Docket 2000. 129A DI RECT METHANOL FUEL CELL Rel ated Application This

application is a continuation-in--part of co-pending U S. Patent

application serial No. 10/798,032 filed March 11, 2004. Field of the

Inve p tion is directed to a direct nethanol fuel cel
2§b8%agﬂgggﬁn%é§ the I nvention The direct nethanol fuel cell (DWC)

catalytlcally oxi di zes nethanol to generate electricity. The DMC differs

from PEM (proton exchange_nenhrane solid poI mer fuel cells, which use

hydr ogen gas for generatlnalgﬁggtﬁ ﬁﬁ%oHaEQEﬁaj Ladvant age of the DVFC

over the PEMfuel cell is its ability to use nethanol, a relatively

i nexpensi ve and easily handl e&e &&E@ﬂlé@E@&Eﬁte@@pared to hydrogen gas. One
maj or di sadvantage of the DMFC, when conpared to the PEM fuel cell, is

met hanol crissoygplidkt hanol scaossavénuadtotr snwhertnmethanephehdonygt tesanode
crosses to the cathode. This causes the |oss of efficiency of the cel
Neverbgeéeesapﬁbfcwf&l 8pPean SNbo @@/aggl @@bef@%aahhecaow sguice for
devi ces such as cellular or nobile tel ephones, and handhei d or [ aptop
conput ers.

Field of the Invention

The application is directed to a direct wmethanol fuel cell

{DMFC]) .

Background of the Invention

The direct methancl fuel cell (DMFC) catalytically oxidizes
methanol to generate electricity. The DMFC differs from PEM
(proton exchange membrane) or solid polymer fuel cellg, which use
hydrogen gas for generating electricity. One major advantage of
the DMFC over the PEM fuel cell is its ability to use methanol, a
relatively inexpensive and easily handled material when compared to
hydrogen gas. One major disadvantage of the DMF(C, when compared to
the PEM fuel cell, is methanol crossover. Methancl crossover
occurs when methanol from the anode crosses to the cathode. This
causes the loss of efficiency of the cell., Nevertheless, the DMFC
appears to be a viable portable power source for devices such as

cellular or mobile telephones, and handheld or laptop computers.



- 1 "Types of Fuel Cells,” Fuel Cells 2000, ww. fuelcells.org; Thomas, et
al; "Fuel Cells-Geen Power," Los Al anps National Laboratory, LA-VR
-99-3231. The DMC i s an el ectrochem cal device. The anodic catal yzed

react i b §! o LB o) > CGeRe1 Bkt & Heodheypat hadi Cetakaby edmsasgl on
is: 3/ 02 + 6H+ + 6e- > 3H20 The overall ceﬂ—r@am-crrrrs—%ﬁs 3/2 02

o CCE%ti% ?ﬁ é%%iig ngéﬁtﬁoﬁé ijftgéQQféTo%I&%998H£14B %8r egp?ratures

of I'Ci enci €s W ncrease a opera
tenperatures Fuel Cells 2000, Ibid; Thonas, Ib|d As with any chemi cal
react PAnYRT&act&hts, products, and unwanted products (by-products) beconme
m xed as the reaction proceeds, and separation of these materials is an
engi neering challenge. So, at the anode, nethanol, water, and carbon
dioxide will be m xed together. One nust be careful that excess nethanol
not accunmuliat eDigiC t he amodkebderavisenitalv ddévicossovee ahedpeotanalgsaducti ng
menbrane (PCM and decrease the cell's efficiency.
reaction is:
CH3;0H + H,0 > CO, + 6H + ge”
The cathodic catalyzed reaction is:
3/2 O, , 6H" + 6e” > 3H0
The overall cell reaction is:
CH;C0H + 3/2 O, » CO, + 2H0
These cells operate at efficiencies of about 40% at temperatures of

50-100°C, the efficiencies will increase at higher operating

temperatures. Fuel Cells 2000, Ibid; Thomas, Ibid.

As with any chemical reaction, reactants, products, and
unwanted products (by-products) become mixed as the reaction
proceeds, and separation of these materials 1s an engineering
challenge. 8o, at the ancde, methanol, water, and carbon dioxide
will be mixed together. One must be careful that excesgsg methanol
net accumulate at the anode because it will crossover the proton
conducting membrane {PCM} and decrease the cell’'s efficiency.

Water is good for the PCM, which needs water to maintain its proton

conductivity, but if water accumulates, it can prevent methanol



Water is good for the PCM which needs water to maintain its proton
conductivity, but if water accumul ates, it can prevent nethanol - 2
reaching the catalyst, or it can be recycled back into fuel mxture

it candd MdRHNEy fugl oRathyHan decreass, the rabfdrdensy-ofihhe €641 -

Car bon di oxide (or COxs) mist ‘be removed to al l'ow roomfor t he fuel
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wher e
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r eachiong 1 ke maathdde e okl 1ainges engdsy t Shlrrtioregorabl i s managi ng

the reactant/product issues without greatly increasing the size or

wei ght

of t kg MNMEE@nOMEG ssufdregget ed, in part, at a portable power source for
cellular or nobile tel ephones and handheld or laptop conputers. In WO
02/ 45196 A2, a DMFC is disclosed. Referring to Figure 3, the DVMFC 40 has

proton conducting nenbrane (PCM 80 with CQO2
Likewise, at the cathode, oxygen typically from air, must

reach the cathode and water must be removed. If oxygen cannot

reach the cathode, efficiency drops because the cathode half cell

reaction 1s impeded. If water, which can be used to moisten the

PCM, is allowed to accumulate, it will prevent oxygen from reaching

the cathode.

