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ELECTROLYTE MEMERANE FUEL CELL

BACKGROUND OF THE INVENTION

This invention relates to fuel cells and, more particularly, to fuel celis
incorporating a solid polymer electrolyte membrane to conduct protons
between the electrodes of the fuet ceil and including wicking strands to
hydrate the membrane.

Work is commonly derived from fuel by a combustion process which
uses the pressure of expanding gases to turn a turbine or move a
reciprocating piston and, ultimately, provide forque to a driveshaft. This
torque is then usually used for propulsion or to generate electrical power. In
the latter case, the electrical power is oftimes reconverted into mechanical
work.

The by-products of the combustion process are waste gases which
contaminate the atmosphere or, if pollution is to be avoided or at least
reduced, reacted with catalysts to produce benign compounds. The foregoing
process is usually expensive and typically calls for operations and equipment
that require extensive monitoring and maintenance to ensure that the
emission of poliutants is kept below a prescribed maximum. Furthermore,
there are energy losses inherent in the use of expanding gases to drive a
turbine or ;ﬁiston engine due to the inefficiency of the combustion process and
friction of moving parts.

One approach which avoids the foregoing disadvantages inherent to

generating work by buming a fuel is the fuei cell, which produces electrical

~ power directly from a chemical reaction which oxidizes a fuel with the aid of a

catalyst. No intermediate steps, such as combustion, are needed, nor is the

machinery to generate electrical power from the forque of a driveshaft. The
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nonporous bi polar plate (42, 46) having grooves cut therein. Wcking
strands (13, 15) conposed of a trilobed fiber are |ocat d t ween each
catal yst layer and the adjacent PEM and arranged in a reygﬁl e pattern
such that the strands do not cross over each other. Each w cking strand
abutting the PEM surface facing the anode el ectrode has one end situated in
a reservoir of liquid water Each w cking strand abutting the PEM surface
facing the ca‘&# &l ectrode drains into an exhaust resepy@idinwts OCT 2004
WO 01/ 59865 P 01/ 04024 W CKI NG STRANDS FOR A POLYMER ELECTROLYTE
MEMBRANE FUEL CELL BACKGROUND OF THE INVENTION 5 This invention relates to
fuel cells and, nore particularly, to fuel cells incorporating a solid
pol ymer el ect repbiicar &gy 6frtke @l Baniizedt mperomoresefidiative Sincelmligingct r odes  of

the fuel cell and includin i ckin tr o] te i . rane. Work
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work. 15 The % E[ E@L%r%;%{w%e |c?a% t'u?nbe%é’&e%ﬁ%rﬁr ev0| gts oiFASES Whi ch

contam nate th ution 1s to ed or at | east
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fuel is the fue uces electrical power directly froma
cheni cal reactlpusns wtﬁtwmnpweéleéosaél ivip @IsotheoRti decyPnis copdciiyst . No

i ntermedi ate Sérmﬁereﬁ*’ﬁl@\lé}ﬁs ﬁgﬂm%dr@db ofhecdieeded, nor is the machinery
to generate electrical power fromthe torque of a driveshaft. The
15 A fuel gas is supplied to one electrode the anode, where it Is oxidized
to produce. protons and free electrons. The production of free electrons
creates an electrical potential, or voltage, at the anode. The protons migrate
through the PEM to the other electrode, the positively charged cathode. A
reducing agent is supplied to the cathode, where it reacts with the protons _
20" that have passed through the PEM and the free electrons that have flowed
through the external circuit to form a reactant product. The MEA includes a
catalyst, typically platinum-based, at each interface between the PEM and the
respective electrodes to induce the desired electrochemical reaction.
In one common embodiment of the fuel cell, hydrogen gas is the fuel
25 and oxygen is the oxidizing agent. The hydrogen is oxidized at the anode to
form H* ions, or protons, and electrons, in accordance with the chemical

equation:

H,=2H" +2¢”



1 8 OCT 2004 WD 01/59865 PCT/ US01/ 04024 chem cal energy of the fuel is
utilized much nore efficiently. Since polluting waste ga?ﬁ g not
emtted, the attendant processes and equipnment required TO neutralize

t hese harnful by-products are unnecessary. The sinplest fuel cell consists
of two el ectrodes separated by an 5 electrolyte. The el ectrodes are
electrically connected through an external <circuit, with a resistive |oad
lying in between them Solid polyner electrochenical fuye ells generally
enpl oy a menbV2E%®fect rode assenbly, or "MEA " consi sﬁ#@g%#mz‘ sol i d

pol yner el ectrolyte nenbrane, or "PEM" also known as a proton exchange
menbr ane, di sposed between the two 10 el ectrodes. The el ectrodes are forned

from porous, el ect rfﬁgq_m%r{sq%}ﬁ}é\%éﬁ%%ma??ﬁcdﬁ’?&o%fifv re tlf:)éé%ré%daj}ée&ar bon

fi ber paper or clot usion. The readily permts
t he novenent oby pxygenasd betfeesiedrhes kore ther @xdrrpal cirpuit tq form wateri Tes v

| nperneabl e to - 1L pcp@r £.00) nductor, and thereby
prevents interﬁog(?gsoé J%?étﬁaﬂo%g{%g o Itlhslcﬁ%hlig?&g?&gés is supplied to one

el ectrode, the anog}g@ PhgY £241= i p oxi di zed to produce protons and free
el ectrons. The pro uciion of free electrons creates an el ectri cal

potential, @r voltaye cléds df et sdliedees 3 selidPEN dormedifigmedreiontekelangdh t he PEM
to the other electrode, the positively charged cathode. gA reduci ng agent
is supplied topelwetastrbdas mkm@uqr@sq}/f@aet@%q-w fhilaifnot JAEMPE™% hat have

passed t hrough the P n e free el ectraon h f hr ough t he
external ci rcupfo%ﬁem% gé‘%&e{ g%ﬁempgr&mlg " ?@h%@oﬁn@l ‘%Fmaq’% c’q[cat al yst,
typi cal |y pl at iohithdraskd establishad fbyi the enfoaice(sbiéiniveacid shienPEiMupsdhat he
respective electrodes to indu sired el L cal I ifon. In
one common eanH?tn’é’ﬁE'"cﬁe tpﬂgmfg'ﬁewag%'ldﬁ reﬁ@gragag’?\’k%g@]?@% %éesf'ﬁgtﬁé 25 and
oxygen is tioe palysieziorfgrmagpedctivd pathivayl fogienicittengportdi zed at the anode to

o Or b P THeBRe BRALBLEH QIR PeN: RYHAE AXIRGioN! drfind Bewer Do cal
content in the polymer. More particularly, the conductivity will decrease as
the water content drops below a minimum threshold level. As the conductivity
drops, the efficiency of the fuel cell decreases until, if the polymer becomes

‘i5 excessively dry, the fuel cell becomes non-conductive.

. There are several factors causing the removal of water from the anode
surface of the PEM. Heat generated in the oxidation reaction, as well as by
transport of the free electrons, i. e., IR type losses, 'causes evaporation.
Water is also lost through electroosmotic transport by hydrogen water

20 compounds, e.g., "hydronium ions, “ (H;O)" . This is a process in which water
molecules are “dragged” through the PEM by hydrogen protons migrating
from the anode to the cathode. Each H" ion is believed to transport one or
two water molecules along with it through the mechanism of electroosmotic
“drag.”

