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TITLE: FUEL CELLS EMPLOYING INTEGRATED FLUID MANAGEMENTPLATELETTECHNOLOGY 

DESCRIPTION 

TECHNICAL FIELD: 

This invention relates to fuel cells, and more particularly to fuet cetls constructed of stacked platelets 

having integrated fluid management technology (IFM1), alid to methods of manufacture and operation of 

the IFM cells. A particular embodiment employing the principles of this invention is a hydrogen-air/02 fuet 

5 cell employing multiple separators formed of bonded platelets of titanium, niobium, copper, stainless steel, 

aluminum_ or plastic having individually configured micro-channet reactant gas, coolant and humidification 

zones therein, which cells operate in the range of about 50 to 1 scrc, and have an output of on the order 

of .25-1.0 kW per Kg and .s-1.0 kW/L for use in both stationary and mobile power generation applications 

in open or closed loop configurations. The IFM platelet and separator design can be adjusted throughout 

1 O the fuet cell stack to accommodate varying thermal management and humidification requirements within 

eachcelL 

BACKGROUND ART: 

Fuel cells for direct conversion of hydrogen or carbonaceous fuels to electricity have showqreat: 

15 theoretical promise, but have not beeome Widely Used in commerce beCause Of technical problems and 

economic reasons. In the field of hydrogen-air/Oz fuel cells, power density, that is kilowatts of power 

generation per pound has been marginal, and the lifetime has been unsatiSfactorily short. Prior art cellS 

have experienced dropoff in power with age due In part to poisoning of catalysts or electrolyte 

membranes. and the poor distributiOn of fuel gases internally has led to thermal hot spots leading to cell 

20 failure and the like. 

·A particularly important class ~f fuel cells with promise for stationary and mobile etectrlcity 

generation is the low temperature H2'02 fuel cell employing_ solid polymeric protOI\ exchange membrane 

having a noble metal catalyst coated on both sides thereOf, which membrane is located between the fuel 

cell electrodes or electrically conductive separators. 'These fuel cells employ Hz as fuel. whether directly 

25 supplied as such or generated in association with the cell by chemical.reaction, such as electrolysis or 

from metal hydridis. The oxidant 1$ 0 2 or air, and water is reQuired bo'1 for cooling.and for humidification 

of the membrane to keep it from drying out and becoming inefficient or structurally weakened through 

cracking. Typically, the anocle side dries out first for a vstety of reasons, tncludlngetectrosmotlc pumping 

~ anode to cathode. the supply of gases in excess of the electrochemical reaction rate, and the ai' or 

30 . oxygen flow on the cathode side purges both the product water and the Water vapor passl1g through the 

membrane from the hydrogen anode side. Accordingly, the fuel gases are humidified in the fuel cell stack 

. to reduce the dehydration effect. The cooling water remov• excess heat generated In the slow 

combustion of the catalyst-mediated electrOChemical reaction In the cells, and is conducted external of 

the stack fer heat exchange. In same designs the cooling water is used to humidify the reactarit gases. 

35 T1W9 are several suitable electrode membrane assemQ!its._.~ available for such low 
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temperature fuel cells. One is from H Power Corp of Bellville, New Jersey which employs a Pt catalyst 

coated on a polymer film, such as duPont ~AFION<8 brand perflcurcsulfonatect hydracarbon as the 

membrane. Altematlvely, cow Chemlcal_ProVideS a perflourcsulfonated polymer which has been reported 

in us Pat~~ 5,316,869 as permitting current densities on the order of 4000 ampsls.f. with cell voltages 

5 in excess of .5V/cell, for a cell stack power density in excess of 2 kw/s.f. 

A typical design of currently available stacks is t11e' BSllard F~el · cell Stack of 35 active 

electrochemical cells, 19 thermal management cells. and 14 reactant ·humidification cells employing a Pt 

on NAFION 117 EMA in stacks Of 114• thick graphite plates.- The staC:ic-is reported to have an overall 

volume of 0.5 cu. ft. with a weight of 94 lbs and a 3 kw outp~ trom Hz and o~. 
1 o However, the graphite plates must be reiatlvety thick to provide structural-integrity and prevent 

reactant crossover since th8IJ are· brittle and: prone to crack as 'tfie cell stacks must be placed under 

compression to effect Intra and 1riter-ce11 sealing to prevent reactitlt i~ Tiiey have tow thermal and 

electrical conductivity which gives rise to hot spots and dead spots. They are·a1s0'difficult to manufacture. 

especially the gas. distribution chann8fs.- The olltput is relatlvely-low,·on the order of .05 kw/lb. In the 

15 example cited above. the number of inactive cooling and humidification almost equals the number of 

active electrochemical calls. Tiils effectively doubles the number of gasketed seals required in a stack 

thereby decreasing stack reliability and perfonnance. 

The atorementtoned us Patent S,316,869 dem not offer a Solution to graphite prate ce11 slick 

design al it is concerned with rnicrOPrCcaSsor control of a closed tOOp System external to the stack. 

.20 Accordingly, there is a need for an irnproVed fUal cell design. and methOds of prOctucing the fuel 

calls and operation thereof which overcome limitii1g problen1s of the prior art. 

oiscLOSUREOF INVENTtON: 

OBJECTS AND ADVANTAGES: 

25 It is among the objects of this mention to provide improVec:I fuel call' destgM, and methods of 

constructiOn and ~peratlOn, p8rticutartY fuel cells of the hydrogen and oxygen or air type which show 3X 

or better improvement CNf!lf currently available gi'aphit8 CeliS. 
Adltlonal objects and 8dvantag8s include: -·-

To prov~ improved- fuel call_ construction tecMIQiJes baSed on niultlple._platelet and stack 

30 tect.nology, which plateletS h&ve speciattY configured ga8 arid water dlstribUtron mlcrochannels created 

by etching, lai8r ablation or Cutting, stamping. punch~ Cr embolsk1g; 
To pro¥1dean integrated process tormariufaCtUreotfuet Celts ~olvln9 photolithographyof a series 

of lndivid~ platelets. fol~ by feature forming by etching, embosSlng. stampliig, pur1chk1g, bonding 

brazing or soida1ng st8ctced Plateltlts IRI• ·tad and- presSwe, arid antt-Gcldint coating ·the platelets 

35 and/or sub-assembly polar separ8tors; -
To prov~- 1'1t1g1ated ·flUid mlnagement tactn)tOSI'/ OFMTJ tO fLitit Cell staek design. particularly to 

the design of platel8ts 8SSembled Into unipolar or bipolar~- (fndlviduat c811s), arid plural cells into 

stacks. to improve fuel and oxidant gal humidification ind dlstributicn tor contact with the membranes. 

-2-
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and for heat and humidity control to prevent hot spots and membrane degradation due to dehydration: 

To provide photolithographically and etch·fonned plate~ f?'tuel cell separator assemblies having 

special sealing ridges which permit sealing of EMAs between polar separatorS to form cells which are 

se"cured.Per compression to form fuel cell stacks: 

5 To provide variable IFM platelet polar separator design within a fuel cell stack that accommodates 

the differing thermal environment and humidification requirements that are intra-stack position dependent; 

and 

Still other objects will be evident from the sp~lflcatlon, drawings and claims of the invention. 

The invention is directed to improved fuel cell stacks constnJcted from a plurality of cells, each 

1 O comprising a series of interrelated, integrated fluid management (IFM) platelets. The invention also 

includes methods fOr design, construction, featuring, assembly and bonding of the platelets into modular 

polar separators (substack cell assemblies), and methods of ~peratlon of fuel cell stacks employing the 

integrated flu_id management technology platelets. While particularly disclosed as applicable to proton 

exchange membrane (PEM) fuel cells employing H2 and 0 2/air as fuel, the techniques of this invention are 

15 equally applicable to alkaline, solid oxide and molten carbonate type fuel cells. and to reformers used in 

conjunction with fuel cells. A wide variety of other fueVoxidizer combinations may be employed, such as 

H'C'2; NH,102; Hz!Xz (X is ·a halogen); C~OH/02, and th& like. 

· The fuel cells of this invention are constructed of one or more cells. each cell of which In turn 

comprises a pair of bi-polar separators sandwiching an electrode membrane assembly (EMA) 

20 therebetween. The separators may be either unipolar (for the terminal encl plates) or bipolar, with one side 

being the anode (Hz) side and the other the cathode (Oz) side. In turn, each polar separator assembly of 

this invention comprises a plurality of thin plates, preferably of metal, plastic, ceramic or other suitable 

material into Which numerous intricate microgrcove fluid distribution channels have been fonned, 

preferably by etching, but alSO by laser ablation or cutting, emboSslng, pressing, punching or stamping 

25 processes t11atcreatethrcugh-and-part1a1-depth features. Adjacent plates having cooratnatepartial depth 

features (e.g., half-channels) upon bonding provide gas. coolant and vapor distribution channels. typically 

round or oval incross section whleh, by virtue of their continuous, sinusoidal and branching configurations 

are otherwise impossible to construct. 