One challenge related to the foregoing is managing the

reactant/product issues without greatly increasing the size or

weight of the DMFC. DMFC is targeted, in part, at a portable power

source for cellular or mobile telephones and handheld or laptop

computers.

In WO 02/45196 A2, a DMFC is disclosed. Referring to Figure 3,

the DMFC 40 has proton conducting membrane (PCM) 80 with CO,

conducting elements 52. On the anode side 41, there is a

conducting plate 23 that has a flow field 25, a gas diffusion lavyer

44, and an anodic catalyst 42. On the cathode side 31, there is a



conducting el enents 52. On the anode side 41, there is a conducting plate
23 that has a flowfield 25, a gas diffusion layer 44, and an anodic
catal yst 42. On the cathode side 31, there is a conducting plate 33 with a

flow £1,650-3bng 8, 028 bt f YstAnal aysy #8e14284 aacgéggggggggilg%ﬁst&ﬁggﬁ The

catal yst, anode or cathode, I's applied to either CM 80 or

to the _gas diffusion ers,44, . espective flow fields are in

connu%?%a?i%%thﬁf?hc?%%? S#e%ééct?ﬁ% %%ga%Y?EUS?%%S?a§5rgagﬁag?helgonbined

action f these flow fields_and diffusion Iggers is intended to _ensure the
y

even TPEL+FBUL? ofrt OFST eRcPUAEECE 0 hEPRal Al Ghd=Phe"ef BRE BAF FUPERBvVal of
unwant ed products, by-products, and unreacted reactants for the reaction.
The ghaversfasi ohf | ayBre aeeraabevef ftavbbheldpbarepaperoanundeatapbon fi ber
cloth and may be "wet-proofed” with PTFE polyner. Note that the gas

di ffusioh thyer, respattyste gad BCMuaieni hagéoseandnthet conbpnedovsetion

el ectrons or protons conductivity. On the anode side, fuel (nethanol,

net hapel tMesEr Fidy ef 1dBds hhQUHET ONsYEROIafoF8) i5Sihpthadyced ahsone end of
the flowfield 25, and by products (water, C02, and un-reacted fuel) are

|t onaga™ o or pea Eher Bk Bt 3beoo chia et oY B Ut er eproatect at the

anode, Lo 09t JPANA0: L& BE0al e i Coga8 dhl kS Ok A8 ed2ied reactants

for the reaction. The gas diffusion layers are made of carbon
fiber paper and/or carbon fiber cloth and may be “wet-proofed” with
PTFE polymer. Note that the gas diffusion layer, catalyst, and PCM

are in close contact to promote electrons or protons conductivity.

On the anode side, fuel (methancl, methanol/water in either
ligquid or vapor form) is introduced at one end of the flow field
25, and by products (water, CO;, and un-reacted fuel) are removed
at other end of the flow field 25. C(CO; produced at the anode is
intended to cross the PCM 80 via CO; conductors 52. Water produced
at the anode is not meant to remain in the gas diffusion layer 42
as is apparent from the use of the PTFE. ©On the cathode side, air
(the source of 0O,) 1s introduced at one end of flow field 35, and
water, unreacted air, and C0, are removed at the cother end of flow

field 35. Water produced at the cathcde is not intended to remain



as is apparent fromthe use of the PTFE. On the cathode side, air (the
source of 02) is introduced at one end of flowfield 35, and water,
unreacted air, and CO2 are renoved at the other end of flow field 35.

Wt er; pragucpes ai; £ Hes £ah hogdea Sa 10l s | Nt endes £9: r 8Bk Nche duskNokhengas

di ffusion |l ayer 48 as is apparent fromthe use of the PTFE. In U S Patent
Appl i g¢atd on Publication 2002/0192537 Al, another DMFC is disclosed. This
DMFCis similar to the foregoing DMC, except the carbon paper or carbon
cloth gas diffusion layers are replaced with a porous netal |ayer. See

par agr aphs [0022- 00241 . Accordingly, there is a need to inprove reactant,
product, and by-product nmanagenent at both the anode and cat hode of DWVFC
while notIBsitgnt fiRameny ARt EcRE HP t idP 51 SR briwe? Gh{ 0 b928HE BvFC. Sunmary
of the Invention A direct nmethanol fuel cell has a proton conducting

menbr amet hg PONEC al e s abgbesed. coftbetDMFE hi ¢ heiPCMir at gasheli fdusgonngayer
in contact with the catal yst, and a conducting plate in contact with the
gas dpMFmSi - RiTh e ecafihen gaspelt fdustcorbéayel ochngss S&51 fus hen- ef-akki
m croporous nenbrane. The non-netal lic m croporous

are replaced with a porous metal layer. See paragraphs [0022-

0024].
Accordingly, there is a need to improve reactant, product, and
by-preduct management at both the anode and cathode of DMFC while

not significantly increasing the size or weight of the DMFC.