25 Dehydration of the membrane is a problem endemic to PEM fuel cells.
Abundant water collects on the cathode from being created by the reduction
of the H* ions and from being transported through the PEM by electoosmosis,
and some of this water will automatically migrate back through the PEM to the



WD 01/ 59865 PCT/ US01/ 04024 The H+ ions traverse the PEM to the cathode,
where they are reduced by oxygen and the free el ect r orts QGTodl8he ext er nal
circuit, to formwater. The foregoing reaction is expressed by the

cheni cal equation: 1/202 + 2H+ + 2e = H20 5 One class of fuel cells uses a
-solid PEM fornmed froman ion exchange polyner such as

pol yperfluorosulfonic acid, e.g., a Naflon(r) nenbrane produced by E. 1.
DuPont de NegyiiResed ON transport is along pathways of p@iise10aehwor ks

est abl i shed by the anionic (sulfonic acid anion) groups that exist within
the polyner. Water is required around the ionic sites in the 10 polyner to
form conductive pathways for ionic transport. The ionic conductivity of
such PEMs is tiAbde By bitnétof @ mécHanmnat diffusiarontlewver, ihe rate pbwateer . More

particularly, the. co ctivity will decr t.ent drops “
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glener at ed is_n tohepemr@a:ronmttonsemxtam ceﬁimlghbbeb eumcw to encanstport of the free
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" hydr oni um i orshunidifidia®emal tofthe fuel selstipciocsetogntradugghwvaihr agsteam opdl ecul es are
the oathode. " By B Soedmd FLBaEh Bistod Aol fdhe Bload. | AeRe Bnode to
mol ecul es al omgethadia to bulthie thegheltdas tmoudiawatenkerft abh deropesgiureotigher "drag. " 25
Dehydr at i o of

Abundant wat ertha %F%réﬁﬁﬁ lta'h%h%qug&gp%m%%el%d tgrgg\ﬂegugly tcﬁlel feduct I on
of the H+ ions andTharerrd dowgvers kmitspet thécﬁ‘f(eh‘i"/@l]@% qf amiafifigrbgn 8% 8ct oosnosi s,
the °5 ' Db sy e RO oAbtk e P e
mechani sm of dif fdondénsation-oMepe particarly. avaterofonggpsgs in“the anode in an
amount corresponding to the difference between the saturation vapor
15  pressure of the humidified fuel gas at a humidification temperature and the
saturation vapor pressure at a cell operation temperature. The difference
between the humidification temperature and the celi operation temperature is
typically too small to provide for condensation sufficient to avoid excessive
dehydration of the PEM.
- 20 One solution has been to increase the temperature differential by
increasing the humidification temperature. However, the increased
humidification temperature causes an increase in the partial pressure of the
water vapor which is greater than the attendant increase in the partial
pressure of the fuel gas. This unequal increase in partial pressures causes a
25 decrease in the quantity of fuel gas per unit of volume in the humidified gas
mibxture entering the fuel cell which, in turn, adversely affects the performance
of the fuel cell.
Moreover, even with the gaseous mixture being saturated with water in

"an amount sufficient to prevent dehydration of the PEM, and assuming



m grating back to the anode by neans of diffusion is not always sufficient
to prevent excessive REM dryi ng under high current operat.i condi ti ons,
and thus diffusion alone cannot be relied upon to pre@e&ET Dkng under the
range 5 of operating conditions that a fuel cell mght be expected to
encounter. One approach to nmaintaining adequate hydration of the PEMis to
use a humdifier external to the fuel cell structure to introduce water as

steamor a fjne H it into the stream of hydrogen gas fyp@lushi@wisng into the
anode. Anot her maf6 od is to bubble the fuel gas through water kept at a

tenperature higher 10 than the tenperature at which the fuel cell is
operated. There are, however, limts on the effectiveness of humdification

as a viable splighb®@haAMREGuaREH ob coffnkéd/ waler GO BBilAY Ridequarethent to the
mechani sm of condensati on. More parti,culo'zlplllgﬁ(jr wat er, con ensefstlhi n the anode
u

in an anmount apBliGaliahshientprdgniadewaies et BePYRdhe FHELPW M8t i on vapor
15 pressure ofaiohe heathéli frickd of 4Rl weRs cahdenséyioh dhé ipadt ofothet anmder at ure and
the saturation vapor pressure at a cell operation tenper r The

di fference bdlRESh R 'Wﬁ’uﬁﬁ“’cﬁ"?*?‘@%‘f"i‘%ﬁ‘et B}?E%Fﬁ%“?em&ﬁ’a t?{gttt’gel Moperati on
t enper at ur & | Ssubje¥itb @dfingout.oo snall to provide for condensation sufficient
to avoi d excessive_ dehydration.of the. PER 20 ol .uti syheen to
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t enper at ure. HeWRINEBE cdnbiénded G¥2aerS esh bdintiedsdd yaincreasinge thedioa nateecfcauses an
increase in the partial pressure of the . r | ch.l reater than
the attendant PHcAMRED iq%s't ﬁ%t B {§Y|res Srr\é%}écg'gag&g%% hsyekﬁgllﬂcg]ggg Thi s

unequal i ncreaséirdutipRipuimps apd esdner eacaos Bitering AGpariies edseh tendtioe quantity
of 'fuel ga

Fuel ool I caretimyetedp iRy b (OB Bdof e Bpuert Kialirfhegl 20 101
cel I. Moreoverdragbaeh toi himidiigngyaiseduet gasx aod do beiregreglatiarr gygemwint h water in
Cr 2004 o o1 Eugas i SR HERULES 1Rl Heplehe i UncPRHBASHT 08 2 ced
wat er is sini|whitlyadittedhemoeralitdoet of spplueicet ingaddiipn tiscreasise it weiglat er i s not
uni f or m over tgh% ﬁ\’énfsg@%ffgéﬁn& H? reliability.
15 An alternative to humidifying the fuel gas is to direct a stream of water
. across the anode. However, as there is no feedback as to the rate the liquid
water is being absorbed into the PEM, this approach typically delivers much
more liquid water to thé anode surface than the quantity being absorbed.
This excess of liquid water restricts access of the fuel gas to reaction sites on
20 the anode and consequently has an adverse effect on the performance of the
fuel celi.
Wicks also have been used to conduct water from a reservoir to the
surface of the anode and PEM. More parﬁculariy, U.S. Patent No. 5,534,363
discloses a wicking structure comprised of hollow tubing having porous walls.
25 The tubing is completely covered by a porous fabric or foam having numerous
tiny fabric or foam fingers emanating from the surface of the cover.
The cover adheres to the surface of the fuel cell's anode sheet, and is
formed from a material capable of bonding to the porous tube and the anode

surface. Thus, the cover material must be selected in view of the material



anode- Rather, nost of the water condenses on the part of the anode

nearest incomng stream |eaving the nore distant portiforfToRjjshe PEM 5
subject to drying out. The quantity of noisture carried by a saturated gas,
and thus the anount of condensed water, can be increased by increasing the
flowrate of the saturated gas, but this requires a recircul ating gas
systemincluding recirculation punps and sone neans of filtering

inpurities Whydistsgnd to 10 accunul ate in the unused gagcH®eidsed! ati ng

t hrough the system A significant drawback to hum difying the fuel gas,
and to a recirculation systemin particular, is the necessity for punps,
val ves, heaters and other equi pnent which add to the overall cost of the
fuel cell in ageltoform tie amde shsstndhsi aedriai @umn &nilea d8dbsedigctingf ecting its

reliability. 15 An alternatiVv hum di fyi direct a
stream of wat ir?e PIgRGF FAGde ick at‘(%ga.ls a\’/vgé\flféﬁr(% H%mtap ﬁ §Qﬁ& aﬂﬁis;% thgack as to
the rate the langds decoame dts physioali argl oieswedd eaiagtegstidsemPELE 2 Hiade appr oach
typically deli Vers much nore liquid water to the anode surface than the

gquantity bei néeﬁﬁsor bed. This excess of liquid water restricts access of
the fuel gd&s to reaction sites on 20 the anode and consequently has an

adverse effect on g pers QhoB9sesoln Lot ShnobSirent Whahsesdl agihave been

used to conduct wa roma reservolir surface o he anode and
PEM More par tcomptised| of, haw sBapeRhitubing foioedontg3ie shape of & ¥rpe dwisk ¥ithi cki ng

structure CO”%H&EQSDOfl'hlg%Al i é%%ech@}fﬁ Hiaﬂ)‘ﬂB%ESarY@Ha§ orqmay'R& tubing is

conpletely covere y a poro ric or foam having nuherous tiny fabric
or foam fi ngersqusmapariungfabrionet Heauepwrse darendies cgnet . thehaellifder " adher es

to'the surf @C% 9|fac h%tcg WetheGitbohe %a?é?ﬁﬂﬁnéfﬂ@@iﬁm @'Fl‘ijdf'aﬁon L@ Aerdts.0om a

mat eri al capab onding to the porous tube and the anode surface.
Thus, the cove¥s nm@ﬁerwwenmetcha@sr@@Pe@ﬁ@%ﬁeﬂnt%aﬁw E‘fs eRemaAeelickl -5 8 oCT

