Office de la Proprieté Canadian CA 2696769 C 2014/05/27

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 696 769
Findustie Canada Industry Ganada 1R BREVET GANALIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2008/08/21 51 ClInt./Int.Cl. F77C 73/04(2006.01),
S e . B67D 7/42(2010.01), F16K 3/24 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2009/02/26 F16L 37/30(2006.01). F17C 5/00(2006.01)
(45) Date de délivrance/lssue Date: 2014/05/27 _
(72) Inventeurs/Inventors:
(85) Entree phase nationale/National Entry: 2010/02/17 CURELLO, ANDREW J.. US:
(86) N° demande PCT/PCT Application No.: US 2008/073868 SPARR, PAUL, US

(87) N° publication PCT/PCT Publication No.: 2009/026441 (73) Proprietaire/Owner:

o, o SOCIETE BIC, FR
(30) Priorites/Priorities: 2007/08/22 (US60/957,362);
2007/12/24 (US61/016,508) (74) Agent: METHOD LAW PROFESSIONAL

CORPORATION

(54) Titre : VANNE DE RACCORDEMENT NON INTERCHANGEABLE POUR CARTOUCHES DE CARBURANT
(54) Title: NON-INTERCHANGEABLE CONNECTING VALVES FOR FUEL CARTRIDGES

(57) Abréegée/Abstract:

A non-interchangeable two-component connecting valve capable of connecting a fuel supply to a fuel cell or other device Is
disclosed. One component of the connecting valve comprises at least one center post and one Iinternal elastomeric seal, which
opens when moved or compressed by a correctly sized and dimensioned mating tube from the other component. In one
embodiment, only one valve component has one or more internal seals. In alternate embodiments, both valve components have
one or more Internal seals, which can open simultaneously or sequentially.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

» . _
‘ l an a dH http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




wO 2009/026441 A1 I DDA RC AR A0 ALK A R

CA 02696769 2010-02-17

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

(19) World Intellectual Property Organization {2
International Bureau "

(43) International Publication Date
26 February 2009 (26.02.2009)

(51) International Patent Classification:
Fl6L 37/00 (2006.01)

(21) International Application Number:
PCT/US2008/073868

(22) International Filing Date: 21 August 2008 (21.08.2008)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
60/957,362 22 August 2007 (22.08.2007) US
61/016,508 24 December 2007 (24.12.2007) US

(71) Applicant (for all designated States except US): SOCI-
ETE BIC [FR/FR]; 14 Rue Jeanne D’asnieres, F-92611
Clichy Cedex (FR).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CURELLO, An-
drew, J. [US/US]; 15 Eramo Terrace, Hamden, CT 06518
(US). SPAHR, Paul [US/US]J; 502a Woodward Avenue,
New Haven, CT 06512 (US).

(10) International Publication Number

WO 2009/026441 Al

(74) Agents: SHAH, Padma et al.; The H. T. Than Law Group,
1010 Wisconsin Avenue, N.w., Suite 560, Washington, DC
20007 (US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, L.C, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY, T1.
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM.,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

[Continued on next page]

(54) Title: NON-INTERCHANGEABLE CONNECTING VALVES FOR FUEL CARTRIDGES

FIG. 6

(57) Abstract: A non-interchangeable two-component connect-
ing valve capable of connecting a fuel supply to a fuel cell or other
device is disclosed. One component of the connecting valve com-
prises at least one center post and one internal elastomeric seal,
which opens when moved or compressed by a correctly sized and
dimensioned mating tube from the other component. In one em-
bodiment, only one valve component has one or more internal
seals. In alternate embodiments, both valve components have one
or more internal seals, which can open simultaneously or sequen-
tially.
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NON-INTERCHANGEABLE CONNECTING YALVES
FOR FUEL CARTRIDGES

FIELD OF THE INVENTION

[0001] This invention generally relates to valves that connect fuel cartridges to various fuel
cells and fuel retilhng devices., More particularly, this invention relates to non-
mierchangeable connecting valves comprising al least one lixedly atlached cenler post and al
least one inlernal elastomeric scal, which opens when compressed by a tube having

predetermined size and dimensions.

BACKGROUND OF THE INVENTION

[0002] FFuel cells are devices that directly convert chemical energy of reactants, i.e., tuel and
oxidant, into direct current (PC) electricity. For an increasing number of applications, tuel
cells are more efficient than conventiaonal power genetalion, such as combustion of fossil

fuel, as well as portable power storage, such as hithtum-ion battenes.

