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Abstract

Industries promoting polymer electrolyte membréAEM) fuel cellsfor stationary and auxiliary
power applications are receiving considerable attention because of the attractiveness of the primary
markets,such as small, home-baspdwer generation on theughly 3 — 5 kW legl. More
recently,interest in auxiliary power applications down to about the 1 [Vl has alsobeen
steadily increasing. Plug Power, LLC, a fuel cell manufacturer, isprimarily pursuing the
development of the home-based posgstems. Technological advances PEM fuel cells at Los
Alamos National Laboratory (LANL) are of potential utilifipr the development of readily
manufacturable, low-cost and high performance fuel cell systems operating at near-szabiant
pressures. Asuch, the two parties are collaborating addressing some dhe morepressing
needs asvell as some longeiterm issues. The primarytasksinvolve the investigation of both
stainlesssteel and composite bipolglates, CO tolerant anodeand novel fuel cell system
operation schemes.

Introduction

Fuel cells for home-based stationary power applications are attragéngreater attention. Some
of the possible reasons for thigreased attention are the recdamonstrations andevelopment
successes ofhe PEM fuel cell, the deregulation of the utilities and the subsequmwer
difficulties in California this summer, and &y, theslow maturation and competitiveness of the
transportation market for fuel cells. Whitee majority offunding and interest iREM fuel cells
hashistorically beerfor transportatiorapplications, meaningful penetration of that market will be
difficult for many yearsyet to come because thempetitivetechnologies are well-entrenched and
inexpensive. Despitthe significant environmentaldvantageduel cell systems vl still need to
cost on the order of $50/kW for transportation which will requirth@tieasenormous production
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levels. Until then, many of théuel cell companieshave been attracted tbome-based stationary
power as a possible fuekll market thashould still besizable,shouldaccommodate much higher

unit costs and does notvolve entrenched competitionMost domestiduel cell companieshave

teamed up with utilities texplore such possibilities. The majority of home-baseghits will be
designed to operate on natugas because of the extensivesulibution network in place. By
installing home-basednits, utilities can increase generation capacity without needing to site and
licensenew plants oruild new power lines,both of which have beome ever more costly and
problematic due to public resistance and tightening regulations. Natural gas suppliers might also be
interested in the home-based systems because of the possibilities of competiegy imarket and
relieving their susceptibility to natural gas prices.

Operating the home-based system on naturaimiiasequire a fueprocessor to provide hydrogen

to the fuel cell. The reforming and/or partial oxidation fuel processor reactions produce byproducts
such as CO and CO If the CO is not removefilom the fuel stream irsome manner before it
reaches the fuel cell it will severely affect performance, especially with standard anode designs. The
typical strategy is to remove the CO through a serieslditional steps, but removing the last tens

of ppmscan not always be routinelssuredwith typical systems. Therefore,anodes that can
tolerate higher levels of CO than conventional electrodes are of interest to witlwstainsionshat

may occur with start-up of the fuel processor or during variations in load levels. Aissthewith

the use of natural gas isthe operatingpressure ofthe fuel processor system. Mosither
hydrocarbon fuels are liquids that can be efficiently pumpeidw theuse of a pressurized fuel
processor. This decreadbs fuelprocessorvolume (andcost) and increasdke pressure of the
hydrogendelivered to theuel cell stack, which alleviatedilution effects. However, domestic
naturalgas istypically deliveredinto thehouse at less than 1 psig. Compressirg natural gas

incurs a considerable power penalty and requires an addigieeal of expensive equipment. The
preferable option is to operate a low-pressure fuel procdssseyver.the fuelcell anode Wi then

need to operate at near ambient pressures. Anodes then need to be designed and optimized for both
the low-pressure operation and CO tolerance.

The balance of the fuekll system is inordinately complex aeapensive. Conventionalstems
rely upon amultitude of subsystemse.g., cooling, reactant humidification, watescovery,
pressurizationetc., hat introduce a parasitic power draw tbampoundsthe size of the stack
and/or lowers efficiency. If thsubsystemscan be combined or eliminatedften thelesser
complexity andower power draw more than compendateany stack performance penalty once
the entire system is taken into account.

