Title:

el ectrol yt

conposed of a catalyst nmaterial

e nmenbrane (17), or "PEM,

In a hydrogen gas fuel
is |located between two | ayers
such that a sandw ch-1ike assenbly is

W CKI NG STRANDS FOR A POLYMER ELECTROLYTE MEMBRANE FUEL CELL [err]
41 42 5 13 15 57 11 Abstract:

celgl pETpeByer

formed. An anode el ectrode (23) and a cathode el ectrode (31),

O AR

59865 Al

0 01

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
16 August 2001 (16.08.2001)

PCT

10 00

{10) Inteimationai Publication Number

WO 01/59865 Al

HOtM 8/04

(51) Internationral Patent Classification™:
(1) International Application Number: PCT/US01/04024
(22) laternational Filing Date: 8 February 2001 (08.02.2001)

(25) Filing Langoage: English

(26) Publication Language: English
(30) Priority Data:

09/500,413 8 February 2000 (08.02.2000y US

(71) Applicant: HONEYWELL INTERNATIONAL INC.
[US/USE: 101 Columbia Road, P.O. Box 2245, Momis-
town, NJ 07960 (US).

(72) Invenfors: KAYSER, Mark; 323 5. Phelps Ave., Arling-
ton Heights, IL. 60004 (US). REHG, Timothy, J.; 26756
Basswood, Ranco Palos Verdes, CA 90275 (US).

(74) Agents: CRISS, Roger, H. et al.; Honeywell International
Inc., 101 Columbia Avenue, PO. Box 2245, Morristown,
NJ 07960 (US).

(81) Desiguated States (national): AE, AL, AM, AT, AU, AZ,
BA, BB, BG, BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK,
DM, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KP, KR, KZ,LC, LK, LR, LS, LT, LU,
LV, MA, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT,
RO, RY, 8D, SE, 8G, 81, SK, SL, TJ, TM, TR, TT, TZ, UA,
UG, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional}: ARIPO patent (GH, GM,
KE, LS, MW, MZ, 3D, 8L, 8Z, TZ, UG, ZW), Eurasian
patent (AM, AZ,BY, KG, KZ, MD, RU, TJ, TM), European.
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, Bl, CE,
CG, C], CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

[Cominued on next page]

(54) Title: WICKING STRANDS FOR A POLYMER ELECTROLYTE MEMBRANE FUEL CELL

AW

(57) Abstract: In a hydrogen gas fuel cell a polymer electrolyte membrane (17), or "PEM", is focated between two layers (21, 29)
composed of a catalyst material such that a sandwich-like assembly is formed. An anode electrode (23) and a cathode electrode (31),
- each composed of a thin sheet of porous material that is permeable to liquid and gas, are situated on either side of the sandwich-like
assembly such that one surface of each elecirode abuts a catalyst layer. The remaining surface of each elecirode abuts a conductive
nonporous bipolar plate (42, 46) having grooves cut therein, Wicking strands (13, 15) composed of a trilobed fiber are located in
between each catalyst layer and the adjacent PEM, and arranged in a repetitive pattern such that the strands do not cross over each
other. Each wicking strand abutting the PEM surface facing the anode electrode has one end situated in a reservoir of liquid watet.
Each wicking strand abutting the PEM surface facing the cathode electrode drains inte an exhaust reservoir.
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each conposed of a thin sheet of porous material that is perneable to
liquid and gas, are situated on either side of the sandw ch-1|ike assenbly
such that one surface of each el ectrode abuts a catal yst_|I r...The

remai ni ng surface of each el ectrode abuts a conductive ﬂlo&%ﬁrwu’é bi pol ar
pl ate (42, 46) having grooves cut therein. Wcking strands (13, 15)
conposed of a trilobed fiber are located in between each catal yst | ayer

and the adj aR‘f&ByﬁEM and arranged in a repetitive patteffusisedizet hat the
strands do not Cross over each other. Each wi cking strand abutting the PEM

surface facing the anode el egli ﬁﬁr% ‘,glq) ihdated in a reservoir of
liquid water Each w cki ng Siige Mmmf: ggurface fracing the

cat hode el ectrode drains into an exhaust reservoir. 8 OCT 2004 WO 01/ 59865
PCT/ US01/ 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 polyner

el ectrol yte nenbrane to conduct protons between the el ectrodes of the fuel

cell and including w cki ng gldkdSul® ord m/ENTRen nenbrane. Work i's
commonl y derived from f uel %—a—mﬁmWWv\hi ch 10 uses the
pressure of expanding gases to turn a turbine or nove a reciprocating

pi ston and,. ul ti magal yreRloAVhARs !9k Geflsard, fioke/ fartiidrly, TMiu@! cdller que i s
t hen usual I'y used tor propulsion or to generate el ectrical B%% In the
n

| atter case, tihemsratioor acsalid pehaner; elegolyierdaerpliang, Ja r ¢agust chani cal

work 15 The B RIACHE! Sedfookddr GRTRS doprandiRGIRsing nekiastanagames whi ch
contam nate the atnosphere or, if pollution is to be avoided or at | east

reduced, reacthydrai f1n membsgRests to produce beni gn conpounds. The foregoi ng

process is usual | yyguPRNBmkforfNderhid reml fuy I8 lcsmbastion pesarss armichand
equi pnrent that require extensive nonitori \%g tand rr&i gt gnance f0_ensure t hat
the 20 eni #&i oredfthpopesiumtd PPRERY IRPHWP aUFE & PPH&E ShdX TV Fuih

Furt her nore, ,Eaﬁfoeatﬁqgepiﬁﬂﬁrzﬁlﬁ, LBsaRYy, ipid\idee Mirquentd hedriveshadf  @kijsandi ng
gases to drive a tur I

conbust i on prdeess isa"r'?ﬂfl‘ ?xgqq?!{w?%ﬁ?oggroﬁ@gilpﬁgr g’gﬁ? "tg%t%ﬁhlgdgg%f %gvghe@\/ﬁ%/cgf at/(r)]ieds
t he foregoi ng i $ALY 28¢5 clebified) @olvet & oftimes reconverted into mechanical
work.

