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DirectMethanol/AirFUel Cells:
System Considerations

J- R. Huff
h Alamc6NationalLaboratory

E ALmos, New Mexico

ABSTRACT

su~ful operationof a direct n&.hanol/airfuelcell systemdepexlsupon
appropriateintegrationof the fuelcellmmponents ti acccmciationof the
need for heat and mass transferwitiin the system. The featuresof the system
thatmust be consideredsqmately axl in an interactivefashionare: (1)the
physicalstateof the fiel feed stream,(2) electrode dmmcteristics, (3)
characteristicsof the electrolyte,(4)pnxluctwater renmml, (5) heat
transferintoor out of the stack,and (6) n&hanol 1C6Smales. The operating
~tUrEI ?Ud pD2SSAI-.e WL~~ be dEWHW-X3d, to a laxyeextent,by these
features. An tierstardingof the cmgment fea’mresand their interactions
is necessaryfor initialsystemmnsiderationsfm directmethanol/airfuel
Cel’.s.

INI’ROIXJCI’ION

A directmetkmol/air fuelcell wouldbe an attractivedevicefor providing
puwer in a numberof applications.It offersthe directuse of a liquidfuel
aml thus alleviates the problemsof carxyirqa gaseousfuel.or of convert* a
1iquidfuelto a gasems fuel for use in the fuelcell. Therefore,the system
wou.Ldbe simplerard more reliakde. It couldalso offer~.ses in weight
aml volumeover system that requirethe conversionof liquidfuelsinto
9~ fuel fed stream. In addition,methanolis easy to transportaw2
present fueldistributionsystemsm-d d readilybe adapted to hamilcmthanol.

AS noted in recmt reviews on directmethmol fuelcells (1,2), the main
obstacle to achieving successfulopemtion of such a fuelall has beenthe
inabilityto developa suitablecatalystfor the directelectmchemkal
oxidationof ~~~1 , Hwever, were the mmssary mtalyst developed,
effortsmuld prcceedto developm cprating fuelcell system. The following
discussioncuverssaw of the pointswhichshouldbe consideredin the
develqment of a directmethanol/airfuelcA1 system.

SYSTEMCONSIDERATIONS

successfuloperationof a directmethanol/airfuelcd 1 systemdependsupcm
appropriate intqration of the fuelml 1 compnents ad accmodat ion of th?
ned for heat ad mass transferwithinthe system. Camponentrequirement3tmn
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be &alt with separately;hcwever,their interactionsW otheroperational
~=n= -t ~= ~ ~=id~-” A numbexxof featuresof the systemthat
can be mnside.md seprately ard as they interactare: (1)the pbysiml stite
of the methanolfeedstream,(2)electrode*cteriscms, (3)
characteristicsof the electrolyte,(4)ptict waterrelmval, (5)heat
transferout of or in to the stack,@ (6) methanollossties. These
features,takenas an integratedwhole,will seineto definethe operating
~tu= ami pressure.

1. MethanolSupplyto the Stack

The metharml fuelcan be suppliedto the fuelcell stackas eithera
liquidor a gas. Deliverirqthe fuelas a liquid is the simplesttie. If
the ekctrolyte is immobilized(containedin a mtrix) , the liquidmethanol
would be pumpedintoa plenumchamberbehindthe anrxle.If the system
utilizesa recirculatingelectrolyte,the 1iquidmethanolwwuldbe addedto
the electrolyteat someconvenientpoint in the recirculationsystem. This
assumessufficientvolubilityof the methanolin the electrolyteto maintain
the requiredsupplyof methanolat the ancde face for my g~.venreaction
rate. The sameassumptionholds me fcr ‘he immobllizdel~lyte case.

If, becauseof systemdesign,it is desirableto deliverthe methanolto
the fuelcell stackin the Vapr @se, a ~ of vaporizingthe methanolis
required. In this case,the emctrolyte wouldprcbablybe immobilize and the
methanolvaporwouldbe fed intoa distributionchamberat the back of the
tie.