When two uni-polar separatcrs are assembled with an EMA therebetween It comprises an 

30 electrochanical calL NI atr9J of aligned calls, when $8CU'8d together by bonding or clamping means. and 

optionally Including sealing gaskets betw8S1 cells. compriseS a fuel call stack; a finished fuel celL 

In typical examples. thenunber of platelets to form an individual cell polar separatOr subassembly 

of the overall fUel cell stack may nl'igefram 3-10 prates. and preferably 4-7. EMAs ~disposed between 

adjacent polar separatcis. and preferably are insated in aiode and· cathode recesses therein. TI1e 

35 presently preferred EMA comprises a 2·17 mn thick sulfcnated perfluorfnated membrane coated on both 

sides with a mixture of mlcroflne Pt·black and cat>on black In a solvent, and overlain on each side with 

a 10 mil thick 8596 open graphite paper havi1g a Teflon hydrophobiC binder therein. 

The integrated fluid management fuel cell prlncipleS of this Invention will be described herein, by 
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Wat of example only, in. reference to a bipolar hydrogen/air or oxygen fuel cell employing a pt. 

black/NAFION EMA, but are !BQually applicable to other fueVoxidiZer combinations, be they liquid, gases 
or comblliations therec)f, operating in. the tempwature range of from 50-150'C. 

An_important feature of the platelet design of this invention is that significant improvements are 
5 made in thermal managemerit and in humidification of the ~ and electrolyte membranes to very 

significantly improve the power output of the platelet fonnec:I fuel cell of this Invention as compared to the 
prior art. In a preferred embodiment, the cell platelets are constructed of metal, typically aluminum, 
copper, stainless steel. niobium or titanium. After the Platelets arefonned, they are then bonded together 
by a specific schedule of heat and pressure (e.g., glued ~ith cond~ive glue, diffusion bonded, welded; 

. 1 o brazed or soldered) to fonn a polar separator sub~bly and therea.fter, if desired, coated or treated 
forcOITO$ion resistance. 111e EMAs are then Inset Into optional membrane recesses. Called window frame 
recesses, In the separator plates fonnir_ig individual electrachemialf cells, and a plurality of the cells are 
. stacked to form fuel cell stacks. The entire assembly is then bouitd under compression to promote 
sealing, e.g., by through tie rods, nuts and constant compr&S$iondevices. to fonn a unitary monolithic fuel 

15 cell stack. 

A wide variety of solid but_ P(lrQUS polymeric proton ~membranes may be employed, 
typically sulfonated fluorocarbon membranes from Cow Chemical, AsahJ Chemical, Gore or duPont, with 
duPont's NAFION being pres.,ily preferred. The membrane is coated on. bath sid~ with a noble metal 
catalyst such as Pd, pt, Rh, Ru, noble metal oxidt!S or mixtures thereof and bonded to graphite paper 

20 electRXJes. Altematively, the graphite paper electrode can. be c()8ted wHh th8 catalyst and bonded with 
the membrane. A Preferred electrode membrane ~bly of this type is avallable from H Power Corp 
of Bellville, New Jersey. Other typ~,of EMAs that can be used include porous thin sheets of carbon or 
graphite, or catalyst-coated polyiinidazole membranes. 

While a specific membrane type and manufacturer may provide some improvement in pertonnance,· 
25 · the invention ·is not dependent on any one type of membrane or EMA. The integrated fluid management 

technology (IFM'T) platelet approach of this invention is adaptable to a wide variety of fuel Cell types. and 
Improved pertOrmance will result therefrom •. 

The platelet tachrilque permits fanning a wide vaiety of micro-chal'lnel designs for any exterior 
configtntian of~ fuel eel~ yet with excellent thermal exchange and humidity control for.more efficient 

30 distributfc?n of the~ with no fuel or oxygen starvatiOra and better ~-state~ output. 
NI important advantage in the IFM platelet technOfOgy !>'th.ls invention Is that the manufacture of 

the fuel cellS can be automated, and employs photollthographic and etching or stamping technology on 
thin.Sheet mataial. Rapid changel can be made In the sapar$r_subassembly design. A single factory 
can support a wide range of fuel c;eu designs wlthOut the neacUar high output orctlnarlly required far 

35 praductlan economy. That Is. fewer fuel cellS of widely differlnt:design can·.be praduced and stiU be 
economically feasible. In addition, the capital Investment Is sub$tantlally and significantly reduced as the 
production equipment is close to off·the-shelf photollthographic. m~ and etching or stamping 
8QUipment. 

.. 
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By w~ of example, the multiple sheets of a separator can be accurately designed in large fonnat, 
photographically reduced and the plates stamped out of continuous rolls of metat or conductive plastic 
sheet material. Alternatively, and in the present best mode. the sheets are photofithographically masked 
with resiat,:etched to form the fluid management micro-grooves, the photo-resist mask layer chemically 

5 or physically removed, and the platelets cleaned. The finished platelets are then assembled to form the 
separators. placed in a vacwm furnace having a pressure ram and bonded together under heat and 

pressure by metal diffusion bending to form a monolithic separator plate subassembly having intricate 
internal micro-channels. including channels at different revels orthogonal to each other, through which the 

various gases and water or other coolant flow. The separator plates are then placed in a nitrogen 
1 O atmosphere at elevated temperature Which results in the reaction of nitrogen with the titanium to form a 

passivating or an anti-corrosive and Conductive titanium nitride layer On all exposed surfaces, including 
the interior gas and water channels. The platelet separator design and production can be done en a 
continuous production line, analogous to a PC-board manufaqturtng line. The entire multi-platelet 
sandwich is then bcnded (e.g., diffusion, brazed, welded or soldered) under heat and pressure to form 

15 a monolithic separator. The etectrcde membrane assemblies are then inserted between individqal polar 
separator plates, the separators then stacked, and exterior end plates added to form the completed fuel 
cell stack which is hekl together by tie rods. nuts and constant compression devices pressure to effect . . ~ 

reactant tight sealing. Electrical leads. reactant gasses and coolant water are hooked-up, gases and 
. . 

coolant water are introduced and the cells brought en line. 

20 In a typical 7-platelet IFM bipolar separator subassembly of this invention, the platetetS In sequence 

25 

are: 

1. Window frame platelet (to receive an EMA): 

. ,· _2. Anotje flow field spacer platelet; . 

3. Anode flow field {distribution) platelet; 
. 4. 

5. 

Cooling platelet; 

cathode flow field (distribution) platelet: 
6. Cathode flow field spacer platelet; and 

7. WindOW frame platelet (to Aiceive the EMA of the adjaeent calO. 
There are& different plates, with plates 1 and 7 being identical, and each of plates 2-6 being different. The 

30 details of etching and plate design described herein by ~ of example are shown to evidence that tha'8 
is no micro-Channel collapse da.rtng the pressure bending. In the bipolar separator example above, 
plates 1, 2, e and 7 are each about 12 mfls thick (before bonding) and plates 3-5 are each about 20 mils 
thfCk. Upon dlffusfcn bonding the plates compress somewhat, and the total thickness of the resulting 

monolithic bipolar ieparator laminate fs about 100 mlis. The total recess depth In facl1g window plates 
35 (the anode window side of bipolar separator nunber one and the facing c8tttode window side of bipola' : 

•" 

. separator number two) is on the ard• of 20 mils deep. The EMA is on the ardir of 28 mffs thick and is 
somewhat compliant. The NAFION manbrane coated on both sides with the microdispersed Pt-black 

catalyst in carbon black is on ttteord• of 4-5 mils thick. and each of theout•graphite/tefton paper layers, 

_,_ 



·. 

W096/12316 PCI'/US95/13325 

is about 1 o mils thick. These fit snugly in the window frames, and, upon the pressure sealing of the palar 
. . . 

separatcr plates, the EMA compresses into the 20 mils deep window recesses. The graphite paper Is en 
. . . . . ·. - . . . 

the order of 65% .open to p_rovide goOd and even gases dlstributlon •. On: the anode side the graphite paper 

conductS ~s away from the catalytic reaction sites on the electrolYte membrane membrane to the 

5 lands of ttii separator plate for draw-off as fuel cell electrical output. Electrons return tram the external 

circuit via the cathode. On the cathode Side, gf'8S)hite paper conducts etectrons fro.m the lands Of the 

separator plate to the catalytic reaction sites on the EMA. 

The fiJef cell multiple bipolar separator stack must be terminated-at each end with an anode and 

a cathode uniPolar separator end plate. which also serves as th~ cUrrlnt collector. For the unipolar anode 

10 separator, plateletS 1·-4 above are used, and for the cathode .separator, pl&teletS 4-7 are used. The 

unipolar plat~et separators are then capped at each end with thickir (4-20 miQ solid end plates and then 

compressed by tightening ~. ttte tie rod c~pression assembly. 

15 

. . 

. As an alternative example, where no gases humidification iS required, a 4-platetet bipolar separator 

assembly may be employed, and the sequence of platelets is as follows: 

1. 

2. 

3. 

. .· 

Anode flow fi49ld (distribution) platelet: 

Cooling manifold platelet; 

Ctcse-cut platelet: solid on anode side and manifolds (micro-grooves) on cathode side.; 

n -
4. Cathode flow field (distribution) platelet. 