15 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

20 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

25 génerating work by buming a fuel is the fuel 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

-1-



25 generating work by burning a fuel is the fuel cell, which produces
electrical power directly froma chem cal reaction whi gh@i 2 es a fuel
with the aid of a catalyst. No internedi ate steps, such Cc ustion, are
needed, nor is the nachinery to generate electrical power fromthe torque
of a driveshaft. The 1 8 OCT 2004 WD 01/59865 PCT/ US01/ 04024 chem cal
energy of the fuel is utilized much nore efficiently. Since polluting
wast e gases a‘;,gopg{‘sserﬁtted, t he attendant processes an@cegsiamnt
required to neutralize these harnful by-products are unnecessary. The
sinpl est fuel cell consists of two el ectrodes separated by an 5
electrolyte. The electrodes are electrically connected through an external
circuit, wth dhemrsl &ldrgieofl thachiel 1si mizddnmbet merreflidiely. Sidcecbofidgingner

el ectrochem cal fuel cell ner.al e e. el : assenbl y,

or "MEA " cons“l’%sﬁurﬁ’ﬁs?ﬁ aﬁé‘%’?i%’“@%‘*&ﬂ%%ﬁ%@r grl%;g/%resg?rea r%ﬁ@?ﬂg@ " ISDSEIVI i

al so  known asrequiRt® Asuteiahthegehamfubbypeducs sposwdcdseaeen the two 10

el ectrodes. The el ectrodes gr f(ﬂr _med.{r OLAUS. 4 l&% aitecoab+3énconductive
P%o‘f? f YHEP Sp‘gfg{é"?] Sroe] ggh, %{1

sheet material, typPeaIMRE at all'ows gas
di f f usi on. 5 TheedBlie: eaté lejecpedes re ¢léxrically enmnectedf thmugh amseiemaleen t he

el ectrodes, but is relatively inmperpmea t iggl goor

el ectronic con‘ifﬁﬂ'k’o\‘"fth %nrﬁsﬁq)eér édogé ﬁé@/%&@%ﬁﬁ% ' shsts;orhfai ‘3‘”@? the cell.
15 A fuel gas électouipphica duel celisrgenetalic emplde a ne¢rebram glectradecassemblyi s oxi di zed
to produce protQns,a . : e !,g,‘d,H ' of; “PERE didoectrons
creates an el eCt caﬁgﬂ%%tglﬁto?éﬁgﬁ%ga@g?rt ag(tar,Bf at fahg@gﬁ'oée. The Sr ot ons
mi.grate througlwhhas RENIrotont éxchangec meshhsane. odieposer ebegiwsen i el Wochar ged
cathode. A,.reduci a | ppL i oat Qg8 @bSuuclive’ €acts with
t he proton%0 20‘51%??'?%]9%3@@8?3@% tﬁ%gﬁgheg?h@E%M a'% t‘?\cg“?ree e_IVectrons t hat
have flowed ts$heoumhtetitietypizalyroagiondibecraper poclelsr thahallowggegiffuseBduct . The

MEA | nCludes ay LBk ladiy ot fb!ioveirighi BToRAS Batwedh RAGIckdtes face
and the "resp

bet ween the PE ] ective electrodes to induce the desired
el ect rocheni cabutriseiativelin impermeakle 4o g% n Itdri3leai haMT WFCUPRE LI | |

hydrogen gas i g,{&eh{flevents internal shorting of the cell,

- 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¢”



25 and oxygen is the oxidizing agent. The hydrogen is oxidized at the anode
to formH ions; or protons, and el ectrons, in accordagc wg@$ t he
chem cal equation: H2 = 2H* + 2e -2 8 OCT 2004 WO 01/5@8@% US01/ 04024
The H+ ions traverse the PEMto the cathode, where they are reduced by
oxygen and the free electrons fromthe external circuit, to formwater. The
foregoing reaction is expressed by the chem cal equation: 1/202 + 2H+ + 2e
= H20 5 One class_of fuel cells uses a solid PEM formed f | on
exchange pol YA8¥*%{ch as pol yperfl uorosul fonic acid, e}ﬁﬁﬁggﬁﬂﬁ+lon(r)
menbrane produced by E. 1. DuPont de Nenours. lon transport is along
pat hways of ionic networks established by the anionic (sulfonic acid

ani on) groups that b 1.1 hi t | !pépéi ground the
fonic sites in the Th%_i g%qswﬁ%rg}sg 3“%]%?'%%%%%&? v'_eﬁg%r%e Er\‘/\flgays {éi)@é? oni c
transport. Theby oxjigen aodthedteealacirons fren dte gx@ypalicirctit tasfogn watkeet iThd of t he

wat er content Roiééhﬁgrgg,ﬁg&lomgeé r%%cﬁ%ﬁﬂétch&{%ﬁre!qﬁatiénhe conductivity wll

decrease as t conten elow a mninmumthreshold | evel. As
the conductivity degpsanihgeeffiici ency of the fuel cell decreases until,

I f the pol ymer becones 15 excessively dry, the fuel cell becones

non- conduct sve. Thanm @dse of Qeetells usach aolki REM Sormgdtfioen areioneathanfie wat er from
the anode surface of the PEM Heat generated in the oxjgdati on reaction, as
wel | as by trapypert sush ah@olyperuaspaiipnip psid, je.g.e a Npffen; y JBeTb/@8®s  causes

evaporation. \Water | I losi .t hrough el ot j, ¢ t rt by

hydr ogen wat er pigu "tﬁ@bgn@”"é’."g?‘? t&ewggoﬁlpﬁﬁaﬁ%ﬁt@.a!oﬁw&gﬁi sis a
process in whi @hiovadt@orks restablishied yathe dhibnizggelbnid hcidwgion} geupPEMEdy hydr ogen
protons mgrating . fromthe anod he cat F 4 i&.believed
to transport oﬁé'gto\”'th'? e\Rﬁ%@?gno%l\’%‘grufse%qgtf}fdﬁng%\?’mn? ﬁ?’ "ﬁ?'ﬁeﬁgﬂ tﬁ%e

mechani sm did e belgineoiodonot conductise pgthiays for ionic transport.

The ionic conductivity of such PEMs is thus a function of the water
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



25 Dehydration of the nmenbrane is a problemendenmc to PEM fuel cells.
Abundant water collects on the cathode from bei ng cr eatle y Hlte reduction
of the H+ ions and from being transported through the PEM by el ect oosnosi s,
and sonme of this water will automatically mgrate back through the PEMto
-the -3 8 OCT 2004 WD 01/59865 PCT/ US01/ 04024 anode by virtue of the
mechani sm of diffusion However, the rate of water mgrating back to the
anode by nmeags, Rfsesgd ffusion is not al ways sufficient topcyaliseiviRih excessive
REM dryi ng under ?n gh current operating conditions, and thus diffusion

al one cannot be relied upon to prevent drying under the range 5 of
operati.ng conditions that a fuel cell m ght be expected to encounter. One
approach to ”&h&ﬂeﬁlbﬁwﬂge@dmmémamsdr oft difusicof  HoweveENhe sate of water a