2. Electrodes

A. Ancxle- The anodecatalyst developd mst, of course,Supprt
cmplete oxidationof methanoland not be ~isoned by or reactwitn
intermediatesin the oxidationprmess. The stxmrtureof the ancde is the
importantfdmre for t-e system. In the casewith recimulatiryel~=lyte,
the ancclestructuremust be such that the mtdmml-catiiyst-elc~.ifie
relationshipneawsary to s~~t reactionratedenti can be maintained. In
addition,the structuremust not WKeepff1iquidthroughto tie back of the
electrode.

If the electrol~e is inmmbilized,tilemale stmcture must allowthe
establishmentof the mtalyst~lectrolyte interface,The stmctwe rivstalso
)x designed to allowtiled~.1iveryof liquidGY:vaporphasemethanolto the
mtalyst-electmlyte int.orface at mtes sufficientto supper-treasonablepower
levels.

In any case,the ancdestrucku.remwt pruvidefor the rapidremovalof
prc%iuctCY12.

B. Cathcxie- The cathodeshouldprcw.idcgod .W pressureair
q.Erat.lLJ!!. It is reasonableto assume that methanclwili be solublein any
electrolyteused,tkrefcm the rathcdemtalyst.shculdbe inertto methanol.
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Thereis also the pc6stiilitythat internwd“ateXW2thanoloxidationproducts
mightdesorbfrun the ande and migrateto the =thode, thus the ~&Lde

atalyst shcmldbe inertto thesespecies.

It is n’c6tp~le thatprcductwaterwill be formd at the cathode,
t.hexefore, the cathodestructuremust allow for the remval of this waterwith
miniml or no lossof electrolyte.

3. Elea.mlyte

The ekctmlyte shouldsupportthe cmplete oxidationof methanol. It
shouldbe inertto or, indeed,rejecttie prcciuct032. Methanolshouldbe
sufficientlysolublein the electrolyteto supportrequired-ction rates;
hwever, the electro?.yteshouldbe inertto chemical=ction with methanol
and any int.enwdiateoxidationproducts. The physiml stateof the
electrolytemay be a free, recirculatingliquid,a liquidinmmbilizedin a
mtrix, or a solid (sum as a prutm exchangemembrane). The recirculatirq
electrolytecould seineas the vehiclefor the removalof h=’;.ad reaction
products. Othermeanswouldbe neededto pruvidethesefunctionswhen the
othertypes of electrolyteare used. In all tin= cxses,the systemwould
have to be aesi~al to maintainL!e required‘Cmterbalan~=L ithe
electrolyte.Waterbalancemeansnot only maintaininga constantwater
contentin the electrolytebut also ensurirq,in the hmmbilizedcud solid
electrolytes,that neces~ waterdistributionis maintainedand no partsof
the electrol@3 entitydry out or flood.

4. PmdUct REm3val

A. Water - It is assuneclthatpmciuctwaterwill be formedat the
mthcde. If a recimulatincj electrol}b system is used,t-henthe watermay be
remved f= the elect.mlytewith devicessimilarto thoseU- in tiile
electrolytealkalinefuelcell systems. Chvicusly,the watermust & renuved
at a ratethat maintains constant el*lyte concentration.This does rKt
presentany signifleantproblemsif dons in an applicationthat requires
steady-statepier delivery;1imeve.r,for applicationswith trawm k powr
demards,mntil of the rate of water remuvalfmm the ehectmlyte may be
difficultard my resultin flu~~uationsin the electrolytaconcentration.
Thismight be toleratedover a narruwrangebut, certainly,laxqechmges in
electrol~ corx%ntrationcouldleadto unsatisfactorydeviceperfonmnce.
This lattersituationmightc=ur -u.- of a slow respnse of the water
reamvalstrategyto dramaticchangesin waterprduction.

If the electrol@ is .inmdilized,the no-l methodforwater remval
is in the prnmss air exhaust stream. wcause an increase in pcwer denwd
would be acxxmpanied by an increasein processair flow,the rssponseto tk)e
needto rumve mm. prcductwaterwuuld be rapid. The operatingtempera-
- prcwmum of the fuelcell stackwill determineif the productwater is
deliv- to the gas side of the athode as a 1quid or a vapor. The physical
state of the water cculdalso be affectedby the structureof the air
eleck.mde.
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B. Carbondioxide- Cc@ete electmoxidationof methanolwill result
in -n dioxide (~2 ) fonwk~on at the anode. If the anodeelectrodein the
recirculatingelectrolytesystemis not prms, the C02 willmst likelybe
renmvedin the electrolytestream. This means that bothwater and C02 will
haveto be removedfrcxnthe electrolyteafter it exitsthe fuelcell stack.
It is unlikelythat kth theseproductswculd be remved in the sam device,
thus,the system~lexi~ -d imrease. Anotherpossibilityis that the
C02 couldwe thrmgh the electrolyteto the air electrcrieand exit ~
thisporousstructureintothe processair s-. This couldcreate
difficultieseitherby furtherdiluthq the amunt of oxyyenavailableor by
obstructirqthe a~ of the limitd amunt of oxygento the catalyst.

