop on-site systems, &
marriage that aocoec system anaiysis, Syster
oesign, ANC marxeting capatility to ERC 'S
electrochemical technology/engineering
Dackgrouno. More recently westingnouse Na:
pProposec a 7-year prograem that willi result in e
gemonstration o & 7.5 Mw powe: plant ror utiiity
applications.

The westinghouse/ERC on-site program 1s at tne
point where most of the enabling electrochemical

component technology Nas been cevelopec.
Presently, the electrochemical components are
being optimizeo tor cost wno lite, Dasic oesig
oo Gevelopment is progressing for other powe:
plan. components ano #n initial systee design
effort is cumplete. The most unique
charecteristic o' the WERC power piant is that
one of the resctent gases, rsther then » liouic,
is usec as the stacx coolant. In the gas cocliny,
scheme, the air feeo stresm is either spiit insice
the menifolc into & reactant stream anc a coo.at
stresm shich flow indepencently through the fuel
cell stack anc are mergec in the exit menifolc, o
separate reactant anc cooling streams are
saintainea. The rirst ges cooling vatriation he:
been callec DIGAS (stanging tor cistridutec gat.
by ERC. In socitjon, external replenisrwment ot
the acic electrolyte as well as accommocation of
volume changes ouring operstion has been
incorporasteo.

westinghouse's approach is to develop the
0S/1ES (o De adle to marxet not just & fuel tC
eiectric conversion cevice, Dut @ tota. energy
system that will supply all the space
congitioning, water heating, anc electric power
requirements for s resicential or commerciai
application.

The westinghouse utility program is at 8 point
where only a rough conceptual cesign basec o
PIGAS cooling anc an evaluation of this oesit
have been completec. The results of this
EPRI-funged stucy showeo DIGAS "o ling tc ve a
feasidble methoC of power plant cooling anc thnat
the power piant pertormance anc Coc..n, l1ooD costs
were estimatec to De satisfactory. #As ir tre
westinghouse ERC on-site program the -ocling
methoC to be useCc nas not yet dDeen ceterrinel; 3
prograr is nowm unperway at ERC to experime~ta..,
getermine the merits of DIGAS vs. separatec gac
cocling.

Engeinarc contractec with DOE 1n 1976 tC SO
several fuel cell appiications anc to cevelos el
cell stacw technoliogy. Their previous experlielr
inclucec builcing fuel cells ror an Army litt
truca Oevelopment progrem, anc dbuiloing anc
maIixeting Hp/0; laboratory-size oemonstraticl
fuel cells. They also have an Army-tfuncec fue.
cell oevelopme~! contract. Engelharc nas
Ocevelopment stack components, anc is dbeginning tC
Ocetine attractive applications in preparation of
an 0S/1ES system conceptual oesign erfort. The
component oevelopment eTrort nas resuitec in
several unique approaches to fuel cell oesig”.
One area Of innovation ‘s thelr Dipolar plate, tne
oevice which separates anc cirects the tlow C°
reactants as 1t provioes electrical concuct:on
detween incivioual cells., The conventicral
pipciar plate 1s a sinG.e piece O CoNOuLCt.ve
material with reactant flow channels ejthe: mc.oer
O machinecC o either sige. Engeiharc's approac”
1s to split the dipolar plate into three sections,
an Impervious center section (ror reactant
separation), with an open cell foam section, with
0r without channels, on either sioe (Tur reactant
flow). All sectjons are mace from organic
precursors that are graphitizec then gensitiec.
This process is very compatible with mass
proouction anc promises consioeradie cost savings
over one-piece, bipolar plates which must De
inoivioually moloeo or machinec. Engelnarc has
also Oevelopec a low cost cooling plate that can
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De maoe 0! conventional materiais anc tadbricateo
using conventional furnace brazing techniques.