2004 WO 011598ggcifekh Uﬁosyrfgé@gf‘}hé@l%aet RisliRpiadithis tRORBMgHMAhastAe noted in

colum 6, |ines 38-46, sel ectlng proper anode wi ck materials may
require di smarfelPRwRdata mateia) tr W'BP°"t‘q1\§'th RaedhEestise its physical and

chemi cal char act er \gdthet Sait8mstiRearode vAEIE design replaces the porous fabric or
15 foam fingers with cloth knotted from hydrophilic (i.e., water absorbent) thread
and hydrophébic (i.e., water repellent) thread. The knit cloth contains
repefitive square hydrophobic regions which substantially exclude alt liquid
water and allow the passage of hydrogen gas to.the anode. Surrounding
-each hydrophobic region are zones of hydrophilic stripes which exclude
20  hydrogen gas and allow liquid water to be transported via wicking action from
the hollow tubing to the anode surface.

As noted, the wicks of the foregoing patent use hollow tubing which
lies on the surface of the anode and is affixed thereto by adhesion. it
requires an analysis of the anode material because the tubing or tubing cover

25 must be formed from material which will bond with thé anode. To use such a
wick, various fuel cells must each be dismantled and have their anodes
analyzed to ensure proper bonding. A wick must be specially manufactured

- to be used with each fuel cell having an anode compased of a material having

unigue bonding characteristics.



secret. 5in colum 7, lines 13-28, an alternative enbodi nent discloses a
w ck conprised of halr shaped tubing formed into the sh@p@qf 2804t ree trunk
with branches. This tubing is perforated with snmall holes, and may or may
not require porous fabric or foam covers dependi ng upon the wetting 10
characteristics of the anode material and the PEMs hydration requirenents.
As no alternative nmechanismis disclosed to affix this alternative w ck

structure to WwheyHasface of the anode, it is inplied thatrivhgeieebi ng al so
must be conposed of a material that will bond with the anode sheet.

Anot her alternative anode wi ck design replaces the porous fabric or 15
foamfingers with cloth knotted from hydrophilic (i.e., water absorbent)
thread and hydropbgiPateht Ne. 5,314l alsegistibssts wick teesupply Waderdnian cl ot h
contains repetitive. s dr ohi S tiyally exclude
all Iiquid waelngé © 3hd Y q‘f’\%‘ ﬁe gg@s%%eog%ﬁ%ﬁ%%wﬂggqteoﬁr%{ghié@a ode.

Sur r oundi ng etm:hathm:thsqmebacmké'gl on ewade gbiresthsadh gl tyhus gtesiel i pes whi ch

excl ude 20 hydr t Vi a

wi cki ng aCtIOI'Pé)f? %ygst%%‘feﬁq ow u%hgm ox?rhgné%gﬁﬁe%ruc{r?ﬁ%a%is noted, the
wi cks of tHe fthe goitmeadsdiaving hese hhl@ﬂelddoae{tiaﬂm“n@hwtw@hd thrpads formt@he surface
of the anode aigyeS ! soietd ohfifid ShfaddYor i GRR or P, SRAUY Bincfdly anal VS S

of the anode materi al ause ing or tubing cover 25 nust be forned
from materi al thvlea@qummrb DHwith, dgarepsendheapwthse aren oberwdsacAvallablgiferk, vari ous

fuel cells msf, R%Aﬁ*wﬁg%deﬁo@d?ﬁbnw%dh&&uﬁe eunﬁgﬁaen@tp%lfweed to

ensure proper E specially manufactured to be used

wi th each fueIfU@iellell h'ﬁ\klﬁﬁ@e dickgn Secbinsiie ddieh isf obyionsly dhickar thavtheg  uni que
bondi ng Chﬁ%aggcﬁw&ﬁl 'tﬁ:%ads Gpé n% RO Qhrrd? Qér{sﬁy‘aff@%dﬂgé Ra 1,846 U. S.

Pat ent No 744 al'so'discloses a wck to supply water to an anode
and, ulti natelgﬁffotf@ﬁf@epﬁm)mmeé specifically, in colum 10, lines 1-4, the

patent discloses afyd Glater is condudtBdlDetfechi he mbk@asISHiRls Foridy &es materi al
preferably sel ected fromvarious natural fiber, synthetic fiber or metallic
fiber, bundle along a spiraling, tortuous path, in contradistinction to a finear path.
The aforementioned nonlinear flow path requires the water molecules to
15 travel a longer path to reach any part of the surface of the anode, particularly
with respect to the area of the anode and adjacent PEM lying the furthest
distance from the water source for the wicking bundle. This requires more
‘work from the capillary force dn‘vinQ the water molecules and more time for
the water to traverse the distance from the water source to the PEM.
20 U.S. Patent No. 5,358,799 discloses the use of a capillary wick to
conduct water to the anode and from the cathode of a fuel cell. At column 5,
lines 59-60, it states that the capiliary wicks are comprised of “porous graphite
or other suitable materials.”
Several references of the prior art disclose a fiber or sirand having
25 three hollow interior regions extending axially for the length of the strand,
formed by three T-shaped pattitions intersecting at the strand's core. In
particular, Figure 3 of U.S. Patent No. 5,759,394 iilustrates the foregoing

fiber. The fiber entraps a solid absorbent within the longitudinal regions. The



5 the fine threads having been tw sted together." The twi sted threads form
a bundle. Any object on the surface of the anode or PEM §OFhggs bundl ed
threads form ng a wi ck, decreases the surface area otherw se avail able for
the transport of H+ ions, and proportionally reduces the current density of
the fuel cell. Thus the thicker the bundle, which is obviously thicker
than the 10 individual threads, the nore the current density is reduced and
fuel cell pewvdarssmnce conprom sed. The water is conductetuienwsen the

i ndi vidual fibers formng the bundle along a spiraling, tortuous path, in
contradistinction to a linear path. The aforenentioned nonlinear flow path
requires the water nolecules to 15 travel a longer path to reach any part
of the surfaceabedrberi@bsgribziendepisable woleaules fromiatpgssies pesteany Winkingr ea of t he

anode and adj L BEM divdidigq bhgidbusitdest  distance fromthe water source
for the w cki %gﬁc[gﬁudnlgl e. IThis ‘re%grgres nmore work fromthe capillary force

driving the water Iml-ectaters Nonf.oRHP21. ttherpfofagentionad flgt eenfigwatioaPer se t he
di stance fromghhe, iaiGire §(?d‘fcfng.|rn$f?ovr\}t\xgg1 c?aEMng a%g réﬂai§ing?ﬁfq@i&thawﬂg an, 398, 799

di scl oses the use of a capi ] conduct water to the anode and
from the c&t haffsitpforaudesiedcedar. canging gagrahase malegyles. 5Bhedben ¥sest at es t hat

the capil | ary cahies adiich SRt deiblicd RAE YA LAAINE bome i@ LhiRbcrs Ui L abl e
materials."” Several references of the prior art disclose a fiber or strand

having 25 thteeugioits dierionredions: Theiiawd rerpwasdihagndssiead) gas BRasehe | engt h

of the strandmoidicdadriir dREIRE arbufd aREthrdlyhta Bun@R%f thatmersect i ng at the
strand's core. In _particul ar at ent _No. 5,759, 394