Regardless othe fuelcell system or stackechnology, one of the major limitatiotss been the
bipolar platetechnology. Historically, machined graphite pldtesebeen thematerial of choice,
but are clearly too expensifer mass production.The bipolar platesalso need to be highly
electrically conductive, durable, impermealalad corrosionresistant, asurprisingly difficult
combination to realize. Metal hardware is of interest becauss tdughness anthe versatile
fabrication options, butorrosion is a significant difficulty. Compositeavetherefore been the
preferred option, but even then they have generally been too expensive.

Discussion

Metal Bipolar Plates

As previouslydiscussedere,most of ourwork with metalhardware inthis program has focused
on the development afon-machined low-cost bipolar plates basedh@use ofuntreatedmetal
alloy screens and foil§Wilson and Zawodzinskil998 & 2000, Zawodzinski et all998). In
general, the hardwangerformedwell in several fuelcell tests including &2000 h life-test and
appeared to beorrosionresistant, in thatell performance and thhigh frequency resistance



remained quite stablever thetest period. When the membrane-electrodessembly (MEA) was
subsequently examined by x-ray fluorescence (XRF) spectroscopy, it was found that metals such as
iron and nickel were indeed present in appreciable quantiésle the cellperformance was not

yet unduly affected, significant losses can be expected over the much longer lifetimes that would be
expected of stationary applicationg/hile the membranéas some terance, eventuallits active
siteswould be tied up by the polyvaleiins andionic conductivity would beseriouslyimpaired.
Consequently, we commenced screening rwodle” stainlesssteel and nickel rich alloythat

might provide bettecorrosion resistance th&1i6 SS bugre still relatively low-costMany types

of alloys have been developém appliations where commaostainless steels such as 304 or 316

SS do not provide adequaterrosion resistance. Iyeneral, theeompositions of these alloys are
similar to theirstainlesssteel or nickel-base counterparts except teatain stabilizingelements,

such asnickel, chromium and molybdenum, are added and/or aesept in much higher
concentrations in order to obtain desiratderosion properties. Different combinationstbése
elements and their concentrations daamatically change the nature of the aliyd thus, alloy
compositions are usually tailored for quite specific applications, such as watgreservice. This

poses a prdbm in choosingsuitable material$or fuel cells because of theariety of conditions
present that are all conducive ¢orrosionyet are verydifferent in nature, i.e. chemical and
electrochemical oxidizingand reducing envanments, humidity,and possibly slightly acidic
environments.

For example, nickel, which izommon toall of these families of alloys, providesorrosion
resistance in neutral and reducing environments and is esseptievémt chloride stressorrosion
cracking. Thusfor applicationssuch asseawater or caustgervice, ahigh Ni content is required
and most of the nickel-base alloyavebeen developetbr these types of applications. heutral

to oxidizing media, however, a high chromium content (which is often accompanied by the addition
of molybdenum) is necessary. Manytbé stainlesssteel alloyshavebeen developedlong this
vein and areused in avariety of corrosive environments, i.e. nitric acid servicgince both
oxidizing and reducing conditions exist in a typical foell environment, wacreened a number of
stainlesssteel and nickel alloysamples representingeveral categories oforrosion-resistant
materials agpossibleimprovements toi316 SS. The alloys were evaluatedsing individual
immersion testing in pH 2 and 6 sulfudcid solutions held aB0°C that were eithepargedwith
hydrogen or air t@imulate anode and cathode conditions, respectively. Altheexgrethe pH 2
conditions tend toacceleratecorrosion ofthe materials andhus differences irthe corrosion
resistance of numerous alloys can be assessed relatively quickly (on the ordew ofeeks). As

a result, onlythe most promising alloys need Imeade into bipolar platesnd tested in fuetells,
which is a time-consuming and much more expensive process. The “corrosion” was quantified by
gravimetric weight loss and by measuring thetal ionuptake in Nafion membrangdaced in the
solution during the test. The latterused toanticipate the severity of ion uptake in operating fuel
cell membranes. As reported last year, roughly a half dozen promisingvadioysdentified, both

of the stainless steel and of the nickel-basypes. The preferred Nbased alloysvereintriguing
because although their pHc@rrosiontolerancesvere only mediocre, their pH @oleranceswere
the best surveyed.