The cociant is a cielectric liguio. Tnis cooler
offers potential cost recuction over other liquic
anc ebullient liquic coolers. A cosplete 5 «w
power plant incorporating s sethencl reformer and
8 utility grio compatible power processor has been
built sno testec. Acic msnagement capedbility that
can accommodate volume changes ouring transients
88 well a8 acic sooition as neecec has been
incorporateo.

Pnhosphoric acic tuel cell technology anc
cevelopment efforts for both the electric utility
a0 0S/1ES sppiications are girectec tosard
reducing cost, incressing performence, increasing
lite, anc improving relisdility. Tnese, in turn,
cen De reoucec simply to cost sno reliability
goals. In the technology area, the most vexing
prodblem, tnhe longstancing barrier to the
attainment of these Qoais, has Deen materiais. In
the cell catalyst layer, the carbon support must
resist oxicative corrosion while tne catalyst must
resist gissclution anc sintering a% the operating
temperature, pressure, ano potential. Both celi
an0 fuel processor catalysts must possess
sufficient tolerance to fuel contaminants. The
carbon/graphite cell anc stack materials must
possess just the rignt combination of structural
properties. The seals must seal well, be curable,
anc not contaminate. Metal parts throughoJut tne
system must possess the rignt structural ana
thermal properties, anc also be ouradble. Finally,
all materia:s must be cost effective ano be easy
to manutacture. It nhas bDeen very cifricuit to
firc anc to cevelop materials that cou.iC meet,
simultaneously, the cost anc reliability goalc.
The approach to solving these problems has
involvec technology/cevelopment ettorts guicec Uy
Syster trace-otrt stucies.

beyonc materiais, a cifticult proslem nas peen
tne adility tc provice the cell stac« witn
sufficient electrolyte to attain a cost etrective
stec= operatict. Irn what fcllows some of these
issues anc their resoiution by each of the ma or
contractors will De giscussec.

»itec Technologies Corporation

-ell Structure

The aovancec cell structure concept commoniy
callec tne "paper" or irtegral riboec substrate is
U2 's aporoact to lower.ng cell system cost anc,
simultanecusly, increasing electrolyte capacity.

7 DaTt, the Cost renuction 1s brouht about by
the suostitution of a 2-3 cay proce.s in place ot
the conventioral 2-wees molCing anc curing process
which produce< a complex bipolar/separator plate.
Asice trom peing comp.ex, the mocloec processing
methoc places a limitation on the size of the
plate tna' car be tadbricatec. Eliminating the
S12e COnstraint on tre cell structure theret
provices the possidisity to go to a larger ano
more cost ertective cell.

Tne unique features of the integra. ribbeo
substrate concept are: 1) replacing witn a simple
impervious tlat plate the complex
o;oola' separator (which normally contains a
ribbec reactant flow rielc on either sioe
perpencicular to each other); 2) transterring the

function of each solic riobec tlow tielo onto a
ribbed porcus element which, after osposition ot
catalyst on one sice, Dehaves like an electroce

and which is also designec
electrolyte reservoir. Fi
gifferences bDetween the
sustrate cell approach.

to act as an
1 illustrates the
cell sno the riodec

At present the ribbec substrate is fapricatec
in three steps. A bleno of carbon fiders snc
resin sre 1) mece into @ preform, 2) graphitizec
snd 3) milled flat and ribdbec in a single pess cut
on & milling machine. In the ultimete these three
operastions might conceivably be incorporatec into
[ ] wmo. autometeo mass proouction process.

Ribbed substrate mpnufacture, which can be
generally characterizec as & paper-saxing type
process, lernos itself extremely well to the
scaptation of most sutometion techniques.

Hipher Teaperature and Pressur t gration

Quantitative acta on the perrormance increases
ouz to higher temporature (375C to 4259F ) anc
to higher pressure aperation (50 to 120 psia} nave
been obtainec. At initial time, an expression was
obtained for the erfecy. of reactant pressure
change (15 to 150 psis) uwpon xu.me cell voltage
ot a cell operating st a constant 300 ASF.

a€ceil = Dg log Pp/P) (1)

where P is reactant pressure anc is the sum
of the anoce Nernst (thermooynamic) effect anc
cathoce Tartel slope (kinetic) at tne given
temperature.