Figure 3 of U S. Paj
illustrates the fo'zri%‘{j'ﬁig’rfﬁufﬁ‘t?éﬁ"‘."t %ﬁ@‘*@@%@'ﬁc’ ahrspwicking BrerdiagiBgor bent wi t hin
the | ongi t1pdi A afbREeished tsbed coftfigdrationl Abuile Bt tHo3B6R deldsbip01/ 04024

absor bent absor bs undesi rﬁbl e nol ecules froma passing air stream W cking
of liquidis Hreinisised & tebga?ﬁﬁﬁ%‘g’t‘%’ﬁ'!‘a'i‘tﬁf@?ﬁ" WAEAT- GGch 41891, 221, the
af or ement i onedohtaing & liGGIA WhiHcaptuRs theSgaseB@\EbNtdMmifrdr@s! I EheJiden carelgy unct i on

wi th carrying d reta{'ni_ ' ' inity for undesired

~odor causi ng a??rs]"cﬁmaf% am&%@&gégﬁ%\ék‘gﬁ&z@EQQE%E’ISF’S? Wi on to draw
t he sel ect ed kirigsitidmirdrh thatfibeharid cagiasaserh Atvay.cont act
15 A fiber having the aforementioned ftrilobed configuration is shown in
Figure 1 of U.S. Patent 5,067,368. At column 5, lines 20-21, liquid wicking is
noted as one of its applications. Figure 5 of U.8. Patent No. 5,713,971 also
shows a trilobed ﬁbér having the aforementioned configuration. At column 4,
lines 58-62, this reference discioses using capillary force to wick a liquid up
20 the interior of the fiber. The liquid is fo have an affinity for the undesirable
material o be removed from an air stream.

The fatter four references each discloses a trilobed fiber having a fiber
or strand having three hollow interior regions extending axially for the length
of the strand. Each of these references notes that the fiber disclosed therein

25  can wick liquid. However, none of them disclose or suggest the use of such a
fiber to solve the long standing problem of adequately hydrating the PEM of a
gas fuel cell.

' As may be seen from the foregoing, there presently exists a need in

the art for a hydration apparatus -which keeps the PEM of a fuel cell



through its interior regions. The liquid renoves the undesired gas phase
nol ecul es fromair passing around and through a bundle of the fibers Figure
3 of U S Patent 5,704,966 al so shows a wicking fiber havi g 0CT028{4e

af orenenti oned tril obed configuration. A bundle of the fibers disclosed
therein is used to filter gaseous contam nants froman air stream Each
fiber contains a |iquid which captures the gaseous contam nants. The fi ber
car ri esfficently hydgiediwiierevaraeming he ehericpmines adisasivertagesaanddimitgtionssf e ai r

st r earprghir€ The prsbMSnveRBd it hishRed ifaRE aANd carries them away. 15 A fiber
having the aforenentioned tril obed configuration is shown in Figure 1 of
U S. Patent 5,057,368. At colum 5, lines 20-21, liquid wicking is noted
as one of its applicationSUMMARY ©FTHE INVERTIdMt ent No. 5,713,971 al so
shows a trilobed fiber having the aforenentioned configuration. At colum
4, lines 58-62, this reference discloses using capillary force to wick a
i quid up ZAdnetdspectof treiporseofintdméord ploedes arhapplaradus fdr mairatiog banveentaianeaf fi nity
for t ' ~material to be renoved froman air stream The l|atter
f our ?@?é%ﬁ%@é@%ﬁgai scloses a trilobed fiber having a fiber or strand
havi ng t hr écariiplydueana insiuding arwighinghairaast fas gandiugtinoavater By qapiilatyigstiorengt h - of
the styeftn thmBmbiank BRS 8 1dcBliGH SRAYDNRE BRnfohafe; the fiber disclosed therein
25 can wick |jquid. However, none of them disclose or suggest the use of
such a fibB8[ S?'B"‘%B‘PW lpbRs: fRhg st andi ng probl em of adequately hydrating

t he PEIV: of chan@@sbeingebresl Hy.saﬁ&lotb&}/w?@eﬁmiteg i @Bhduddibg eigtrag 3\5}] 'heL ek
present| ists a,need.in the art for a hydration apparatus -whic eeps
t he Pgﬁv%'gﬁ OWEIgP“@eﬁafadqr@n%eli'ﬁT 2004 sufficiently hydrated while overcom ng
t he short cdriefigd a tiebealh\zaPi M gers balvdatbd hettvaen traslaysrs tdrepospd poa calalyst The

pr ese%atérﬁh‘(@@h’tﬁﬁ afslélné\}vil:lh-ﬁket ﬂsémgﬁ% '3 f&lﬁ%daﬂie fué%ﬁuﬁ?er-{ deNVENTI ON
One aspect of 't he resent inventron grow es an apparatus for ygratlng a
menbr dwe eleciiodgsseash ceraprised @b ahin shaghof npreuapnaterial (haheanrbe nefeealtr g a wi cki ng
st r anqigfifang ¢l uek WitDe@iRES Rty BaRINIRS oh Bk Sk ofISd ¥RRRichINRe MENDr ane and a

| ocati on atE)art fromthe nenbrane; said strand having | obes; and
assembly such that one surface of each electrode can abut a catalyst layer.

The remaining surface of each electrode respectively may abut a nonporous bipolar
plate. The bipolar plate may have grooves for gas flow, and can serve as a manifold to
distribute fuel gas across the abutting electrode. The two bipolar plates may be conductive,
and can be electrically connected by an externat circuit.

Wicking strands may be located in between each catalyst layer and the adjacent PEM.
Each strand may be composed of a trilobed fiber. The strands may be arranged in a repetitive
pattern such that they do not cross over or overlap each other.

Hydrogen fuel gas may flow through the grooves in the anode bipolar plate, diffuse
through the anode electrode, and react with the catalyst to produce free electrons and H" ions.
The electrons can flow to the cathode electrode by means of the external circuit, and the H*
ions can migrate through the PEM to the cathode electrode. The wicking strands abutting the
PEM surface facing the anode electrode may communicate liquid water from a reservoir to the
foregoing PEM surface to maintain adequate hydration of the PEM.

Oxygen gas may flow through the grooves of the cathode bipolar plate and reactwith

the H" ions and free electrons to form liquid water. The wicking



channel s being formed by said | obes, whereby water is conducted by said
strand by having it flow through said channels. Briefly, in8a0€Tielllkell a
PEM can be | ocated between two | ayers conposed of a catalyst material such
that a sandw ch-1i ke assenbly nay be fornmed. The fuel cell can further
include two el ectrodes, each conprised of a thin sheet of porous materi al
that can be perneable to |iquid and gas. The two el ectrodes may be

si t uats&andsabeitting ére B suddce:fading e daihetle Plekieodedaayegannyuniggichliquisawatene

sur f aGRnPhe 88%ter SRIPEOS é}pé}hgggﬁesgn@@t alyst layer. The remaining surface
of each el ectrode respectivel abut a nonporous bi pol ar Pl ate. The