Consequently, over the past year, the down-selected alloys were tested on theidanofi€0 crh
pressurized and humidified PEM fuel cells. Unfortunately, the Ni-based alloys shpwettiable
corrosion after only a short time in the fuel celventhoughthe celleffluentswere in the pH 6

range, the fuel cell is enough different from the immersion testing that the pH 2 results appear to be
a better indicator. Nevertheless, two of #t@nless steel-typalloys, described as “B” antF”,
providedvery promising results. In order to shew the cellgesponded taptimum aswell as

severe conditions each cell was put through cycles of operatibh ¥ and abpen-circuit voltage

(OCV), which wasabout0.94 V. Duringthe course ofoperation, the cells underwestiutdowns

due to unplanned circumstances such as power outages as well.
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Figure 1 — Timeline for an Alloy F Fuel Cell Anode Corrosion Test.

For example, an alloy F test is shown in Figure 1. The cell incurred a total of approximately 1766 h
at 0.5 Voperation andL253 h atopen-circuitvoltage (OCV). Extensive OCV conditions are
included as the cell conditions can be particularly aggressive for many alloys. After th&Sitsh

of 0.5 V operation andL068 h atOCV, the MEA wasanalyzed by XRF anfbund to contain
calciumand only arace ofiron. More susceptible alloys will result inn@ore extensive array of
metal ions and a higher degree of exchange. calvtum probably comes fronthe water despite

the use of deionizediaterand theiron may havecomefrom other carbon componentsthre fuel

cell where we have detected iron in frest. However,the high frequency resistan¢elFR) of the

cell was relatively high possibly due to extensive passivation layers on the unaléatedsurface.
Passivation layers are less conductive than a clean metal surface and thus increase its resistance, but
are beneficial in terms of promoting corrosion resistance.

To test this, the alloy was acid-etchedstop off anypassivation layers and was put back into the

fuel cell with a newMEA. The HFR lowered to a reasonabl&lue siggesting thapassivation
layerswereindeed the cause of the highelues previously obtained. Tlell wasoperated for
another615 h at 0.5 V and 185 h at OCV beftine MEA was analyzed and agdound some
calciumand only atrace ofiron. Thus it appearddt removing the passivatidayers was not
detrimental, the material is still corrosion resistant. Testa secondilloy, “B”, wereperformed

for roughly similar durations. Aswith the “F” tests, the MEA contained calciuand a trace
amount of iron. Though roughly comparable, the results of B are more promising because the alloy
gave a very lovHFR from the start making pretreatmeamnecessary. In terms of bipolaates,

any treatment steps that can be eliminated result in lower costs.
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Figure 2 — Comparison of Raw Material and Quoted Costs for Various Alloys.

A natural concern is the cost of the more “noble” stainless steel type alloys. While stitaseof
alloys mayuseseveral percent ofelatively exotic elements, tharimary factor affectingcosts is
typically demand. Shown in Figure 2 is a bar-chart comparihg costs ofAlloys B and Fwith

316 SS and a generic Ni-based alloy. Also shown are thened@rialcostscalculatedfrom recent

market prices for the various constituent elements. The quoted costs for 10 ton lots of B and F are
similar even though the raw materasts of one isnore thanwice the other. The single biggest
factor affecting theaw materialcost isthe amount of nickel used, as demonstrated byalse of

the Nibasedalloy. Also illustrated is thdigh mark-up of these specialty allogger the raw
materialcost compared t816 SS. Imshort, alloys B and Bhould not bentrinsically any more
expensive than 316 SS, but it will require large-scale production in order to get a price break on the
alloying cost. Bothareavailable instrip andplate form,however,alloy B is presenthavailable in

some foil thicknesses as well.

Due tothese promising resultathode plates of each alloy will be tested. If cathode testing is
successful, alloy Bwhich is available in a variety dbrms andprovides a lowcell resistance
without pretreatment is presently the favorite to utilize in future short stack testing. Stack testing of
promising alloys is essential as successttan single-celllevel does not necessarily promise
success otthe stacKevel, aspossible shunt and/or stray currea#n result in significantly more
challenging environmentFuture work will also inlude immersion testing @ternativeuntreated

alloys that comdrom the same respective families asaBd F, in caseven more promising
variations can be identified.