At 120 psia, 4000F, 375 ASF, 2" x 2"
subscale cells have achievec an initial
pertormance increase of up to 90 mv comparec to
olcer type cells operating at SO psia, 375°,
ano 300 AS". However, as expecteg, the nigher
temperatures anc, to a lesser extent, pressures
alsc cause an acceleration in the cecay rates. I-
the UT. power plant system, increasing pressure
without increasing temperature is not possidle
because of the interoepencence of cell cooclant anc
reformer concitions. Progress has been maoz at
regucing the sharp cell performance Oecay rate
occurring during high temperature ang pressure
operation. The rate of oecay has been regucec
from 60 mv per 1000 hours to approximately 12 mv
per 1000 hours, which is tne 4 8 mm gecay rate at
50 psia. (See Figure 2)

Recently, 2" x 2" subscale ce.is have Deen
successtully testec at 120 psia anc 400OF for
periocds of up to 2000 hours at performance levels
90 mv higher than the performance projectec tor
tne 4.8 Ma, S0 psi anc 3759 power piant. A.iso,
over the 2000 hour ouration the performance oeca)
matchec the approximate 12 mv/1000 hour oecay rate
of the 4.8 Mm projection. (See Figure 2)

From the overall plant stangpoint, the optimur
pressurz anc temperature oepeng not only on stac-
techno.ogy anc cevelopment, but alsc on the cos:
ana performance implications upon balance ot

system (turbocompressors, neat exchangers, piping,
etc.)




Intercell Cooling

Two-phase water cooling is the methoo used.
Thin-walled, 2-pass copper tudbes with stainless
steel Neaders are the latest cesign. The acid
environment requires the copper tubes to be coated
with a thin Teflon protective film; however, this
recuce heat transter somewhat. The chie?
oisaoventage of these interceil coolers Is theit
relatively high cost. The probadility of cooler
fajlure oue to penetration of the tilm anc
subsequent corrosion of the copper has not yet
been estadblishea. Mowever, consiverasdble test time
has been accumulatec on partial steck (24 cells)
anC full stack (270 cells) testing so as tu
provice an acceptadle level of configence in the
reliability o' the protective tilm, Tests W to
13,000 houts in ourction have been run on partial
stacks anc 2000 hours has been achieveo or a tull
270-cell atmospheric pressure stack without any
coo.er tude fallures.

Electrooes

Primary focus has been on (he cathooe.
Stadbilization of the carbon support of the Pt
catalyst via heat treatment has bHeen one important
efrort. Tnis is especially important for the a0
kW system which experiences swings to much higher
potentials. Investigation {ncicatec that above
800 mv cathooe losses attridutadble in great
measure 0 OnjCative corrosion of the O support
occur. Other cathoce treatments by UTT are almec
cirectly at the Pt catalyst to emhance activity
without sacriticing starility. Recen! wi'tx
incicates progress 1n tNis Area.lles WOIa 1S
deing cone 0 Oeveldp ant optimize the catalyst
iaver ror nigh temperature anc pressure
operation. The suppert cardor is being stavliirec
to inninit corrasiorn, the wetproo’ing i< peing
cotimizer to mirimize cirfusion lotses, anc
teChNigues are DeinC ceveloper 0 1mprove Ne
aCLivily O p.atine,

RItN t0%a. Pt electrQoe loacing reduce
appronimately 0.75 mg/cm, the =t cost {0 the
tuel cell syatem has been recucec to lesser
ImpOTtance than years age whe unsupocrtec
electrocatalysts were usec. Howeve:, the recent
sharp rise in Pt cost coupier witn SOV lowes
Mower Cdensity operation for the &0 we system
versus the 4.8 Ma syster nas InCreasec the
importance of electrocatalyst cost particularily
for the 0S 1ES systerm.