bi pol ar pl &SP R @P%’Eﬁﬁes‘m? s §8< Fovaipgesnef BEnPreesnydmestiol withi fol d to
di st ridedtrae bugdr GasrsaRHaEH fefeferdbus tHaBIBLRS Uraeys, dERribiyd dHdp@biae. pl at es
may be conductive, and can be electrically connected by an external
circuit. Wcking strands nmay be | ocated in between each catal yst |ayer and
the adj acent PEM E&RRHEEDESORIPTHONIRF TORDESWAUNGS a tril obed fiber. The
strands may be arranged in a repetitive pattern such that they do not
cross over or overlap each other. Hydrogen fuel gas may fl ow t hrough the
grooves i n Higige dnisdae ininsied scigreatis, draving i@ fueheadugyingha saliftoiEMedrskct r ode,

and r qaGidiny ddraifel\GicRAd sttanst of e BfRBMGRehfiGe €l ectrons and H+ ions. The
el ectrons can flowto the cat hode el ectrode by neans of the external

circuit, ardeWhé Iﬂ-ﬁperﬁmgvec\ﬁ%w i gjfiglees “t"ﬁ'f*‘%%jf?”f’ REthePRAsent IPYReiett hode
el ectrode. The w cking strands abutting the PEM surface facing the anode

el ectrode nmuni cat UI d Wa servoLr .to t f or egoi ng
PEM sur f acd 95° i Aeclieele Rtz PEOBTY SHB PR = e §U R0 Hrmy 11 ow
t hr oudgteEN bed gciodm@ﬁneoﬂclﬂrtgestnaadmofdm pepoit awveytloat e and reactwith the H+ ions

and free el @Jré QT’%%E&]E il 5 P%?gfrﬂg-hmé%ta\pf{ Kl gg%g s%ci{ongd %Zv%gvoll

strands abut sur I'ec
conmmursif @ ued celi Iqaylna affth pnd mplgﬁmg e vg@lﬂﬁga@it@nés oftth@prpmturtye@twne&Must

reservoir. rhpse i@adcRidhak Jrﬁ@ﬁ@&@ﬁatm@%%ﬁ&e@%e@ﬁé&@@f%;%l Rfel tdig, present
invention will becone better understood with reference to the follow ng

dr awi f§Eh h@wee @ PEMoRNG Kgo@Piating theprcldng gl Pfrrf@r\Pr@FB“FHE’eDPOxW"N@s Fi gure
1 is afacképtafigeatsshenatic drawing of a fuel cell having a solid PEM and
including parallel wcking strands of the present invention; Figure 2 is a
perspective view of atrilobed wi cking strand of the present invention;
Figure 3 is a schenaDETALLEAVMDERCRIEDIGN DRFHE IBWENTEINd si de view of a fuel
cell having a

An exploded view of fuel cell 11 is shown in Figure 1. Fuel cell 11 is comprised of anode side
13 and cathode side 15, and further includes PEM 17 formed from a solid ion exchange
polymer, such aspolyperfloucrosulfonic acid, e.g., a Nafion® membrane produced by E. I.
DuPont de Nemours. PEM

-10-



PEM and i ncl uding the w cking strands of the present invgnhion' Figure 4 is
a schematic drawi ng showi ng a fragnentary, enlarged sectlo e gwae vi ew of
a fuel cell having a PEM and including the w cking strands of the present
invention; and Figure 5 is a schematic drawi ng depicting a sectioned side
vi ew of several fuel cells, each having a PEM and incorporating the w cking
strands of the present invention, in a stacked configuration. DETAILED
DESCRI PTI ON Qﬁ)&ﬁﬁp&NVENT|CN An expl oded view of fuel cebfudeliodosy shown in

- Figure 1. Fuel cé 11 is conprised of anode side 13 and cathode side 15,
and further includes PEM 17 formed froma solid ion exchange polyner, such
aspol yperfl ouorosul fonic acid, e.g., a Nafione nenbrane produced by E I.

DuPont de NemDyf s,k Be Ghed sid8S SleWrRdrddilp 926 providds kvatld Bdmtdtionlof separ at es
the two sides 'electronically, yet pravides for the. &%ﬂ%ﬁ i on "3& pr ot ons

bet ween t hem Profenssibghvesnc iese e siavlsenGe (9F whick Wy §8US"ENpl ai ned.
Anode si de 13 dysiafRAPRhodssied 13Mscdonpissd samdengldanas oglancdé adtylgst | ayer 21,
anode el ectrode 23, and anode bigpol arqujl@at,e 25 Cf#h@%g %Igdg ﬁ is 5
conprised of WRkekRh@node sieaisode23, and apnsle hinylag plats 23 JGaiPodsoside 1y §o de

el ectrode g1,conpHsdPdiivckingtitRalisr7, Rhivbae Saalystadyal 3% cathayeekctrtieand 29 are

situated agai nst the two approxi ely planar faces of PEM 17,
respectively, 3t1oa$%?§??%gesb§%ﬁp@ﬁg$$'ke assenbly. Catalyst layers 21 and 29

are porous and conpagfet Bferd dmd20hreaitnated) @gaiisl tiod vl approximeatelysed

conmpounds wel | kno to those skilled in t ar t ich . preclinitate the
di ssoci ati on dHan dresse? gg@ 1% eon ‘Yﬂy'itB:}g"%ﬁds%ggﬂ'mé?eagg érzrgiﬁlg
El ect rodes 23 @agydtlawre2 panh2g aripesed 08 eripbiad flhepbnebf ponmber nmat eri al

that is permeahle to liquid and gas. rbon fjber r.or cloth is
comonl y uf&d C?cﬂ?a“PHWébagﬁ‘? 68@89”"%3 "ﬁ"rqgm’gqﬁéh%s‘re eSkgrlggﬁ%tﬂgedallqrﬁet ween

cat al yst | ayerprédpimtal tREMiskdcistionh of thigdrbgéhenas atoefarm dorkrscangiifrae PEM 17 f or
nost of their respectj r : Shit: i t ween
catal yst | ayerelﬁgﬁﬁdt%éﬁdd%ggé Egﬂ 3% % é’%ﬂ %8@3%%3%%%@%%?? * ’Svlﬁrt h PEM 17

t hr oughout noghatefialtthatiis persiablet o iquit endtdas. Calsmfibef paparidreptivisr ands 19
and 27 are identi Canllyuédlg?&rtl%?s&lpioéle? view of a 20 singular strand 19 is

shown in Fi gurcé’mér.'0
16 Strands 192 are situated in between catalyst layer 21 and PEM 17 such

that they are in contact with PEM 17 for most of their respective lengths.

Strands 27 are situated in between catalyst layer 29 and PEM 17 such that

they are in contact with PEM 17 throughout most of their respective lengths.

Each of wicking strands 19 and 27 are identical. A perspective view of a
20 singular strand 19 is shown in Figure 2.

As shown therein, strand 19 includes radially projecting lobes 34, 35
and 36. Each pair of lobes forms a channel between them for the flow of
water. More particularly, channe! 37 is formed between lobes 34 and 35,
channel 38 is formed between lobes 35 and 36, and channel 39 is formed

25 between lobes 34 and 36.

