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1 BIPOLAR PLATE STRUCTURE Field Of Invention The invention
generally relates to a bipolar plate used in fuel cells. In particular, the 5
invention relates to a bipolar plate structure for providing continuous flow
of fluid through channels formed thergin for improving efficiency of fuel
cells. Background A fuel cell is an electrochemical device used for
generating electricity BHPWhi&RIkd-ADRIdRIYA DPRFuel is utilised to
produce electricity. Examples of fuels include hydrogen, hydrocarbons
and alcohols. The fuel cell typically comprises several unit cells

FiglshRd dieiseries in the form of a stack, in which each unit cell

Tlfeoi?}@éiﬁﬁﬁlcajgeﬁ%ﬁg eleglotes vipoa'y R hiers 309 28 RNAHG 2R AR, the
ispose

~ electrolyte _between a pair of bipolar plates. There are various
inygntebt et dlytebipaki alssthesibralespiovidauearipanidéow of fluid

hRRLSRIRNS AcKhAlkelheAToRRIES PRI Y iipbilised Zirconia.

Thé type of electrolyte selected for use in a fuel cell’ typically classifies the
fuel cell type. Generally, there are several fuel cell types such as alkaline
sdHRh F&lIsggmMolten carbonic 20 fuel cells, solid-polymer fuel cells and direct
methanol fuel cells. Despite the presence of various fuel cell types, the

A grielcesid st apelesitsismaisehdeeledibes Simgencains Afgiripidypimsiplslothe
oxPRRIBHosy of Rl GelIgHnvelves pridatonRLiHelet e ARALE BT fuels include

generating electrons and protons, and reduction of an oxidant at the

hyehiprsaedrrsaehving ape Yeokakied kickebagl bhdispdio AEMABHRS\ASY afad unit
cedSBRIEY A0 £ 1RGNS A PrRisISNayadiferantiPatiag ahiravel Eaapiles a

anode the cathode. The protons pass through the electrolyte whereas the

pagcetratrs asienlparslyl Arornthnde ssbenodeatisdaniglegiraktts riisposed
befieliL- ol FRYElLPf 8 HPB?&E@QUQH&Q%%“%%BCWE fagilifaledlytes such as

generation of electrical energy. 30 Typical fuel and oxidant used in the fuel
mespiaNesd R HAY sdigsidee Hhecabens aqidirateH isashppates Briyteres and

Y%Q%W‘Il@@cpﬂ%ﬂikﬁ Slﬂlﬁfé'_i @téb%%ﬁﬁﬁ% Wfé%fédhi&f QUENALAMRR] cell
into contact with the anode, it dissociates into hydrogen ions and
typically classifies the fuel cell type.

Generally, there are several fuel cell types such as alkaline fuel cells, molten carbonic
fuel cells, solid-polymer fuel cells and direct methanol fuel cells. Despite the
presence of various fuel cell types, the principle of operation of each fuel cell is
similar. Generally, the principle of operation of fuel cells involves oxidation of fuel at
the anode for generating electrons and protons, and reduction of an oxidant at the
cathode for receiving the generated electrons and protons. However, the generated
electrons and protons have different paths of travel from the anode the cathode. The
protons pass through the electrolyte whereas the electrons typically travel from the
anode to the cathode via an external circuit. Travel of electrons through the external

circuit facilitates generation of electrical energy.

Typical fuel and oxidant used in the fuel cell is hydrogen and oxygen respectively.
Hydrogen is supplied at the anode while oxygen is supplied at the cathode. When
hydrogen comes into contact with the anode, it dissociates into hydrogen ions and

electrons. The hydrogen ions pass through the electrolyte while the electrons travel
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electrons. The hydrogen ions pass through the electrolyte while the

electrons travel 2 through the external circuit. Through a chemical or

catalytic reaction, the hydrogen ions and electrons combine with oxygen

at the cathode to form water as a by-product. Each unit cell, which

comprises the pair of electrodes and the electrolyte disposed 5 between
ththegbaihotvigorroptatds, Zbmrehicushgmientionedaleiserciiyigendmtesimgen
iof Y BSHBAY AHARE AR ik AARIRATILARCOUBIRO R product,

resistance losses. This sma vgltage IS proba eiy only enough for gﬁtlng

up a light bulb. Hence, the fuel cell typically comprises multiple unit cells

ERRGHRA éQ@,eléﬂ‘ﬁEﬁOE&ﬁBﬁéé@i@Qe%ﬁi%‘F Lialiages The Hfé@?&&ﬁﬁ#ﬁéﬁfs@&ed

needed in a fuel cell varies according to the 10 voltage required.

be@weﬁmmh_g mimgé bimiérm@ltesllasarﬁémm thentionage geoptaldneenvtates a
re&?ﬁ%ﬁ‘;‘r‘%@%ﬁ@&aﬁ?o?ﬁﬂ&?b?f @it eelinsiprked d09RiRE ol R RRIFERTosses.

produced by each unit cell is approximately a linear function of the cross

Tlﬁé@@@ﬁihwal@ggaf&m@@dmd&mw@v@g treh s usf ahkégérebﬁlbqegence, the
mgpeeﬁtg?i RynesaaneddninifgSams I:%HQCgﬁeﬁgdtqgg%'ﬂ%‘?%?rié@ﬂerating a

produced due’to manufacturing and transportation constraints. The

highgeieplégest A heeneaherepentinglsmeederbia arfgcbedigrrtyprespydasgedhe
vofaBe 49,REEeAHO SRRBAHENIERE Jyal CRISREMS 1P REP B E FiGiERE dom

compared to conventional power generation technologies such as gas
ong, i eslliptelitaliebivibstivrbsyen g steaskadriigedicivhich generate

power at a 20 maximum efficiency of approximately 33 percent to 35

percent. Desgite fuel cells being substantially more efficient as compared
The ¢paeerirpin ‘é?eﬁfﬁé’rﬁw]wmbe@lﬂiéw_é’&?@ﬁ@@%ﬁ]d §t€ﬁﬁ4"[_l§¥‘§m6§% é&}f‘eﬁ@ss
sebtsyI used orraplace heass. ConYaRIRPAROYSE gRNEIAtAR SYAIRMS Aot be
_ the stationary power market or the 25 automotive sector. This is largely
ingfigass! HEIGH cRptal st eTsfubIccRIs M disirg riadveed doddAg v agaNTing
an®(hes BRI RiRlieR il ughealisidnaesisty 2e-ihe IPURY e ntill S6Reaipe and

not easily accept and use technologies that are not economically
degtrairatsaliidangey HOmidBIassrNce COmsitsi-aldig i ast sereeniage wpere
effRgchanital saphRldhe fuglvestloddlepaire aavanasNbRERYEIPIEATAS gas

bipolar plates is critical. The function ' '
turbines, internal combustion engines and steam turbines, which generate power at a

maximum efficiency of approximately 33 percent to 35 percent.

Despite fuel cells being substantially more efficient as compared to gas turbines,
internal combustion engines and steam turbines, they are rarely used to replace these
conventional power generation systems in the stationary power market or the
automotive sector. This is largely due to the high capital cost of fuel cells. Hence,
cost reductions are vital to the implementation of fuel cells in society as the public
will generally not easily accept and use technologies that are not economically

advantageous.

The bipolar plates constitute a significant percentage of the capital cost of the fuel
cell. Therefore advance in the development of bipolar plates is critical. The function
of bipolar plates is to mainly to supply fuel or oxidant to the electrodes through

reaction flow channels that are formed within the bipolar plates. The bipolar plates
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of bipolar plates is to mainly to supply fuel or oxidant to the electrodes
through reaction flow channels that are formed within the bipolar plates.
The bipolar plates 3 are typically made of metals such as titanium and
stainless steel, or carbon/graphite cognposites. One method to reduce the
cost of bipolar plates is through exploration of alternative 5 materials that

araiytdlipwedeodt mstebsnipeliets totpreseanchateridss sed. A roatrodaaphite
E}% ﬂ%g, cost efficiency of bipolar plates is to improve the efficiency of the

olar plates, which increases the overall efficiency of fuel cells and

thereby decreases the cost per kilowatt of a fuel cell system. 10

ollf’er SRERYY; tH‘?é&u@E%}?@US&‘?%?‘B?Pthe IFEUGLUIG TARY BPJGE%SotPﬁ‘ltternatwe

reduces the overall efficiency o uel cell. For example, when
mfpeiedy) Eraad @f@g@wqreo%lﬂ@mmq%éoa?rgmfamat@aﬁhw@des@énﬂMQ to

inERRUOB e FRACHED U?‘{’hﬁ@ﬂ?% des YOIE AGHRRVIRPYHRRAEAIR 81 bipolar

reaction flow channels during the oxidation of hydrogen and reduction of

plrygethigh tisgassclma wielt sfiisin e el el Dyl tthashieleergasasche
co%f I%iﬁn)gvg{'pgfagﬁ@tg&l I§,ls a difficulty in removing the voids created

and therefore efficiency of the fuel cell is reduced as the voids reduce the
total area that the gases (for example, hydrogen and oxygen) come into