Summary of the Invention

A direct methanol fuel cell has a proton conducting membrane
(PCM}, a catalyst in contact with the PCM, a gas diffusion layer in
contact with the catalyst, and a conducting plate in contact with
the gas diffusion membrane. The gas diffusion layer comprises a
non-metallic microporous membrane. The non-metallic microporous
membrane may be a microporous membrane, a laminate of a microporous

membrane, and a skinned microporous membrane.



menbrane may be a m croporous nenbrane, a |am nate of a m croporous

menbr ane, and a ski nned m croporous nenbrane. Description of the Draw ngs
For the purpose of illustrating the invention, there is shown in the
drawings a formthat is ppesenibyipnebértrd; préwbeysg understood, however,
that this invention is not limted to the precise arrangenents and

i nstrumentgdt tdes Féiguipldsﬁﬁatﬂlﬁgh@ff@tirﬁvéﬂdi@ﬁ r aEl'a@Peoisasl%d}ﬁCt
nmet hanol fuel cell C) made according to the present invention. Figure 2
is a I?%\J/_lscqug t %erg) g the side
W th Pﬂ l’Pz‘mrge poresa( I gure IS a%ﬂa ﬁfc%rap f(%olg‘g))/\h%f t he
asymet

I ne of Fi show n the side with the Sq® ores
Fi gur%lciﬁjf%t%o h %‘Yﬁ%?%g?ﬁlaib% ZtéEjl\ﬁ X1O0) - o the %%E/grfe‘?ﬁ% }F%ne of
Figure 2 showi ng a cross-secti onal view of the menbrane. Fi gure 5is a
phot GHAT Y DA TSEMRIBOOT)? of B SRITRER! Hetf? aifto"showi ng the side with the
| arge pores. Figure 6 is a photom crograph (SEM X15000) of the skinned
menbrane of Figure 5 showing the side with the no pores. 6

Figure 1 is a schematic illustration of a direct methanol fuel

cell (DMFC) made according to the present invention,

Figure 2 is a photomicrograph (SEM X5000) of an asymmetric

membrane showing the side with the large pores.

Figure 3 1s a photomicrograph (SEM X5000) of the asymmetric

membrane of Figure 2 showing the side with the small pores.

FPigure 4 is a photomicrograph (SEM X1000) of the asymmetric
membrane of Figure 2 showing a cross-sectional view of the

membrane.

Figure 5 is a photomicrograph {SEM X15000) of a skinned

membrane showing the side with the large pores.

Figure 6 is a photomicrograph (SEM X15000) of the skinned

membrane of Figure 5 showing the side with the no pores.



Figure 7 is a photom crograph (SEM X15000) of the skinned nenbrane of
Figure 5 show ng a cross-section of the side with no pores. Figure 8 is a
schematic illustration of a plurality of DMC s connected in series. Figure
9 is a schematic illustration of a plurality of DVMFC s connected in
parallel. Description of the Invention Referring to the draw ngs, wherein

like ele t V- aT¥les =14 sﬂo;/@? EQ ect

met hanol %%ﬁlﬁ%lf iési%tpem 10. %lev?: A’l@it em 10 1 nc egfa%kﬁgé&a fuel
source and ctrical circui may ncI ude Qoe or rmre DI\/FC
Fuel souxr%nee 17 ‘im? oér age-vesiel (%% S con talr%% % ‘?’ﬂatlﬁ%rkr\olf1 a
m xture of net hanol and water. Electrical circuit 16 |ncI udes a svmtch 18
and a&%%at- 20. Load 20 may be any device that requires electricity, such as
a cellular or nobile tel ephone, or a handheld or |aptop conputer, or the

i ke. Fuel is supplied to DMC 12 via line 22 fromsource 14 and is
returned to source 14 via line 24 fromDWC 12. Air is supplied to DVFC 12

via line 26iqantk vented feonem™MEC: 121 Wisttatneo®8f a plurality of DMFC's

connected in series.

Figure 9 is a schematic illustration of a plurality of DMFC'’s

connected in parallel.

Description of the Invention

Referring to the drawings, wherein like elements have like
numerals, there is shown in Figure 1 a direct methanol fuel cell

system 10.