Water is conducted along axial axis 40 of strand 19 through channels
37, 38, and 39. For example, water molecules flowing through channel 37
are restrained from moving transversely by lobes 34 and 35. Instead, the
path of [east resistance is axial flow along channel 37. The capillary force

11-



As shown therein, strand 19 includes radially projecting |obes 34, 35 and
36. Each pair of |obes forns a channel between themforﬁk@lg[ﬁ of water.
More particularly, channel 37 is formed between | obes 34 a g ,* channel
38 is fornmed between | obes 35 and 36, and channel 39 is fornmed 25 between
| obes 34 and 36. Water is conducted along axial axis 40 of strand 19

t hrough channels 37, 38, and 39. For exanple, water nolecules flow ng

t hr ough chanq,ﬁm;gsﬁs are restrained from noving transver sefwsiyseisobes 34 and
35. Instead, e path of |east resistance is axial flow along channel 37.
The capillary force -11 8 OCT 2004 WO 01/59865 PCT/ US01/ 04024 acting on the
fluid water forces it to flow axially within channel 37 until channel 37

abutl'sI an a][ ea Qétinﬁggﬂtﬂgﬂmﬁa@rbmslitw%w ﬁab@l@ﬁﬂl?inoilaw )4 uﬁlﬁl%&érﬁﬁla -
capillary force_s icient t ercone e syrface tension on the water
surface |yi ng%é‘BV\’ée?? F‘@Bé:’g%s&‘xékdﬁ%?tﬂ?nﬁcao&}béﬁmteh YWRPE PP channel 37
to nove 5 tragsmirns@lee suficxi alovencbme 4 arfdceolehsion tethabwidtéd sigfasar f ace of
PEM 17. The transverse fl ow r_from channel .37 ont e abutting
Surface of PERI P Rt oAt pErane SRS WARS el Ehi 9 ar ot 2d o
reach an efui ralseaiselyeatialalkis dotaad bhial the\bbutting sufaceafifiBMt7.on Wi th | obes 34
and 35, restrains_the transvers v n r,..and caus it to
continue noving 10 T&??@P?‘?ﬁﬁr{ﬁ"ﬁ&&v&%ﬁﬁgﬁ %?R'i%g?hﬁtgﬁﬁgb"g&r@rvﬁgﬁ?face area
of PEM 17. TheofSBEE 17recitanes ot uhe sudare isisufficiestypbplrated toatash ad owi ng

t hrough channel s .3 n AL though, str .19 Wil W SL, as.if traverses
t he surface of ew? ,CQ?'H%% %ort%it@ﬁ@glcg‘f IInt 'rp'"g"é”ag‘é’# z‘ﬁ't*‘el t?esa%;’(‘} gﬁd ctsannel S
ensures that atestraiasthedrags\@ise hevemeEnboinvedtar, and dauadsibt coatimeysodit PEM 17

and conduct,wa t Q.Var | f r WFR’ H5) yrdesgrd bed. Each
of strandst"}? %ﬁén“c\ftu?’(tzyn ?hﬁﬂ%g?h}ﬁﬁ%ptﬁgr‘oﬁwﬁ 383369%&’3(: wﬁ'epqeag\?\agéé fromthe
surface of PEMmeghanEefuliciond with'refpebletio waterdflewdnd tbroubio wbgnaels 38 and

| nt ernat i onal , 34 NAwARR Gl B ShERR st t/aREE Rl 8es BERERN AN 1 1

Figure 2, and thus 1$ suitab r use as strand Strands 19
are preferabl ypepengegefdhies parallehaxiah ¢hasnglaeneyres thehiat ledst one of the

channels will almost always abut PEM 17 and conduct water to various areas

15  of it as previously described.

Each of strands 27 function in a similar manner to conduct water away
from the surface of PEM 17. The Triad™ fiber produced by Honeywell
International, Inc. has the preferred trilobed cross section shown in Figure 2,
and thus is suitable for use as strands 19 and 27.

20 Strands 19 are preferably arranged in a repetitive pattern. This allows
the surface of PEM 17 to be adequately hydrated using only the minimum
lengths of strands 19 required. Avoiding unnecessary lengths of strands 19
minimizes the surface area of PEM 17 covered by strands 19, and thereby
obstructed and rendered unusable for the transmission of H ions.

25 . Preferably, strands 19 should not cross over or otherwise overlap each
other because only the overlapped section of strand 19 abutting PEM 17
would function as intended to conduct water to the abutting surface of PEM
17. The overlapping section of strand 19 not abutting PEM 17, that is, lying in
between the underlying strand and catalyst layer 21, would be unable to

-12-



the surface of PEM 17 to be adequately hydrated using only the m ni num

| engths of strands 19 required. Avoi ding unnecessary Iengt@@ToQgﬁtrands 19
mnimzes .the surface area of PEM 17 covered by strands 19, and thereby
obstructed and rendered unusable for the transm ssion of H+ ions. 25
Preferably, strands 19 should not cross over or otherw se overlap each

ot her because only the overl apped section of strand 19 abutting PEM 17
woul d function as intended to conduct water to the abutting surface of PEM
17. The over | %PpV¥5section of strand 19 not abutting PEHP%??”@H%t is,
lying in between the underlying strand and catal yst |ayer 21, would be
unable to -12 8 OCT 2004 WO 01/59865 PCT/ US01/ 04024 conduct water to PEM 17

at that l|ocation pecause,c uct i ends, on contact wth dry surface
o ea and tne o yreg S PREG A felEBERT a At e aRilon taePrdh Bt and
woul d t hus onl yortdet with o drg sliréaegtaeap End the ubtiedyirg straed essidre Hydrasaiequat el y
hydrate PEM 175 Strands,27 are preferabl ' petitive
pattern wt hou'Er he o?ygFIY'%psltrralad f“(')ormcfﬁheussgﬁlg %ded:g)ﬁg. ?%sqmsqﬁgv&ﬁgisﬁlaﬁ gure 1,
strands 19 andn2dessary o akdesipatelydhypmtealPEMI17t 0 each other, with the respective

spaci ng between ea [ ' t ngds . bej ng. I y equal .
Bi pol ar pl a}tggs 25 ?Agr@% 2|gr g'fef @&r?e%ﬁfraﬁaiong‘ugtﬁb%%ﬁ% pgg?éugﬁﬁo% mat eri al
that is inperi ovariappingdsr taemsarhé cpasons. Begtowindn Figure tuattandsl 1@becB? i cal |y

connects bi pol i | . |,nGl s face 42,
paral l el gr oovgée (ﬁépaots?%f,%? "eiﬁ)d %a:r%:ﬁ ogéﬂ'ﬁ@ttpél%%%ﬂg%\%eg%ﬂﬁ g"r’%%ceég t(?i nt o
ot her wi se pl anaair beadfaceat st@ndobaing gPréNinatdlyywausdmuni cate with each ot her,

with inlet 44, and g u ) [.QO ) anode 15
el éctrode 23 such t%‘%@aﬁ%g’g %éf eaétﬁr%ﬁ%?%_goﬁsegeﬁgﬁqs%&aégwér%%\?g'tgﬁsm and any
gas fl ow ndOt haréarial thalls. imeatidusde das o diauig) Hlectdl cirestutieelestieally 46,

parall el gr 00V%§nr¥é&s HiﬁUéa‘?tplér‘%& 2804y §37< hfﬂﬁﬁe dtﬁ@olar@lé%@‘ésfinc‘ﬂcle@,rfé‘ce%t, into

ot herwi se pl anar face 46. ooves 4 communi cate with each ot her,
with inlet 48, rawilielvgreevesxhausiet 44 ampdoexbausiote b@ﬁ@@‘i’%r 4| ase euBdtabut s
cat hode el ectr ggignide plefdl b2l CBHARES 43 fluidly communicate with each other,
with inlet 44, and with exhaust 45. Anode bipolar plate 25 abuis anode
15  electrode 23 such that anode electrode 23 is exposed to grooves 43 and any
gas flowing therethrough.
Cathode bipolar plate 33 includes face 48, parallel grooves 47, inlet 48
and exhaust 49. Grooves 47 are cuf info ofherwise planar face 46. Grooves
47 fluidly communicate with each other, with inlet 48, and with exhaust 48.
20 Cathode bipolar plate 33 abuis cathode electrode 31 such that cathode
.electrode 31 is exposed to grooves 47 and any gas flowing therethrough.
Figure 3 is a schematic cross sectional view of fuel celi 11. Figure 4 is
a fragmentary, enlarged cross sectional view of fuel cell 11. As particularly
shown in Figure 3, strands 19 communicate with water 51 in water reservoir
25 53, inlet 44 fluidly communicates with hydrogen fuel gas 55 from a hydrogen
gas source (not shown), and exhaust 45 fiuidly communicates exhaust gas 57
with an exhaust reservoir (not shown). The pressure of the hydrogen gas
source is maintained at a pressure sufficiently greater than that of the exhaust

reservoir to ensure fluid flow from the hydrogen gas source, through grooves
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el ectrode 31 is exposed to grooves 47 and any gas flow ng therethrough.
Figure 3 is a schematic cross sectional view of fuel cel§ gé;sﬁjgure 4is a
fragnentary, enlarged cross sectional view of fuel cell 11 3 rticularly
shown in Figure 3, strands 19 conmunicate with water 51 in water reservoir
25 53, inlet 44 fluidly comunicates with hydrogen fuel gas 55 froma

hydr ogen gas source (not shown), and exhaust 45 fluidly comrunicates
exhaust gas 5%KNM@%Q an exhaust reservoir (not shown). TheRhR%S4re of the
hydrogen gas' "source€ is maintained at a pressure sufficiently greater than
that of the exhaust reservoir to ensure fluid flow fromthe hydrogen gas
source, through grooves -13 8 OCT 2004 WO 01/59865 PCT/ US01/ 04024 43 (not