hum di fi er external t he fuel Str ter as steam
or a fine m é‘i‘gfﬁh‘ﬂ%b?%@g}ier%%?ﬁﬁ 'ﬂWPogéﬁJﬂas f"&é?k‘{aﬁg\g\n&ﬁ%m%go t he
anode. Anot hepreveht Badsdive PEMhﬁhbgb andérmtgmmrregaepetrﬂm@ndmmaeland(ept at a
operat ed. | %2#@1‘2&@ SRS, i B el Wi iehane, 1D o
as ﬁ Vi ablse]c wbp%ram q[nnmmsdlmd fpellcmhmlghyb@yxnmﬂegﬁowmvetm nherentt:} 0 thed
mechani sm of condegnsation eXele n e anode
in an anount corr 2%8%?%6‘*?65%@5? ?EJP%EA My rsiBh o e 5Tt

ence et ween the saturation vapor
15 pressure ofa Hunddifierraxtirdal tothé el cejlosruaiureatotintraddéef watarn asosieara @padr at ure and

the saturatiqn or, e t Th

di fferenge Igif‘ﬁé"g ntp e hzr%g@%{% ?gfeg‘r#%sg%géa%&gbgggﬂg{]% %ioi?rl’eropgrat i on
t enper at ur e i snethotpiscabliyble te foetegas through weler kert ¢t a danrisaiywt hightrsuf f i ci ent
to avol d exeesifo dSAIALL ARichind fl8 BFR e, sol ution has been to

I ncr ease t rrpera erent creasi n%yt he hum dification
tenperat ure. I—|0wev”éh!ere @hee howevesaliteits omthw\eeﬂewv(@a@ﬂsmf BYgficpEUA® @causes an

increase in the patdidh oBERRALE bt} BP collHEAts NRIGE Yo GikchEngiheat er than

t he attendant i ncrease in pressure of the fuel gas. This
unequal i ncr eaf eongensatian. aMoms @§§GF'@§Y d’éﬁ]@’e%Ort&‘enses 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



25 decrease in the quantity of fuel gas per unit of volune in the

hum dified gas mxture entering the fuel cell which, |n_tur adversely
affects the performance of the fuel cell. Moreover, e@e@fwzﬁmthe gaseous
m xture being saturated with water in an amount sufficient to prevent
dehydration of the PEM and assuming -4 8 OCT 2004 WO 01/ 59865

PCT/ US01/ 04024 arguendo that the quantity of condensed water is simlarly
adequate, the,  application of the condensed water is nojcyitefiRein over the
surface of the "anode- Rather, nost of the water condenses on the part of
t he anode nearest incomng stream |eaving the nore distant portions of
the PEM 5 subject to drying out. The quantity of noisture carried by a

saturated gas,yaRddad kst thd Quanditp Whtcordensam dats asl similagly adequatdethencr eased by
increasing the Tlow rate of the saturat eogm(‘qlgésrhbbut

OW his requigzes a
reci rcul ati ng apRlicalion ok e FRIMGRRSIgVAtPLIS; AYEs i SUE7EE YoM means of
filtering i npuolié.€SRMAEC ndse Bfl tHeo wiidr 6ademsésibe tha palteofuthesardbdgas
recircul ating through the system A si nific%ng dr.awbac o) i di fying
the fuel gas, MEAEESt 1eamingc FIATh JEr e 25 IBr Sirianb Borions o, e S

necessity for QuEpso dwilgws, heaters and ot her equi pment which add to the

overal|l cost of the fuel cell in. addit] to inc SJ | Lqht and
adversel y af fectingh§ tha'I‘tg‘f © BH'ﬁ“frﬁ.cair?gA 8|~°tag‘1'!ﬁ‘§‘?i ag’gfa}é& Eﬁdg{é‘?fyi ng the

fuel gas is toaflbune6t condsidedantaf cambeincreasadassintraasia thediowHateesfer , as
there is no feedba

into the PEM ‘F\isé‘ﬁgﬁﬁ @%ghkth@wﬁsggq%‘uiggsgg: r:e\% ecL"gatirﬁ%%tﬁgrsr%%gp ﬁcquin b\?vg'[ l<;(radt o]
the anode sur fracigutation puids Gindndontey meensngf filesiog brpluritied hirticteserdste of | i quid
and_conseqlibnt FGIRIBER edyupeLos wERyf HFEEHAAY spIees Aleitphne, BEpCe
cell. Wcks aldrawlsaketobbamidifiseg the fumb rgdec endvde ea régicgutation sydtemoinr to t he
surface of t hepa ?c%%? igrﬁ?e EEMSSEM){O? pﬁ’rﬁﬁé,ivﬁ%é}rﬂe&erya% ofrdt %HEipH@nt 5, 534, 363
which add to the overall cost of the fuet cell in addition to increasing its weight
and adversely affecting its 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



di scl oses a wi cking structure conprised of hollow tubing havi ng porous

wal | s. 25 The tubing is conpletely covered by a porous § #OT ¢ffr foam

havi ng nunerous tiny fabric or foamfingers emanating fromthe surface of
the cover. The cover adheres to the surface of the fuel cell's anode sheet,
and is formed froma material capable of bonding to the porous tube and
the anode surface. Thus, the cover material nust be selected in view of
the material wepiBskdTT 2004 WO 01159865 PCT/ US01/ 04024 ug&dsomséar m t he
anode sheet- As noted in colum 6, lines 38-46, selecting the proper anode
wi ck materials may require dismantling and anal ysis of the anode because
Its physical and chem cal characteristics nay be a trade secret. 5 in
colum 7, |inesed & @bn tt&l’lam:ldéehmtt iAsenadetbio ciohaemt 6,dinss I38216s seledting k

conprised of hair shape i n r trunk with
branches. Thi d e[EfBP‘In’ng)"log &écf %ea{agsdrr\%f{%%gdfsﬁ%ﬂ@fﬁgﬁd gﬂ%ﬁs,é BP@? may not
require por ousnbdbecause ifsophysicalvands clikapiest dihagclepsiest hay et 2 |twge10
characteristics the anode nmaterial and the PEM s hydration requirenents.

As no alternatl?/rs{rrechanlsmls di sclosed to affix this alternative w ck
structure to the surface of the anode, it is inplied that the tubing also

must be conposed Rfcoﬂlrrgﬁa'f qﬁléill 308300 .Wtén'\a}ti@é’ '%th\‘)gmni Ei@cl@é?e@dfwﬁneet

Anot her alternative ano des’ign replaces orous fabric or 15
f oam fi nger s womprissdoefthakcrebapestitubing fermedriaioihe ishags Ofea treqdfuek WitBsor bent )

thread and hy ?Jnt%%? birfiis (hbi i c#%fo d GREshBihbies hérﬁ?%ay-gi“?néﬂfnhtit cloth

contains repe I've square |c regions which substantially exclude
al'l liquid waeesreamdrogs| &alrie her ;ia@gagevetﬁ ‘I’%Rﬁ’f‘é'@@n”@%[t he. wetlB9anode.