DMFC system 10 includes a DMFC 12, a fuel gource 14, and an
electrical circuit 16. DMFC may include one or more DMFC. Fuel
source 14 is a storage vessel that contains the fuel, methanol, or
a mixture cof methanol and water. Electrical circuit 16 includes a
switch 18 and a lcad 20. Load 20 may be any device that requires
electricity, such as a cellular or meobile telephone, or a handheld
or laptop computer, or the like. Fuel is supplied to DMFC 12 via

line 22 from source 14 and 1s returned to source 14 via line 24



DMFC 12 includes a nenbrane el ectrode assenbly (MEA) 30 preferably
sandwi ched between a pair of collection plates 32, 34. Collection plates
are electrically conductive and are coupled to electrical circuit 16.

Col | egtd @@t £ 32 Anel udes g fueh cdisurbbubi ona chanaet s 3603 Xenend of
channel 36 is in fluid communication with line 22 and the other end of

channgﬁNQQNhﬁﬂib &%gifiﬁg. nication with line 24. Collection plate 34

i ncludes an oxidant distribution channel 38. One end of channel 38 is in
fluid comunication with line 26 and the other end is in fluid

comuni cation with line 28. The geonetry of channels 36 and 38 is such that
fuel or oxidant is evenly distributed to the catalysts of the DVWC 12. MEA
30 i ncl udedMEL pkot BACEORET T | HYUedd? apeSf PER)C 40558 TRl ¥n (MBAbdéOcat al yst 42
on one side thereof and a cathode catalyst 44 on the other side thereof and
al | seneiechzly berndehched defvesion phayers 451hadti8n POM 49 B8, 34.
conventional, for exanple NAFION(r) from DuPont, WImngton, DE or the
hybr i doBBtcf Dfit hpl i O H2¢ 4BNO64A21 cal hgorpndateilvhesrd naby cefpledces Anode
catal yst 42 may be adhered to a face of PCM 40 or adhered to the fiber

surf agescofi @araspPppuifi ber nad1Decel @hhpirhikevws senctadhode gatal yst 44 may
be adhered - 8
distribution channel 36. One end of channel 36 is in fluid
communication with line 22 and the other end of channel 36 is in
fluid communication with line 24. Collection plate 34 includes an
oxidant distribution channel 38. One end of channel 38 isg in fiuid
communication with line 26 and the other end is in fluid
communication with line 28. The geometry of channels 36 and 38 is

such that fuel or oxidant is evenly distributed to the catalysts of

the DMFC 12.

MEA 30 includes a proton conducting membrane (PCM} 40 with an
anode catalyst 42 on one side thereof and a cathode catalyst 44 on
the other zide thereof and all sandwiched between gas diffusion
layers 46 and 48. PCM 40 is conventional, for example NAFION® from
DuPont, Wilmington, DE or the hybrid set forth in WO 02/45196A2,
incorporated herein by reference. Ancde catalyst 42 may be adhered
to a face of PCM 40 or adhered tc the fiber surfaces of a carbon

fiber mat or cloth. Likewise, cathode catalyst 44 may be adhered



to the other face of PCM 40 or adhered to fiber surfaces of a carbon fiber
mat or ‘cl oth. The anode and cat hode catal yst are conventional and the
nmet hods of adhering sane are al so conventional. The gas diffusion |ayers 46

and 48 naye COMPEL SEade NON-PEN Al | 6r HA6E BPONOLISE NBEbr anerales- setal lic
m cr oporous nenbrane, as used herein, includes a m croporous nenbrane, a

| am nal Qi @i bl CROPASOUSL SBITLT 2N (8ndde LG QArHDAE BRADIBRES, Qr
menbranes and coatings), and a skinned m croporous nmenbrane. Optionally,

the '{@%ﬁéﬁéf ﬂ&r%@r@éﬁéﬁ@n@”&dﬁ@yﬂ Céé’rﬁ@ Qﬁéi QféﬁSUbSt rate, e.g.,
a carbon fiber substrate. Such nmenbranes may” be furthér characterized as
flat sheet nenbrfnes having a thickness from1l to 300 mcrons. The
non- MEt'al T+ $er opor ous menbrane may take on several different forms, the
ultimate form bei ng dependent upon the desired function of the nmenbrane.
Functions of the menbrane will be dependent upon whether it is |ocated on
the anode side or the cathode side. Functions for nenbranes at the anode
side my Thelgae, dafonelior layeowbifhatidms aldpowogpt heef aehobhempasslio t he
catal yst; preventing accunul ati on of water at the catal yst; renoval of
wat erm{dompdheusatahtysdne butNdwimé ©alhec fbdr Sosrees peeveatiéNgdas used
herein, includes a microporous membrane, a laminate of a
microporous membrane (e.g., one or more membranes, or membranes and
coatings), and a skinned microporous membrane. Optionally, the
non-metallic microporous membrane may include a fiber substrate,
e.g., a carbon fiber substrate. Such membranes may be further

characterized as flat sheet membranes having a thickness from 1 to

300 microns.