Pr%QéHﬂ‘?t YHLRC: @@ﬁéﬁ@gﬁés(ff?{ BHAGRIE AN UL EPNRAEI 2O IARE the

is therefore a need for an improved bipolar plate structure for improving

ol efffcirnenrofighccihiagineds fofraeexaetdin fohamdrodingearfisiémeygen are

{elS -t URBAR YA @ﬁﬁ%&%@ge\é@% f'ﬂiﬁ’oﬁ%ﬁ%‘e ALl JAVAGHC hfhnels,
OF_Igénlar plate comprising a body 25 and a plurality of pillars is disclosed.

hr@flﬂ?élﬁarb}mﬁpe@m|llaréhéxféwasorrdmhéh%WSa%n@%rﬁh@a%édatlan of
hyliRSpERdnd RepiAiyrfRarsisiptersisRAaaH AOMHNR T SPRHIHE ©Blc to

forming a plurality of channels, and each of the plurality of channels is

thejesfieisy eldraceing rslaighusedhereasaviaBeehy puramg ongpitgsyoids
crddi&d R ality-af:chanpelsis JataEeuRrlad isyeluhat & first R deasiiMORE total

the plurality of 30 channels is for communicating fluid between a second
argg @agmﬁ,(g@p%@%@@w]ﬁ hydrogen and oxygen) come into contact with the

electrodes (for example, anode and cathode).

There is therefore a need for an improved bipolar plate structure for improving flow

of fluid through channels formed therein for improving efficiency of fuel cells.

Summary

In accordance with a first aspect of the invention, a bipolar plate comprising a body
and a plurality of pillars is disclosed. Each of the plurality of pillars extends from the
body and terminates at a free end. The plurality of pillars is inter-disposed and inter-
configured for forming a plurality of channels, and each of the plurality of channels is
defined by adjacently inter-disposed at least two of the plurality of pillars. The
plurality of channels is inter-coupled such that a first at least two of the plurality of
channels is for communicating fluid between a second at least two of the plurality of
channels. The free end of each of the plurality of pillars is abuttable to a surface of an
electrolyte electrode assembly to thereby dispose the plurality of pillars between the

body and the electrolyte electrode assembly, and enclose and further define at least a
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channels. The free end of each of the plurality of pillars is abuttable to a
surface of an electrolyte electrode assembly to thereby dispose the
plurality of pillars between the body and the electrolyte electrode
assembly, and enclose and further define at least a 4 portion of the
plurality of channels. When a fluid is introduced into at least a portion of

pariplok alieybiiohisnabichtomcbnibdtngfluihst mosicrdonthersladsice pfrtion
oftfife %ﬁ?&ﬁ%’t&%ﬁg}f&&? ??%5‘85‘11%&1{1:%’ SRAUe% ngfﬁgﬁro%é)fsuﬁace of the
€s and co e

generating tharged partic ombining at least a portion of t
cletialygel plaaiceds. Fisambiinone rescsdaasteuporifonaketid Mearglaging charged

paﬂ”@g %ﬁf’%&h‘?&‘i{iﬁg"Xt“1‘89&%’!}{3&&5&9%R&pa{ﬁggdzééﬂﬁl%@fgﬁ%emore, at

particles between the body and the electrolyte electrode assembly. In ‘
leagt copaetinie abitheapBaabhdcd gpBetsos the meetngaly sdoeial edapiisimyrtion

offfle %?Eéﬂ{é&r&é?&@&%@e%s&f@BB&%H&R@E]%PJ&W@&Q&%&iﬁsgéﬁ%‘?f.ed-

The electrolyte 10 electrode assembly is disposed between the pair o
bipolar plates. Furthermore, each of the bipolar plates comprises a body

A4 GriERlty;af RillarsokAGRRE Gy Piialitye o Rlllarsigeiends Jamiife an

body and terminates at a free end. The plurality of pillars is inter-disposed

elegiepliite eleshfigersacobro anthy ReisoF Ripp lof ofvdpnildisshepehchhefrlgsérolyte
oI QLG QLAIANRE B slelinea R AR F&ngﬁﬁfﬁ pesed Fhl%?é&ﬂ&%ﬁ,%fach

the 15 plurality of pillars. The plurality of channels is inter-coupled suc

oftHs inkiar il ndesseomyieriseitfeborlivaang améwatinerf iBifsredimenuriicheimdurality
of itk RetVeR - SREARDaHEAR! (LRiRfthe Pluralityof mwﬁé&nigwe@rgﬁam is

end of each of the plurality of pillars is abuttable to a surface of

ingledirpRAed cldtipiee-srrbanbi totHeraB) L pbyelihe opiclamaglss pathesch of
thONRER NG bR ARAING BIREIOIY IRIASSRINPR ARG EHKASE 32 o of the

further define at least a portion of the plurality of channels. When a fluid is
plisaldaeicerl o Ebrealé;trah;%ﬂfo?hmﬁ% BlupatihonRisdtHels thet eoigctigast
twdt $238E PIRAITIRNA BRRWTRGS O ShRrRIBeHRNI§161§ FERIEASSRIBON & lcast

reaction occurs for one of generating charged particles and combininﬁlat

Wt Bp otEHibr fechABRgtd agtitRes cduptherthoé, the IBsp Ry eHtiBH1aKs is
asheplerity afpilars dsifer alesticall cRnYaYingsatR 5 leasha-boytionRe the
pllgéaig%agr eglgrirgg‘ltsvseebne%vee %gc{;]eal?g (‘3 eaenlgctt?gl}(latleegtsrsoe%[ﬁye,l%ggoe%?:lose and
further define at least a portion of the plurality of channels. When a fluid is introduced
into at least a portion of the plurality of channels for contacting at least a portion of
the surface of the electrolyte electrode assembly, a reaction occurs for one of
generating charged particles and combining at least a portion of the charged particles.
Furthermore, at least a portion of the plurality of pillars is for electrically conveying at

least a portion of the charged particles between the body and the electrolyte electrode

assembly.

In accordance with a third aspect of the invention, a bipolar plate comprising a body
and a plurality of pillars is disclosed. The body comprises two outwardly opposing
plate faces. The plurality of pillars extends from and corresponds to each of the two
plate faces and each of the plurality of pillars terminates at a free end. The plurality of
pillars is inter-disposed and inter-configured for forming a plurality of channels along

each of the two plate faces. Further, each of the plurality of channels is defined by
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In accordance with a third aspect of the invention, a bipolar plate
comprising a body and a plurality of pillars is disclosed. The body
comprises two outwardly opposing 30 plate faces. The plurality of pillars
extends from and corresponds to each of the two plate faces and each of
the plurality of pillars terminates at a free end. The plurality of pillars is

aﬁht@naisp@sedimﬁdt@t bawfigurediftrforiuminlena piudlias.ofshdrmelurality of
chd %ﬁ’ﬂeP E E(&‘% &%J@g &5 1F aHrltgh%'E t%c&‘ %letﬁhpéﬂ'é Igy c%aﬁnels is for

channels is defin Jacent inter-dispose ast WO of

coptaratitgashgilfhrs] bﬁcﬁvme plgq:amylcﬁfc blahhetsds theeploolipledistherctizanels.
Tt?e iR t‘{%od‘?i henu ’E?J{We%ci‘ﬁ?&e§et§r§9§t8‘é‘i@@%’2ﬂg%§9&ﬁﬂﬂﬂand a

etween second a Ieast two of the plurality of the channels. The bipolar

seppard deelisppisatins iredwasssrabiystos sbnttingdhe deaeouel aEsephinly %iﬁd)hll@hty
ofSHARRM &leglralyte @éeﬁéo‘i‘ﬁs?sé%%?&@r abuiing he diseenehef §2ckbnd

the plurality of pillars with one of the first electrolyte electrade assembly

clegieptine skastiode aiwserilltesaléendaecasskbinshier alsdienatdeestmadtitiert the
lﬁiﬁflli@? Gt lBashaParin efuieisRinraline o %rﬂ?q@isy\é%%ﬂdolﬁthe plurality

introduced into at least a portion of the plurality of channels for contactlng
of ghienngly der igrtacsing at least o orfiee bekleatioee A0l ditsbglectrolyte

clARSIPLY:BRY e RE RO RIGRI A BRI ORE ARRE TRl IE fﬂh%dﬂﬁﬁptr%acts

with the at least one surface for one of generating charged particles and

wighihsiatlgaat dexasuEase s Hle2ehaitite shrtersspartiplse Andeombining at
138RS R RRHiIgRRE e Rualint Al Pikaramisirselactically samvavinaRt Rastity

a portion of the charged particles between the body and at least one of

oftpellgest il fetreipeisabitr s vsgaenBly lapd m@%%beéﬁaeeré&mﬁ@amcles
beBiREIRoge psgemilyaBrek Brsgintierif TheRiawings e TRodMeh @fhe

the invention 1s described hereinafter with reference to the following
seepadRiser pvisilasidFaesemNows a partial front elevation of a bipolar
plate according to embodiments of the present invention; FIG. 2 shows a

partial front elevation of a second bipolar plate according to
Brief Description Of The Drawings