[0003] In ccneral, fuel cell technelogy includes a variety of different fuel cells, such as alkall
fuel cells, polymer electrolyte fuel cells, phosphone acid fuel cells, molten carbonate fucl
cells, solid oxide fucl cclls and cnzyme tuel cells. Fuel cells generally run on hydrogen (H2)
fucl, and they can also consume non pure hydragen fuel, Non pure hydrogen tuel cells
include dircet oxidation fuel cells, such as direct methanol fuel cells (DMFC), which use
mcthanol, or solid oxide fuel cells (SOFC), which use hydrocarbon at high temperaiure.
Hydrogen tuel can be stored in compressed form or within compounds such as alcohols or
hydrocarbons or other hydrogen containing materials that can be reformed or converted oto
hydrogen fucl and byproducts. Hydrogen can also be stored in chemical hvdrides, such as
sodium borohydride (NaBH.), that rcact with water or an alcohol to produce hydrogen and
byproducts. Hydrogen can also be adsorbed or absorbed 1n metal hydndcs, such as
lanthanum pentamickel (LalNig) at a [irst pressure and temperature and released to tuel a tuel

cell al a sccond pressure and temperature.

[0004] Most hydrogen fuel cells have a proton exchange membrane or polymer electrolyte
membrane (PEM), which allows the hydrogen’s protons to pass through but forces the

clectrons to pass through an external circuit, which advantageously can be a cell phone, a
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personal digital assistant (PDA), a computer, a power tool or any device that uses clectron

flow or cleelncal current. The fuel ccll reaction can be represented as [ollows:
Half-reaction at the anode ot the fuel cell:
Hy — 21T 4 2¢
Half-reaction at the cathode of the tuel cell:
2(2H" + 2} + O — 2H0

[0005] Generally, the PEM 1s made from a polymer, such as Nafion® available from DuPont,
which is a perfluorinated sulfonic acid polymer having a thickness in the range of about 0.05
mm (0 aboul 0.50 mm, or other suitable membranes. The anode is typically made trom a
Teflonized carbon paper support with a thin layer of catalyst, such as platinum-ruthenium,
deposited thereon. The cathode 15 lypically a gas diffusion clectrode 1 which platinum

particles arce bondcd to one side of the membrane,

(0006} For DMEC, the chemical-elecirical reaction at ¢cach clectrode and the overall reaction

for a direct methanol fucl cell are described as follows:
Half-reaction at the anode:
CI1:0I1 + H:O — CO2 + 6H + 6e
Half-teaction at the cathode:
1.502 + 6H" + 6¢” — 3H,0
The overall [ucl ccll reaction:
CH;OH + 1.507; — COQ2 + 2110
DMFCs are discussed in U.S. Patent Nos. 4,390,603 and 4,828,941,

[0007] In a chemical metal hvdride fuel cell, sodium borohydnde 1s reformed and reacts as

follows:
NaBH, + 2H,O — (heat and/or catalyst) — 4(Hz) + (NaBQ)

Suitable catalysts for this reaction include platinum and ruthenium, and other metals. The
hydrogen fucl produced from reforming sodium borohydride is reacted in the fuel cell with an

oxidant, such as On, 1o create clectricity (or a flow of electrons) and waler by-product,
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illustrated above. Sodium borate (INaBO3) by-product is also produced by the reforming

process. A sodium borohydride fucl cell is discussed in U.S. Patent No, 4,261,956,

[0008] Valves are needed for transporting fuel between fucl cartnidges, fucl cclls and/or fuel
refilling devices. The known art discloses various valves and flow control devices such as
those described in U.S. patent nos. 6,500,513 and 5,723,227 and in U5, published application
nos. 2003/0082427 and 2002/0197322, A need, however, exists for improved valves that
allow venting of gas, maintaining seals, improving the flow of fuel through the valve, among
other things. To a certain cxtent, this need for improved connecting valves for fuel cartridges
has been addressed by commonly owned, co-pending U.5. published application nos.
2005/0022883, 2006/0196562 and 2010/0099009 . Nonctheless, there still exists the need
for connecling valves that cannot be readily opened. Some of the inventive valves described
herewithin were described in commonly-owned, co-pending U.S. provisional application

serial no. 60/957,362 liled on August 22, 2007,

SUMMARY OF THE INVENTION

[000Y9] The inventive valve is usable with fuel supplics or cartridges containing fuel for tuel
cells and comprises two valve components. The first valve component 18 normally scaled and
the second valve component has a hollow tube designed to enter Lhe {irst valve component [0
move or compress a scaling member in the first valve component to estabhsh a flow path
through both valve components. The first valve has a relatively immeovable center post that
protects the sealing member by limiting access thereto. One advanlage of the inventive vaive
is that the hollow tube needs (o have predetermined size and shape in order to pass by the

center post to reach the sealing member

100107 In some embodiments, the second valve component also has a sealing member and
during connection, this sealing member is also moved or compressed to open the second
valve member. The sealing member can be made from suitable elastomernc materials, and can
have the shape of an O-ring or a washer of various dimensions among others. The hollow
tube is preferably cylindrical, but can have non-circular cross-sections, Optionally, the
hollow tube has non-standard size and shape, i.e., not easily found in common household

soods and other objects, to further limit access to the scaling member.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In the accompanying drawings, which [orm a part of the specification and are to be
read 1n conjunction therewith and 1n which fike reference numerals arc usced to indicate like
parts in the various views:

[0012] FIG. 1 1s a [ront perspective view of a fuel supply in accordance with the present

invention showing components from a fucl ccll or a device that the tuel cell powers;

[0013] FIG. 2 is a front perspective view of the fuel supply of TG, 1 without the device side

components but with connecting tubes adapted to open the fuel supply’s valves:
[0014] FIG. 3 1s an exploded perspective view of the fuel supply of FIG, 2;
[0015] FIG. 4 is a cross-scctional and partial exploded view of the tuel supply ol FIG. Z;

[0016] F1G. 3 1s an enlarged partial vicw of the fucl supply of FIG. 4 showing the valve

cortnecting the pressurized chamber ot the tuel supply to the pressure regulator;

[0017] FIG. 6 1s an enlarged partial vicw of the fuel supply of FIG. 4 showing the valve

connecting the fucl supply to the fuel cell or the device thal the tuel cell powets.
[0018] FIGS. 7 and 8 show an aliernatively ecmbodiment of the valves of FIGS, 5 and 6;

[0019] FIGS. 9a-9¢ are cross-sectional views of another exemplary valve according to the
present invention showing the opening sequence from closed in FIG. Ya to engaged and open

in FIG. 9b-¢, and FIG. 9d is an exploded perspective view of the valve;

[0020] FIGS. 10a-10c are cross-sectional views of another exemplary valve according to the
present invention showing the opening sequence from closed in FIG, 10a to ¢ngaged and

closed in FIG. 10b to open in FIG. 10c, and FIG. 10d is an exploded perspective view of the
valve;

[0021] FIGS. 11a-11c are cross-scetional views of another exemplary valve according to the
present invention showing the opening sequence from closed in FIG. 11a to engaged ana
closed in FIG. 11b to open in FIG. 11c, and FIG. 11d is an exploded perspective view of the
valve,

(00221 FIG. 12a is a cross-sectional view of an cxemplary valve component according to the

present invention, and FIG. 12b is an exploded perspective view of the valve component;
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[0023] FIG, 13a is a cross-sectional view of another exemplary valve component according
to the present mvention, and FIG. 13b 1s an exploded perspective view of the valve

component;

10624] FIGS. 14a-c are cross-sectional views of another exemplary valve showing the
opening sequence of the valve and FIG. 14d is an exploded perspective view of the valve;
an

[0025] FI1G. 154 1s an exploded cross-secuonal view of another exemplary valve and FIG.

15b 15 un exploded view of the valve.

DETAILED DESCRIPTION QF THE INVENTION

[0026] As illustrated 1n the accompanying drawings and discussed in detail below, the
present invention is directed to a fuel supply, which stores fucl cell [ucls, such as méthanol
and water, methanol/water mixture, methanol/water mixtures of varying concentrations, pure
methanol, and/or methyl clathrates described in U.S. Patent Nos. 5,364,977 and 6,512,005
B2. Methanol and othcr alcohols are usable in many types of tuel cells, e.g., DMEPC, enzyme
fuel cells and rcformat fuel cells, among others, The fuel supply may contain other types of
fucl ccll fucls, such as ethanol or alcohols; metal hydndes, such as sodium borohydrndes;
other chemicals that can be reformatted into hydrogen: or other chemicals that may 1mprove
the performance or efficiency ol fuel cells. Fuels also include potassium hydroxide (KOH)
cleetrolyte, which is usable with metal tuel cells or alkali fuel cclls, and can be stored in fuel
supplics, For metal fuel cells, fuel is in the form of fluid bome zinc particles immersed 1n a
KOH electrolytic reaction solution, and the anodes within the cell cavities are particulate
anodes formed of the zinc particles. KOH clectrolvtic solution is disclosed in U.s. Pat. App.
Pub. No. US 2003/0077493, entitled “Method of Using Fuel Cell System Contigured 1o
Provide Power to One or More Loads,” published on April 24, 2003. Fuels can also nclude &
mixture of methanol, hydrogen peroxide and sulfuric acid, which {lows past a catalyst tormed
on silicon chips to create a fuel cell reaction. Marcover, fuels include a blend or mixture ol
methanol, sodium borohydride, an electrolyte, and other compounds, such as those descnibed
in U.S. Patent Nos. 6,554,877, 6,562,497 and 6,758,871, Furthermore, fuels include thosc
compositions that are partially dissolved in a solvent and partizlly suspended 10 a sotvent,
described in U.S. Patent No. 6,773,470 and thosc compositions that include both hquid tuel
and solid fucls, described in U.S. Pat. Appl. Pub. No. US 2002/00766(02. Suitable tuels are
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also disclosed in co-owned, co-pending U.S. Pat. Appl. No. 60/689,572, entitled “Fuels for