The non-metallic microporous membrane may take on several
different forms, the ultimate form being dependent upon the desired
function of the membrane. Functions of the membrane will be
dependent upon whether it is located on the ancde side or the
cathode side. Functions for membranes at the anode side may
include, alone or in combination: allowing the fuel to pass to the
catalyst; preventing accumulation of water at the catalyst; removal
of water from the catalyst, but not te the fuel source; preventing

accumulation of MeOH at the catalyst thereby reducing the chance



accurul ati on of McOH at the catal yst thereby reducing the chance for
net hanol crossover, allowing MeOH to return to the fuel source, preventing
accurrul ation of CO2 at the catalyst. Functions for nenbranes at the cathode

side paY hachidsl a-88800Eri NatoBRiAgteoH theprYaknof cURRECESSAr ¥oWRLET ;
renmoval of CO2_ Non-netallic nmenbranes suitable to address these functions

inC'US?ePQﬁ%%ﬁ%L%c@&mﬁfééﬂbﬁ B CEQPY OUS O JIA AL OUS nu??%§f%§gkinned

menbr-anes, ric or asymetric” nenbranes, si‘ngle or r ed

menbr an n I nat,i her eof . _Such ranes _are known,,see for
exanpl B RRSTS i T B TEL B gl e TRRR e r anne SR Rar R sk
Wley & Sons, New York, NY (1985), incorporated herein by reference. Such
nenbrﬁﬁﬁgvﬁino%eu%%%%e%?arVaW?Bﬁ  pbEYHERS, ©F of Vexanpl e, pol yol efins (e.g.,
pol yet hyl ene, pol ypropyl ene, poly-3-nethyl butene-1,

pol y- 4- net hyl pentene-1), vinyl polyners (e.g., polystyrene, poly(nethyl
net hacryl ate), fluorine-containing polyners (e.g., polyvinylidene,

pol . yvi nyl ¥en rre¢ thyl 5i¢ anembfhnes ovunydlel iyt enaddietsaf theseefhytenens

copol ynmer), polyam des (e.g., nylon 6, nylon 66, nylon 12), polyesters

(e. 9. inpohyespelyher pbt bal ateampel ybot ybehcust 6F epbhpalats, membranes,

pol yet hyl ene- 2, 6- napht hal ate), pol ycarbonates (e.g.,

pol y- 4k fnndi yGoxy i PheBhme 8r 22 PLOPEHSnkaF PORakE rrRRLYCt BeLS1e or
multi-layered membranes, and combinations thereof. Such membranes
are known, see for example, Kesting, R., Synthetic Polymeric
Memhranes, 2nd Edition, John Wiley & Sons, New York, NY {1385},
incorporated herein by reference. Such membranes can be made of
various polymers, for example, polyolefins (e.g., polyethylene,
polypropylene, poly-3-methylbutene-1, poly-4-methylpentene-1},
vinyl polymers {e.g., polystyrene, poly(methyl methacrylate),
flucrine-containing polymers (e.g., polyvinylidene,
polyvinyltrimethylsilane, fluorovinylethylene/tetrafluorcethylene
copolymer), polyamides (e.g., nylon 6, nylon 66, nylon 12),
polyesters (e.g., polyester terphthalate, polybutylene
terephthalate, polyethylene-2,6-naphthalate), polycarbonates {(e.g.,
poly-4,4’ -dihydroxydiphenyl -2, 2-propane carbonate), polyethers
(e.g., polyoxymethylene, polymethylene sulfide), poclyphenylene

chalcogenides (e.g., polythicether, polyphenylene oxide,

polyphenylene sulfide}, polyether ether ketones (PEEK)}, polysulfone

- 10 -



(e.g., polyoxynethylene, polynethylene sulfide), polyphenyl ene

chal coge
sul fide)

ni des (e.g., polythioether, polyphenylene oxide, polyphenylene
, pol yet her ether ketones (PEEK), polysulfone - 10 (PS),

pol yetdher s qu&ﬂ&&)lf&%yim@ﬁ?,p@wyﬁ&@j 'cgg;et(ﬂ?@ﬂmid@@l Lt ose

acetate (CA), pol ydi nmet hyl si

oxane, bl'ends of t f oregoi ng, conpositions

2 . Cher o : (
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surface;

e conpositlon, copol'yners there ynmetric menbr anes

menbranes with dianeters that vary from one surface, to_another
P T BT T S ST B e R S het Bnbr anes to
r; pores wth decreasing dianeters fromone surface to a point
ﬁﬁ@gite
pores with increasing dianeters fromone surface to a point between

t he neorylame surfleses>fand decreasing dianeters to the opposite surface).

Ski nned
asynmet r

m cr opor ous nenbranes include m croporous nenbranes, symetric or
ic, that have at | east one "dense" gas separation |ayer. Typically,

this dense layer is located at one or both of the nenbrane's surfaces, but
may be | 0GatRgheM it iddf®ranes include membranes with diameters that

vary from cne surface to another (e.g., pores with decreasing

diameters from one surface of the membranes teo the other; pores

with decreasing diameters from one surface to a point between the

.

membrane surfaces and increasing diameters to the opposite surface;

pores with increasing diameters from one surface to a point between

the

membrane surfaces and decreasing diameters to the opposite

surface).