An embodiment of the invention is described hereinafter with reference to the

following drawings, in which:

FIG. 1 shows a partial front elevation of a bipolar plate according to embodiments of

the present invention;

FIG. 2 shows a partial front elevation of a second bipolar plate according to

embodiments of the present invention;

FIG. 3 shows a partial front elevation of a hydrogen plate face of a bipolar plate

according to embodiments of the present invention;
FIG. 4 shows an isometric view of the hydrogen plate face of FIG. 3;

FIG. 5 shows an isometric view of pillars extending from the hydrogen plate face

according to view “A” of FIG. 4;
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25 embodiments of the present invention; FIG. 3 shows a partial front
elevation of a hydrogen plate face of a bipolar plate according to
embodiments of the present invention; 30 FIG. 4 shows an isometric view
of the hydrogen plate face of FIG. 3; IG. 5 shows an isometric view of
pillars extending from the hydrogen plate face according to view "A" of
FIG®. shavFiPagishbiwsteisaptiainfome pegionpbitaiaorygfehphire kicglae of
esbipolar plate of FIG. 3; FIG. 7 shows an isometric view of the oxygen
platé face of FIG. 6; and 5 FIG. 8 shows an isometric view of pillars
extending from the oxygen plate face according to view "B" of FIG. 7.
riBetRlied Rerauatien:dQ BipeianpSs A BINPERLGHFEE 8. gl cells for
creating channels through which hydrogen gas and oxygen gas are
supplied to anodes and cathodes respectively. Chemical reactions

FICECR NG REINEEORRBYHROST $aR A0S ARQIRoAS ﬁfl@'%?t%geg?%‘{%”face

the oxygen gas and the cathode, typically create voids within
acepeshngls, virnss&ncef §Goids within the channels reduces surface area for
contact and reaction 15 between the gases and their respective
electrodes. This reduction in surface area consequently reduces
DetgidesriegseriRti@hical fuel cell. Therefore, it is apparent that improvements

Bl '3%{5@ gfd @Bl@ﬁl}%‘%@ 84 ARrehaRIS G el PR A IERHe ?Nhich

or reducing or even eliminating the creation of voids within the channels.
hygloogen fias 886 s BV BEEY EPSaAtE crifBliohd U asedptichméfandodoeigepersively.

chiniied RereiBAISELAARRIGANARS MHAURAOLIPAA Mates- USRI Ielvell as
cells. This however does not preclude various embodiments of the

beiprrsiitis REHEBLHERS AhglidierBodmdre iRt tTRattaY PR cTHAE phevehianels.
PrABRNY IR YaU LA AR AMARESOf R I VEIHAD SUS RS BREIAUIANA eaction

functional or performance characteristics are required. 25
between the gases and their respective electrodes. This reduction in surface area

consequently reduces efficiency of a typical fuel cell. Therefore, it is apparent that
improvements to structure of bipolar plates, and channels created thereby, are needed

for reducing or even eliminating the creation of voids within the channels.

For purposes of brevity and clarity, the description of the invention is limited
hereinafter to applications relating to bipolar plates used in fuel cells. This however
does not preclude various embodiments of the invention from other applications
where fundamental principals prevalent among the various embodiments of the

invention such as operational, functional or performance characteristics are required.

Exemplary embodiments of the present invention are described hereinafter with
reference to FIG 1 to FIG. 8, in which like elements are numbered with like reference

numerals.

A bipolar plate structure (hereinafter known as a bipolar plate 10), as shown in FIG. 1,
is provided in a first exemplary embodiment of the present invention. The bipolar
plate 10 is preferably made of graphite composites. Bipolar plates 10 made from

graphite composites are preferably substantially corrosion resistant. Alternatively, the
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Exemplary embodiments of the present invention are described
hereinafter with reference to FIG 1 to FIG. 8, in which like elements are
numbered with like reference numerals. 30 A bipolar plate structure
(hereinafter known as a bipolar plate 40), as shown in FIG. 1, is provided
in a first exemplary embodiment of the present invention. The bipolar
biptdae pRte pleferambiie nnddehsf graphitdscmelpdsie ®ihokuchlatesitagium and
nénadg fiam graphite composites are preferably substantially corrosion
resistant. Alternatively, the 7 bipolar plate 10 is made of other materials
including metals such as titanium and metal alloys. The bipolar plate 10

THROBRSIEE 1%9?636&%21&%%&'58%’ h AhRIHASIst EXIGRANY 1ff1°ef§2téhcﬁbd%q$8m a

¢
face 16. The body 12'is preferably planar. The plate face 16 prefera
plesnmipeisekda ddatrbpdortidnii reirpbbumdeantiailheuptaiondiess bloaseferaply

cotibribdeierally, g Ritars i griend Kpne.AsnLataIER 48 of fitder 20.

plate face 16. The border 20 is shaped and structured for locating a seal

Predierabhowls) phidrestd 41xaeiipmaihe 4 atehpimtoios edlisadatiataca 6. The

bo‘?&%f‘%‘?é%ﬁ%’éﬂ%@&ﬁkﬁlffe%ef&”l@c%%ngég&lo{%% HHINRECRIPrises a

base 24, which is connected to the plate face 16, and a stem 26 for
interconnecting the base 24 with the free end 22. Preferably, the

ERIPPISFEURALRIRR ‘Pxfoﬁli%etﬁ)eaﬁﬁt%‘hlée'Q’égﬁfe@%f??ﬁﬁ‘i?ﬁéféseﬁ@%% end 22.

areas of each of the stem 26 and the free end 22."The larger

Eaglo pillae drfoRutiaesontnrisch asbape 341 9iprbréy Aomnrsted ity ripte face 16,
an® QLGNS G AlRE IhARHNS R e ARG RAIRRIALBIIR ) RSRIRIGHY; the

the cross-sectional shage of the stem 26 is circular. Alternatively the

cregersscsionabatisphpe drfise2dténi sk thaatilitediosuasiématarsativéigach of
thih&GFPS8- AR SREtigR0f hestefh26.has & difelani FeP ALl s SHRAPEaR™ is

end face is defined at the free end 22 of each pillar 14. Preferably, the end
predgisbypiansgcrinener siaferaiy hmpiad lrhée theshasbtarialijhsdrmmdatmate
1oPlate face 16. The end face can have a smooth surface. Alternatively, the
surface of the end face is coarse or uneven. 25 The cross-sectional shape
of the stem 26 preferably defines the shape and structure of

Preferably, the cross-sectional shape of the stem 26 is circular. Alternatively the
cross-sectional shape of the stem 26 is rectilinear. Further alternatively, the cross-
section of the stem 26 has a different geometric shape. An end face is defined at the
free end 22 of each pillar 14. Preferably, the end face is planar. Further preferably,
the end face is substantially parallel the plate face 16. The end face can have a smooth

surface. Alternatively, the surface of the end face is coarse or uneven.

The cross-sectional shape of the stem 26 preferably defines the shape and structure of
the pillars 14. Therefore, the pillar 14 preferably has a truncated conical structure.
Alternatively, the pillar 14 has a truncated pyramidal structure. Further alternatively,

the pillar 14 has a different geometric structure.

The pillars 14 are inter-disposed and inter-configured for forming channels 28 through
which fluid or air is able to flow. Each channel 28 is defined by at least two pillars 14
that are adjacently inter-disposed. Preferably, the shape and structure of the pillars 14

influences structure of the channels 28 defined thereby. The channels 28 are
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the pillars 14. Therefore, the pillar 14 preferably has a truncated conical
structure. Alternatively, the pillar 14 has a truncated pyramidal structure.
Further alternatively, the pillar 14 has a different geometric structure. 30
The pillars 14 are inter-disposed and gnter-configured for forming channels
28 through which fluid or air is able to flow. Each channel 28 is defined by
prefelaby tr'm@pmarslqdr ahdt iateratijaosediyiontdertiopp sedrdrefdatsianhels 28
coffIFRE A SUKCUER A1 Rilra ¢ JRIYPRGRR AL e R NG AR uid
2 efrned ere anne s 28 are 8 preferably inter-coupled and
emWreraddsb@geﬁtf@rCﬂ@ﬁmﬁg WgesheThEethannels 28 comprise an intake
portion 30 and an exhaust portion 32, through which the fluid enters and

leaves the channels 28 respectively. 5 The bipolar plate 10 further .
Theohipeigeplatpdip dhisberdeaspriasnalpain thleerditiuin@nchmndnleueaduit 34

anGORPLI R ASINPEY Al 0P SR LOLES PO d-Bo ‘i’j”*ﬁ{ecfhﬁ‘&%r?&lt 34

facilitates introduction of the fluid into the channels 28 via the intake
fagibitetas suraductine ofitha Buibuitatsadinnnels exivisr the intakcfratigie30 and

thERRNRE AR G GHPAUSE ROSH AL FruiB elraRl G ADIEb S NG 3K st

positioned for introducing fluid at an 10 angle to the grid of channels 28.

paritpadbibtiBre Tkl dramisiglendithd ifdnssithacmhers 2gTokferbRuid at an
anBETG8S6E WHAURNaEphdie G A% g dbHddtomE P Ydn, C[Ba@raeg%ld of

8. The use of the pillars 14 for forming the channels 28 ena Ies the fluid
chagighio? 8 Broferaelarinpeanea kerpelenss sOthadlwe asxthafbtigdtavi Bpaegh the
chigyakbgtween channels 28. This ability, coupled with the configuration of

the pillars 14, result in the fluid travelling substantially about at least a
portion of each of the pillars 14 that the fluid comes into contact with.