20 Additionally, window frame Platelets can be used on each side where an Inset EMA is used to fonn a a­
plateJet bipolar separator sub-assembly. It should be noted that in place of the window frame platelet, 

a double-sided compliant gasket member may be.used. Thus, the humidified bipolar separator can 

comprise 5 or 7 platelets depending on whether the optional window frame piatelets are used, and for the 
. . 

non-humidified embodiment the bipolar separator comprises 4 or 6 Platelets. the latter including the two 

25 window frame platelets. ritann.m is particularly useful b8cause ~·can flow togettw under appropriate 

pressure and temperature, fanning an auto-weld of the diffusion bonded {flow) type. 

·The assembled separator (multi-platelet sub-assembly) IS on the order of 100 mils thicknesS and 

weighs around 4-8 oz (11 D-3QO grams) depending en the number and thlcknesS of plates and materials. 

Approxim8W/ 10 ~ are u8ed in a ceH stack. AfWI assembly on the tie rods, compression 

30 endplatas on the Order of 1.5 inches thick are applied and the entire fuel cell stack asSembly is plae8d 

t.mder compression of 200 psi by threaded tie rodS to form the monolithic fuel cell stack. The stack 

opaatlng pressure of 1-65 psi Is easily achlavabrewith Output,at aroUnd 70-150 amps. To seal adjacent 

ses-.ator sub-ISS8nlblies. an inta'focking sealing ridge (which Is generally triangulaf in c:rosS section) on 

the ord• of 1·2 mils in height is etched. 0r pressed in the window frame platelet (outside uface) so that 
. . ·.· ·' . 

35 the ridge will fully lnterlOCk with the window plate of th8 acljaeent separator ·SUb-assembly, er with the 
. . 

appropriate tam'- endplate. as the case may be. 

The fuel ceUs of the lfM platelet design of this inventiOn can include atrf suitable hydrocarbon 

reform• section to pnMde Hi. e.g., via the steam41ift process ernPloying an underoxidlzed burner plus 
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steam to pi'oduce H2,. 0 2 8nd COz. 

A key feature of the,ptatelets of this invention is the us,::io.:,combination of etched gas and water ·.. ··· .... :. 

distribution channels, formed in corresponding, aligned half channels in each of a pair of coordinate 

opp~ating plate faces (i.e., mating faces of adjacent plates that face each other and contact each 

5 other in the stack), and similarly etched delivery manifolds. Optional but preferred are etched sealing 

ridges on the periphery of the plates to assiSt in sealing adi~t cell assemblies. 

Critical to efficient high-output operation of PEM c&lls is proper thermal balance and hydration, and 

control thereof by unifonn gas flow. 

Current PEM fuel cells exhibit problems of poor thermal management and water balance, low 

1 o graphite conductivity and ductility, limited scalability and reactant depletion. Proper thermal management 

in PEM cells is crftical as current membranes have a maximum operating temperature· in the range of 90-

9S-C, since temperatures above that permanently ruin the membrane by damaging the pore structure. 

Since the fuel cells of this invention have heat exchanger sections integrated in each bipolar separator, as 
compared to one between eNery 4-5 separators in graphite PEM cells, our stacks can be seated easily to 

15 larger sizes since both the heat generation and control (heat exchange) scale with area. · Since we can 

easily tailor heat control to each type of membrane and fuel. and the intra-cell location within the stack we 

can employ higher performance EMAs, resulting in higher power densities. 

In regard to was balance. the integrated humidification in each separator maintains better water 
balance as th9'/ are individually varied to accommodate the different reQulrements of the anode and 

20 cathoclesides of the fuel cell. Water is removed from the anode side by electro-osmotic pumping through 

the membrane and reactant gas flow drying. Was builds up on the cathode side from the throughput 

of the electro-osmotic pumping and production of reaction water, whieh are both removed by air/Ci gas 

flow drying. . .. · , . 
. . ·.,.:···. ~ ··: .. , 

In contrast to graphite PEM cetls, the metal platelets of this Invention are some 30 times more 

25 conductive. thus raducmg the 12R losses in the stack under high current densitieS. . These tosses reduce 

voltage and power obtainable from· the stack. lhe rower internal resiStance of the ·metal separators 

provides a more even distribution of current, thus reducing the build-up of hot spots and dead spots in 

the cetls. Graphite separators are under compression to~ seating, but pressure affects the resistance 

of graphite in a non-lil18S' fashion. This characteristic makes it very difficult to produce graphite cells with 

30 uniform output. In contrast, metal separators have excellent tharTnal and electrical conductivity which 

eliminates hot and dead spots. Graphite Is porous to '"'2· 0 2 and air which reduces the chemical efficiency 

of graphite stacks baca ise some Hz Js consumed In non-production dfract oxldatlan. 

Graphite separators also crack when the cell iS subjactecl to compressian to effect the sealing 

necessary to prevent gases leakage. the ceHs opaattng at 25-80 psfg. The tendency to crack savereiy 

35 limits the number and size of the calls In the stack. and where one or more separatcrs on the Interior of 

the stack develops leaks. the electrical output is compromised or significantly reduced. Metal platelets; 

being ductile do not present these pro~~s. 

Further, it Is an important aspect Of the lnventfcn that the IFM technology of the Invention permits 

.7. 
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variation of intra-stack platelet design to effect better thermal management. That is, the cells in the middle 

of an uncooled stack do not have the same thamal environment, and accordingly not the same 

humidification requirements of cells at or nearer the ends of the staek. The platelet deSlgn, in terms of 

relative~e. cathode. coolant and humidification micro~hannE91 design can be easily changed and intra-

5 stack politiOn defined to accommodate the various gradients within the stack. Ukewise. stacks can be 

designed to suit a wide variety of external coriditions, an arctic design differing from a tropical, and a 

subsea differing from a space design. · 

This flexibility of design-the capability to tailor the configuration and path lengths and channel 

widths of microchannels in~ zone of the separator(anode. cathode, heat-hangeand humidification) 

1 o and from separator to separator (cell to celQ progressively and individually within the stack to 

accommodate the intra stack. environment and gradients-results In ease of ~ing to higher power 

outputs, e.g •• on the order of greater than 50-100kw. 

The series/parallel serpentine channel design provides more uniform distribution of the reactant 

gases. This is particularly important in pl'OViding significantly better cathode performance when operating 
. . ~ 

15 on air due to depletion of 02 as the air travels thrOugh the channels. In current channel design, air enters 

0 2 rich and leaveS 0 2 depleted, ·since the 0 2 Is ~ed in .the eledree:hemical reaction. The same 

depletion effect is true of H2• In our invention, the shorter series of channels manifolded in parallel, and 

the ability to design and redesign channels of varying conflgurationS. or graduated width, impffiles 
. . . . ' . . . 

cathode kinetlcS._ a cumntly dominant llmltatlan of currant fuel cells. In this invention, the flow· Is divided 

20 into a series of parallel circuits in which the precise pressUre draps can be obtained. By increasing the 

number of parallel circuits, the pressUre drop can be low9'8d as the flow rate is redUced and the channel 

side wall frlctlonal effects are reduced due to shorter path length. 
. . . . . 

While the currently preferred ·best mode of the inventiOn employs window frame plateletS with 

graphite paper over the cataJyst/carbon-black coated membrane to provide a highly porous sheet having 

25 random gas distribution channels there threugh, an important alternative embodiment of the invention 

employs a carbCn-paper-less membrane wherein microflne holes are etched through the •window pane 
. : : 

area• of the window frame to effect the same gas dlstrlbutlan function. In proc:iuclng the window frame 

platelet. the Window. pane area is defined in the approprtate ~edial lreas of .the plat& that Is located 

Interiorly of the outs plate edges. (Unes definlng the~ area ~av.be~ 8xcept tor a few . . . . . . 

30 thin bridges holding the wlndOW pane section In place during plBtelet fabrication. The bridges are later 

cut and the pane removed, or let fall out. to complete the window frame platelet.) The open areas raceiv8 

the carbon fiber paper upon compression of the full sheet rnembrn betwea1 ad)aeent platelets. In the 
. . 

alternate embodiment..~ of removing the windc>.W pane area mataial. a •window screen• area is 

createCI. In the window pane area by micro fine through etc1*1g, the holis biir19 on· the order of 5000-

35 10,000/sq• Inch. Thencatmyst-coatedgraphltepaperles$memtrine1scompressed betweaithead)aeent 

separator plates. 