Sur roundi ng, 3Q.Jac@mfcgeh%'a%a@ma%aﬁérﬁi HE M S Thy BSrORRLIdrRer®. T | pes whi ch
exclude 20 hydrogen gas and allow I'iquid water to be transp orted Vi a

wi cki ng act i orf\sf perAltefrative, dnechanisr bis ngisgesedhie &ﬁBdﬁ“%lﬁ‘W'ﬁE@’e Wieknot ed, the
wi cks of the fQLa0RItHhdAHEMY ofifCaitile] R ilhpiidiBatthé ffding also must be

composed of a material that will bond with the anode sheet.
Adother alternative anode wick 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.



lies on the surface of the anode and is affixed thereto by adhesion. It
requires an analysis of the anode material because the t§oigfg @fgst ubi ng
cover 25 must be forned frommaterial which will bond with the anode. To
use such a- wick, various fuel cells nust each be disnmantled and have their
anodes analyzed to ensure proper bonding. A wi ck nust be specially

manuf actured to be used with each fuel cell having an anode conposed of a
mat eri al haviwgeyddgksque bondi ng characteristics. -6 8 Opfr@Sfads¥O 01/ 59865
PCT/ USO01/ 04024 U.S. Patent No. 5,322,744 also discloses a wick to supply
water to an anode and, ultimately, to a PEM More specifically, in colum

10, lines 1-4, the patent discloses a wck . - . made of fine threads of
a fibrous materi al UaorPateat Bth 5,32 T4calswldisclogas\sawiclo tessupalyuvaiér thidoer |

synthetic fiber | | |be 5 | I | fksbegn tw sted
t oget her. " @"Pé:? ?fr@a‘ﬁ‘f o2 %‘Wﬁ a{\hé}g E%‘lr?@“’.ahﬁr'\@@%ﬁ"‘ggp on tbﬁe surface of
t he anode or F?Embatentahsdmebamttké’d -t.hmedel of firer thicads af Q\M‘RUS waterialases t he

o bporci oot USRI EBEE Aol el ol AREREE iyl g e i

proportionall )P e cu ensi t us the
t hi cker the buhelfing ttumasrhavmgdmen dwisteyl togﬂtw Thmynste%@rg@a feem @ dual

t hreads, the per f or mance
conpr om sed. [Il‘ﬁlmwat ery%’:ﬁéc?%hdﬁ%?gﬂgé %e‘%fagéeﬁgt ﬂ%ﬁ ‘gzﬂaﬁlsc@rt?leerds form ng
the bundle altegdafapingz ik, decseasgsde perfdee Eif@ﬁ @ﬂiﬁw%iﬂ\é‘ﬂtﬂaﬂétfﬂfon to a

|i near path. g@gaﬁsfpe %mﬂwne%ﬁ pﬂ?@ﬁﬁd{dﬁ%w relil i tﬁ@t:.hhér@aehgng%fmae wat er

nol ecules to 1 rave to reach an art of e surface of

t he anode, parftlf?i(n@llarTWdS thﬁ-‘ ﬂh\Ckﬁéﬂ”gﬁe@#"#% whigh ﬁr@%l'%?‘yttwékeaﬁmt@nd adj acent

PEM 1'yi ng jde it Shreadl, Sth@'?ﬁc?reftﬁé’rﬂukgﬁt ﬁ* i QHuesd TRl fuBlecal cking
bundle. This requires nore work fromthe capillary force driving the water

mol ecul es and RedfpeEnancaeompiomisede water to traverse the di stance fromthe
wat er source to thexPhMier B0cdddietedMebitlenNbe Rdidadal RdliishiRsar the use of

a capillary wick to conduct water to the anode and fromthe cat hode of a
fuel cell. At hgflgralong a spiraling, tortuous path, in contradistinction to a linear 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



lines 59-60, it states that the capillary wi cks are conprised of "porous
graphite or other suitable materials." Several referencgsQof 20 prior art
di sclose a fiber or strand having 25 three hollow interior regions
extending axially for the length of the strand, fornmed by three T-shaped
partitions intersecting at the strand's core. In particular, Figure 3 of
U S. Patent No. 5,759,394 illustrates the foregoing fiber. The fiber
entraps a solwglaabgeor bent within the | ongitudi nal regi omeT/udihesnzs/ 8 OCT
2004 WO 01/59865 PCT/ US01/ 04024 absor bent absorbs undesirabl e nol ecul es
froma passing air stream Wcking of liquid is not disclosed or
suggested. in U S Patent No. 5,891, 221, the aforenentioned fi ber
conf i gur at i on absorberi @apprbsukiegicatde Molepuledpm AdEsEng aiF streasar YWaking and
retaining a iy ty for undesired odor causin as
g gwl%]tsﬂgt 1A oLl géét?* y g g

phase mol ecul e uses action to draw the sel ected
liquid with which Int)gdnatentiNe: 588b32hé|tle aflofﬁ“@ﬁj‘@ﬁ"thf@ef PRNEIBYGHEOT €gi ons. The

l'iquid renmove f I f A raRRaShnNg ar ound
and through a§Bund é?ﬁfg&% ers F?‘ecangmg%y ré’émnb(P%'ethent 04, 966 al so
shows a wi ki @ginfty Ef@’rum@‘F%OdOI@avﬁ@Q @ér@%ﬁtmmst rT'P%lﬁB%F WSSBf i gur at i on.

A bundl e of tRgnifidlh@kfontoSirhR 36 selbdied ﬁd]:ﬂd iith URHch & Qorhbd e csaaaous
contam nants froman air stream Each fiber contains a |i1quid which

captures the #Heuduls #vericaeaiens: s Therliauid rpBpvasaing| welesitedeas gAs§ cont ai ni ng

the captured %c@[@s%ﬁiﬁrﬁa@sﬁ%@?aﬂﬁ afd thréilgh@AinaRidct the fibkfsl Ps them from t he
fiber and carries them avvauy fiber having the aforenentjoned tril obed
[

configuration is sHEWRA 3% U-FiFgtankS.10%P0% plso shwyswicking Brerdgding ot col unm 5,

li nes 20- 2, khéléfbl‘ém%ﬁdﬁeﬂgnlbﬁed dRafifratRh. ANrindk df e MBER|distkisk@ns. Figure 5
of U S. Patent ) q971 also shows a trilobed fiber_  having the

aforerrentloneéf‘qf‘?iﬂf% L&’&Fé‘{ fitshoasgoug eanigminants frpmanairseg®. Bagh Jibpef er ence
di scl oses usi raantamalnhaawrufcarcaﬁufe@ twu gageaué. ¢dmwrﬁlnams 2fthd fRr carieg i or of the

fiber. The I|i IdlSttO have an aff ‘¥l t he .undesi r abl material to
be renoved fr |d6ﬁo agtl tured conta mants to another air stream which
| strips them from the ﬁber and carries them away.
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 to 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