ThENGEETRe OB BMINGY HoWBhAlRCeRiStiG i st ibRed Ry e lug M 8B wing

travelling along or across channels 28 and about the respective pillars 14,

bepyaasilifrigtikerrorianAforna tbs edea s orgien Wdy. i beiveen channels

28”%@%1‘1‘1@ ﬂ&‘ﬁﬁ [ade\Aaase %E%Uﬁ%@fo‘ﬂ“ﬁlp' ﬁ[§r§‘4401t$§%ﬂ?k?ﬂ{ the fluid
. @5‘30\/6 heat transfer from the bipolar plate 10 to the fluid and
T

ey oeRtiyTHIt R Mb At HHasiarR ot fepiBotarthsiattlary 14 that the fluid

comes into contact with. Therefore, non-laminar flow characteristic is exhibited by the

fluid when travelling along or across channels 28 and about the respective pillars 14,
resulting in the formation of vortices along the way. The vortices increase the flow
rate across the surface of the pillars 14 to thereby improve heat transfer from the
bipolar plate 10 to the fluid and consequently improve heat dissipation of the bipolar
plate 10.

In a second exemplary embodiment of the present invention, a pair of bipolar plates,
namely the bipolar plate 10 as described above and a second bipolar plate 50 as shown
in FIG. 2, are provided. The bipolar plate 10 and the second bipolar plate 50 are used
within a fuel cell, and are each connected to an electrolyte electrode assembly (EEA)
(not shown). The bipolar plate 10, the second bipolar plate 50 and one EEA are
collectively known as a unit cell. Preferably, the EEA is disposed between the bipolar
plate 10 and the second bipolar plate 50. The second bipolar plate 50 preferably has
equivalent structural and functional features and configuration to those of the bipolar

plate 10 of the first exemplary embodiment.
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25 In a second exemplary embodiment of the present invention, a pair of
bipolar plates, namely the bipolar plate 10 as described above and a
second bipolar plate 50 as shown in FIG. 2, are provided. The bipolar
plate 10 and the second bipolar plateg0 are used within a fuel cell, and
are each connected to an electrolyte electrode assembly (EEA) (not
shown). The bipolar plate 10, the second bipolar plate 50 and one EEA

_ second bipolar pla d or
el e i I 20 ohatoeg e At 0 bl FRE Moy
is blfsokeregide Soepr dherablydhand divashedstr iBharabadd fumctibhatathode arc
prlfEIES ARG ARG (aPS RIAE PIRRIAL IR AR MSfum. The

exemplary embodiment. 9° The EEA preferably comprises an anode, a
ERzAtHodbcarepapesestrolytel THbalethestytndisadispesedibaeshedidboth not

shBRAgerfRG e GABAYR fi‘_se&M@ﬂ@%@n%@%@t%@té’ﬁﬁ[ﬂﬁ@%}hg%e and

coated with a catalyst that includes, but is not limited to; platinum.
theesonterspe Msassiipese ¢ RevoacsHbe ciasirel wecoddpbodesheet

(both not shown). The first carbon sheet is disposed between the

electrolyte and the cathode and the second carbon sheet is disposed

Thyeglastirlitie sauetiablamdstabicanisgbolpie ebbimrtiadlypibtepigsyayte is a
mSRHCRIECHRAE A“él%@%ié’&%ltﬁfgis IGRrRIR 188 ei&%‘?ﬁ%%ﬂ%‘?&fﬁlyatﬁ?ﬁrix

static electrOlyte is one where the electrolyte is held in a matrix materia
maigiadotitdndpesradhtelr ghere asierersbite BRRGIL0GIREIEOD® Whepe thdiere the

cIEIGEIRLYIE iR MRLBEI MR MR REHM AN BUHPUMRE A KR @fhal circuit.

external circuit. The electrolyte is preferably an ion exchange membrane.

Thagrlegrehsianiy pisécraRirudly tebreriheghangetiembraferomeiohly. the
cIRARIVE iﬁ%ﬁ%ﬂ%‘%ﬁé@%@%@ﬁ%n%ﬁb@i RSENES AR & t;%j'a% F?H@éﬁﬁlé‘ugf :

the bipolar plate 10 preferably abut the anode. Therefore, the pillars 14 o
the bipolar plate 10, and the channels 28 formed thereby, are disposed

Tt@%@%ab@@%m;ﬁﬁgm%pm@ﬁga&dﬁﬂ%qrmg&fé@amiqﬂlﬁrme anode.

manner, free ends 52 of pillars 54 of the second bipolar plate 50

Thersferanthcapiliethd 20 anda0lamlaisol8, M PiRaiaanackt dfcleapehdhereby,

arD R BIR G RANE 1256 ipnsH shaeehy. A Gispesad. DRMWeSRilar

the body 58 of the second bipolar plate 50 and
manner, free ends 52 of pillars 54 of the second bipolar plate 50 preferably abut the

cathode. Therefore, the pillars 54 of the second bipolar plate 50, and channels 56
formed thereby, are disposed between the body 58 of the second bipolar plate 50 and
the cathode.

Preferably, a gasket (not shown) extends along the border 20 of the bipolar plate 10
for forming a fluid seal between the anode and the body 12 of the bipolar plate 10.
Correspondingly, the gasket preferably extends along a border 60 of the second
bipolar plate 50 for forming a fluid seal between the cathode and the body 58 of the
second bipolar plate 50.

Preferably, the bipolar plate 10 is connected to the second bipolar plate 50 by means
of an external circuit (not shown). The external circuit preferably comprises a load.
Generally, the principle of operation of fuel cells involves oxidation of fuel (typically

hydrogen gas) at the anode for generating negatively charged electrons and positively
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the cathode. Preferably, a gasket (not shown) extends along the border 20

of the bipolar plate 10 25 for forming a fluid seal between the anode and

the body 12 of the bipolar plate 10. Correspondingly, the gasket

preferably extends along a border 60 gf the second bipolar plate 50 for

forming a fluid seal between the cathode and the body 58 of the second
chiigofbpoiars SO Beduefenaiynthe dipo kirthtateth@lisfoonhbisteg tee thenerated

d bipol 5 f G
O e alerably cnsorchl s C ot Rl e “aas

hydp@cr@ltli)@nmfu@k@émésin%h/@ée_gsrmw@ndopmén(ftygmnyteﬁy@rrd_gera@@@ ke
diREARd O ARRGIPHNGNRIAElY eharged GlREIranR %%9699@ INEIM IR pass

charged protons, and reduction of an oxidant at the cathiode for utilizing

thepechetheratenraidetromseadlisrelepisomhiduel tunugidhisecaleasinpiigiigand
arDYIFO9R DL A8 Qyﬁé&(e&{gefeétﬂea'eﬁaﬂg'?- The elecirons and protons

generated at th€ anode take different paths of travel from the anode to
the cathode. The generated protons pass 5 through the electrolyte

Pr%\i}aﬁ{ﬁ?f? ﬁ?ﬁr@k%%t@a[ﬁéfﬁl\ff‘d&ﬁéga' gﬁ&%@ﬁ@ffg\iﬁﬁ%ﬂtﬁqgf #HE bipolar plate

harvestable for generating electrical energy. Preferably, hydrogen gas is

10ntiadbedanitoanditiaide pbeibrdzogsntgashibenaflpratevitbivishthehippigls 28
fo]ﬁﬂ@éﬂ%é@ gh”etf;ﬁhﬁrﬁ%ifsgﬁ{é a3s ihemilews iniedhe ShaoRs @8 nhdrogen gas

forme e &il ars 14 of the bipolar plate 10. Direction of flow of the
Wi garewidSinstHetemanpe Y289 ieteenfimdasiper alignment of pillars
14YEFREBHOMERIAN 90 2H9pmant BfRIIaS a4 abIherHBR Y rRiRlE o fn gas is

other words, the direction of flow of the hydrogen gas is deterniined by

detgemyergutibgesrdnatignnhéis osappelic’Sipbae biarlarelats {Qhen the

hydrogen gas comes into contact with the anode, it dissociates into
hydrogen ions (H) and electrons through a chemical reaction, also known
Whem thatdydiogenctth erasolitmtromiashctidh (the @apodeptits dissacjatppeinto

nylydegeRionar (HirassdhroHghithe slestalvigitareashithe sathadewhile o

the electrons travel through the external circuit to reach the cathode. The
cagiindie 1RGO HLRTFERN 109t dEfidatly caiVey i) eldiarbydrogen ions
(HO¢NRRRted8t feRNIS IR PR Redidd ohthe RiRRIAwhile the electrons travel

through the external circuit to reach the cathode. The pillars 14 of the bipolar plate 10
electrically convey the electrons generated at the anode to the body 12 of the bipolar

plate 10 for further transmission through the external circuit.