It is anticipatedthatthe anccksused with the immdilizd or solid
electrolyteswill be pxous. Therefore,the ~2 can pass throughthese
electrodeseuxiMm the fuelstream. This streamQ then be exhausted
overboardor some mans devisedto renmvethe C02 fromthe streamif
recimulationof the streamis desirable. It is also possiblethatthe anode
exhauststreammay be used scmewhereelse in the system,for example,to
provideheat to vaporizethe methanol.

5. Heat Transfer

Tkrmal regulationof the fuelcell stackat the selectedoperating
temperaturerequiresthe inco~?rationof h-t transferschems in the
system. In mst cases,mre heat is generatedwithinthe stackby
electmchemi~ inefficiencies‘hen is requiredto maintainthe stack

tmpriiture and, VlerefGKe,heatmust be removedfran the system. Hu+Ever,at
K loadsof half the stackratingor less,the heat generatedis
insufficientto rnai.nta.hthe stacktemperatureand heat must be addedto the
stack

Ii the reck!ulatiryelectrolytetie of operationis used,heatmay be
remved or addedby passingthe electrolytethroughsuitableheat exchangers.
With the =ilized or solidelectrdyt”-,it may be necessaryto havea
tierml controllooppssing thmqh the stackwith temperaturecontrolpla+-
at a~mpriate positionswithinthe stack. Sme cmdirq may be accomplished
w~th the processair or, if the productwater a~ as a liquid,by
evaporationof the 1iquidintothe cathodeair exhaust. Irlany ~se, if heat
must be suppliedto tie stack,this impliesan externalsuurc~of heat,

6. MethanolLr)ssMcde9

Loss of methanol~ it cannotbeusedintheel ectmchemicalreaction
and therebythe systemefficiencyis lwemd. Most of tk.eccmmmnloss-es
are the resultof methanolenteringone of the processstreamsaml being
rsmcn’dfran the fuel=11 stackwithat reactirq. In a recirculating
electilyte system,the methanolis dissolvedin the electrolytead is
susceptibleto beingremovedalongwith the prcductwateror ~2. It is also
possiblethat the methanolcald me thruughthe air electrodeand be GJXTid
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along in the cathcde edlaust . Deperdng on the operat~ temperature,the
mthanol ad distillout of the electrolyteW be lest in somepart of the
circulationleap,

In fuel cell stacks using inmmbilized or solidelectrolytes,mthanol
couldbe mrried at of the stackin eitherthe anodeor cathcdeexhaust
streams. Neitherof thesestreamsis likelyto be run as a clc6edloop;
however,the methanolcouldbe reccveredin a cotienseror - otherd“’ice
zu%lreturnedtothefuelfeed~. Alternatively,if a sourceof he=+ k

needed,these-usts~ caldbe-ined and usedin aburner. Tithe
stackis not carefullysealed,it is alsopssible tharn&ha.nolcouldbe lost

trm the edges of the electrolytematrixor mmb~~.

me Opelzltirq temperature aM pressurewill be selectd to optimizethe
performnoe of the system. ‘R& ma!nsthat all of the fdmres d~iked
abovewill have b be consideredfor =wh systemdesign.

SuMmu<i’

In considerirqthe d=ign of a directmethanol/airfuelcell systan,it is
aecessay to inclti not only the electmchemial subsystem(stack)but also
the subsys~ neededb achievemass aml themnalbalanceswithinthe sys-.
Systemoperationdeperdsupon tke successfulintegrationof all the
-H- ●

Tb achdevethis intqration,tie systemdesignmust identifyard
acccmodateall titerfaces,both in the fuelcell stack- e5&ernalto lt.
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