The latter 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 8 QET PR
di scl osed therein 25 can wick |iquid. However, none of them disclose or
suggest the use of such a fiber to solve the | ong standi ng probl em of
adequately hydrating the PEMof a gas fuel cell. As may be seen fromthe
f or egdiufgenthaideatest whileravecomingsthe shorremings ndisadyantages gngrimifatigngraahcon
appar gridpart. Wik pheskeRentidterufiMhRfnedd ftpd agel | -8 8 OCT 2004 sufficiently
hydrated whil e overcom ng the shortcom ngs, disadvantages and limtations
of the prior art. The present invention fulfills this need in the art.
SUMVARY OF THE | NVENTI ON Sueinrspeor TofE INNENTI@$ent i nvention provides an
apparatus for hydrating a nenbrane in a fuel cell, conprising: a capillary
means including a wcking strand for conducting water by capillary action
bet ween t héDneeasbec wéthampdesant inemtivroprodpes an dpparatisier IEirdlingaenengaane st r and
havi ng, L ge” @[5}%0 gnnel s being forned by said | obes, whereby water is
conduct e and by having it flow through said channels. Briefly,
in a fuel caean"'aWF’EPﬂném'uﬁ@gl%w%'wt@éﬁ\Wﬁéﬂﬂ‘iWQ wgter by cepirpyeetiorof a
cat al %%Meeﬁ&ﬁe?ﬁnbﬁbraﬁé‘ﬁhd b NRbtich sRRGHCHE Wek®ratesenbl y may be fornmed. The
fuel cell can further include two electrodes, each conprised of a thin
sheet of pSRGeRPRIRPLESHERD can be perneable to |iquid and gas. The two
el ectrodes drsamqelmeb@gtfumteenbycymdabmésemaeﬁmaérrshenmmdwy@hrdls'trhm byassenbl y
such that ur f Ce. f eag h el ectrode can abut a catal yst |ayer. The
r emai rﬂax:ag uP\N g @ﬁm% T&ct r ode respectively nay abut a nonporous
bi pol ar  plBxtedy, iMth&ebégicl %EMpbrabe!onatyd hetweegivadugss tonpaggas of d catalysind can
serve rﬁé:tBI o rtﬁﬁladsakgw:cmn&tb ésQMB Gble f&ﬁ%d eolﬁél c%h@arf@l’fﬁén a|%| ectrode.

The two e con I ve, can ctri ca

connedve glesyodes, %@@f‘ é@fﬁaﬂlseélolf adhin She\ﬂ @flﬂof@sﬁ%t%’fﬂjﬁ‘ahw heeparpeaiie® i n bet ween

each qah.ala)sébaé. Y8 fwPBEcttdaes a@ya&gmaté%%weuhga&ab Siitha&hdiRY-ike conposed of a

tril obed fibe The strands c%be arranged in a repetitive
assembly such that one surface of each electrode can abuta 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



pattern such that they do not cross over or overlap each other. Hydrogen
fuel gas may flow through the grooves in the anode bipolar: pﬂaﬂ@T Zﬂﬁ‘ifuse

t hrough the anode el ectrode, and react with the catal yst to produce free

el ectrons and H+ ions. The electrons can flow to the cat hode el ectrode by
means of the external circuit, and the H+ ions can mgrate through the PEM
to the cathode el ectrode. The w cking strands abutting the PEM surface

f aci nglrenes zindng the BeM sodecefaging heeaincdaelectradgunay semreynidateoliguid wateler voir to

t he ffgﬁ@gglsg,%clgw@mgm%nt&hg@tpésgh@,radequate hydration of the PEM
Oxygen gas may flow th rouﬁ?Jl grooves of the cathode bipolar plate and

reactwi th KRee @nd; hey teRiyrasy é’ép?ﬂtseé‘f“i‘ Fantaassopinthe gt viedion wie wi cki ng
-9 f Sebhrte BOfidt HdERMGE vablUktcrdige tth endPodviity Hasendsaaédtgpidncariadifioge

el ectrode may conmunicate liquid water fromthe surface of the PEMto an
exhaust reservoir. These and other features, aspects and advantages of the
present invention w IBRIEBSESORIPHONGF TiHEE&RFVIbIEIM t h reference to the

foll ow ng drawi ngs, description and clainms. BRI EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 is an expl oded schematic drawi ng of a fuel cell having a
sol i d PEM drgire iTniglandexptpdgd sgheredticvdrawing pf st fuginerd! kvinghe spliceBBMt aridhvent i on;

Fi 9ur &n iy ardlR] RS étVa$|d¥bﬁ%?ifeséﬁtﬁNeﬂfﬂﬁd wi cking strand of the present
i nvent i on; gure I's a schema draw n depl cti ng a sectioned side view

of a fuel cFég‘!reﬁé‘iﬁP@’S%Cﬁ‘fﬁ’aﬂﬁ%ﬁ(ﬁtwﬁ'&%ﬁﬂ'@ﬂ%tf?@d\ﬁf thRiPFRyesLIPERERM of t he
present invention; Figure 4 is a schematic drawi ng showi ng a fragnentary,

I d t d d | ud th
whCk e st g S5t s Soteale Sirdl ekt o acTaned S5 B B s A B M o0 |
dr awi ritFMiepd intludigg me%cidmgos'maddmfdim pessut ofvertiouer al fuel cells, each having

PEM d t i
St acked cor e P & buhai e Sl L AR B B R el S s e
vi ew off affugbpeloeving RIPEN asthvekiding thej wicking stranggiefl the piesent invertiopoanst | sed of
anode si de Figde @ﬁéﬂa%aﬁémﬁ@ PRy aléplctﬁﬂ% éééﬁ&dé@rs.denﬁéwe%ve%MuHcéuer med from

a solid jon exchanpgjbmfg ymer, such asSpol yperflouorosulfonic acid, e.g., a
Naf i orf@chdiiirafep 560’189“3@‘9 the WBG'PSrﬁ“aﬂ‘é‘i Rie tisupresenpgnyention, in a

stacked configuration.