1)

¥EST] JERC

Probably the most importent innovation ot the
ERC technology progrem is the gas cooling metnou.
One of these, the DIGAS methoo (see Figure 3)
distributes process air to both the catnodes (via
bipolar plates) eno to speciel cooling plates.
The total amount of air that is requirec for
reaction plus that required tor cooling is
supplied to the air inlet menifolo. The air then
flows through the cell via both the cathooe tlowm
(cathodic) channels of the bipolar plate anc the
chamnels of a special ccoling plate. All or tne
air is collected in a comson exit menitole anc
flows to an external loop where neat is removec,
some of the oxygen depletec air is purgec ano
fresh air is sooec such that stescy operation is
maintainec.

Since the catnodic channels ot the dipoler
plates ano the cooling plate channels are parallel
paths for air. the flow split is ceterminec Dy tne
relative cross-sectional area, hence relative
resistance, of the cethooe ano Cooling channels.

A typical cesign is s 10:1 split with three times
the stoicniometricelly required asount (3 stoich)
of cathode cas going to the cells ano 30 stoich
oas going to the cooling plates.

Table 1 displays ERC's comparison of DIGAS anc
separate gas cooiing to the two other commonly
accepted cooling methoas, process ges cooling anc
1iqujo cooliing, performec uncer contract to
DOE. %/ Tne estimates are baseo on selectec
configurations of the three cooling metnods. N°
eTTort was mace to optimize any Of them; Noweve:,
all systems are reasonadble anc are consistent for
comparison purposes. For any system Chose Oy &
particular manutacturer, some optimization cf the
values presentc  in Taple 1 may be expectec. €acr
of the system feature COMPArisons will now le
Qiscussea.,

canstruction Simplicitly

D1AS cooling is relatively simple. Depencing
on stacs operating concitions, at regular
intervals a cooling plate is accec to the stac- Of
cells in the sume manner s a Dipolar plate is
stackec. No special maniftoloing, connections or
seals are requireo.

Process gas cooling is tre simplest o' all.
There are no special cooling piates or stacwing
procecures needec. Several tiaes the

Table | - Comparison of cooling Schemes for Pnosphoric Acic Fuel CTell Systes
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stoichiometric requirement ot cool air is suppliec
to the stack. All tne air fiows tnrough the
cathoaic channels of the Dipolar plate. Uupon
exiting the stack, the air can be venteo ol
recycleo as in the DIGAS methoc.

Sepai ate gas coeling, the alternate to DIGAS,
xeeps the cathooic resctant air separste from the
cocling system gas (air, nelium, etc.). This
improves electrical performance cue to nigher 0;
concentration of the cathooe as well as reoucing
the neeo tor acio resistant heat exchangers in the
cvoling stream.

Liquio cooling is Dy far the most complex anc
expensive. It involves passing & liguic coolant
through special cooling plates insertec at regular
intervals in the stack. The coolz* mey remain in
tne liquic phase at all times us. -, only its
sensible heat to 700l the stack, or the coolant
may partially vaporize using latent heat for pa:t
of the cooling loac. The coolant must De either
separately manitoidec or supply lines must be
connecteo to each incivioual cooling plate.
Stancarc heat transter meterials, Sucn as copper
or sluminum, are corroded by phosphoric acia anc
must De protectec if they are to be usec.
Stancarc, inexpensive fuel cell meterials such as
graphite or graphite/resin composites present
gifriculties in sealing anc making connections.
Finally, tne liguic i%selt anc coclant lines, it
electrically ConouCt ve, DIOViOe & possivie
shorting patn in the ce.l (shunt cuirents whilh
result in parasitic losses) enich must De
minimizec. In the UTD tw0-Dnase satel COCLing
met-0C water treatoent is reQuiiec.