“shown in Fi gur ezdhet %dm'uﬁ‘"@u?é"@) axmtb%ere&ﬁarsmsbwﬂherherp@és%ureeml n water
reservoir 53 is maintained at a | evel reater than the pressure in

grooves 43 to PARIERETEIN 8 MANRIRR qtéi R %“QB Y HyRtrogam e essyesns5 i nt o

wat er reservoi igréoves 43\btpieven PeRiduttheatiage wlr@@roaé'n ffel guebsambl 11,

strands 27 comunicate w.th water reservoir 59, inlet 48 fluidly

communi cat es WA 'S8 P3gas 61 from a oxygen gas source (not shown), and

exhaust 49 fd ui dl y withnraspéct atoe TattwstiaUsde 0Bs ob3fusl tdall am, extaangst 2reservoi r
(not shown). The ressu of .the ox ource i s nai ntaln at a
pressure great éPmPﬁQWa%O Ihéma&regegwélgf%ﬁ. ﬂ'ﬁé ‘@&HH‘@& cmlé'?‘%?sr ensur e
the fluid fl owoefgemwgagat fgma Giygehfgaﬁsmhcagmmnﬂbndldpmuﬁ h@ﬁm:mg into
grooves 43, hydr%&en f%seﬁ SFéogﬁ t hr anode e{e,bq 23 and
comes into contBRITRICRHS XA 8¢S PR 32‘1‘?" PR (Pt S Gtes to
form H+ ions arpdeﬁumeofeheaoxygengaé sowcE Bridainimetviat b nréusurelgreétei thami ng

equati on: +2e The n f f.r ctr 0 creates a | t age

bet ween angﬁ) Fﬁe %’F%S“‘e '"Ig g’%’émqe coe'atrtt %ﬁsé'?%g'sgf'g?%ploétoéygf? gaf))é?cuit 41

I ncl udes | oad GﬁougM@nowasaﬂd 65 is powered by the foregoing voltage, circuit

41 is closed and cuiggNhowifd il Yiovks 4S2hPREGePHRP AL B! Bk drbugh

anode electrode 23 and comes into contact with catalyst layer 21, whereupon
it dissociates to form H* ions and free electrons in accordance with the

15 following equation:
H,=2H"+2e

The generafion of free electrons creates a voltage between anode bipolar

plate 25 and cathode bipolar plate 33. Circuit 41 includes load 65. When

joad 65 is powered by the foregoing voltage, circuit 41 is closed and current
20 fiows to cathode bipolar plate 33.

As PEM 17 dehydrates due to evaporation and electroosmotic
transport, water 51 is drawn from water reservoir 53 through strands 19 and
onto the face of the anode side of PEM 17 by capillary action. Equilibrium

| .between strands 19 and PEM 17 is maintained by capillary action to keep

25 PEM 17 hydrated. Conversely, should PEM 17 become saturated with

moisture, the driving force of the capillary action will subside and abate the
conduction of water 51 onto PEM 17.

The H* protons traverse PEM 17 to cathode electrode 31 where,
precipitated by catalyst layer 29, they are reduced by oxygen gas 61 and the
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As PEM 17 dehydrates due to evaporation and el ectroosnotic transport,

water 51 is drawn fromwater reservoir 53 through strandm J[ﬁgar}ﬂ onto the
face of the anode side of PEM 17 by capillary action % bet ween
strands 19 and PEM 17 is maintained by capillary action to keep 25 PEM 17
hydrat ed. Conversely, should PEM 17 becone saturated with noisture, the
driving force of the capillary action will subside and abate the

conduction ofg, g 51 onto PEM 17. The H+ protons traversgsdtiehsdl? to

cat hode el ectro e i where, precipitated by catalyst |ayer 29, they are
reduced by oxygen gas 61 and the -14 8 OCT 2004 WO 01/59865 PCT/ US01/ 04024
free electrons conducted by circuit 41 from anode bipolar plate 25, to form

water. The for ge@ieR@tréRAédntiGdled by ex&rte@ﬁﬁdnmhoaél@lp@be Mafebs eguain on Y202+

2H*+ 2e = H20 Exces ter is removed fromP hro h strands 27 and
into 5 water MW8%Er leﬁ regging yeaclip isiexpresspdiydie : o PRace of anode
bi pol ar plate 25 mgy~abuyit. ode of an adJ acent fuel cell. In such a
configuration, thi s’z "EgHV\%)u‘T? Cﬁﬁa@e t he grooves, oxygen gas inlet, and

exhaust her et of or e eieses bl BnBAs HOGBAR ¥ ffbuof BRHCE LR RS plate 33,

and it would function 1 n an 1dentical manner. Suc ate is called a
bi pol ar pl afe peteairservelr S4bycapilaneaciabde el ectrode of one fuel cell and

the cathode el ectrogg d?ﬁer%be%*lﬁ‘é@é‘hptﬂé?bla‘?eeﬁ may 3Butiflé 36tRBle BPQA cells

are electrically connected in series. Tnis is known as a "stacked" fuel
cel | confi gur adiresnt fusl,pallh dp sugha Renfiguratien. dhip Eacgmioyldiee e @@aYasg anot her

adj acent fuel gglden g?asr?. infet, aQMi r&ﬁéusi hefbBRAaetiBe) & déhﬁh&uo?i?’watﬂ: lgure 5

shows three fueI ceI 11 of the present invention in stacked

confi gurati on Eathodefipqizraiate #3.ja9d dryquisifunction in geidenticpi mapnepnSu@ded capi |l | ary

Wi cking st r1énd'ﬁ/|atetigc£]re8\élﬂh'%lé%?a@ébé@&@ébﬁB&Jt@W&ﬂbﬂ@@leE@dﬂé'd%ﬁeH&? anode
side of the IS too I n danger of dryi rT%'out and renove excess

wat er from t heS@ANaR catords;elretrgde phap Q%Qef“tf“%ﬂé‘@% g adideent iHel Gelis egoi ng
W thout |imtiBag Sectachiteesftletted in series. This is known as a “stacked” fuel cell

configuration.
Further stacking could be obtained by adding another adjacent fuel cell
16 in abutment to cathode bipolar plate 33. Figure 5 shows three fuel cells 11 of
the present invention in stacked configuration 67.

The present invention is a fuel cell which uses capillary wicking strands
to provide water when the hydration level of the anode side of the PEM is too
low and in danger of drying out, and remove excess water from the cathode

20 side of the PEM. it accomplishes the foregoing without limiting or adversely
affecting the performance of the fuel cell. As the present invention ensures
proper hydration without the extensive equipment required to humidify the
hydrogen fuel gas or recirculate humidified hydrogen fuel gas, it realizes
improved reliability, decreased maintenance, reduced weight, and cost

25 savings over the apparatus of the prior art.