DETAILED DESCRIPTION OF THE INVENTION

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-



8 OCT 2884 WO 01/59865 PCT/ USO1/ 04424 _17 separates the g\l\g si des

el ectronically, yet provides for the conduction of prot#8n Chelllléen t hem
the significance of which will be subsequently explained. Anode side 13 is
conprised of wi cking strands 19, anode catal yst |ayer 21, anode el ectrode
23, and anode bipolar plate 25. Cathode side 15 is 5 conprised of w cking
strands 27, cathode catal yst |ayer 29, cathode electrode 31, and cat hode

bi polar platg,33. ,&atalyst layers 21 and 29 are situategdcpgannpis t he two
- approxi mately ~“plranar faces of PEM 17, respectively, to forma

sandwi ch-1i ke assenbly. Catalyst |ayers 21 and 29 are porous and conposed
of any one of a nunber 10 of plati num based conpounds well known to those

skilled in the7adad<Chie tR6 8RO ElalshiddIp, Yot prRRiatdrae oénduytibnogien gas to
formH+ ions and Tree electrons. Electrodes 23 and }1 are eacrﬂgcorrposed of

a thin sheet dofotgay debvespathen, alhe; sighificance, O nabiph M P9 SYBFSIUENY gas.
Carbon fiber RaBRINeA ARb& §idé $3 isCRMPABEd/ ofuifithd Qrantidli % apud@oatelystlS Strands

19 are situated in between catalyst |ayer 21 anpd uch hat they are
in contact wi t'WePEMWd?SPCWZ%P"Qﬁ @W@%@&“’r 5‘5%%‘%@%@‘13 1%’[!Sr ands 27
are situatef ig@npRideaTwidaigdtinads 1A amhoddcaagst Riydt 29 cathole tleettodet hey are in
contact with PEM 17 thrd%%q&?ut no of their respective |lengths. Each of

wi cki ng strandd: 39 catle aépfaé%%%-i cal. A perspective view of a 20
singul ar strand 19chgiyeh@yérsi2n dndRy sreitufied abainst thdevceapprodmatelyd 19

2 channol  bet TR IR ok BB 7 (esppebiel va, B e TRanth ey *channel

a channel bet rii o I?/", channel

37 is formed hedtwpanajepdPramii2iae pibous andanmpbseditofiany boe nkal nbebereen | obes
i, 25 o PO s oS e iodE TR RO g B i 18 1
39. For exanplmecipiate therlissociatiss bf dwiinogert Igas ughfaohakihddns3and dree r est r ai ned
Lo Tomen?; - GOty i 6 7 Al B8 i Ry ot | e
material that is permeable to liquid and gas. Carbon fiber paper or cloth is
commonly used for this purpose.
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-



-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 Lq(gr ?ﬂﬂ‘@r ea of PEM
17 where the | ocal absence of water creates a - caplllary r uf ficient
to overcone the surface tension on the water surface |ying between | obes
34 and 35, and force the water in channel 37 to nove 5 transversely to
axial axis 40 and onto the abutting surface of PEM 17. The transverse fl ow
of water fromehagpel 37 onto the abutting surface of PEMishfe@anti nues
until the surtace Is sufficiently hydrated to reach an equival ent chem cal
potential which, in conbination with | obes 34 and 35, restrains the
transverse novenent of water, and causes it to continue noving 10 axially
until channel 3ding@aiife Mldivatepfotey itssiidvatalgvaidinthaftiVB1 dntil Ehenredne

mechani sm functjiops with re 0 wat M throuhcha nel s 38 and
ToC At hough <P FESTa fioP RN 1 uher T ol dbBEhdencr UelRr SRRRS2 pent 17

the presence eépntahjﬁa:emamiehetb,ovamme treharfaed ﬁnﬁmuﬁ&ﬁew:hatsmcé east one
Oari ous ar eas. g tspwedh BRSHEE NS, Setbce e kA BeiE € REE o7
function insa Barmvé;aelynmmraxis@Ocanddutottha\aﬁLe&nga;uﬁgcederErM ﬂhe surface of PEM
17. The Triad T" f.IJ grod fg‘ﬁ?ﬁ' F’y\ﬁ%‘ l J{ ét%rtﬁeat' s rfl has the
preferred tril obed @FS@E ?ésc,et E) F’ WRETPL suitabl e
for use as strahBEMLY7 aodindgs ult) tht sanfats i?.%uﬂilclenw h)fdeatadbltg reachasged in a
repetitive pat{ern urf quately

hydr at ed usi n gé%'ﬂ\fa&/e[}-{ hgmlcal [9 \antlaf wﬁlcﬁ aftlo %bes 3P Gnd g&% o

n€ o e require Avoi di ng
unnecessary Ieregtrmestﬂettahsmmnd\&memt uﬁwat@'eand ¢dmees1utcfmemwreawm PEM 17

covered byt ré’ﬂ&lgfu%ﬁhchﬁﬁﬁel %‘?g@?ﬁ)éb?@%%m Hﬁa‘ég aPe%ﬁ:fb%Szf”?f eﬁuéo‘lé‘alnhg?ab' e for

t he transm Ssi on shoul Cross
over or ot her winsehamissr fuapliomg otith respeet tOb@ﬁi@lle@nﬂ?;Dugheh@v@SI fppetl section

of strand 19 abyt agglégéft,@éﬁﬂw%ﬁaewdv%eemmree@eﬁpm £RRRMICt vat er

to the abutting sur
presence of three parallel axial channels ensures that at least 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-



17. The overl appi ng section of strand 19 not abutting PEM 17, that is,
lying in between the underlying strand and catal yst |aygr 0ZF, 2gpul d be
unable to -12 8 OCT 2004 WD 01/59865 PCT/ US01/ 04024 conduct water to PEM 17
at that |ocation because conduction depends on contact with a dry surface
area, and the underlying strand woul d be hydrated. The overlying strand
woul d thus only add to the length of the strand necessary to adequately
hydrate PEM 17. 5 Strands 27 are preferably arranged in a repetitive
pattern wit hoW@oUM#Er | appi ng for the same reasons. As sﬁﬁﬁﬁmﬁﬂmﬁigure 1
strands 19 and 27 are disposed parallel to each other, with the respective
spaci ng between each pair of adjacent strands bei ng approxi mately equal.

that 1o |mper: saaEbugR GREM P A el kPR REaR P A e T cal 1y
connect s bi pol asntadtatites dp safade 38:a, Andithe updedjirgrstphdiveu@bel hydiateties f ace 42,
paral |l el groov 43, i.nlet 44 an ay 45, . &,,00 43 into

ot herwi se pl anj’ﬁef%{fgrely'ﬁ%.st“ c(1)10‘"\'/0e“sd Z@Qf Pﬁlpo‘hl'dfg éoortrﬁ%x%%g} é’f\%ﬁ?hsqréé%h ot her,
with inlet 44, nesedsaw thadedoalelythydéte PEMJE. bi pol ar pl ate 25 abuts anode 15

gas 11 ow ng ot her ot FTANSR Z1carenpaEiRh araned 1 EPaR8lve bABACYRR 200 21
paral | el gr ooveseri&pping fidrdhe ddne sradomsx hssusgtowhdn FRuenl.edrands 49 endlt into

wi th it 4, S EedBaoll B0YEH grith yitlhe ol RITUNIB B BB O

with inlet 48, "an exhaus abut s
cat hode el ect r pdieoBijasgutsttahds bairg dppdeximategeanalde 31 is exposed to grooves