Since the vapCr DressuTe 0T PROSPNOTIC &lic
nence electrolvte loss) 1S a weas tunction o
temperature, the mglr consideration here i< the
amou~t 0f gas 'lowing fast the electrooces tC Carry
ott electrolvte. In DOtn gas anc liQuiC CoOLITG
methocs, 8 small excess 0f reactants f.l0w past the
e.eCLIOres, whil€ i0 @ Process Gds Cociec stacw
8.1 the cooling air must pass the electrooes.
Process gas COC.LING Nas the nignest electrolyte
loss which translates in*0 the shortest life o:
tne shortest mean time Detween electrolyte
replenistment |

Reliavility

Flr gas cooling, reliabllity is nigh since
there is no special cooling fiuic anc no complex
manitoloing Of cunections. MOst air leaxs coulc
De ignorec. & leas in the Stacx liQuic cooling
System COull Cause a sSNUtoown ehile tne jea= wa:
repairec cr the getective COoo0.ing D.ate replacec.

Externa. Heat Exchange

Heatl recoverly is Dy far best with & liQuio o
two-phase liQuiC cooling syster. neal recovery 1is
possidle, though mare Oifricult, with ejtner of
the recirculating air cooling systems.

~0st Tompar:sor

Tnis is an estimate basec on materials usec
anc construction complexity; it reflects the

materisls ano construction proviems ot liquic
cooling.

1 LA 1 tute

This concerns temperoture gredients across a
fuel cell stack. The total tesperature
oifferential, A7, detween any two points in the
stack contains two components, 8 AT in the stacx
direction {pe:pengicular to both reactent t. )
#C a AT in tre flow oirection (parailel tc one
reactant flow). It is isportant to meintain the
stacx temperature witnin a tairly narros denc. 1t
the tesperature arops too low, CC poisoning ot the
Ccatalyst becomes 8 prodblem, anc if the tesperature
is too high, the aperating limit of tne stacw
materials is exceecec. A commonly acceptec
operating range is bDetween 350 ano 400%F. Sirce
every cell is cooled equelly in the process gas
methoo, there is no stacxing airection component
of the total al. Also, since the coolant oirectly
contacts every cell, the inlet ares it coolec ™ie¢
than in other methoas; this accounts for the
large a7 in the flow cirectjon. For both the Jas
anc liquic cooling methods, the same numDer of
cells between ing plates is assumec. Tnis
sets the stacking airection aT st 159 for poth
systems. The gifference in flow Oirection AT
results trom the differences in liguic anc gas
hest transfer cheracteristics.

Total Auxiijary Power

These requirements are mainly a function ot
the amount of coolant circulatec anc the
Cross-seCtional area of the coolant passages. As
expectec, the power requirements for purping a
l1guic coolant is quite small. Since all the
Cooling air flows through the cathocic channels of
the Dipolar plate, the power requiremnt is guite
large tor the process gas metnoc. Power for the
Other teC Qas systems lies Detween the tws. Tne
Same amount of gas must be circulatec through the
stace as in the process gas methoc, dDut a larce
fraction passes through the large area cooling
plate passages.

Pressure Drop Across Cell

Tnis is a function of the air flow through the
cathooic channels of the dipolsr plate. The sare
amount of cathooe air is requirec for doth gas anc
liquio cooling, hence the same pressure orop. The
high pressure arop for process gas cooling
reflects the nigh air flow rate requirec throug:
the cathocic channels.

Basec on the above consicerations, £RC nas
conCiuoeC that the gas cooling concept offers tne
Dest COmMProsise Detween reliadiiily, site-Cyoie
cost, anc heat recovery.

westinghouse nas recently mace a more petgiiec
Stucy Of gas cooling. unoer DXE conmtract: +©
they Ocevelopec a lumpec parameter fuel cell stacw
simulation coce tnat calculates reactant gas
composition, current-voltage characteristics, anc
heat transfer characteristics for a gas-coolec
fuel cell stack. In the mooel, the cell area is
broxen cown to a gric of finite elements so that
power anc heat generation can be calculatec as
functions of temperature anc reactant composition,
as each varies from point to point in a cell.