.. 

t 
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BRIEF DESCRIPTION OF DRAWINGS: 

The invention will be described in mere detail by reference to the drawings in which: 

Figure 1 is a schematic section view through a fuel cell stack employing platelet bipolar separators 

embcdy!'lO the principles of this invention particularly adapted for operation with Hz and Air/Oz; 

5 Figures 2A and 28 are schematic section views through a cooled, non-humidified (Fig 2A) and a 

humidified and cooled fuel cell IFMT platelet separator~f this invention showing the wide variation possible 

in number of platelets used: 
Figure 3 is a exploded Isometric view of a 2-cell sub-assembly for a IFMT fuel cell of the invention; 

. . Figure 4 ls an exploded isometric view of one embodiment of a 6·7 platelet separator for an lFMT 

1 o fuel cell of thiS invention; 

Figures ~1-10 are detailed plan views of the embodiment of a 6·7 platelet separator of Fig 4; 

Figure 5A iS the front and its mirror image, and back sides of the window frame or window screen 

{1st anode and 7th cathode) sealing platelet; 

Figures 6A and 68 are the front and back sides of the anode flow field spacer platelet (platelet 2): 

15 . Figures 7A and 78 are the front and back sides of the anode flow field platelet (platelet 3); 

Figures BA and 88 are the frcrit and back sides of the cooling platelet. 8A being the anode side 

and 88 being the cattiode side (platelet 4); _ 

20 6); 

- . 
·Figures 9A and 98 are the front and back sides of the cathode flow field platelet (platelet 5); 

Figures 10A and 108 are the front and back sides of the cathode flow field spacer platelet {platelet 

Figure 11 is a schematic cf the fluid circuits into and out of adjacent mating bipolar separators into 

contact with the membrane showing water, heat and reaactant gases transport therethrcugh; 

Figure 12 Is a schematic drawing of the electrcchemistry of a PEM IFMT platelet fuel cell of thiS 

invention; 

· 25 Figure 13 is a plot of cell voltage vs Cun'ent density of an Hz/Oz test 2~ell fuel cell of this invention; 

Figure 14 is a plot of cell voltage vs current density of an H:zl Air test 2-cell stack of this invention; 

Figure 15 is a flow sheet of. a continuous platelet manufacturing precess in which features are 
fonned by depth and through etching; 

Figure 18 .Is a ftQw sh8et of a· process for bonding platelets of this. Invention Into monolithic 

30 sepaators; .S1d 

FiguN 17 is a flow sheet of the process for adaptively rapid generation of the photolithographic 

artworks for individual platelet deSigns li1 accord with the IFMT principles of this invention. 

BEST MODES FOR CARRYING OUT THE INVENTION: 

35 Tite followii1g detailed description lllustrateS the invention by Wfll of example. not by~ of 

tfmltatlon of the principles of the inventkn . This descrtptlon will clearly enable one skilled li1 the art to 

make and use th& invention, Ind describes several embodiments. adaptations, varlatlonS. alternatives and 

uses of the Invention, including what we presently believe are the current best modes of carrying out the 
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invention. 

Fig 1 sttows in simplified (schematic) cross section a fuel calf staCk 1 of this invention employing 

a plurality of multi-platelet bipolar $eparatCirs. 2A. B, . c and a. pair of cathode and anode unipolar end 

separatori.. 3, 4 respectiVety. Proton.exchange Electrode Membrane Assemblies (EMAs) 5A. B. c, and o 
5 are disposed between the separators as shown. AJr and/or Oz is Inlet via .manifold system 6, Hz anc¥or 

other fuel inlet via manifold 7, and cooling/humidification water is inlet at 8 and outlet at 9. 

Fig 2 shows in schematic section view the construction of one embodiment of bipolar separators 

2 formed from bonded platelets 10 for the non-humidified version of Fig 2A,· and platelets 30 for the 

humidified version 20 of Fig 28. Fig 2 also illustrates the wide variation in the number of plates that may 

1 o be employed to construct a separator by various combinations of depth etching (or depth feature forming) 

and through-etching (through feature forming)~ For example, Flg·2A shows a 7.-plate configuration as 

follows: 10A is a window frame or window screen platelet 108 Is an anode flow field platelet (or optimally 

pair of platelets, one an anode spacer platelet and the one to the right being an anode flow. field platelet): 

10C is a ctose-out platelet 10D is a cooling flow field platelet which can be through-etched or can have 

15 plural coolant paths by employing differing serpentine channels depth-etched from the opposite sides but 

not communicating throughout their length (they can communicate.by through-etched vias); 10E Is a 

close-Out platelet: 10F Is the cathode flow field platelet cc>rrespondlng to 108; and 10G Is awlndow frame 
' ... 

or window pane platelet like 10A. The bottom of Fig 2A IUustrates a 5-!>plategrguplng;. 10-1 and 10-5 are 

window frame or window screen platelets: .10-2 ls a single platelet depth-etched from. the anode side; 10-3 

20 is a single cooling platelet: and 1 o-4 is the cathode analog of 10-2. Thus, the stack configuration can vary 

from.5 platelets to 11 platelets, in the later case 108 and/or 10F are two platelets. and 10D may be three 

platelets. 

Similarly, Fig 28 may range from 3 or 4 to 20 platelets. seven being shown (30-1 through 30-7) 

depeftding on the desired platelet configuration, which In large part may be dictated by material and 

25 manufacturing conslderatlonS. or by fuel cell or membrane type. but all of which may employ the IFMT 

principles of the invention. Thus, while 3o-4 Is shown as a single platelet, it may be three platelets. two 

through-etched with an intermediate shim or cJose-out Platelet. . 
Fig 3 Is an exploded isometric view of two cells 15A.1SB internal of the stack comprising 

sepaators 2A (or~. 2B (or 208) and 2C (or 20C) sandwiching_, EMAs 5A. SB. In this view, only the 

30 Hz (anode) side of the bipolm' separators are visabte. but as shown below, there n coordinate Ci zones 

on ·the hidden (cathode) side. The large areas 25A are the active araas e>f the. eel~ 25A representing the 

anode side and 25C the cathode Side. Anode hurnldlflcatian zones 35 and cathode tunldlficatlon zone 
40 are present 1n the separators, and described In more detail below. 

The EMAs SA SB include catalyst coatecl areas 28A. 28C C01T1Sponding to the active areas 25A. 

35 c. The nas 37, 42 n not catalyst coated and c:OrresPand to the anccle and cathode humidification 

zones 35. 40 respectively. Alignment holes and manifold vlas are evident adjacent th& margins of the 

platelets aid the EMA& 
Fig 4 Is an exptcded iscmetric view of a 7-platelet .humidified IFMT bipolar sepntor 20 of this 

-10-
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invention comprising platelets of six different types, platelets 30-1 and 30-7 being identical window frame 

or window screen platelets (window frame being shown), whieh may include sealing ridges (not shown) 

around the cut-Outs, the actiVe area 25, the humidification areas 35, 40, and around the transverse 
through-ejcbed reactant gas and coolant manifolds. The sealing ridges can be embossed or etched in 

5 the platelet. 

Plat8let 30-2 is the anode flow field spacer platelet having through-etched channels and vias. and 

depth-etched manifolds and _tab features. In all platelets 30-2 to 30-7 the through-etched transverse 

border passages or manifolds are coordinate with those of pl8telet 30-1. Platelet 30-3 is the anode flow 

field platelet with depth-etched chanilels coordinate with the through-etched channels of platelet 30-2. 

1 o Platelet 3o-4 is the cooling platelet with the anode side showing plural parallel depth-etched serpentine 

cooling channels in half the active area. The non-visible obverse side has cathode cooling channels, also 

depth-etched and covering the other half of the active area. Platelet 30-5 is the cathode flow fleld platelet 

with depth-etched channels on the obverse side. not visible In Fig. 4, but the analog of platelet 3o-3. 

Platelet 30-6 Is the cathode flow field spacer platelet with through-etched channels coordinate with plate 

15 30-5, through-etched vias. and depth-etched tabs analogous to platelet 30.2. Platelet 30-7 ls the cathode 

. window frame (or wilidow screen) platelet having sealing ridges as described abOve for platelet 30-1 on 

the obverse side. 

Figs. 5-10 are a series showing in plan view frcim the facing side of each platelet the details ot"""0ne ·· 

embodiment of the through- and depth-etching features of the 7-platelet bipalar separator plate of Fig. 4 

20 in accord with the IFM principles of the invention. It should be noted that the progression of plates is as 

shown in Fig. 4. with the figure designation -A being the front of the plate as seen from the anode 

(foreground) side of Fig. 4. However, the-B side is the non-visible side of the respective platelets of Fig. 4 

when turned over. 1l18t is. the vieWs are all artwork or plate face.up vfews. Platelets 1 and 7 are 
essentially the same with the exception of when sealing ridges are employed, Fig. 5 being the front of 

25 platelet 1 and the baCk of platelet 7, while the mirror image of Fig. 5 would be the back of platelet 1 and 

the front of platelet 7. Fig. 5 shows the embodiment wher8 gaskets are employed to seal the bipolar 

separator to the EMA. Where no gasket is used the front of the anode platelet may have a single ridge 

that is aligned to lnterfock in a groove betw.1 two ridges on the back of the cathode platelet. Fig. 5 

depicts theanode-facingsurfaceOttheAnode Sealing Platetet30-1 and the Cathode Sealing Platelet 30-7, 

30 also called window frame or window screen platelets. This surface may have 1-2 mil sealiig ridges arouid 

the lntemat manifold passag8s (the rounded comer rectangles) and the flow fields. The major features of 

this platelet are the ttvealargerectangles. These rectanglesallow space tO ccmpressivelyreceiVegraphite 

paper of the membrane electrode assemblles. Rectangle 25 is the Anode Active Area Flow Field cutout 
(or screen sea). The top left rectal ig1e 35 ls the Fuel (hydrogen) Humfdlftcatlan Flow Field. The top right 

35 rectangle 40 Is the cut out fer the Cathode Humfdificaticn Water Flow Field. Transverse through-etched 

reaCtm:it gas (12, 14. 16. 18) and coolant (22, 24) manifolds are arranged across the tcp, bottom and sides 

of the platelet. The smalJest manifold is for fUel (hydrogen), with 12 being input and 14 .output. The two 

middle sized manifolds are for water cooliig and hunldiflcatlon circuits with 22A. 22C being inlets. and 
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24A. 24C being outlets •. The two large manifolds are for air (oxyge.n), with 1 e being an inlet.and 18A. 1 as 

being cutlets. 

sealing ridges may b~ loeated a~ 27 ~und each of trm.:'S~ manifolds and the packets (cutouts 

or screens~. 35, 40). The manifold and floY1 fietd sealing ridges are fonned by insitu. embossing during - .. . . 