47.and any gas fl oy, a.IC gﬁe@,ﬁg ghas aFé;lg&ﬁ%d?»?e‘grﬁ @onﬁﬁ&ﬁ@aﬁdnﬁfn%wss

sectional view of fuel cell 1 lgure 4 1s a @grre_ntar%, enl arged cross
secti onal Wilewmgferalthat isdmperious tagap sndiliguidarligetriosh gipgyiti 41 ¢lpgiigally 3, strands

ggm‘fgmgi ggt S\Ac%ﬁeﬁts didr p@l}eé Wl ?%SAfﬁ&)%r Mﬁﬂl%]r péaﬁé 283nciddak $hcedp, Tl uidly
paral!elygrgc())vgeg n43, uir?!et asand exhragsrsrt] 25. yGrzag\?e%n% are cut info
otherwise planar face 42. Grooves 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

13-



gas source (not shown), and exhaust 45 fluidly communi cates exhaust gas 57
with an exhaust reservoir (not shown). The pressure of tfeg bydﬁggen gas
source is nmaintained at a pressure sufficiently greater than't of the
exhaust reservoir to ensure fluid flow fromthe hydrogen gas source,

t hrough grooves -13 8 OCT 2004 WD 01/59865 PCT/ US01/ 04024 43 (not shown in
Figure 3), and into the exhaust reservoir. The pressure in water reservoir

53 is maintaigad /99% a level slightly greater than the prRgaMdgiRy Jrooves
43 to prevent “or educe t he | eakage of hydrogen fuel gas 55 into water

reservoir 53. 5 Wth respect to cathode side 15 of fuel cell 11, strands 27
comuni cate with water reservoir 59, inlet 48 fluidly communi cates wth

‘oxygen gas 61 fafsqr{btasr@mgmngqaess)sahu mf HiBAxhAROERvoRNThepheudele i49 Tl uidly
communi cat es exhaust gas an exhaust: h@’ servoir lSnot shovvné The

pressure of thé"’%‘:’(}iﬁ%erﬁ"cﬂf;? '§8@F‘é%"‘?dsatﬁé‘?"ﬁ{%l'9 BrgRteLtngy eI Bat er t han
10 the pressur grédvet B8 t©)phéVent of REIBEY lelleditage 5 Wiyerohére el gasl 56limw of oxygen
gas 61 through rooves Z. Upon flowing into grooves 43, hydrogen fuel gas
55 flows throudffer&FRRP % ct r ode 23 and comes into contact with catal yst
| ayer 21, \MsereUporwnhtreapscsom abihedd cmdeorm lof duenscemnth, f smdel getrons in

accordance wth the .15 f i N uatj.on Ht+2e The rati on of
free el ect rons SQPILpcatE,W. 8‘2) aﬁ%e'%ﬁ%'ﬁ%gh 0‘@8 ﬁf“ﬂ%’l %qmmlm ?@gand
cat hode bi pol aroxpgealt@sm froi & oxyden4as satteiiesstoomy «nd exWLeMda aaidly 65 i s

powered by the fore uit 41 is close d curr
flows to cat hoc?@"m“g Q?g eﬁﬁ%'fsggf%% Gg,&gtﬁ Igl':‘l\ﬁxf?u%éﬁ?}eﬂoért &'gﬁé}l?é""bjo Tgsapor ation
and el ectroos nm-essuretafahspxygten gaatsmrceBib mmnﬂmad/ratbrpmasumt greateeanvoi r 53

thriough st r Er}'e grﬁgsug? mqgé 8xhau§t LAY ehdlfe AR RWIAF oRfgehgis 51 BY

capillary a
through grooves 47

Upon flowing into grooves 43, hydrogen fuel gas 55 flows through
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

14-



between strands 19 and PEM 17 is naintained by capillary action to keep 25
PEM 17 hydrated. Conversely, should PEM 17 becone saturatﬁcbﬁga izﬂ[] noi st ur e,
the driving force of the capillary action will subside a l’c
conduction of water 51 onto PEM 17. The H+ protons traverse PEM 17 to

cat hode el ectrode 31 where, precipitated by catalyst |ayer 29, they are
reduced by oxygen gas 61 and the -14 8 OCT 2004 WD 01/59865 PCT/ US01/ 04024
free el ectrong,gpigldcted by circuit 41 from anode bipol aprpédpfLS5, to form
wat er. The foregoing reaction is expressed by the chem cal equation Y202+
2H*+ 2e = H20 Excess water is renmoved from PEM 17 through strands 27 and
into 5 water reservoir 59 by capillary action. The other face of anode

bi pol ar pl ate- g&e Wtramléonﬂhﬁe@eplawaﬁtnffraﬂ arddé dpoRk pfat@izsctalfbrml n such a
configuration, this

e woul d have the oves as inlet, and
exhaust her et olgie& E%%@’Felgﬁﬁ’ﬂ ’?W'E‘b’ﬁj%ﬁ’@?%& yihe HTE"E%?%{% "L‘n pol ar pI ate 33,
and it would functl,}na l? ag %de}[ﬂ# cal manner. Such a 10 plate is called a
bi pol ar pl ate becaude?| e anode el ectrode of one fuel <cell and

the cathode e €Ct ! Gleo0f waB: RAROHN nbHPERAT! ol BHMRH bnd S ce! | S

are electrically connected in series his is novvn as a "stacked" fuel
cel | confi §ur wetesiesergir 68 by capillpekagtigncoul d be obt ai ned by addi ng anot her

adj acent fuel cell TpLohd f%&%f%ﬂ&e bRoRABRRALES Rap b ne LahBddr afi gur e 5

shows three fuel cells 11 resent invention in stac
configuration 8diacentfeheals é'f'\ﬁ“thﬁ/@ﬁmﬁBWﬁt“P'b tiyfs fage wogld| havghecgrogass capill ary

W cking st randg geR szO}hléi‘eal‘i@teﬁﬁadét‘%rét&?@reh)dgécﬁbéd)nn |c%Hj§hcth1 ivixe anode
side of the PEM | s too |ow and er out, and renobve excess
‘gEFFtPf‘ "h@'&@

wat'er from t heS¥BedeRiRlFPlAe 33 3615’ ltt"!’?e‘z" jcRlfRaner. h8UFhA egoi ng
wi thout |iAbti PElteds caRY A BRI pra?é b&Gli® abhiS tiRednb8é BRBFRIeYr ohb el uel cel | .