Skinned microporous membranes include microporous membranes,

gymmetric or asymmetric, that have at least one “dense” gas

gseparation layer. Typically, this dense layer is located at one or

both of the membrane’s surfaces, but may be located within the

membrane’s interior (i.e., between the surfacesg). Additionally,
the dense layer may be hydrophobic or hydrophilic. The dense layer
may be characterized as ncon-porous, but may include nanopores. The

dense layer may have a gas selectivity, i.e., the ability to

diffuse one material preferentially over another. Exemplary dense



menbrane's interior (i.e., between the surfaces). Additionally, the dense

| ayer may be hydrophobic or hydrophilic. The dense |ayer may be

characteri zed as non-porous, but may include nanopores. The dense |ayer nay
have laygas selyedidwd tQr/N,. 8ag bbkeabilityetoofdif buse greameierirab.o or
preferentially over another. Exenplary dense - 11 |ayers may have 02/ N2 gas

sel eqfdadiddes Qixekapd OFy HEHMELN Hferls Yy nHLAtE)/n,ExeMRLaryidensekayers

may have CO02/N2 selectivities of 6.0 or greater or 8.0 or greater.

Addi td d nenbrane JQQ% #9¥§rfunctional coatings/additives,
exanﬁ*g?qh§§¥65E%E|c or hyg?op:€ Ic mterials. Such materials are

conventional. The nenbranes may also include permsel ective gels or

for

pol ymers that preferably pass one or nore of the reactants, products, or

by- products,  Such perm selective gels or polyners are conventional .
per m sel edt4e 1Rk ey faltr&?od‘l“?i‘]blfad?ese%%ﬁblké?"%

menbrane or be sandw ched between nenbranes. As an exanple of the

f or egusiatgi nameadrbyt s arf as yaratr e, hedmrrimeb{poreshvdtdpkiekieasi ng

Such a

oHAFNEC R, more si des of t he

di aneters fromone surface of the nenbranes to the other) that is coated
W t h ra tdepdiragghobisuatatertieatialon dve surfaceiand h. t Ehaanendyrgosesnayihi s

menbr ane, whi ch coul d

also include perm-selective gels or polymers that preferably pass

one or more of the reactants, products, or by-products. Such perm-

selective gels or polymers are conventional. Such a perm-selective

material could, for example, coat one or more sides of the membrane

or be sandwiched between membranes.

As an example of the foregoing, one may use an asymmetric

membrane (pores with decreasing diameters from one surface of the

membranes to the other) that is coated with a hydrophobic material

on the surface with the narrow pores. This membrane, which could

be used at either the ancde or cathode, would be placed in the MEA

with the coated face toward the PCM. Thereby, water, a reactant at

the anode and a product at the cathode, and retained around the
PCM, is available to moisten the PCM so that its proton

conductivity is maintained.



be used at either the anode or cathode, would be placed in the MEA wth the
coated face toward the PCM Thereby, water, a reactant at the anode and a
product at the cathode, and retained around the PCM is available to

noi sten the, RGNV s thatc HdiS HEhOTe SONBAGIIAH £ Ve | BeliBd- St ad Nt o 12 By yay
of further exanple of asymmetric nmenbranes reference is made to U S. Patent

No. 4, i i es et {16 rane, i ncor herei n by
r ef eﬁ%aﬁ%e.&glj}é'\é@'m%%arﬁgﬁ'an4 'Egzél made ‘%}l%@ous %So?%/ner%, én%%lggt he |ist of
pol yners set forth abovet.edT menbranes are furtger characterized qz

ese
havi A5 "5 S Kppar@hi ER/gRT et reabt 114 yF TSErHTS ent™ & rEoh t dnper atures
(25C) that_ is at least. 3 tines greater than Ctége appar ent oxygen
per mEEHIT iy CHSTITIRNY @Bt or - tthet icHr v ;ﬁﬁﬁﬂl@fwﬁ@
(symretrical) nenbrane, and havi ng an oxygen-nitrogen separation

coef fakgent (TGRSR wmoanaasira . urige agfagienizéeqrahdraeiampre of
asymetric nenbranes, reference is made to Figures 2, 3, and 4,

phot apenogitaphsyadn aeRivie alfiplol yyretdn/d fpieniteerte )a @ stysmnet tréwpematrane( 2 FH Qur es

2 - 4illustrate an asymetric menbrane having pores that have decreasing

di ametiefts id ramiengssw fiaeeed gide of hefan Ithdigierent tde i f ace having
permeability coefficient (@25°C} for the corresponding homogeneocus

(symmetrical) membrane, and having an oxygen-nitrogen separation

coefficient (@25°C) of at least 1.2,

By way of still further example of asymmetric membranes,
reference is made to Figures 2, 3, and 4, photomicrographs of a PMP
(polymethylpentene) asymmetric membrane. Figures 2 - 4 illustrate
arl asymmetric membrane having pores that have decreasing diameters
from one surface to the other. In Figure 2, the surface having
large pores is illustrated. In Figure 3, the surface with small
pores is illustrated. Figure 4 is a cross-sectional view of the
membrane with the large pore side at the bottom and the small pore

side at the top.