5 the platelet ·bonding process.· An alternative process is sealing ridge formation by depth-etching the 

platelet a second time. The first etching throuQh etch~ the manifold, field, alignment and tie rod holes. 

The~ e~hing forms the ridges. 

Fig. 5 also depicts the th!'QUgh-etched; stackir'lg alignm19nt h()les 32 and th~ugh·hole tie rod holes 

34. Stacking ho• are used ~Q precisely align the platelet$ fOr the bonding process. . The back of this 
. . . . . . ~ . - . . . 

10 platelet is the mirror image qf the.front without sealing ridg~·regardless of.whether sealing ridges or a 

gasket is employed. The front of platelet 30-7 is the mirror Image of Fig. 5, and the back of platelet 30-7 
. . . . ... ·. ·. ; . . 

Is Fig. 5, with or without cooperating sealing ridges as described ~e. 
. . . . !, . 

Fig. 6 depicts the front side of the Anode Flow Field Space.r Platelet through-etched series parallel 

fuel (hydrogen} flow·fleld 44 •. the fuel (hydrogen) humidlficatiQt' field 46, and cathode water field 49 for 

15. humidifying the. 0 2 on the cathode side of the membrane. These Channels are. designed to optimize the 

flow rates and p~ dl'.'Ops of the device. This drawing also depicts tt1e co~tinuation of the through­

etchecl transverse manifolds for fuet (hydrogen), air (oxygen) and water coolant. 12, 14, 16, 18, 22 and 24, 

in-out. respectivefy. :::: 

This drawing also depicts a VfflfY important aspect of~ .irylentfon, the tabs 50 which are depth· 

20 etched as compared to the c:~ 52 whlCh are th~tcheti fin. this platelet), and tie together the 

altematlng, spaced lands 42. As can be SB1 In Fig. &B, ~tabs are not visible, but the channels 52 anct 

spacer lands 54 are. The tabS are d~ttwHc:hed away only from· !tlft back (Fig. 68) side leaving them on 

the front side. · o9pth-etching is approximately 60% of the full. plate thickness. Through-etching is 

accomplished by dep~ing, viaappro-masking •. ~ b~th ~des of the platelets. Depth-etching 
. . . . . . . . : .. . . . .. ; . . : '~ .· . .. . ~: . . . 

25 Is only from one Side. The same Is true of the humidification fields 46 and 48. The. Fig. 6B backside also 

depicts .the continuation of the through-etched flow field channels s2~ilnd thevario~manifolds, allgnm~t 
holis and tie rod holes. This platelet does not exhibit manifolding to the Hi. 0 2 and water inlets and 

outlets. 

·Fig. 7A depicts the front side of the Anocitt Flow Field Platelet having a.series of depth-etched· 

30 parallel channels fo..m1ng the ~rogen active area flow field ~ hydrogen humid~ 8rea 48 arid 

cathode water channels 91 in ffelcl 49~ These channelS 52 and landS ~ n ~ ~lgned and match 

the flow field channels and lands bnJ in tl1$ Anode Flow Field s'*-8r Platelet of Figs. SA. B. Also 

showing up on this platelet n d~· distri~ c:hani,.. extertmar1s 58 Into and out of the 
.. ·. . .. ·. . . . ·:· .. · . . ·.:· :. ·. . . '· . . : 

hydrogen tunldlflcatian flow .~ 48. (To follow ~ ~ flow In U,. ~ also rater to Fig. IA.) The Hz 

35 flows In tam the.transverse inlet 12 through dlstrlbutfol'.I manirQtd ~<FIG. SA) up field Inlet vias 81 (Figs. 
. . . .. : .. . ., . ·_;:;. . . .. . . . 

7A and 78) lrito the Hz tunfdlflc:atjQn. c;h2innels 82 (Fig. TA), which· n shown as 3 sets of parallel . 

serpentine channels comprising hydrogen humldlftcation field 48- The 1-f 2 exits the fteld at na 100'6 

humidity thraugh cutletvlas .83 (Figs. 7A. 78) to.theoutletcoHectiQl'l manifold 84 (Fig. BA) to square via 66 
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(Figs. 78 and 8A) and baek up to the hydrogen gas distribution inlet manifold 66 of the anode active field 

44. Tilel'e are six parallel sets of serpentine channels 67 in the active field. The residual ~ exits the field 

through extensions 68. thenee through exhaust manifold 69 out the transverse outlet 14. The manifolds 

and the v~ are engineered to insure unifonn distribution of hydrogen across the flow field. The vlas 61, 

5 63 are sized to function as metering ports. Engineering the distribution and collection manifolds permits 

the pressure drops and flew rates to be precisely controlled. The vlas 61, 63, 65 and manifolds in 

subsequent plates (Figs. 78 and SA) may be superi~pcsed to easily discern the flow path between plates. 

Fig. 78 depicts the back of the Anode Flow Field Platelet with through-etched transverse metering 

orifices (vias) 61 that regulate fuel (hydrogen) flow from the transverse H2 fuel inlet 12 and depth-etched 

1 o manifold 60 (Fig. 8A) into the H2 (anode) humidification field 46 (Fig. 7 A). The through-holes (vias) 63 are 

the output to depth~ed manifold 64 (Fig. 8A) communicating via square feed hole (via) 65 to the inlet 

manifold 66 of the active field 44. The~ outlet is via depth-etched manifold 69 to outlet transverse hole 

14. 

In Fig. 78, cathode coolant water is inlet at transverse hole (manifold) 22C and hot water outlet from 

15 vias 70, 71 into the humidification zone 49 (Fig. 7A) then. and cut of the zone 49 through vlas 72, 73 to 

manifold 74 (Fig. 8A) and out transverse manifold 24C. Ukewise, air/02 is inlet from transverse manifold 

16 to depth-etched air inlet manifold 76 (Fig. SA), into the air (cathode) humidification zone 47 (Fig. 98) 
. . ~ 

cut the depth-etched air distribution manifold 77 and down into the cathode active area 98 (Figs. 98 and 

10A) through depth-etched manifold 78. The spent air is collected by exhaust manifold 79 and It then 

20 flows out through the transverse manifold holes 18At 188. 

Fig. 8A depicts the front cf the anode and cathode cooling platelet. with two sets of three depth· 

etched serpentine cooling fluid channels 81 covering half the active flow field area to handle half th9 

thermal load. Water enters the serpentine 81 through port 22C and exits by manifold 83. Hot water then 

passes through vlaS 70. 71 (see Fig. 78) Into the cathode· water field 49 (see Fig. 7A)~ Water molecules 

25 diffuse through the membrane to humidify the oxygen on the other side of the membrane. The water exits 

through vias 72, 73 (Figs. 7A. 78), is collected by manifold 74 and exists the stack through transverse 

manifold passage 24C. 

This plate also ShowS air/Ci Inlet manifold 76 and the air distribution manifold 77 and 78_ whieh are 

joined and through-etched, as can be .., from Fig. Bil Ukawise. the spent air collection manifold 79 

30 is through-etched in this platelet (platelet 3o-4 of Fig. 4), but all three are only depth-etched on the facing 

side of platelet 7EL 

Fig. 88 depicts the back of the anode and cathode cooling platelet. the backside being the cathode 

side. arid shares similar ~ with the exception that thfir9 are no ~ Hz distribution 

manifolds 80. 84 and no via 65. Since this is the cathode side the Water Inlet Is 22A. the sspentlnes are 

35 80, the hot water coftection manifold Is 82. Sid the water outlet manifold Is 75. 'The manifold 82 

communicates with anode water field 48 by hot water vias 84. 85..anct the water exits ftelc:t 48 through vlas 

88. 87 to the manifold _75 •. The serpentines 80 handle the other half of the heat load tern the active area 

field 44. 
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Fig. 9A depicts the front of the cathode Flow Field P'-etet with depth-etched 0i inlet distribution 

manifolcl 78, the exhaust collection manifol~ 79; as well as the thro~-etched transverse manifolcl fer Hi 
(12 inlet; 14 outlet), 0 2 (16 inlet; 18 outlet) and water (22A, C inlet 24A, C outlet). There are also a row of 

0 2 Inlet vias 88 for Inlet of 0 2 to the ()2 humidification flelcl 47 (Fig. 98) and outlet vias 90 from the 0 2 

5 · humidificition frefd 47. The ~!Jmidlfied 0 2 inlet manifold communieates.with 0 2 cathode active field vlas 

92 (Fig. 98) while the spent 02 exits through vias 96 (Fig. 98) to the exhaust collection manifold 79 and 

out the 0 2 transverse manifolds 1 SA. 18B. 