Composite Bipolar Plate Materials

Composite materials offer the potential advantagdevedr cost, lower weightand greater ease of
manufacture than traditional graphite or coated metal plates. For instance, flow fields can be molded
directly into these composites, thereby eliminating thetly@nd difficult machining step required

for graphite. Most of the compositesised infuel cell bipdar plateshave employedyraphite
powder in a thermoplastic matriguch aspolyethylene, polypropylene, omost commonly,
poly(vinylidene fluoride) (PVDF). Unforuinately, PVDF is relatively expensive,and any
thermoplastic composite must be cooled beforeetsoval from a mold, resulting in longcycle

times. Onthe otherhand, thermosettingesins(e.g., phenolics, epoxies, polyesters, etc.) generally



offer shorter process cycle times than thermoplabtcause, once cured, they becufficiently
rigid and can be removed from the maldile still hot. Furthermorenjection molding, or at least
injection compression molding may be possible with the “wet” (albeit thixotropic) magimvhich
would bevery difficult if not impossiblewith the dry thermoplastic mixtures, which aprobably
limited to compression molding. Initeer case, cost-effectiveass productionwould tend to be
more readilyachievable with thermosetather than thermoplastics because of tebwrtercycle
times. With the propercombination of resiradditivesand temperature, @ompressionmolded
thermoset composite can cure in comfortdbls tharabout two minutesiesulting incycle times
an order of magnitudéess than thoseequired for thermoplastics. One particular family of
thermoset resingjinyl esters,seemsespecially well-suited to bipolar plat¢Busick andWilson
1998). \Mnyl estersare methacrylate@poxy difunctional polyesters, and asch are often
described as a cross between polyester and epoxy resins. In addition to being nofewthriry
excellent corrosion resistance, vinyl esters are lightweight, strong, tougboranakrciallyavailable
at surprisingly low cost. By capitalizing on these properties of vinyl ester resins, wddvalaped
new material formulations for producinglow-cost, high-performance, easy-to-manufacture
composite bipolar plates.

The mostwidely usedconductive fillerfor composite bipolar plates is graphite powder and it is
employed in the vinyl ester composites described henelysalthough earlytestsrevealed that the
choice of graphite powder influences the conductivity of moldads. Thus, the relationship
between filleloading andelectrical conductivitygppears to depend somewhat on grapbateicle
size andparticle sizedistribution. Wehaveidentified a particular type of graphite powdeith a
fairly narrow particle size disbution that offersrelatively high conductivity for agiven volume
fraction and is reasonably easy to combine with the liquid resin to form a homogeneous mixture.

Early developmentvith Plug Power resulted imelatively crude but successful formulatiotisat
provided plates thawere stronger and toughehdn other commerciallpvailable composites and
conceivably much less expensive due to the lamest binder andhe fastercycle times. Fuel cell

testing at Plug Power provided results that were comparable to machined graphite in their hardware
as reported here last year. Compounders, compdnaiespecialize in formulating composite resin
mixtures, Premix, Incand Bulk Molding Compounds, Inc. (BMC), refined and improved the
formulations usingtheir proprietaryadditivesand expertises. Plu@ower has subsequently
obtainedgood stack resultswith plates molded to shapeith compoundsprovided by these
companies. Our primary role became characterizing th@operties ofthe molded plates
(conductivity, corrosion-tolerance andanechanical properties) to assisthe compounders in
optimizing their formulations. Since, Premix and BMC have sampled or sold products to a number
of potentialcustomers. Consequently, aate is diminishing and will probably ceas#iogether

with the exception of legacy issues such as intellectual property, etc.

Over this pasyear, themajorissue addressedas the effect obéxposure testing under aggressive
conditions on thenechanicaproperties othe composites. The primary concern is that although
the “ester” in vinyl ester is not a component of the polymer backbone, it asiticeivably
hydrolyze nonetheless (a weaknesgh polyesters under such conditiong)th unknown
consequences ote durability of the plates. Naturally, thdrolysis rate depends upon the
presence ofvater. As suchsome samplesvere immersed in 1 or 6 M methanol nonly to
improve wetting of the platand hence exacerbate thgdrolysis problem, but also tgauge the
suitability for the compositedor direct methanol fuel cell§DMFCs) should a rket-viable
productever be developed. Asich, flat-molded plaques (nominallyl in. thick) of promising
bipolar plate materials were provided by Premix, Inc. for the exposure testing. Material 1 contained
75% graphite powder in a proprietary formulation of the thermosetsig and variouadditives.
Material 2 containe®5% graphite powder in a resin formulatiatentical to that of Material 1.
Material 3 contained5% graphite in a resirat is apossiblealternative to the "pferred” resin
used in Material 1 and Material 2. After the electrical conductivities of the maigasdsmeasured,