As the present ‘i nvention ensure
cell and the cathode electrode of an adjacent fuel cell. The adjacent fuel cells
are electrically connected 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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proper hydration without the extensive equipnent required to humidify the
hydr ogen fuel gas or recirculate humdified hydrogen fuel Bgem:]- gﬁﬂfireal i zes
inproved reliability, decreased maintenance, reduced weight, cost

savi ngs over the apparatus of the prior art. Furthernore, the wi cki ng
strands of the present invention do not need to be bonded to the anode or
cat hode, respectively, or to the PEM and thus no analysis of the

conposition oregoi ng fuel cell conponents is n SRlodePecause the
wi cki ng stra(r)l‘&st']ﬂ%% not be conposed of a material -15 m 2004 WO
01/ 59865 PCT/ US01/ 04024 capabl'e of bonding to the foregoing conponents. The
w cking strands of the present invention nay be used with fuel cell

el ectrodes and chfde SYPRGRG D the fforkhdihg! dmpbnBRts. 'Tﬁé%dkﬁlg str'é(ﬁ&@@f\/tﬁé each of
the wicking strands of the present "invention are rEpose of a singular

fiber of w cki REpSRBlidentin may,ge Hﬁﬁtde‘f"trbfé'P’er"@l?ﬁ?ﬂ‘EﬂﬁS@d‘d NWeOBRSAY a nearly
l'inear path thatyitsal§ BRY mbleriiihat the tortuous path required by prior art
wi cks ‘conposed of bundl'ed fibers. The capillary force necessary to nove
wat er through this M@'ﬁ?‘{% “Fqcﬁe‘?{rth%é[f‘%'ﬂgs&‘tfaé@% %H%ﬁl Pfegent; eentish ta®us pat h

of the priog ab&mpé@édbhﬁsﬁ:@@!ﬂﬁfb%r@ﬁwféﬁmé hﬁteﬂﬁlvlmehhaﬂe:aéé.@\&mbbae@r esent 10

invention to respond nore quickly a M and respond when the

hydration | evefl® %a'PE‘H/\EFEE'HHtS’&?’eQF“E B‘af ﬁéhﬂﬁ?fdh%tdh? foptupus PR seqyfred he pri or
art. On the caybasearbiigies @mpobed Bitndlebifisers] MaYEapi Wr@esﬁéttessawentl on to

respond nore ul ckI a .PEM and res e dr ation level is
hi gher  conpar ‘g"ﬁt tﬁ[ﬂ’f\,\ﬁ [TE ‘%e%Pa'EH%%ﬁ%P f%[rﬂi‘et %él ngul ar
fi Ber corrpf)|3| nef mh.wfam dm ﬁng agioﬂem OffthtehEEmrEﬁéEBI]!owsl theeptbdemn | S
substantial ly narrower th he bun cks, of t art, yet
conducts water TYENtRNHio, rﬁ@?""ﬁjl BRIE gwgkly gWe'? L ﬁSBR“CﬁQj‘R@Prt fds of the
present invent hmramnaemus Iowme«ﬁtmbdﬁ@d B tﬁ@bnmtﬁed ﬂkb’rlvﬂck@rofftiﬁ?éim:or'ﬁme w cki ng

f':]reands of t heO[r): "t %Bode sl fI e PIEBIuﬁns aHI% e prese %:n(\?rcfan{l[orr]leio réjsrp];%g e area of

more quickly to a wet PEM and respond when the hydration level is higher
compared to the bundled fibers of the 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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20 PEM than the wicks of the prior art, and thereby |eave nore area
available for the transmssion of H+ ions. This i ncrea%eﬁcihzqiﬁurrent
density and enhances the perfornmance of the fuel cell. h d be
under st ood, of course, that the foregoing relates to preferred enbodi nents
of the invention and that nodifications may be made 25 w thout departing
fromthe spirit and scope of the invention as set forth in the follow ng
clains. -16 %v% 03¢ 04 WO 01/59865 conprising: PCT/ USOlpOdlsifloads AN
apparatus for hydrating a membrane in a fuel cell, a capillary nmeans

i ncluding a wi cking strand for conducting water by capillary action

bet ween the nenbrane antl a RAocwpamtusafoahydratingra trhembreneninriarfaslesellsai d st rand
havi ng | obes; @lﬂ%)r F‘?nnel s being forned by said | obes, whereby water is
conduct ed by sai and by having it flow through said channels. 2. The
hydrating apparatus as dehpitey meanS! aclming vhesoking: strandafod cotdustiny has an

axi al axis of §U¥ 6 Ha%CgOStQ'ﬁIEET?ﬁ\% ﬂr@%ll ﬁ'ldleylof: ?a- elﬂ){ and each‘

| obe includes arm having “a di end "an ange 1% sai d

di st al end.53.m¢mbfﬂﬂ?drat| on apparatus of any one or rmre of Clainms 1-2
wherein the nunber of sgifichandahsiobss:@fyal to the nunber of said | obes.
4. The hydration apparatus OE : %r?’g %rqm)re of Clains 1-3 wherein said
| obes are conprised of Qi‘ﬁ"mféﬁastle'ﬂgrlrf@'@eldobéssal@: lolgse Wiyerebit iwaerafgpar at us of

any one or norgffictcd 8j §Rd drdhd Wﬁbﬁbﬁf@@'tﬂoﬁéﬂ(fé@cl%ﬁ%@. the menbrane. 6.
The hydration apparatus of any one or nore of alnms 1-5
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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wherein: said strand is conprised of a plurality of strands; and said
strands forma repetitive pattern on the nenbrane. -17 8 Cﬁg Zﬁlﬁﬁl WO
01/59865 PCT/ US01/ 04024 7. The hydration apparatus as degi Ij Claim®6
wherein: the fuel cell includes a catalyst |ayer; and said strands are

| ocated in between the catal yst |ayer and the nenbrane. 8. The hydration
apparatus of any one or nore of Clains 6- 7 wherein said pattern is

conpri sed of yapdidesgd rands. being situated parallel to poweusenaber. 9. The
hydrati on apparatus of any one or nore of Clains 1-8 wherein the nenbrane
is a polynmer electrolyte. 10. The hydration apparatus of any one or nore of
Clainms 1-9 wherei d- sai thecigrdtipaapparetusas definpd Ins@isimf dhereinon neans for

conducting water fromhBgdh Q4ahdIRRs QatallSt BRIARNE-
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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