Preferably, the pillars 14 of the bipolar plate 10 allow close placement thereof
adjacent the anode. The close placement of adjacent pillars 14 substantially reduces
travel distance of the electrons, which are generated at the anode, to the pillars 14. In
addition, the close spacing of adjacent pillars 14 preferably increases surface area of
contact between the free ends 22 and the anode. Further preferably, the close spacing

of adjacent pillars 14 enhances heat dissipation.

Hydrogen gas that has not been dissociated (i.e. residual or unreacted hydrogen gas)
exits the channels 28 of the bipolar plate 10 through the output conduit 36 via the
exhaust portion 32.



10

15

20

25

30

plate 10 for further transmission through the external circuit. Preferably,
the pillars 14 of the bipolar plate 10 allow close placement thereof
adjacent the anode. The close placement of adjacent pillars 14
substantially reduces 25 travel distange of the electrons, which are
generated at the anode, to the pillars 14. In addition, the close spacing of

Thedjadéant pillivsciqnéiotably incleapeisurfdce thesesbrsbhipekbetwed? via
th e 2 and a t bly, t i f
an_ (ﬁﬁﬁ ENdrr2 &nd e %%%néfl(ijgls'?{e%&f&g 1Y, Srﬁé?ﬁ?@p&‘}gg%ﬁ gas.

ent pillars 14 enhances Ipation. 30 Hydrogen gas

Altembiee] didsoetdtedt(iscoxegiiugdsorl baia e shyditogéhegdennskits GHermed
b)pﬁl% ﬁéﬁgﬁo&ﬂﬂf‘e QH%‘BE’H ‘Far'l‘Blgil(g% Iﬁ)}%@éﬁ%f?&g%lf'{lgéGaW%vm%nz the

exhaust portion 32. 11 The oxidant is introduced into an intake portion
chenrgts Sécorir tsipoiaedlatéhso iy -ecmiiputicon auirl@n okiitatsis4 of the

se%‘ﬁiﬁ@ﬁ&aﬁ“h&?@?@_@siﬂgoﬁ%%f%ﬂrgésth@'&%r&"{’l%‘ﬁeb‘f Mg oSioRRt is QAR the

gas. The air flows within the channels 56 formed by the pillars 54 of the
chgaaelsd bipclaicpmired by Divegtidrpaiteiove bhhehaimgishia edIs spemmsehipolar

128 ipdetermined by the inter-configuration or alignment of pillars 54 of the

second bipolar plate 50. In other words, the direction of flow of the air

within the channels 56 is determined by the grid pattern of the channels

W%@n%ﬂ“@oﬁﬁ%%ﬁ) Ripalas Qﬁﬁ’ie[&ocajtﬂo\ﬁ@,‘l %Hcﬁ‘ffe?%%ﬁ%ﬁ%‘?eg%ﬁ%l’é’g%own

the cathode, another catalytic reaction, also known as a reduction .
asre sl AHcadEsionh ecsidahhppatdrablpraferahdygds exeaitans thehdr the air,

comggl%ﬁtwimeﬂgfe@&%‘ﬁg%ﬂﬁ %Ejﬁl:&o?irs()g?@f?eaém%&@mqgﬁﬁoafW@t@product.

waste product. Preferably, the overall reaction equation for the reaction or

Prefpabiyatisnooe st iras tiase rH By Hrode i qariop-pr)Cant BriFopE asy2en-gas
withAfydfoltPR s afRVRERERS PA1 1P sloes Nebsombing VWl #ag cas that

hydrogen ions (H) and electrons (i.e. residual air with oxygen gas) exits
dogfeH Aieins 6V et tHB S ByErREsiptsas prhth B thikstightHe Gugsiduababuyith
088388 RxiiayRt RAMIARISE ELING SN HiRRIAE Riate 50 -tlida AR Hidbut

is_formed through the catalytic or reduction reaction also exits the

COBHEHNY BeABfaRAUSE BBHEPRIPBIaF Platssmehbinit tlete dputkonatst get is
foMigelNen RNV PIHON S PT B tion reaction also exits the channels 56 of the

second bipolar plate 50 through the output conduit 66 via the exhaust portion 68 of the
second bipolar plate 50.

To reiterate, at the anode, hydrogen gas dissociates into hydrogen ions (H") and
electrons. The hydrogen ions (H") pass through the electrolyte to reach the cathode
while the electrons travel through the external circuit to reach the cathode. The
hydrogen ions (H') and electrons then combine with the oxygen gas, which is
supplied to the cathode, to form water as the waste product. Continuous dissociation
of the hydrogen gas at the anode and continuous combination of the oxygen gas with
hydrogen ions and electrons at the cathode result in a continuous flow of electrons
from the anode to the cathode through the external circuit. The continuous flow of
electrons through the external circuit enables production and harvesting of electrical

energy.
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20 second bipolar plate 50. To reiterate, at the anode, hydrogen gas

dissociates into hydrogen ions (H) and electrons. The hydrogen ions (H)

pass through the electrolyte to reach the cathode while the electrons

travel through the external circuit to rgach the cathode. The 25 hydrogen

ions (H) and electrons then combine with the oxygen gas, which is
Ingupypliend foethesdattesere]torfody widscara o fiva ingstepiocisete Contlimu obgnnels

gﬁﬁ' .% g y n 0 ontinuQus, ...
Of(c:;lom ir@t%%lgfg {lﬁ@%}x g%%ggagﬁﬁit%&ﬁgd%ge i?od%%}zn%gég%%trao%%ngt R\Oéh the
digmtiadenrexuhyidragsongascisahode ofede theonentpomtive ahcde genthgas with

hyRREReAS R QN 1he QXA GIGRItAREEORINVOLS dlaraRl %Qeﬁle%‘ﬁg%‘f%ci ids

through the external circuit enables production and harvesting of electrica

wighiargfie &lgar}neéStyﬁi&m méweéliqnﬁgﬁnﬂwg@éﬁ?wémmtbﬁéﬁf@he‘vn@swarea
VG ERIE rH R cRINES Of SPBURDLIQD A PIRRIRT DIAERIT RS PRI AR ctrodes.

typically created during both the dissociation of hydrogen gas at anode
CemgatendymBinatRshigfOxyige thgatoieihsuiiano gepaiosis Iy aiiity elsduenss the

efﬁEi‘é}i’tﬁ?%mg‘?yﬂ_iPﬁ glgatign and presence of voids 5 within the channels

of the ‘conventional bipolar plates reduces the total surface area available
for contact and reaction between the gases and their respective

TI%_' %(i:f)r& taCOSRFIHE BI’%GW?H@&H%&SY&Q@S@{@@HH@E £fhel cells in so

significantly reduces the efficiency of the typical fuel cell. 10 The bipolar

fappstét tocapasrs.preseer pluantbesirisrévasatinn effirrideyahfndheahsmals 28.

Mk apicHecieasas ehayencliminaies the dampatios ok vaidg Within & inter-
channels 28. "More specifically, the shape and structure of the pillars 14
conéigvention wiethedllasnit é@@%/ts%ﬂwrélbmar%ﬂflorwﬁtﬂtéda%cﬁ@ﬁﬁbmh the

chile Rl Hiich on g rugmiRe 1 ghannsisSiRrmadbyinsrRillaicbhd bipolar

Likewise, the pillars 54 of the second bipolar 15 plate 50 are shaped an

pliteertarighrperfopdatiirasaptanehdesadiirsnauansinipes Hesugh thed or
caSh@rnels Fhfemat thewhyrmihe erptinuops ot fiid abaass NBRIS: gas

~ the creation of voids within the channels 28 and 56, thereby maximizing
inkibifs theriasatipalapidanhsr bsrbrsdtiendnronisrshemgaaigagriatal
subfaRdlar&saelhBR for contact between the hydrogen gas and the anode, as well as

between the oxygen gas and the cathode. Therefore, the bipolar plate 10 and the
second bipolar plate 50 of the present invention are able to significantly improve the

efficiency of fuel cells.

Electrical energy generated by a single unit cell is typically relatively small.
Therefore, fuel cells typically comprise multiple unit cells stacked together and used

in combination for generating an increased quantity of electrical energy.

In a third exemplary embodiment of the present invention, a bipolar plate 80
comprising two outwardly opposing plate faces as illustrated in FIG. 3 to FIG. 8 is
provided. The two opposing plate faces are namely a hydrogen plate face 82a and an
oxygen plate face 82b. Each of the hydrogen plate face 82a and the oxygen plate face
82b share similar structural and functional characteristics to the plate face 16 of the

bipolar plate 10 as previously described.