Fig. 98 depicts the back of the cathode flow fielcf P•.• (platelet 30-5 of Fig. 4) which is 
analogous to the front of the anode fl9w field platelet (platelet 3Q-3 of Fig. 4) except that the 02 . . . . 

10 serpentines 89 in the 0 2 humidification field 47 and 94 In the catliode Ci active area 98 are shorter, due 

to the Increased v~ity of ·the Air/02 as. compared to ~rogen. Note for 3 serpentines for H2, there 

are 18 for 0 2• 0 2 Passes fro'7' the transv~e ini.t 16 through '"'- manifold 76 (Fig. 8A) to Inlet vias 88 

(Figs. 9A and 98) Into the field 47 and out vias 90 to the distribution manifolds n, 78 (Fig. 8A) and thence 

into the cathode active area. 98 serpentine through vias 96 (Fig. 98). The spent Air/Oi leaves through vias f 
15 1 oo to the exhaust colleetion manifold. !9 (Fig. 9A) and ihe,nce out.the transverse manifold outlets 1 SA. 

18B. As noted above. the fields 47, 48 and 98 are depth-etched to define channels and intermediate 

lands. 

Fig. 10A depicts th8 front of~ Cathode Flow Field Spacer Platelet with through-etched chaFlnel 

flow fields 47,. 48 and 98 as described above. This plate is analogous to the anode flow field spacer 

20 (platelet 30-2 in Flg.4); except that the serpentine. channels are designed for the 0 2 to minimize the 

pressure drop and muimiza flow rate. . ·.. . 
Fig. 108 depicts the back of the ~a Field Spacer Platelet (platelet 30-S of Ftg. 4) which is 

analogous to the front of the anode spacer platelet (30-2 of Fig. 4) in that the depth-etched tabS 50 retain 

the lands 102 b&tweenadJacent~ channels 94 intheJCtivecathodefi91d 98. the channels 93 

25 of anode water field 48 and the~ ctuJnne1s 89 of 0 2 humidification field 47. The lands, channels and 

tabs are fanned as abOve described. 

Fig. 11 Illustrates the hydrogen, oxygen and the humidification and .cooling water circuits through 

a pair of separators, the anode $de of a tlr$t separator being labeled •Anode• and the cathode side of the . . . . . , . . . . . . 

next separator In the stack. b9'19. labeled •cathode• with a water~penneable EMA 5 disposed. 
,• 

30 therebetwem. The numba'iig of 9*nents Is ccc:led to Figs. 3 and.S-10 above. Note the hydrogen input 

through transverse manifold 12 Is first humidified In channels 52 of area ~ by hot water molecules 

transported by diffusian ttwaugh the tunldiflcation mem.branearaa 37 from anode water channels 93 (on 
. ··.. . . 

the.cathode side in .. 48) to the hydrogen turlldification channels 52 in the lunidificatlon area (zone) 

48. The humidified hydrogen ~ passes through channels 87 In active area 44 of the active electl'Ode 
35 . membrane section 28, and excess hydrogen and humldiftcatlan wat• ._ out ttvough outlet manifold 

.. 14. 

The anode water com-. in through Inlet transverse manifo~.22A. Is heated ~ the serpentine heat 
exchanger 80 where it withdraws half the heat from the reacting H2 and 0 2 in the channels 80 of active 
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area 28 and delivers hot water to the membrane 37 from channel$ 93 in area 48. The cathode water 
correspondingly comes in through manifold 22c receives heat: :iq' serpentine heat exchanger 81 and 

delivers hot water to the membrane 42 from channels 91 in area 49, and this hot water diffuses across the 

manifold ormembrane and Is picked up by incoming cathode air in Channels 89 Jn area 47 on the other 

. . 5 side of the membrane. 

The cathode air comes in through inlet transverse manifold 16, is humidified in channels 89 of area 
47 by the hot cathode water in channels 91 in area 49 passing vapor or molecules through the membrane 
area 42. The humidified cathode air.then passes through Channels 94 in the active area 98, and the Ci 
depleted air and reaction product water ls vented through manifolds 1 SA, B. 

1 O Note the net effect is humidification water vapOI' passes through a fll'St area of the membrane from 

the cathode side to humidify H2 on the anode side of the m.embrane, while water vapor passes from the 
anode side through a second area of the membrane to humidify incoming cathode air on the cathode side. 
A third membrane area is the active area where reaction takes place while water on each side ls used to 
remove half the heat, and the net flow of product water in this zone is from the anode side to the cathode 

15 side. 

The cent• section of Fig. 12 depicts the overall fuel cell operation in which ~ on the anode side 

ls catalytically oxidized to yield two electrons (incflcated by 2e-) at the graphite electrode (anode), arqthe 

resulting two hydrated protons diffuse and are electro-osmottcally pumped through the wet electrolytic 
membrane (indicated by HJH20 in the membrane) to the cathode catalytic site where they combine with 

20 0 2 and two electrons fllldlcated by 2e-) to fonn H20. The upper and lower sections of Fig. 12 depict the 

counterflow humidification mechanism which ls a centrai element of this invention. The electrolytic 
membrane serves a dual roll as a solid electrolyte and humidification membrane. The upper section shews 

oxygen gas on the cathode side being humidified.by water on the anode side. Conversely ~rogen on 
the anode side ls humidified by wat• on the cathode side. 

25 Figs. 13-14 are graphs of the output in terms of cell voltage vs CUITent density of actual test fuel 

cell stacks employ~ the IFMT platelet principles of this invention. In both tests a cell having 2 cells 

employing 7-platelet separators as In Figs. 4-10 were used. The active area totaled 129 square 

centimeters. A pt-black in carbon black coated NAFION Membrane Electrode Assembly from H Power 

Corp. was employed. The operating parameters were: T • 9S-C; P Hz102 • .15125 psig; fuel H2 and 0 2: 

30 As shown In Fig. 13 the cell voltage vs cwrentdensity ls essentially linear betw81.9 vat 50 mNCM2 and 

.4 v at 830 mAICM2. The cell prcducecl at this rate for 8 hrs. The test was terminated due to time 

constraints; not due to cell stack falkn. 

Fig. 14 showS the results for~ ane cell opaatec:t with Hi and air at~ pressure of 25130 pslg at 
SS-C. The QUtpUt fs likewise essentially llnear between .9 vat 10 mNCM2 to ·.4 vat 480 mAICM2. Thecell 

35 produced at this rate for 8 hours. The test was terminated due to time constraints; not due to fuel call 

stack failure. 

Fig. 15 is a flow sheet depicting the principal steps in the platelet manufacturing process involving 

feature fcnnaticn by chemical milling (etching). The steps are as follows: 

_,,_ 
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A. PLATELET STOCK INSPECTION: Incoming platelet stock 110 is subjected to 

inspectiOn 120 to verify material type, rolled ~n8ss. rolled thickness. s~ unifcnnity, and relevant 

supplier information. 

s PLATELET STOCK CLEANING AND DRYING: . Platelet stock is cleaned 130 tor 

s photoresiit ~plication by scrubbing, degrea5in9 and chemiCatcleaning u$ing an automatic machine. This 

process removes residual sheet stock roiling grease and oils. After degreasing the platelet is subjected 

to a mild chemical cleaning at room temperature by a dilute etching s0i~tion to remove oxides and surface 

impurities. For titanfurri the cleaning solution is 3%·9% HF and 10%-18% HN~. For other metals fenic 

chloride of 3Q-45 degree Baume' at room temperature is usecl as the cleaning solution. Platelets are dri9d 
.. . 

10 in a forced convection dryer as the final step prior to application of photOreslst. 

Depending on whether the resist is wet or dry, the resist application proceeds by either Steps c-1 
and C·2, or by C-3, below. 

C-1. WETPROCESSPHOTORESIST APPLICATION: Wetprocessphotcresistallowsthefinest 

resolution of details due to the thiririess of the photoresiSt layer. Wet photores~ is typically applied, 135, 4 
15 using a dip tank. Small platelets may be spin coated using spin coating machines developed for the 

semiconductor industry. 

C-2. RESIST OVEN: Wet resist is baked (cured). in oven 137 to from a hard resilent Jayer. 

c-3. DAY PROCESs PHOTO-RESIST APPLlcATION:. Ory photo- resist is used wNn 

tolerances can be feraxed. F0r ftJel ceil sepaators dry resist is ·typically used. Ory resist is· pe9ted off a 

20 backing sheet ancl bonded, 139, ustn9 a heated roller presS. The roller press is similar to those used In 

the printed circuit indultry. The rolling process automatically peels off the backing material from the 

photoresist. Typical dry photo-resist material is 2 mil •Riston 4620• manuf8cturad by the duPont 

.Company. 

D. PHOTO-RESIST MASK UV EXPOSURE: PlateletS are exposed 140 using a UV contact 

25 exposure machite. Careful attention Is paid to prec. aligriment of ·both sides of the artwork. 