rectangular mechanical test coupons were cut from the plagisesoupons okach materialvere
immersed in each dive different liquidsfor 1000 hours aBO'C. These liquidéwater, 1M and
6M methanol,and pH 2 and pH 6 sulfuric acid) ranged fraxpected tounduly aggressive
environments for hydrogen or direct methanol fuel cells. Ssaalares of Nafion 11thembranes
wereimmersedwith the samples; following thd000-hour exposure periothe membranesvere
analyzedusing x-rayfluorescence spectroscopy to identify aoic leachanspecies. All of the
exposedmechanical testouponsplus six unexposedoupons,were testedor flexural strength
according to ASTM D638.
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Figure 3 — Flexural Strengths of Test Samples after Aggressive Immersion Testing.

The XRF analysis ofhe Nafion membranes immersedth the conposite samplendicated the
presence otalcium. This was to be expectedince previous immersion tests conducted by both
LANL and Premix revealed similar results. Calcium is present in the ash component of the graphite
powder, and is able to leach out of finished plates when they are immersed in WWjuish the test

liquid is not circulated or changed, noticeable amountsaaleium can accumulatedowever, in an
operating fuel cell with the liquid continuously flushed, calcium does not appear to be any greater of
a problem than with machined graphite plates.

The results of the flexural strength tests are shown in Figure 3. There is a significant difference in
strengthbetween Material Jand Material 2. This differencewas expectedsince the materials
contain the sameesin binder but differentelativeamounts of resin and graphit&Vith its lower
graphitecontent, Material 2 istronger tharMaterial 1 sincanost ofthe strength of gparticulate
composite is derived from the resin binder. However, the lower graphite content of Matdsial 2
lowers itselectrical conductivity to gevel that is currentlyconsidered "borderlinacceptable” for
bipolar plates. Based on a comparidmiween Material land Material 3, the preferred and
alternativeresinsare equivalent inerms of flexural strengtimparted to the bipolar plate. It is
important to note that the test coupons were cut from molded plaques, not directly madadeto

This introduces edgemughnessffects in the Point bending test.The flexuralstrength of an

uncut, molded-to-shape plate is anticipated to be 10-20% higher than the values shown in Figure 3.

A prime motivatorfor investigating various alternatives to the "preferreelSin binderwas the
potential susceptibility of theesin to chemical attackgespecially when facilitated by methanol.
However, for eacimaterial,the flexuralstrengths othe exposed sampleme at least equivalent to
the strength of unexposesamples, within experimental scatter. Thus, iin@st important and
encouraging result of this study is thhe strengths ofthe various materials investigated are



unaffected by exposure to various conditions including those much more aggressive thawla fuel
environment. Clearly, any chemical attackhgdrolysis hat may beoccurring is not affecting the
structural component of the matrix.

CO Tolerant Anodes

The majority of home-based stationary posgstems willneed to be designddr operation on
natural gas, primarily due to its extensive distribution network. The simplest home-basedllunits
use near-ambiemressuresteam reforming t@void therequirement opressurizinghe feedstock
when converting the naturglas to a hydrogench fuel stream. The thermodynamic reaction
equilibrium at the high temperature steam reforming (e.g., 700°C) yieldsoaghly 10%
concentration of CO by-product. As a restite reformate is relayethrough high and low
temperature(HT and LT)water-gas shift reactors to furthiewer the CO concentration. Since
even 0.1 % CO (1000 ppm) is easily enough to thorougbisonthe fuelcell anode, theffluent
from the LT shift reactor is sent to preferential oxidation(PROX) reactor. Here, the CO is
selectively oxidizedusing oxygen fromnjected air to lower the CO tolavel thatcan ideally be
tolerated by the fuel cell. Unfortunately, it is difficult dssuresufficiently low CO levels so air
bleeding into the fuel cell stack anode inlet is used to increase the anode tolerance. Another means
of increasing CO tolerance is merely by increasiely temperature, which lowers the Gficking
coefficient. However, it is notpossible toincrease the operating temperatures maeér the
standard 80°C with near-ambient pressures. In any case, the amount of bleed air recpéoeerto
performance awvell asthe upperlevel COtolerance of the anode strongly dependenipon the
anode design and catalysts.