Furthermore, the wicking strands of the present invention do not need
to be bonded fo the anode or cathode, respectively, or fo the PEM, and thus
no analysis of the composition of the foregoing fuel cell components is

necessary because the wicking strands need not be composed of a material -
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affecting the performance of the fuel cell. As the present invention
ensures proper hydration w thout the extensive equipment g i to
hum di fy the hydrogen fuel gas or recircul ate hum dified hydrogen fuel
gas, it realizes inproved reliability, decreased maintenance, reduced
wei ght, and cost 25 savings over the apparatus of the prior art.
Furthernore, the w cking strands of the present invention do not need to

be bonded to M}(ﬁ ,apade or cathode, respectively, or to the;EEMeand thus
no anal ysis o i conposi tion of the foregoing fuel ceII conponents is

necessary because the wi cking strands need not be conposed of a materi al
-15 8 OCT 2004 WO 01/59865 PCT/ US01/ 04024 capabl e of bonding to the

foregoi ng conpegskicor thgnﬁw&t‘ﬁb@&eﬁélﬂéﬂgﬂﬁpd?xEntEhQ’heW’:&ﬁﬁ%rah&%’@ﬂﬁé on may be
used with fuel cell electrodes and osed of virtually any

mat eri al . Mor eBESENt iggatioynay H%Uﬁﬁdc‘ﬂ'ﬂh(ye'sqeﬂ&l?ﬁgoﬁ and P EMsecsProsethvent i on
are 5 conposeds @fuay ah@elensl fi ber of wicking material. The water being
conducted flows along a nearly |inear path that is shorter that the
tortuous path requiM¥govehyegshi & the mickinae ktands ah dhe aresentoinkentien a¢ bers. The

capillary fer ceorﬁma%aéxémgmgrmv@fmkuﬁ@ nfatarriaugimetMérméahdhu@@ar path is
| ess than for the tortuous th of prior art. t he anode side of the

PEM this al | oflews ﬂ'@"ﬂ)?é‘?@'ﬁi "“EBF !?E}WE}% Iscﬁli‘oft"i‘f tP%té'b%m”?r‘ﬂﬁ eathieaed to a dry

PEM and r espondy phé&rart Wieks évnq:roaéd 6inbun@nalfibers. MavRADITOVFRESAede8sdriie bundl ed
fiber w cks of theegr or,ar i aa?f the PEM this allows

e s
the present i n{&RPY at?'bthFoé'Q'E)m‘Fd“e%f%ea(ﬁBF@ﬁF I Adee PERPUSRAN espond
when the hydrabf @re privredrt. | ©nhihghetode GiEper B FPEMthﬁs Brovd @ prefaks of the

D o S Rt o SOIER S BB e 0, L
of the prior ahydrationeievet tsnidwet cormmira todthe dulidigh flier ficky dfaﬁeEprithHrteover , the
ook na St andethe Hfoqs 7S 0e BENCTL APyR BSiart WEDER P BB et e
| ess of the sumarquickheto aivet REM2éndPisbbdriiawhdrhibe Wiydiatioofevehie Higheor art, and
thereby |eave %Sargti %qhggﬁlidle%mb%rsfo%he prior art.
15 The singular fiber composing each of wicking strands of the present
invention is substantially narrower than the bundled fiber wicks of the prior art,
yet conducts water at a higher flow rate. Moreover, the wicking strands of the
present invention are not covered by a porous fabric or foam. The wicking
strands of the present invention thus obstruct less of the surface area of the
20  PEM than the wicks of the prior art, and thereby leave more area available for
the transmission of H" ions. This increases the current density and enhances
the performance of the fuel cell.
It should be understood, of course, that the foregoing relates to
preferred embodiments of the invention and that modifications may be made
25  without departing from the spirit and scope of the invention as set forth in the
following claims.
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‘the transm ssion of H+ ions. This increases the current density and
enhances the performance of the fuel cell. It should b&mﬂeg@ood, of
course, that the foregoing relates to preferred enbodi t he
invention and that nodifications may be nade 25 without departing fromthe
spirit and scope of the invention as set forth in the follow ng clains.
-16 8 OCT 2004 WO 01/59865 conprising: PCT/US01/04024 1. An apparatus for
hydrating a Reyfrsese in a fuel cell, a capillary nmeans pgglddghatd @ W cking
strand for conducting water by capillary action between the nenbrane and a
| ocation apart fromthe 5 nenbrane; said strand having | obes; and channels
bei ng forned by said | obes, Antappatsfusniar diydrating e onefulotieel iby feeli cklist rand by
having it flowc(;nt;grg”.gh sai d channels. 2. The hydrating apparatus as defined
in Caim1l wherfei'n: - said strand has an axial axis of symetry; said | obes
extend radially from sat dapiltarg;meang iesloting cowickingl sihed far wohductimgy a di st al

end and a fl a”ﬂﬁterffy @pﬁ@%ﬁloﬁ?ﬁt@@%\ﬁth@irﬁéﬂ%r shd n%ltezcélt_g:ﬁ agér?g%itﬁ@ apparatus

of any one or nore © erein the nu r chahnel s i s
equal to th® noeteransf said | obes. 4. The hydration apparatus of any one or

more of Cains 1-3 whelg Sandhdvih®REsSs:ahg conprised of at |east three
| obes. 5. The hydration aapp’;ir at g‘é’ %?Basﬁyhone or nore of Clainms 1-4 wherein

sai d strand abuts the rehaprelhceing fanmedhpir eaid opbegppahkerebys witeraiyy one or
more of d ai Meechuacted'BpE&l Birartitytha¥ing *Bwitrob G Rid Sfngs, @ plurality of
strands; and said st rgnds for my;h re%eti tive pattern on the nenbrane.
2. The hydrating apparatus as defined in Claim 1 wherein:
said strand has an axial axis of symmetry;
said lobes extend radially from said axis; and
each iobe includes arm having a distal end and a flange

5 attached to said distal end.

3 The hydration apparatus of any one or more of Claims 1-2

wherein the number of said channels is equal to the number of said lobes.

4. The hydration apparatus of any one or more of Claims 1-3

wherein said lobes are comprised of at least three lobes.

5. The hydration apparatus of any one or more of Claims 1-4

wherein said strand abuts the membrane.

6. The hydration apparatus of any one or more of Claims 1-5
wherein:
said strand is comprised of a plurality of strands; and

said strands form a repetitive pattern on the membrane.
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-17 8 OCT 2004 WO 01/59865 PCT/ US01/ 04024 7. The hydration apparatus as
defined in CQaim6 wherein: the fuel cell includes a ca&gﬁéﬁtﬂ yer; and
said strands are located in between the catal yst |ayer a e2 nbrane. 8.
The hydrati-on apparatus of any one or nore of Clains 6- 7 wherein said
pattern is conprised of said strands. being situated parallel to one
another. 9. The hydration apparatus of any one or nore of Clains 1-8
wherein the Rgdifssge is a polyner electrolyte. 10. The pyschiseiisod appar at us
of any one or nore of Clainms 1-9 wherein said capillary nmeans conprises

hydrati on nmeans for conducting water fromthe |ocation to the nenbrane.
7. The hydration apparatus as defined in Claim 6 wherein;

the fuel cell includes a catalyst layer; and
said strands are located in between the catalyst layer and the

membrane.

8. The hydration apparatus of any one or more of Claims 6-

7 wherein said pattern is comprised of said strands. being situated parallel to
one another.

9. The hydration apparatus of any one or more of Ciaims 1-8

wherein the membrane is a polymer electrolyte.
10. The hydration apparatus of any one or more of Claims 1-9

wherein said capillary means comprises hydration means for conducting

water from the location to the membrane.
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