10

15

20

25

30

between the oxygen gas and the cathode. Therefore, the bipolar plate 10
and the 20 second bipolar plate 50 of the present invention are able to
significantly improve the efficiency of fuel cells. Electrical energy
generated by a single unit cell is typicgily relatively small. Therefore, fuel
cells typically comprise multiple unit cells stacked together and used 25 in

Thsobipitatidatéct Gsribsatisesl detivieradsedbdifmtitynaflzlediricdl e angla Iseeond
EEN LG PRIRTY G té?ﬂ?ﬁ?g{rﬁgmlpﬁﬁé%ﬂhé@i\ﬁ'&p%Faﬁ&@%@{spﬁtﬁr%ously

comprising two outwardly opposing plate faces as illustrated in FIG. 3 to

des¢ab@lisViptopidedpalne plateo Sfosind dlapefetdstaecndmelEydrogsad in
fuPl 1 {a6e %&%&Hﬂgﬁ%@ﬁu%ﬂﬁ&ﬁﬁfoﬁa&@c%l EAGIOf the hydrogen

plate face 82a and Xygen plate face 82b share similar structural and
functional characteristics to the plate face 16 of the bipolar plate 10 as

Piféﬁg% iQusly.desaiRedrdm e RIBRILP!3ig 8%is Aigposed E@’&Q_ﬁ‘&:"’&’irectly

s, namely a first EEA and a second EEA. Each EEA share similar

opsresiceiiillard St crderdisB ditactetistiesysspidotofage 82echbebenmiiigrebly,
stHROBR RIALRE-80s 82 R MRS F REHYeRANRERAS AEe 858448 sTHak 86b of

cells for generating a required quantity of electrical energy. 5 Pillars 84a

pibse Admertendinadiay ibe emysendtfacel8radaespreter sbyH e ctigss-sectional
shgpgoﬁi%&iﬂ%%@ﬁ%%ﬁﬁdm EPpuihe RAYASRRIAHE: fAGH AL HHHIHRh plate

preferably, stems 86a of pillars 84a extending from the hydrogen plate

fagscelB2aht Stems 8@b Of ppiarSahiserpdiognf dromerxpsgy e fsidese 82b
halACE; FRRSNAIEA LOMYRANKEBES FREIQON-1Q-A0ARS Halfe 1R 6a and

stems 86a of pillars 84a extending from the hydrogen plate face 82a and

80imeasxbpRIgEH dEpRIAS. e EkiaeriApdirs AR eeepIgtE Rl cd Ty
have different cross-sectional shapes. The cross-sectional shape of the
stems 86a and 86b can be one of a circular, a rectilinear and an

Prafeaphbitiv@ g dsmendeat Ehapdha niPaetetdmigt the hediegsasrdys &rand2a abut

witllas &taobmediiogen Q@%@ﬁ%@@@d@@% W@Béqﬁlﬁﬁog@o@fthﬁefg gen
EEA and the free ends 88b of the pillars 84b of the oxygen plate face 82b

plafisufagitt e athdal dhthsbedn @ E A, sprendillaksisstheriHiars 84a of the

hydrogen plate face 82a forms channels 90a through which hydrogen gas flows. The
pillars 84b of the oxygen plate face 82b forms channels 90b through which oxygen

gas flows.

Preferably, the pillars 84b extending from the oxygen plate face 90b has a longer stem
86b as compared to the pillars 84a extending from the hydrogen plate face 82a. The
longer stem 86b of the pillars 84b extending from the oxygen plate face 82b increases
surface area of contact and reaction between the oxygen gas and the cathode. The

increased surface area also facilitates enhanced heat dissipation.

Preferably the multiple bipolar plates 80 and EEAs are stacked in series and
compressed. Hydrogen gas is introduced into the channels 90a formed by the pillars
84a extending from the hydrogen plate face 82a, and oxygen gas is introduced into the
channels 90b formed by the pillars 84b extending from the oxygen plate face 82b. The
introduction of hydrogen gas and oxygen gas into their appropriate channels (i.e. 90a

and 90b respectively) is preferably effected simultaneously.
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hydrogen plate face 82a forms channels 90a through which hydrogen gas

flows. The pillars 84b of the oxygen plate face 82b forms channels 90b

through which oxygen 20 gas flows. Preferably, the pillars 84b extending

from the oxygen plate face 90b has ajlgnger stem 86b as compared to

the pillars 84a extending from the hydrogen plate face 82a. The longer

stem 86b of the pillars 84b extending from the oxygen plate face 82b
AVHSRSRS PR SUEAGRI AL AhGAP AL AT CAGH AN ARMARAIDE RUPRR As are

gas and the catho e increased surface area also facilitates
usedifiedc-tisafdigsisaaion Plesterablntieymiisks ipblareprinesisonanber of
biﬁﬁ?ﬂ@éﬁ@%‘éf’eé@e%%ﬂ@%g?aﬁﬂit%%’f‘&r s64l YOI PASIS I WEEse

Into the channels 90a formed by the pillars 30 84a’extending from the
inﬂ%ﬁb@eﬂl@l@l@f&@@@b&%ﬁoﬂﬁ@géﬁ Husagspsttbel ncatbintofthkanhelsriéls and
oBORfOHBRA R kA 840 RXIERUAY EAM IR CXYISHRIAGIRRBER. and

The introduction of hydrogen gas and oxygen gas into their appropriate
qv@hanhélfsC(m.@n@@hrwg@bh@metM@my@r@genegaﬁj_ly@ffé@t@aode, as well as
beRRLIANEOMN 145 ARIMRNEANGE: ARG E IHPle LiRplar plates 80, each

disposed between two EEAs are used in fuel Cells for generating

electrical energy. Generally, increasing the number of bipolar plates 80

InIMEECRTESINE AHARKEY 8&%‘1%%?59%@dﬂﬂeﬂ%ﬂgfaat%ﬁp&leﬂﬁt%eﬁﬁ‘;ﬁ%iﬁtating

increasing the number of bipolar plates 80 increases the number o

coptianAeistbod Bew o ichRonebrieyenshdighy aisdlesegad gud) efgrence to
thEOdERRAAIAGY Hipdialend 9&!@%@%95&%’iﬁiﬁ%ﬁ@ﬁ%@ﬂ@%@@%ﬁ%ﬂdﬁgethe

hydrogen gas and the anode, as well as between the oxygen gas and t

ctisiersde Bsispividddiputsamecsxplane rarbedingiitanheticiansplny are
diSITREEIMENES bR IRAIE RIAE fiotifee 1B alas: FRORMQUS UL IR D arts

channels formed thereby are described with reference to the drawings.
sodsechiprslattpratbheaapprr idda dnentkitles iveths a3t Bnrisicighisedisgirgaiscipat
nuerees -cﬁ%@é&%&’/’&%ﬁé@i@?@iﬁ% embodiments Rhde d@i{%@ﬂ&r‘f%ﬁ the scope
disclosed, the invention is not to be limited to specific forms or
ang FRHYSHBIESEMIRTs 15 so described. It will be apparent to one skilled in
the art in view of this disclosure that numerous changes and/or
modification can be made without departing from the scope
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and spirit of the invention. 20 25 30 15 Claims 1. A bipolar plate
comprising: a body; and a plurality of pillars, each of the plurality of pillars
extending from the 5 body and terminating at a free end, the plurality of
pillars being inter-disposed and inter4epnfigured for forming a plurality of
channels, each of the plurality of channels being defined by adjacently

Clates disposed at least two of the plurality of pillars, the plurality of
1.channgls

lg)%ip%lméegé £ such that a first at least two of the plurality
of channgls Is for communicating fluid 10 between a second at least two of
the pluralityaobedE; eidnnels, the free end of each of the plurality of pillars

being abuttable (9,3 SUFBEERAQT AN FIGEHRYRARFEPARIARSEMRINLS from the
thereby dispose the plurality of pillars between thie body and the

elec_thﬂweaétbtﬁrmﬂ@asgmﬁye&r@@rthm@maﬁnélﬂ@m@&imﬁ@osed
Port'%ﬂcPhHé‘?-%lﬂ@éWeﬂfﬁ?%ﬂﬁlﬁﬁ@p‘i\d}%ﬂﬁo‘ﬁbﬁ&ﬂeﬁﬁf'gd&' Ferlupatality

into at least a portion of the plurality of channels for contacting at least a
portiod ehahaadsirbstegofiehiace brtraiaecalbeiivigedisperadiyt daashdiien of the

OCCUEﬁJ&ﬁW%Pﬁﬁﬁ?érﬁig‘_glﬁ%ﬁfgf PRAHGIES B‘&ﬂ%c?ﬁ%}i-@' RU'S8%h 3hat a

portion of the charged patrticles, at least a portion of the plurality of pillars

for elBtaticallpassnveying drdepbraliporabreliglhds chargempuniersng fluid
betwgeR, e YAtk iNESIGIECM L EIFRIFAHS BFSRMYnnetsT iR PIRO'Ad of

plate as in claim 1, wherein the body comprisés a plate face having a

centrdplyreiothamdugabirdddr Bidardheingmetestable goronr free silimigieerolyte
pillar%l@%%ﬁ@ﬁ@é%*@tﬁ@l@ﬁ? @i@f)%@@ tl?e’aplurality of pillars between the body
and the electrolyte electrode assembly and enclose and further define at least a
portion of the plurality of channels,
wherein when a fluid is introduced into at least a portion of the
plurality of channels for contacting at least a portion of the surface of the
electrolyte electrode assembly, a reaction occurs for one of generating charged
particles and combining at least a portion of the charged particles, at least a
portion of the plurality of pillars for electrically conveying at least a portion of

the charged particles between the body and the electrolyte electrode assembly.