Figure 4 — 100 cm? Segmented Cell Hardware and a Segregated MEA
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Figure 5 — CO Coverages Along the Anode Flow-Field as Functions of Time and
Concentration

At Los Alamos, we previously developed dreconfigured anode" (RCA)or pressurized
transportation applicatiorthat demonstratesubstantially increased anode tolerance compared to
conventional anodes. Last year, we showed results for ambient pressure attained in a LANL 50 cm
single cell atPlug Power which surprisingly showedvery nodest losses compared toneat
hydrogen stream. Unfomately, as is so often tlwase, ithas notbeenpossible toreplicate the

small cell results on larger singleells or in stackswith either ambient opressurized anode
operation. Characterizing the dynamics of the fdsoning andthe RCA within the cell is
consequently important in order to understérallink between the smadhd the larger cells and
stacks. The most straightforward methodebfcidating the various mechanisms as riectant
progresses through the cell is possibly to ussegmented’fuel cell. In such aell, one of the
flow-field plates of a conventional 100 ésingle-cell is sectioned intoumerous smalklectrically
isolated sections to provide numerous small individual fuel cells within the same flow-field plate. It
is consequently possible toap the performancaver the active areand“follow” the effects of

CO poisoning as the reactant gasses pass through the flow-field. The segménsatiover the

past year is shown iRigures 4a and b. Uaiftunately, various difficultiesvith the design and
electronicsallow thesegments to cross-talk an undue amount at higher culesstties, so the

most useful experimentze to perform voltammograms on each segmetfféctively “titrate”

the COadsorbed oreach segment asfanction of time and CO concentration. The series of
graphs in Figure Bualitatively portrays one sucfamily of curves on a conventionghon-RCA)
anode. Not surprisingly, at lower CO concentrations the upstream segments shield the downstream
to a large degree but are quickly overwhelmed at the higher concentrations. On tharathére
amount of CO gettered appears to be greater than attributableattitieeareaywhich may not be a

real effect due to theross-talk and other problemasth the experimentadet-up. Consequently, a

new segmentectell is being designed and fabricated to hopefully perfdretter andprovide
additional features, such as gas sample taps and thermocouples at each element. The selymented
approach is of interest not only to characterize CO poisoning but tgerienicallyunderstand the
effects of various operating conditions (e.g., humitityelsand temperatures) and configurations
(e.g., counter- vs. co- vs. cross-flow) and flow-field designs (and their effects on CO tolerance).

Adiabatic Stack Operation Scheme

Near ambient pressure operation is of interest for the air or cathod®ersidachthe sameeason
as the anodside, that is, to minimize parasifiower losses antbwer the componentosts. If
pressures can be kept low, a blower can be used to provide the air flow through tiedl. fiighile
not particularly efficient, a blower isbviously muchless expensive than a turbine ositive
displacement compressor, andh very low pressuresthe PV work required isninimal and the



device efficiency is not particularly criticalSince the cathode kinetics amughly first ordemwith
respect to oxygen partial pressure, the stack power densities are not aswitbhttaespressurized

cells However, wedemonstrate below that once the parasitic losses are takeacaoiant, the net
power densities are not very different. A number of issues \aitisesery low-pressure operation.
Low-pressure operation often results in drier operating conditions due toldvegh current
densities (lessvaterproduced) andhe highemwater vapor voluméractions (morewvater removed

with the air effluent compared to pressurized). Asch, the effectiveness of the membrane
hydration scheme becomes more significant at the lpvwesssures. The teclopuie for direct liquid

water hydration of the membranes that we ((#élson 1999) appears tmave advatages over the
classical means of cell hydration, namely, reactant humidification. Avoiding reactant humidification
also eliminates thepressure dropequired to force theeactant airthrough the humidification
module, which furthedecreases the parasitic power requirements. A consequence of introducing
ambient temperature air into the humid environment provided by the direct\watedhydration is

that the stack is readilgvaporatively coed. Coolingplates, coolanand radiatorsetc., are then
eliminated which furthesimplifies thesystem. Sincghe airstream heats up substantially as it
passes through the stack, a temperature gradient is estalii@hddlet to exitsides. In comast

to typical“isothermal” stack designs, thisemperature increase is encouragearier toavoid
condensation and the two-phase flpressure droproblem. For suchreasons, this approach is
described asadiabatic” operation. This pasyear, we havedemonstrated the utility of the
adiabatic approach on a roughly 1.5 kW level. The system was operated with less than 2% parasitic
power and fullwater self-sufficiency at a 56%verall systemefficiency and350 W/L net power
density.
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Figure 6 — Schematic of the Adiabatic Stack System