As ciscusses previously, one of the major
orawdbacks of gas cooling is a higher total
differential stack temperature than that of liquic
cooling. westi is presently redesigning
the gas cooling plates in an efrort to reduce the
gifferential temperature. wesults of the
simulation show that a 28%F gifrerential
tesperature can be achieveo with proper oesign.
This comes close to shat cen be achieveo witn
liquie cooling.

westi expancec their compute:r mocel tc
inciuoe simulation of the other suwsystems in the
fuel cell power plant anc total energy system.
The mooel incluces pertormence anc economic
calculations. Trace-offs have been made that
optimize the total energy system as a whole rather
:m ootimizing just the fuel cell power plant
tself.

For electrolyte management an acic
replenistment system has deen Duilt Into the fuel
cell stack. This system will also accoemclte
acio volume chenges oue to Cittering operating
conaitions.

The Dasic stack components that are usec in
the on-site system will De usec for westinghouse's
electric wtility power plant, anc like UTC
westinghouse plans to operate the power plant at
MOCeratée pressure. The TiIst year's wiim will
center O twC areas. The first will De to Detler
gefine the powe: D.ant Dy Cevelop.ing a Conceptua.
oesign, inclucing trace-oft stucies, leaoing to o
preiiminary specitication anc 5 prograr
Teguirements cocument. The Other ared O wil-
will DE 10O evaiuate the on-site Tuel Ce..
components, incluging cooling syster, at tne
Nigher temperatures anc pressures unoe!
consioeration anc to degin any technoioy,
Oeveloome 't as requirec.

gngelhars inoustrie

Tne unigue featute: ! tne £ngelnarc USIES
effort currently are in the following areas: |
oevelocoment o a fuel concitioner that wiii
operate on methancl (metnyl flel'; I novel
bipolar piate approaches; ') liguic interceil
cooling; anc 4) matrix anz electrolyte transport
reservolr !KWZ:QX. I the current tee-year
contract wit™ DOE'"/ tne eiectrocatalysis tas«
is solely funcec by Engelharc. Therefore, the

Ccetaiis of any unique oceveloprents ave proprietary.

Fuel Processino

MEINANC. wili. De ritially useo 10 tne
Engelnarc CS/1ES. (The fuel choser *cr hotr the
UTD anc WERD US/IES programe eas natula. Gas
Methanol selection was Daseo wWoN 1S Proected
avallapility trom Coa. in the 1990 time frame. A
S kW methanol fue. Processor has Deer constructec.

Bipolar Plate:

In tne stack area, two novel DIpo.ar
SPPTOACHES appear promising. Unoer sudcontract,
Prfizer is oevelioping chemically resistant carbon
(vitreous carbon ano graphite) structures starting
with reticulatec vitreous carbons or cloths. One
of these structures, the so-callec & element, is
impermeable to gas transport anc will serve as the

bipolar separator plate covnecting two acjacent
cells. See Figure a. (In the UTC ridoec
substrate integrai cell concept, this is UTC's
sepurator plate.) The other structure, the
so-called A element, is porous to permit fuel or
oxicizer transport to the electrochemically sctive
electrooe aress (which coulc be on the A
elesents). Graphite structure using Prizer's
chemicil vapor deposition techniques are being
utilizeo to help procuce the requirec properties
in both A anc B elements. The yesulting bipolar
plate consists O' a B element santwicheC Detesen
tec A elements. Electrolyte storage can be
accommocated 10 the A element .