The bipolar plate as in claim 1, wherein the body comprises a plate face
having a centre portion and a border bounding the centre portion, the plurality

of pillars extending from the centre portion.

The bipolar plate as in claim 1, each of the plurality of pillars comprising:
a stem; and
a base being interposed between the stem and the body,
wherein the cross-sectional area of the base is larger than the cross-

sectional area of the free end.

The bipolar plate as in claim 3, wherein the shape of the cross-section of the

stem is at least one of circular and rectilinear.
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3. The bipolar plate as in claim 1, each of the plurality of pillars
comprising: a stem; and a base being interposed between the stem and
the body, wherein the cross-sectional area of the base is larger than the
cross- 30 sectional area of the free end. 4. The bipolar plate as in claim 3,
wherein the shape of the cross-section of the stem is at least one of
Scirculbhebigoketiineaas i6clgiTRebhsttar hletécastivaiaton3rdgbedieeead.
stem tapers towards the free end. 6. The bipolar plate as in claim 1,
wherein the free end comprises an end face being one of smooth and
6. coarsehesbipathe mielas platkeias in etharein, trhdreetitb gsionpilisgsofin end face
chang&@é%@gm&m AdHd fashion. 8. The bipolar plate as in claim 2,
further comprising a plurality of conduits 10 formed on the border portion
of the body, each of the plurality of conduits being one of an inlet for
7.introdyging e fid to.ahleastons, AL Bluraib o, crepAsRIeNd#Minoed in
outlet for discharging at least a portion of the fluid from at least one of t%le
plurafitgrist @shiodels. 15 9. The bipolar plate as in claim 2, wherein the
border portion of the body is shaped for locating a gasket thereto, the
gasket extending along the border portion for forming a fluid seal between

8.the eliarbiprdasiatttodts daselaiblyZarfyrtiine isompiitien digbystity of conduits
thereReieesn %961901‘-59161;8 ar plaig %H}‘/,C@liéﬂ bf Wfﬁiﬂatll?@ %f conduits

electrolyte electrode assembly comprises a cathode, an anode and an

electRsi oot i ird itEon énfig dupdpe derl hadlvedr iprstcenp odéhsridumsdity of
anodg hhe K AIRRIBLINA IR AL IR AL 9 WG GIRIARHRISEURIYIRIE BEn at

of a static 25 electrolyte and a mobile electrolyte. 12. The bipolar plate as

in cldﬁﬁsmﬁ\ﬂ?fethﬁrﬁ’]ﬂﬁélébé@ﬁélﬁ?@%san ion exchange

9. The bipolar plate as in claim 2, wherein the border portion of the body is

shaped for locating a gasket thereto, the gasket extending along the border
portion for forming a fluid seal between the electrolyte electrode assembly and

the body when disposed therebetween.

10.  The bipolar plate as in claim 1, wherein the electrolyte electrode assembly
comprises a cathode, an anode and an electrolyte, the electrolyte being

disposed between the cathode and the anode.

11.  The bipolar plate as in claim 10, wherein the electrolyte is one of a static

electrolyte and a mobile electrolyte.

12. The bipolar plate as in claim 10, wherein the electrolyte is an ion exchange
membrane.
13.  The bipolar plate as in claim 10, wherein the electrolyte electrode assembly

further comprises at least one carbon sheet being disposed between the
electrolyte and each of the cathode and the anode.

14. A fuel cell comprising:
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membrane. 30 13. The bipolar plate as in claim 10, wherein the electrolyte
electrode assembly further comprises at least one carbon sheet being
disposed between the electrolyte and each of the cathode and the anode.
14. A fuel cell comprising: 17 an elecirolyte electrode assembly; and a

pair of bipolar plates, the electrolyte electrode assembly being disposed
between thepaledfdijolelepikadsassaotbbf, rlbipolar plates comprising:

5 a body; and a plurali ill agh.o li ijlar ing.
from the bo y%ﬁdﬁgrﬁﬁgt#]gggiﬁggfrglge e%ﬁﬁ%ikg%r%grg# lﬁil%’rgs éng)% e
inter-dispssddhetddene thsomidiureld bopdbvimiriefes.plerelity bfthshdnpeliy, plates
eaChc%frﬁpBﬁs?ﬁo'ﬁa”ty of channels being defined by adjacently 10
inter-disposed-at least two of the plurality of pillars, the plurality of

channels being intebediiptad such that a first at least two of the plurality

of channels is for commupigating;fikisl BEtWeeniR $550Me28 BARKING @f ding

the plurality of the channels, the free end of each of the plurality of pillars
being abuttdiadha budrcmdftthmiaksoRia T5elettots adaeitylyofopillars

thereby dis%?{?gtqﬁt&l—'{ﬁ@ﬂ%&{ Qﬂlﬁlrﬁl{%‘?—t%%?&upgg l?@%?ﬂf#n@% plurality of

electrolyte electrode assembly and enclose and further define at least a

portion of thehphiedsitgasheplathsaiilisrefrehnaals Fring idahnesibr adinpently
at least a pqign ({he Pl i %Sh@f‘ﬂ{%l:ﬁ)fﬁfa BEMG AL 18RS bhrality of

portion of the surface of 20 the electrolyte electrode assembly, a reaction

occurs for ofleeeje letiagniEireerl gt sthddcdibinihdeasiedg of the
portion of they,¢la5ogd &ﬁﬂi&%ﬁsisafd?%hﬁzﬁm@%%fﬂ'ﬁ?d%\«!{%%q RURIRY at

for electrically conveying at least a portion of the charged particles
least two of the plurality of the channels, the free end of each of the

plurality of pillars being abuttable to a surface of the electrolyte
electrode assembly to thereby dispose the plurality of pillars between
the body and the electrolyte electrode assembly and enclose and further
define at least a portion of the plurality of channels,

wherein when a fluid is introduced into at least a portion of the
plurality of channels for contacting at least a portion of the surface of
the electrolyte electrode assembly, a reaction occurs for one of
generating charged particles and combining at least a portion of the
charged particles, at least a portion of the plurality of pillars for
electrically conveying at least a portion of the charged particles

between the body and the electrolyte electrode assembly.

15.  The fuel cell as in claim 14, wherein the body comprises a plate face having a

centre portion and a border bounding the centre portion, the plurality of pillars

extending from the centre portion.

16. The fuel cell as in claim 14, each of the plurality of pillars comprising:

a stem; and

a base being interposed between the stem and the body,
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between the body and the electrolyte electrode assembly. 25 15. The fuel
cell as in claim 14, wherein the body comprises a plate face having a

centre portion and a border bounding the centre portion, the plurality of
pillars extending from the centre porti@n. 30 16. The fuel cell as in claim

14, each of the plurality of pillars comprising: a stem; and a base being
interposed bdharean theecstsmsasidorivd bradyofl hanrseein thrger than the cross-

crosgseclionalaresft t@geg?‘ﬁe is larger than the cross- sectional area of

the free end. 17. The fuel cell as in claim 16, wherein the shape of the
cross-section of the stem 5 is at least one of circular and rectilinear. 18.

17The gl 6ol a3 AN A8 WHGIRIRIRGHRISH é‘%‘?%é%%"sd&lz'ﬁ%ﬁ%ff‘tﬁé‘gtem

9. The fuel cell as in claim 14, wherein the free end comprises an end
face weahkyaibo@n@’f&mmb@ﬂndm@m@aﬁ@e 20. The fuel cell as in claim 14,
wherein the plurality of channels is arranged in a grid fashion. 15 21. The
fuel cell as in claim 15, further comprising a plurality of conduits formed
18%n thehsorerdcplbiason efine ISeakhoseiarlst sranphneitiovfhedhtheitsseing
one of an inlet for introducing the fluid to at least one of the plurality of
channels and an outlet for discharging at least a portion of the fluid from

19t ledBtoftelotekhes pruektiny bf ciaarraisthe0ize cTHegouIresh as adidien being
21, whersinths plurality gikgonduits on one of the pair of bipolar plates is

aligned with the plurality of conduits on the other of the pair of bipolar
plates to form a common manifold for fluid communication. 25 23. The fuel

2ccell apHp laimk o whersin the RaenRak! %ﬁf&?%ﬁ&@%&%ﬁ%‘?&n@d ina
Iocatlngdafg?lsket thereto, the gasket extendlng along the border portion
for gI‘l asnion

21. The fuel cell as in claim 15, further comprising a plurality of conduits formed
on the border portion of the body, each of the plurality of conduits being one
of an inlet for introducing the fluid to at least one of the plurality of channels
and an outlet for discharging at least a portion of the fluid from at least one of

the plurality of channels.