Over thepastyear, the adiabatistack systemwvasalso further simplified. A currerschematic of
the roughly 1.5 kW system is depicted in Figure 6. Wigeirculationthroughthe stack(for the

direct liquid hydration) and make-ujpom the ambient-pressure maimater reservoir are now
accomplishedusing a singlevater pump in conjunctiorwith a pressureswitch and float valve.
With this scheme, asecond pump, liquidevel sensorand motor controller areliminated or
replaced by lower-cost and non-powered components.
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The less than 2% parasitic power level i€atical importance tallow the modesperformance of

the adiabatic stack to compete favorably with higihvesssurduel cell stacks in terms ofiet power

density and efficiency. The parasitic power significance is illustrated Rigure 7. Here, a
polarization curve depicting the rather modest performance of alébaticstack is depicted.
However, for ahigher parasitic power (e.goressurized) system toatch the net efficiency of the
adiabatic stack, inust operate at a higheell voltage. For example, if acompetingsystem has a

15% parasitic power level (quite optimistic for a 30 psig stack, reasonable for g&i st&ckwith

no PV recovery), then it must operate at about 0.81 V/cell to attain the same net efficiency. The unit
cells in the competing stack will actually need to be thinnexckievethe same net power density,
because the stack must also accommodate cooling plates, etc.

Conclusions

Commercialization ofhome-based stationary pow®EM fuel cells will require reliable and
inexpensive components asgstems. Consequentlycammon themauniting the variougasks

and efforts in this program that they are all iented toward®verall systemsimplicity, with the
belief that ultimately the long term commerciahhility of fuel cell systems will depend updheir
simplicity (and hence cost amdliability). Major steps taealizing these criteria can laehieved

with the development of low-cost and reliable bipolar plates, stable and effective CO tolerant anodes,
and highly efficient and simple fuekll systems. Clearprogress habeen mad¢his past year in
meeting thesebjectives, particularly with the commercial attentionnpyed by the composite
bipolar plateapproach and the low parasitic poveystem demonstration dfie adiabaticstack.
While not quite as fast paced as #imvetasks, we are developing the fundameuatalerpinnings

for future advances in the more challenging metal alloy bipolar plate and CO tolerant anode tasks.



Future Work

If upon further testing promising cathode resalts obtained in the singtell testswith Alloys B

or F, the next step in thmetalalloy bipolar platesffort will be to procure foils appropriatéor the
fabrication of an internally manifoldedhort stack. This step is necessary definitively
demonstrate the viability of uncoatedetal alloy fuel cell hardware because of the additional
corrosion challenges that a stack presents such as stray and shunt currents. Because the technology
is now basically in commercial hands, the composite bipolar plate component of the project is
winding down, although the work involveudth the othertasksmore than make ufor the amount

of resourcesnade available. The&ork on CO tolerananodes based ahe LANL reconfigured
anode approach will enter a more fundamental phase of understanding in drekertbesign and
optimize anodes forlarger cells andstacks. The segmenteccell will be instrumental in
characterizing thepoisoning andmitigation processes. Whileghe reconfigured anode CO
mitigation strategieshave impoved tolerance substantially, treverall system isremarkably
complex merely to supply low C@vels. Entirelynew COtolerant anode approaches are needed
and will be considered. Cost will always ber#ical issueeventhoughthe net performanclevels

of the adiabatic stackystemcompare favorablyith more complexsystemsdeveloped elsewhere,
so we would like to increase the power producedcpkrat the0.7 Vicell level. Weanticipate that

we may be able to increase the curdgnsity(i.e., power)about50% usingnew flow-field and
gas-diffusion structures (plus some additional improvements), which obviously decestsés\W
substantially. Whilethe system isalready quite simple, the nestep to work on in further
simplifying the system is to eliminate the hydrogeairculationpump. This is necessary to flush
condensate fronthe anodeside, but judiciously altering the anodeater supply scheme may
alleviate the condensation difficulties.
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