By way of yet another example of non-metallic microporous
membranes, reference is made to Figures 5, 6, and 7,

photomicrographs of a PMP (polymethylpentene) skinned membrane.

- 13 -



| arge pores is illustrated. In Figure 3, the surface with small pores is
il'lustrated. Figure 4 is a cross-sectional view of the nenbrane with the

| arge pore side at the bottomand the small pore side at the top. By way of
yet aneflieys exanpl el 0fudtore et 1 rirge dri ek 108 Sha WD ehess fledereaee is
made to Figures 5, 6, and 7, photom crographs of a PMP (pol ynet hyl pent ene)
ski nned. RHINRANQY i amdiZe Ft RWES che it fAMSTEQLK Skbneds freibL afepbavi ng,

pores that have decreasing dianeters fromone surface to no pores at the

ot herpidugce f,gucrkﬁe 5%%&&%5&%%;;0%}4%1% éq’?&f&e :Paorzglzl_&%ﬂéé‘ét r %Sd]?i%;@re

Fi gure e surface wth no res ustrat gure 7 is a Cross-
sectional,_ view of part .of the nenbrane with the dense |layer at the right.
Fi gurGZfs %lear?dlrﬁfoa}qqu'éjttr%tréo fqﬁlfef?erlserfglojdi‘%&f%e%f Plﬁ]egu]i’%v{enﬁ' oh. “¥%3% hese

enbodi nments, a plurality of DMC s are joined together to forma stack 50.

| n Fisfiite B2k AE rE LAE fife Ghi MRIMPTIS erids. e F9RER el BYSY hat DVET s 12
are joined in parallel. The present invention nay be enbodied in other forns
wi t houtghtdeparting fromthe spirit and the essential attributes thereof,

and, accordingly, reference should be nade to the appended cl ai ns,

Figures 8 and 9 illustrate further embodiments of the
invention. In these embodiments, a plurality of DMFC’s are joined
together to form a stack 50. 1In Figure 8, the DMFC’'s 12 are joined

in geries. In Figure 9, the DMFC’s 12 are joined in parallel.

The present invention may be embodied in other forms without
departing from the spirit and the essential attributes thereof,
and, accordingly, reference should be made to the appended claims,
rather than to the foregoing specification, as indicated the scope

of the invention.

- 14 -



rather than to the foregoing specification, as indicated the scope of the
invention. - 14 In The dains: 1. A direct nethanol fuel cell conprising a
proton conductive nenbrane a catal yst juxtaposed to said proton conductive
menbrmanehea @asindi:f f usi on | ayer juxtaposed to and covering said catalyst,
said gas diffusion |ayer conprising a non-netallic m croporous nmenbrane a
conducting plate juxtaposed to and covering said gas diffusion |ayer and
having a flow field therein, said flow field being in conmunication with

sai d gas diffusion layer herely @, duels Comyqsl; thanol bei ng
catal ytically convertegﬁto electricitfﬂby st?%ﬁg . 2. The cell of daim1l

wherei n said gas %%&E9§i%p kl %Fffq{tﬁegu%pnprises a hydrophobi ¢ coating
next to said c§t§1yst. 3 e cell "of aim 1 wherein said non-netallic

m cr opor ous nenbrane _being a polyneric or ceram c m croporous nenbrane. 4.
The cell of O & rﬁasta\ﬂﬂé@rteijh”%% 561 YR rdad dréthinate Oﬁl‘ﬁbcmr?ﬁ‘dé“%‘fb@rt?ol ymer

sel ected fromthe group consisting of
a gas diffusion layer juxtaposed to and covering said

catalyst, said gas diffusion layer comprising a non-metallic
microporous membrane

a conducting plate juxtaposed to and covering said gas
diffusion layer and having a flow field therein, said flow field
being in communication with said gas diffusion layer

whereby a fuel comprising methanol being catalytically

converted to electricity by said cell.

2. The cell of Claim 1 wherein said gas diffusgion layer

further comprises a hydrophobic coating next to said catalyst.

3. The c¢ell of Claim 1 wherein gaid non-metallic microporous

membrane being a polymeric or ceramic microporous membrane.,

4. The cell of Claim 3 wherein said polymeric membrane being
made of a polymer selected from the group consisting of
polyolefins, vinyl polymersg, fluorine-containing polymers,

polyamides, polyesters, polycarbonates, polyethers, polyphenylene



pol yol efins, vinyl polynmers, fluorine-containing polyners, polyam des,
pol yesters, polycarbonates, polyethers, polyphenylene - 15 chal cogeni des,
pol yet her et her ketones, polysulfone, pol yet her sul f one, polyi m des,

pol yether tagdlesdes Cebd 1 OSE=ACEE BE L, ke POhyE] MBO YL Sl Fexane, bl ends of the
f oregoi ng, conpositions including other materials wherein the foregoing

pol yg‘%ﬂ&gﬁé&&?&&e M) O 44 %1 @b st hsopp@mﬂ&;@@es9n9e§99%¥gegéekggé?of . 5.