Registration targets are used to aid this precess. 
· £ IMAGE DEVELOPING: Theexposed platelet is passed~ 145, through a developing solution 

and oven. Wet p~ resist Is developed in a hydrocarbon daveloper, .;,,hich removes~ resist. 

Typical developer is •Stoddard's Solution•, part number. GW '325. manufactured by Great Western 

30 Chemicals and ~Acetate, part number cAS 104 46-4, ·~·from Van Waters and Rogers. Wat; 

process devatapma· uses these solutlcns full stra1gth ·at ro0m · temperatLre. Aftfl expOsure to the 

developing agents the remaining wet resist is rebai<ad to form a resilient layel'. Ory pracass developing 

uses duPont •Liquid Developer Ccncentrata•, part number D-4ooo. in a 1.5% solutlan at aaF. 
F. SPRAY.l!l'CH TANK CHBtlCAL MACHINING: .Devebped platelets n etched 150 In 

35 a spray etch tank.. Spray tanks are preferred to dli> tank _. due to the higher thoughput rates. In 

soma~ flnerrasolUticn can beobtaNc:t with dip tank etchers than c8n be obtained froni spray etcher. 

1he etching precess is vary sensitive to the stra1gth of the etchant soluticn., speed of tl\e ccnveyer belt. 

spray praisure and process temperature. Process faadback 155 on these parametas Is maintained 

-16-



W096/12316 PCI'/US95/13325 

during a production run by continuous In-process inspection 152. Une speed is typically varied to obtain 

the desired etch results. . Either ferric chloride or HF/nitric acid solution is used as the etchant. Ferric 
chloride Is used for copper, ~uminum, and stainless steel. HF/ri&;tc;'aeid is used for titanium. For titanium 

. typical e~t c0ncentrationS run ·from 3%·10% HF and 10%·18% HN03• The range of etching 
5 temperatures for titanium are 80-13<TF. For other me~ typical ferric chloride concentrations are ao-45· 

Baume' with the etching temperature maintained in the range of 80-1301=. The.specific concentration and 

temperature conditions can be controlled for each different metal employed. Une speed is a function of 

the number of active etching tanks. Typical etchers are built up from individual etching tanks joined by 

a common ccriveyer. Typical etchers are available from Schmid Systems, Inc. cf Maumee, OH and 

1 o Atotech Chemcut of State College, PA. Platelets are washed in a cascade washer after the last etch tank. 

The cascade washer removes excess etchant prior to inspection. 

G. IN-PROCESS INSPECTION: Platelets are inspected at 152 to feed back etch rate and line 
speed infonnation to the etching process. In-process inspection is typically performed visually. 

H. STRIP RESIST: Wet process photo resist is stripped 160 using a hydrocarbon stripper at 

15 200"F. A suitable one being "Chem Strip•, part number PC 1822, manufactured by Alph8 Metals cf 

Carson, California. Ory process photo resist Is stripped using a commercial strip solution such as 

• Ardrox•, part number PC 4055, manufactured by Ardrox of La Mirada. California. Ardrox is diluted to 1 • ·-3'6 and used at 13<TF. After stripping the platelets are cleaned using a cascade washer. ~ 

I. FINAL INSPECTION: Visual final inspection iS perfonned 165 by measuring and comparing 
20 with the critic81 dimensions 162 selected during the CAO design pr0cess. This infonnation is fed back to 

control the etching and design process. 

The flnatlzed mother sheets cf plateletS 172 are placed in inventory 170 being kept together by type 

or in groups. Note the roll stock iS typically titanium of thickness 4-25 mils (depending en platelet design 

requirements} 35• wide and the platelet blanks are s•x8•, sc that in the continuous feed precess described 

25 above the platelets are arranged 6-up, that is, 6 across the width of the sheel The platelets can be all of 

the same type, e.g. platelet #2 (30-2 of Fig 4.) or In a grouped senes. platelets 1-1 (30-1to30-7). 

Fig. 18 is a precess flowsheet depicting the presently preferred method of bending the platelets 

into mcnclithlc polar separator assemblies. The platelet mother sheets 112 are withdrawn from the 

lnventOly 170 as needed and prccessec1 as ·follows: 

30 A. CHEMICAL CLEANING: Full strength etchant at room temperature is used to clean 
. . 

platelets. 175, to Iran an oxide free surface for bonding. After cleaning the platelets are oven baked to 

dry them. 

: B. PLATELET SINGULATOR: ··Platelet mother sheets are slngulated 180 by cutting the 

bridges holding the featu'ed platelets fn place. in the mother sheet. This Is done prior to stacking to 

35 facilitate the bonding process. 

C. STACKING PROCESS and BOND STOP OFF SPRAY APPLICATION: Platelets are 
. oriented horizontally crdnd (placed in proper sequence), and vertically stacked in sequence 190 on hat 

platens ·having two allgrvnent pins 182. The platelet alignment holes (holes 32 of Fig. 5) are placed over 
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the pins to precisely align the platelets so that mating platelet features correlate to fonn the vias, lands, 

manifolds and channels. Prior to stacking, the hot platens are ~ted 195 with commercially available 

bond stop-off to prevent the platelets from bonding to the Platens. Bond stop-off composition varies 

according to the type of metal to be bonded. Yttrium oxide Is us.ad for titanium and aluminum oxide Is 

5 used other metals. Bond St<?P-Off Is ~ applied between platelet stack assemblies to prevent bonding 
. . . . 

to adjacent stacks. Mini platens are placed between Platel~ stack assemblies to accurately transmit loads 

and facilitate bonding. In this manner up to 100 separators may be bonded at a time in a single bonding 

stack between a top and a bottom platen. 

D. DIFFUSION BONDING: The assembled platelet stacks 190 (platen not shown) are loaded 

1 O into a heated vacuum. p,_. for diffusion bonding 200. Different metals require different bonding 

conditions. Bonding conditions n determined by. a spec~ schedule of applied ram pressure and 
. . . . 

temperature. To initiate the bonding cycle the press Is closed~ evacuated to 10·6 torr to prevent 

oxidation during heating and to degas the interstices .betw...- platelets. Once the appropriate vacwm 
. . 

is achieved; the fumace heat is turned on and the assembled platelet stacks are allowed to thelmatly 4 
15 equilibrate. In some cases partial ram pressure is applied during the heat up period. When thermal 

equilibrium is sphieved.bonding pressure is applied ~r •specified schedule that depends upon the metal 

being boncled. In some ~.post-bond heat treatments are·applied at reduced pressure depending 

upon the types of parts and types of metals being bond&d. Typical bond cycles last 1 o to 60 mi~ at 

900"F to 1700"F und• pressures of 2000 psi to 4000 psi, depending upon the metal and platelet design 

20 to be bonded. Typical heat treatment for Ti ranges from abOUt 1 ~OO"F to about 1600"F for about 60 min 

at 100 psL The temperature is reduced to room temperature upon completion of the bonding and heat 

treatment cycles. When chamber tempsature reaches 100"F to 200"F the vacuum is released and the 

vacuum press is unloaded. 
E. PROOF AND/OR LEAK CHECK: Bonded platelet separators are leak checked, 205, using 

25 a test fixture to apply internal p~ to thechannelS. manifolds and vtas to verify bond integrity, i.e., th8t 

thse are no edge leak$ or i~temal channel short circuits. 

30 

F. POST BOND CLEANING: After leak checking. bond stop off Is clenld 210 form the 

platelet separators usin9 mechanical scrubbing fQllOwed by an acid etch, cascade washing and forced air 

oven drying. . . 

G. FINAL TRIM: Processing aids. SUCh as handling frames and platelet sequencing numbers 

(formed an the edges of the platelets) n removed (cut off) In the final trim operation 215 to prcduce the . . . 

monolithic bonded platelet separator 220 having the intricate, internal micrcchannel fields described 

abOVe. 

H. PASSIVATINQ: Completed titanium separatol'Saa subjeeted to nib'ldlng 225 in a vacwn 

35 furnace. $eparators aa loaded Into a vacuum furnace which is·.evacaated to 1 o-6 torr. Ory nttrcgen is 

introduced into the f1mace to a pressure. of 1 psfg. This cycle Is repeated. Once the final pressure of 

1 psig ts attained· the furnace Is heated to b8tWeen 1200"F and 1625"F for a pa1od of from about 20 to 

abOut 90 minutes. nte specific times and temperature$ depend upon the thickness of the titanium nitride 
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coating desired. The furnace is cooled. repressured and the finished product nitrlded (passJvated) platelet 

separatOr 230 Is ready for tl§embly with EMAs to form individual cells, and a plurality of cells to fonn a 

full cell stack which is hekf~ther with tie rods (passing ttirou~h tioles 34 in Fig. 5) and secured with 

nuts to p~ the stack under compression so it does not leak under applied g8ses pressures. Operating 
=· 

5 a cell of this manufacture Is described above in conjunction with Figs. 11 ·14. 