In the secono approach, thin grapnite plates
are separatec Dy a gas-ispersesble layer of &
chemically resistant saterial (such as grapnite)
tnat permits satisfactory electrical anc tnerrmel
ronductivity. Grooves in each plate will permit
reactant transport. It the graphite plates are
porous anc connectec suitadbly to the matrix, they
can provioe an electrolyte reservoir for metris
replenishment or for overflow volumes resulting
from changing conoitions (volume tolersnce).
Several promising meterial cosbinations sre unoer
test. The Engelharc/Pfizer bipolar plate approsch
has some aspects in common with the UTT riboeo
substrate integral cell spproacnes previously
aiscussed.

Intercell Jooling

A orier piscussion of the liguic intercell
cooling approach employing a cielectric fluic, tre
Engelharc methoc, was ciscussec previously in
connection with the westinghouse/ERC cooling
approach. The Engelharc Oesign mexes use Of
paffles to provice gooc heat transfer contro. yetl
ic pesignec for ease of radbrication. The
protectior of the aluminum cooler sc it will noic
& for tne five year stacx lire goal unoer the
corrosive acic environment of the fuel cell stal-
is pelievec te De solved witn suitable seals.

Mgt

Tne matrisx erfort emphasizes materials capat.e
of operating at temperatures up to 400%F anc
construction that results in gooc electric anc
thermal conouctivity, gooo transport (flow)
properties, anc satisfactory reactant crossover
resistance. A thin SiT-fluorocarbon matrix tnat
incorporates gooo electrolyte transport is
laminatec to each electrooe.

Electrolyte Management

An acio replenishment system nas deen Duilt
into the stacw. ACiC volume changes are also
nanciec by this sytem.

Aovancec Research anc Technolog

Tne current 1ocus 1S ON 1Mproving the all
electroor (cathooe), where most of tne fuei cell's
inefriciency lies. Improvec cathooe
electrochemical activity woulo permit eitner
greater electrical efficiency or higner power
oensity at the present operating temperature, or
the option of the same efficiency &nC power
censity at lower operating temperatures. Lower
temperature operation coulo be oesirable in oroer
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to iower materials costs ano tc increase cell
lite. Anotner goal is to finc a suitable, less
expensive relacesont tor tne platinum (Pt)
catalyst materia..

Specifically, wx-sponsorec research is being
pursueg in three areas: (., ceveloping a new
nm-plaur\n ycuo electrccatalyst (recox)
material (5.9 (2) optimizing tre electroce
manufacturing process through a parametric
investigation of electroce component materials anc
technology, anc (3) using the present
electrocatalyst (P*) in ways that are more
e;ectrlcal“ efric ent, staple, ang resistant to
poisoning. 40) wmost of this researcn is being
conductec either by wmall private companies or at
government or nationél labs. In ooc);ion: in the
complementary EPRi-sponsorec program’ +4sld)
alternate acic electrciytes are uncer
investigatior.

conclucing Remarss

As part of the nation's energy program, three
m3 jor contractor or contractor teams (UTC,
mestinghouse/ERC,, anc Engelnard), active in tne
terrestrial pnosphoric acic fuel cell fiela, are
receiving government support tc ocevelop commercial
fuel cell power plant systems. Botn the UTC ano
Ww/ERC are working towarc commercializing tuel cell
power Clants for botn electric utility anc OS/IES
apiinations. Engelmarc is acaressing only the
0S/1t 5 prograr.

wiile simiiar In many respects, signiticant
technclogicai anc System gitterences exist among

contractors. Tnese jr € 1ntercel.l

PR
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CoCcling, Dipclar/separator piate, electrolyte

manageme~tl, materia.s, ftuel selection, anc systenm
oesign pnilosopny. Onospneric acic tuel cel.

technolcogy/oevelopme~t ertorts tor oot the
iectric utility anc 0S5/ 1ES applications are
CileCteC tomarc recucing cost anc increasing
reliariity. Tne longstancing bacrier tc E