The aim 1 whereih said non-netall[ic m croporous nembrane befng an

o el i Fopor he_bel
eyt ST o Rand o £ e AL h oL D SRR TSR 28 of s

menbr ane. and t he narr ower di anet ers bei next to,said catalyst. 7. The cel
of | O T4 1 SIS FOhE hBt SPFFE: menBt ane” Ber G0 aPokV HREACHERBH SRE. 28,
The cell of claim7 wherein said skinned nenbrane having an 02/ N2
sel ectRVPFYEHIOD DherCrRaseEion, IJpe ¢@PPlvicEs atAerYeRherein said skinned
menbrane having a CO N2 selectivity of 5.0 or greater. 10. The cell of Caim
1 wherein said non-netallic mcroporous nenbrane conprises a multil ayered
menbr ane, wherein one said |ayer

5. The cell of Claim 1 wherein said non-wmetallic microporous

membrane being an asymmetric membrane.

6. The cell of Claim 5 wherein said pores of said asymmetric
membrane having a decreasing diameter across a thickness of said

membrane and the narrower diameters being next to said catalyst.

7. The cell of Claim 1 wherein said non-metallic membrane

being a skinned membrane.

8. The cell of claim 7 wherein said skinned membrane having

an 0,/N, selectivity of 1.2 or greater.

5. The cell of claim 7 wherein said skinned membrane having a

C03/N; gelectivity of 6.0 or greater.

10. The cell of Claim 1 wherein said non-metallic microporous

membrane comprises a multilayered membrane, wherein one said layer

- 16 -



- 16 being a thernoplastic m croporous nmenbrane and anot her said |ayer
béing a permselective layer. 11. The cell of Claim 10 wherein said

permsel ective | ayer being a gel permselective material. 12. The cell of

G ai mdiwhey aile sadpl Aot dreh ot T oo s aponiotsnerenhd aneotiee Ngsaid abapate of a
m croporous nenbrane. 13. A direct nethanol fuel cell conprising a proton

condqgéiiryg? drefdrangs Tavi Nge a1 4448t face and a second face an anodic
catal yst jJuxtaposed to said first face a cathodic catal yst juxtaposed to
said second face a first gas diffusion |ayer juxtaposed to and covering
sai d anodic catalyst, said first gas diffusion |ayer conprising a

t hernopl astjc m,cro u I Sl | uxt aposed
to and CO\Slleir'l n?ﬁéacﬁﬁ[gaﬁ%mfr@gf%ﬁﬁ%&ggi %%%%%Hg%gf%%ﬁﬁéi%%yéﬁyer
conpr.i sin a thernopl astic m croporous nmenbrane a first conducting plate

j uxt&b%’srég & P PTN et HiFTHE P3r%t Yas diffusion |ayer and having a flow

field therein, said flowfield being in communication with said first gas
di ffusion

12. The cell of Claim 1 wherein said non-metallic microporous

membrane being a laminate of a microporous membrane.

13. A direct methanol fuel cell comprising

a proton conductive membrane having a first face and a
second face

an anodic catalyst juxtapcosed to said first face

a cathodic catalyst juxtaposed to said second face

a first gas diffusion layer juxtaposed to and covering
said anodic catalyst, said first gas diffusion layer comprising a
thermoplastic microporous membrane

a second gas diffusion layer juxtaposed to and covering
said cathodic catalyst, said second gas diffusion layer comprising
a thermoplastic microporous membrane

a first conducting plate juxtaposed to and covering the
first gas diffusion layer and having a flow field therein, said
flow field being in communication with said first gas diffusion

layer



| ayer - 17 a second conducting plate juxtaposed to and covering the second
gas diffusion layer and having a flow field therein, said flow field being
in conmuni cation with said second gas diffusion |ayer whereby a fuel

sel ected from thesgienup @ndeithanglplate NRthRSOdNatErandt codueetyi the t he
flow field of first conducting plate diffuses to said anodic catalyst where

el ectgé&bﬁldr?/a&edjg@ﬂ%%@dmyb@ NPV VBRI eL  ENGly PF 0L 0NS: 168 PSSRV €L, SR d
proton conductive nmenbrane to said cathodic catal yst where said protons

may bﬁ&?’@ﬂé‘i‘?ﬁfﬁi@%ﬁb XY 9 nrhyh A KON FBONEL , AN NSE eDY, IEREE ALE: on
electricity. - 18
layer
whereby a fuel selected from the group of methancl, or
methanol/water introduced into the flow field of first conducting
plate diffuses to said ancdic catalyst where electrons may be
generated in a known manner and protons crossover said proton
conductive membrane to said cathodic catalyst where said protons

may be combined with oxygen in a known manner and thereby generate

electricity.
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