Fig. 17 depicts the proceSs of preparing the platelet design artwork for the photolithography wet · 

or dry process etching of platelets· desdribed above in Figs. 15 and 16. The steps are as follows: 

A. PLATELET DRAWINGS: Platelet assembly drawings are developed on computer 

automated drawing CAD systems 240. Tiie drawings are dimensioned in net dimensions. Both sides of 

1 o each platelet are finalized as plan views 245. These drawings are electronically transmitted to the platelet 

mask artwork generation CAD system 250. From the CAD drawings an Inspection database 162 is 

generated. This inspection database consists of critical dimensions that need to be verified during the 

artwork creation and manufacturing processes. Both artwork and plateletS are inspected during the 

manufacturing process. 

15 B. MASK ARTWORK GENERATION: Platelet CAD drawings are converted in the mask 

artwork CAD system 250 to photo to0ling maskS for each platelet. Etch factors are applied to each feature 

in each drawing. Etch factors adjust the width of the phototooling mask to the width of the features to 
. -compensate for undercutting that occurs during the chemical etching processes used to mill individual 

platelets. This entails reducing channel dimensions in the photo tooling mask to compensate for 

20 undercutting. Etch facters depend upon the type of metal, type of chemical milling equipment. etch 

speed, type and strength of the etchant used. Fabrication aids are added during the mask generation 

process. Fabrication aids include registration targets, platetet numbers and handling frames to aid in the 

stacking and bonding process. 

C. ARTWORK PHOTOPLO'mNG: Platelet art work is plotted at a 1 times magnification on 

25 a film using an automatic photoplotter 255. 

o. POSITM! INSPECTION: Video inspection of the finished artwork is perfonned, 260, using 

the inspection database 162 generated during the Platelet CAO drawing process. After Inspection the top 

(front) and bottom (back) platelet artworks are joined, 210, in precise registration. 

30 INDUSTRIALAPPLICABIUTY: 

Typical IFMT platelet fuel cells .of this invention exhibit the following operating data: 

Two cell test stacks consus.;lng Hz and Oz or air with a PEM EMA at 9S-C show linear output 

ranging from .4V output at 460 mAlcin2 for ar to 83omAlcm2 for Oz and .9V output a 1 OmAlcm2 for ai' 

to 50mNcm2 for Oz. For full scale fuel cell staCks of 100 IFMT platelet cells power densities will be In 

35 excess of 522 mW/cmz which is equivalent to 6.79kW in acell stack of under 50 lbs. and size of leis than 

13• long x e• wide x a• high. By contrast. a graphite plate fuel cell with output in the range of 5-7kW 

weighs fn the range of from 100-500 lbs. For automotive usage a fuel cell output of 1Q-40kW is required 

and buses 100-150kW is requi'ed. Thus. the IMFT platelet fuel cells of this invention are able to meet 
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current electric vehicle needs. 
; '! 

. . •. For full Scaltt stackS of 1 oo IFMT Pi.tetet cetls of this invention op,.-ating on ~'.'OJ"afr (depending 

on pressure) at .7 v and EMA current densities of 750 mA,ICM2 •. the'power density would be 326 W/kg and 

specific power of 743 kW/m3 (743 W/L). These resu~ are outstanding.as compared to comparable 

5 graphit~RAFlON H2/02 and H2'~ir cells, which produce. I~ ttie rangeOt so to 12s W/Kg. ,,. Is. the IFMT 

platelet cells of this invention have power den~itles of ~ol,lt 3·~ times greater than current graphite fuel 
. . ,··.. . . . .· 

cells. This means the IFMT platelet Hz/air fuel cells of this invention can produce 6~79 kW in a cell stack 

weighing only 21 kg (46 lbs.), with. a volume Qf but 0.009 M3 (0.323 FT3), that is 12.9• tong x 5.a• wide x 
' '. . . . 

1.a• high. This is powa'ful, yet small enough for a !"Ybrid mo~ile veh~ 

1 o It is evident that the improved IFMT fuel cells of this irwention ~ill have wide industrial applicability 

as stationary power SOUf'.Ces, espec~ly at remote home. ind~trial or c~~ sites. f()r miniaturization 

as dedicated single device power sources. and for vehicU ... power, especially heavy construction 

equipment. truckS. rail and ships. The "printing• tEK:hnology used ~ construct the IFMT fuet cells of the 

invention will provide numerous jobs and growth in the field of photolithOgraphy, .etching and cleaning, 

15 assembly, bonding, passivating, distribution and serv~ing .. Th!lmQre than 3-fold improvements in power 

output. reduction in weight/Kw output. the ease of m8'1UfachA and.rapidity of appllcation.speciftc fuel 

cell design disclosed herein are strong bases for concfucling that the invention will .be widely adopted. 

-
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CLAIMS 

1. A polar fuel cell separator comprising In operative combination: a plurality of platelets of 

thin sheetjpaterlal; each platelet haVing features formed Individually therein. said features being selected 

from at least one of metering orifices, ·channels, vias, and manifolds; said features are coordinate from 

platelet to platelet to provide at least one active area micro-channel field; and said platelets are bonded 

5 together to fonn a monolithic separator for disposal in contact with an electrolyte membrane assembly 

in a fuel cell stack. 

2. A polar fuel cell separator as in claim 1 whieh includes features forming at least one 

humidification field for a fuel or an oxidant 

· 3. A polar fuel cell separator as in claim 2 which includes at least one coolant field. 

4. A polar fuel cell separator as in claim 3 wherein said coolant field communicates with at 

least one of said humidification fields to provide heated humidification fluid to said humidification field. 

5. A polar fuel cell separator as in claim 1 wherein said features are formed by a combination 

of depth etching and through etching. 

a. A polar fuel cell separator as in claim 5 wnerein said. platelets are bonded by gluing, or by 

diffusion, welding, brazing or soldering under heat and pressur9. to fonn said monoHthlc separator.· -7. A polar fuel cell separator as in claim a wherein said separator is a bipolar sep•ar 
comprising an anOde side and a cathode side, and said field channels are tailored in length. mierO-channel 

· cross section dimension, and serpentine configuration to the gas composition and viscosity. 

8. A polar fuel cell separator as in claim 6 wherein said separator fields include an Hz 
humidification field, anc:I an PJr/02 humidification field. 

9.- A polar fuel cell separator as in claim 8 wherein said separator fields includes at least one 

coolant field. 

1 o. A fuel cell stack comprising In operative combination: a plurality of cells comprising: ij polar 

separators and membraneeleetrode assemblies in a stacked array: iO an anCde separator end plate at one 

end of said stack In contact with one of said membrane electrode assemblies; and iiO a cathode separator 

end plate at a second end of said stack in contact with a membrane electrode assembly; said bipolar 

5 sepaator, and said anode and cathOde separators are separators as in claim 1; and said cells are 

assembled In SIQUence under compression to form an operating cell. 

11. A fuel call stack as in claim 1 o wherein said features include at least one humidification field 

fer a fuel or an oxidant, and at least one coolant field in communication with said humidification field to 

provide heated fluid to said hurnldiftcatlon field. 

12. A fuel cell stack as in claim 11 wherein said fields are tailored In length,··micrO-chamel 

cross-section dimension and serpentine configuration far H2 as fuel and PJr/02 as an oxidant. 

13. A fuel cell stack as in claim 12 wherein said separators are formed of diffusion bonded 

metal seleCted from Ti, IJ, Cu, w, Niobium, stainless steel. alloys. laminates, ptatlngS ~ composites 

thseof: sa1c:1 membrane electrode assembly Is seleCted from a carbon paper coated PEM and a carbOn 
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paperless PEM, and said separators include a window frame platelet in contact with said carbon paper 

coated PEM or a window screen platelet in contact with said carbon paperless PEM. 

14. A method for producing fuel cell separator assemblies comprising the steps of tom1ing in 

thin shee!.stock a plurality of different Individual platelets, with C®rdinate features selected from micro-
. -·. . . . . 

channels, vias and manifolds, said features together fanning at least o,_ active area field for oxidant or 

fuel consumption in· contact with a membrane electrode assembly: stacking said platelets with said 

5 Individual platelet features in precise alignment with corT8$pa,1cling features of a matingly adjacent platelet 

to provide continuous circulation paths for said oxidant or fuel; and bonding said aligned platelets to fonn 

a monolithic separator having intemal micro-charniels and access manifolds thereto. 

15. A method as in claim 14 wherein said Sheet stock is metat and said fonning step includes 

the step of etch forming said features by a combination of depth etching and thrOugh etching. 

16~ A method as in claim .15 wherein said th~gh etching comprises depth etching selected 

areas from both sides of said sheet stock to depths ~ter than 50% of the sheet thickness. 

17. A method·as in claim 16 wherein.said metat Is .selected from Tl, Al, Cu, w, Niobium, 

stainless steel, and alloys. laminates, platings and composites thereof. 

18. A m~ a=s in cJaim 15 wherein said forming step incJudas photoJlthographically resist 

coating said sheet metal stack to define features thereon •. 

19. A methed as in claim 15 which includes the. step of passivating said separator"'lfter 

bonding. 

20. A method as in claim 19 whEnin said bonding includes diffusion bonding under heat and 

pressure. said metal is Tl, and said passivatlng Includes exposure to Nitrogen at an elevated temperature. 
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