22.  The fuel cell as in claim 21, wherein the plurality of conduits on one of the
pair of bipolar plates is aligned with the plurality of conduits on the other of

the pair of bipolar plates to form a common manifold for fluid communication.

23.  The fuel cell as in claim 15, wherein the border portion of the body is shaped
for locating a gasket thereto, the gasket extending along the border portion for
forming a fluid seal between the electrolyte electrode assembly and the body

when disposed therebetween.

24.  The fuel cell as in claim 14, wherein the electrolyte electrode assembly
comprises a cathode, an anode and an electrolyte, the electrolyte being

disposed between the cathode and the anode.
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forming a fluid seal between the electrolyte electrode assembly and the

body when disposed therebetween. 30 24. The fuel cell as in claim 14,

wherein the electrolyte electrode assembly comprises a cathode, an

anode and an electrolyte, the electrolyte being disposed between the

cathode and the anode. 19 25. The fuel cell as in claim 24, wherein the
25%electidiytduslopdloha sratitriatectfolyrbania dimoblitetedbstolyteng 6ofThestatic

fuel ngc%fﬁgﬁﬁla%owne&éaf&? glectrolyte is an ion exchange 5
fu

membrane.27. T elcellasint alm 24, wherein the electrolyte
electrode assembly further comprises at least one carbon sheet being

26d'5poﬁﬁéj RRiweaD f0e;elegalyse, a%ef‘eqﬁhtﬁé thesrRRdsaad tf%ﬁ UQfFge

0 28. A bipolar plate comprising: a body comprising tivo outwardly
oppo@lﬁ'@fp‘@té faces; and a plurality of pillars extending from and
corresponding to each of the two plate faces, each of the plurality of
pillars terminates at a free end, the 15 plurality of pillars being

2inter-Hisplsé gedlts imeabpritguvberear faerpingalplalisrofensiaety further
along &36RQL e & RlteiHGE Shea M LR RINA B QL SNAPREERANG and

defined by adjacently inter-disposed at least two of the plurality of pillars,
the phafdliey Brectalnsisiansbihe dnaslecoupled such that a first at least two
of the plurality of channels is for communicating fluid 20 between a
second at least two of the plurality of the channels, the bipolar plate
28ispodaprolsepide sammidsiarsctrolyte electrode assembly and a second

electrolyte elerigds ARFRMPMOLARMENY Ty ﬁ%e ondof.eachad the

plurality of plllars Wlth one of the first electrolyte ctrode assembly and

the second JeRetpbiyte bR teasbrgbipre méréweé@tshege@cﬁaéhm%the
plurajiy, g1 2R I?EL%ES beiveenhebedy2od giaRftha ilsteIeC H¥e end, the

electrode assemb ?/
plurality of pillars being inter-disposed and inter-configured for forming a

plurality of channels along each of the two plate faces, each of the plurality of
channels being defined by adjacently inter-disposed at least two of the
plurality of pillars, the plurality of channels being inter-coupled such that a
first at least two of the plurality of channels is for communicating fluid
between a second at least two of the plurality of the channels, the bipolar plate
disposable between a first electrolyte electrode assembly and a second
electrolyte electrode assembly for abutting the free end of each of the plurality
of pillars with one of the first electrolyte electrode assembly and the second
electrolyte electrode assembly to thereby dispose each of the plurality of
pillars between the body and one of the first electrolyte electrode assembly
and the second electrolyte electrode assembly and enclose and further define at
least a portion of the plurality of channels,

wherein when fluid is introduced into at least a portion of the plurality
of channels for contacting at least one surface of at least one of the first
electrolyte electrode assembly and the second electrolyte electrode assembly,
the fluid reacts with the at least one surface for one of generating charged
particles and combining at least a portion of the charged particles, at least a

portion of the plurality of pillars for electrically conveying at least a portion of
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and the second electrolyte electrode assembly and enclose and further
define at least a portion of the plurality of channels, wherein when fluid is
introduced into at least a portion of the plurality of channels for contacting
at least one surface of at least one oftpe first 30 electrolyte electrode
assembly and the second electrolyte electrode assembly, the fluid reacts
with the ehdegest priéidestheevisnche bidjemedatinepshanged thaisieel eatplyte
combjpi | i f r ' I ortion of
e BT o S AT T eI 20 e
charged particles between the body and at least one of the first electrolyte

2oflectiggla, %Pé%)fe?d’s%*_&‘?aﬁﬁ%?%a%'ﬁ%ﬁh%@Eﬂ@?&&%&’%&ﬁrﬁﬁ My 29.

The bipolar plate as in claim 28, each of the plate faces comprising: 5 a
centre portiéreeatid posdedeasbunding the centre portion, wherein the
plurality of pilt?cfﬁlgxﬁ%ﬂﬂﬁif{gEﬂé'@@n‘fﬁe"ﬂﬁtﬂﬁ{“on- 30. The bipolar plate as

in claim 28, each of the plurality of pillars comprising: 10 a stem; and a
base being Wibkstpiisdg bergberofHaltensderitisodie opnerehethen.
cross-sectional area of the base is larger than the cross- sectional area of
the free end. 15 31. The bipolar plate as in claim 30, wherein the shape of

30the cidusbieaifibnlafetheinsedans 8t teslod Hee ol wipdityaefanHas @ampasing .

The bipolar g%&ggﬂ'&] claim 30, wherein the stem tapers towards the free
end. 20 33. The bipolar plate as in claim 28, wherein the free end

comprises ghbapritieied By BedeMspbdth dad epdibe badyThe bipolar

plate as in clgim 28, erein. B&BIARIROLERRNBELR IR 35r3BOAthA IR Wibks-

fashion. 25 35. The bipolar plate as in claim 29, further comprising a
plurafiegtismebatnaief the free end.

31.

32.

33.

34.

35.

36.

The bipolar plate as in claim 30, wherein the shape of the cross-section of the

stem is at least one of circular and rectilinear.

The bipolar plate as in claim 30, wherein the stem tapers towards the free end.

The bipolar plate as in claim 28, wherein the free end comprises an end face

being one of smooth and coarse.

The bipolar plate as in claim 28, wherein the plurality of channels is arranged

in a grid fashion.

The bipolar plate as in claim 29, further comprising a plurality of conduits
formed on the border portion of the first and second face, each of the plurality
of conduits being one of an inlet for introducing the fluid to at least one of the
plurality of channels and an outlet for discharging at least a portion of the fluid

from at least one of the plurality of channels.

The bipolar plate as in claim 29, wherein the border portion of the first and

second face is shaped for locating a gasket thereto, the gasket extending along
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formed on the border portion of the first and second face, each of the
plurality of conduits being one of an inlet for introducing the fluid to at
least one of the plurality of channels and an outlet for discharging at least
a portion of the fluid 30 from at least 9ne of the plurality of channels. 36.
The bipolar plate as in claim 29, wherein the border portion of the first and

secot foerslés Bhrab@dfw_rfmmﬂggt il_giaisfﬁ@d WVEQ@T,I e gadketiostetatinglyte
along.gly, ba%?eﬁéitar%oréi?d‘ fRet {5’9'?&@ A &%%&%%8#89&8% t?f%ctrode

first electrolyte e de assembly and the first face and the secon
electrsbpratdicandbthe wsendibigeavierthdisswson dhfaebelvrren.disposed
therebetween. 5 37. The bipolar plate as in claim 28, wherein the
electrolyte electrode assembly comprises a cathode, an anode and an

3'electidigtbinplaieeteorytending dfspokeribetwedacthel dathlsgt atdedasembly

anodg, 3friddie Pipgk fatg, ag el aiiy3n V‘@?@J&iﬁg&e ﬁl%‘?@f%%%lﬁté’%ing
of a static 10 electrolyte and a mobile electrolyte. 39. The bipolar plate as

in claiapepedvprsvesantiiee sigbaddyapdsherpimdexchange membrane. 15 40.
The bipolar plate as in claim 37, wherein the electrolyte electrode

assembly further comprises at least one carbon sheet being disposed

3%etwddn tHeoklepladtyts andbaphos thbasthdbe aksgtinly ensdeno@f 25 static

30 electrolyte and a mobile electrolyte.

39.  The bipolar plate as in claim 37, wherein the electrolyte is an ion exchange
membrane.
40. The bipolar plate as in claim 37, wherein the electrolyte electrode assembly

further comprises at least one carbon sheet being disposed between the

electrolyte and each of the cathode and the anode.
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