2§ =
9P

a ot tnhese goals, wnic~ ma-ltest
in a numoe: c©f ways, mac been materials.
Ir. accition, tc: *»e electric utilit,
@olication, UTC ic :\.:sv;n&wgﬂer temperature
ant pressure oceration (&70% anc up te 12U
pei3'. The injtial performance gains oue to
Nig eI temperatire ang press.re must de nalancec
a8Ca .nst possidle snorter .ife us wel. as the cost
anC pertormance imp.ications upor
the syster,

. Re | annd o
the Daiance Cf

i eTe Fuel Zel. Technciogy base,
Png a. =egcrt to Departme tNesgy
unoe: _ortTaect . k- -D03-7987,.3 Apri. 19
tc Mar -

. "improvenert ir fouel Cels Techn -0Qy DaseE,

Prase 1,” unitec Tecnnclogies Zusp., Sout”
wingsor, -7, FoR-373%5, Final keport to Department
of Energy uncer Zontract No. EY-74<-03-1.65
March 31, 1577

3. "eU kW Flelc Test Power Plant Mociticatior
anc Development, Phase 1], Annual Report to
Department ot Energy for the Perioc July 1, 1978
thru June 30, 1979 uncer “ontract No.

DE-AC -03-77-F1-11302, June 1, 1978 to Septewder
30, 1980.

4., "Technology Devciopment for Pnosphoric
Acio Fuel Cell Power Plant, Phase 1,” Quarterly
Reports to NASA unger Contract DEN3-67, Septewder,
1579 to November, 1980.

5. "Program to Develop anc Test Fuel Tell
Driven Total Energy System, Pnase I - Cell ano
Stack Design Alternatives,” Final Repo:t to
Department of Energy uncer Contract No.
DE-ACO3-78ET11300, Septemxr, 1978 to Uctover,
1980.

6. "Program to Deveiop anc Test Fuel Cell
Oriven Total Energy System, Pnase 1I - Cell
mMooules ang Foel Conaitioner Development,”
Quarterly Reports to NASA unger Contract No.
DEN3-161, Octover, 1979 to October, 1980.
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System Development ,” Quarterly Reports to
Department of Energy under Contract No.
DE-ACO1-7BET15366, Jarwary, 1978 tc Novesder, 1560.

8. “Fabrication and Testing of TAA Bonoec
Carpon Electroces,” Final Report to the Department
of Energy under Contract No. DE-76-C-03-1836,
March, 1978 to May, 1975.

$. "athooe Catalyst for Primary Phospnoric
Acioc Fuel Celis," lst Quarterly Report toc NASA
uncer Contract No. DEN3-150, July to September,
1977, DOE/NASA/QL50-73/1, NASA TR-15971%
icic, 2no Quarterly Report, Octovcer to
Decemper, 1979, DOE/NASA/0150-80/2, NASA Ch-15951°
ivic, 3rc Quarterly Report, January tc
March, 1582, DOE/NASA/J.50-80/3, NASA R-159875
inio, 4tn Quarterly Report, April to June,
1980, COE/NASA/TI50-80/4, NMASA ZR-165.35.
1C. "Preparatior ang Evaluation of Advancec
Electrocatalys.s for Pnhosphoric Acic Fuel Celis,”
lst Quarterly mepcrt to NASA uncer Contract M.
X'3-17s, January to March, 1980,
DOE/NASA 0176-B0/1, NASA CR-1598.3
ivio, 2nc Quarterly Report, Ap:il tc June,
1980, DOE/NASA/0176-80/2, NASA CR-165122
ivic, 37c Quarterly Report, July to
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MOLDED CELL (CURRLNT TECHNOLOGY) INTEGRAL RIBBED-SUBSTRATE CELL (NEW TECHNOLOGY)

Figure 1. - Integral ribbed substrate cell characteristics.
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Figure 2. - Improvement in high temperature and
pressure cell performance stability.
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Figure 4. - A-B-A bipolar plzte construction,
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