Hvdrogen-Generating Cartridges,” fled on June 13, 2005

|0027] Fuels can also include a chemical hydride such as sodium borohydride (NaBH:) and
an activator such as water, discussed above, or metal hydndes that absorb and adsorb
hydrogen within the hvdride’s matrix at a certain temperature and pressure and release
hydrogen to fuel the fucl cclls at another temperature and pressure. Suitable melal hydndes,
including but not imited to lanthanum pentanickel (LalN1s) and the metal hydrides disclosed

in commonly-owned U.S. provisional application scrial no. 60/7582,632 tiled no March 15,
2006.

[0028] Fuels can further include hydrocarbon fuels, which include, but are not hmited to,
butanc, kerosene, alcohol, and natural gas, as set forth in U.S. "at. Appl. IPub. No. US
2003/0096150, entitled “Liquid Hereto-Interface Fuel Cell Device,” pubhished on May 22,
2003. Fucls can also include liquid oxidants that react with fuels. The present invention 1s
therefore not limited to any type of fuels, aclivators, clectrolytic solutions, oxidant solutions
or liquids or solids contained in the supply or otherwise used by the fuel cell system. The
term “fuel” as used herein includes all fucls that can be reacted 1n fuel cells or n the fuel
supply, and includes, but is not limited to, all of the above suitable fuels, electrolytic
solutions, oxidant solutions, gaseous, liquids, solids, and/or chemicals including additives and

catulysls and mixtures thereof.

[0029] As used herein, the term “fuel supply™ includes, but is not limited to, disposable
cartridges, refillable/reusable cartridges, containers, cartridges that reside inside the electronie
device, removable cartridges, cartridges that are outside of the electromic deviee, fucl tanks,
fuel refilling tanks, other containers that store fuel and the tubings connected to the Luel tanks
and containers. While a cartridge is described below in conjunction with the exemplary
embodiments of the present invention, it is noted that these embodiments are also applicable

to other fucl supplies and the present invention is not limited to any particular type of fucl
supply.

[0030] The fuel supply of the present invention can also be used 1o store fuels that are not
used in fuel cells, These applications can include, but are not limited to, slonng
hydrocarbons and hydrogen fuels for micro gas-turbine engines built on silicon chips,
discussed in “Here Come the Microengines,” published in The Industrial Physicist (Dec.

2001 /Jan. 2002} at pp. 20-25. As used in the present application, the term “fuel celt” can also

_6 -
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include microengines. Other appiications can include storing traditional tuels tor mternal
combustion engines and hydrocarbons, such as butane for pocket and utility lighters and

higuid propanc,

(0031] Referring to FIGS. 1-4, fuel supply 10} is shown, Fuel supply 10 can have any
convenient shape, inctuding but not limited to the shape shown. Fucl supply 10 has outer
casing 12, lid 14, first valve 16 and second valve 18, Lid 14 1s fitted to outer casing 12, and
15 sealed theteto by O-ring 13, Sealing can also be accomplished by adhesives or ultrasonic
welding, First valve 16 1s sized and dimensioned to mate with a pressure regulator 20 and
second valve 18 is sized and dimensioned (0 mate with device valve 22. Tn one embodiment,
fuel supply 10 is disposable and more preferably recyclable. More particularly, outer casing
12 15 recyclable or reusable, and mnner iner 28 and/or lid 14 are disposable. Pressure
regulator 20 and device valve 22 are preterably reusable, and are connected (o or are parts of

the fuel cell or the device that the fucl ccll powcers to save Cosls.

[0032] Relerring to FIGS. 3-5, where the internal components are shown in detail, {ucl
supply 10 has compressed gas chamber 24 and liquid tuel chamber 26, where hquid fuel 18
kept inside liner 28. As discussed above, liquid fucl can be a fuel that is used directly by a
fucl cell, such as methanol and ethanol. Liquid fuel can also be & hquid reactant that
hydrolyzes in a reaction chamber (o produce hydrogen that powers the Tuel cell, such as water

or other activators (o react with solid metal hydride 1o form hydrogen fuel.

[0033] First valve 16 allows compressed gas to exit pressurized or compressed gas chamber
24 of fuel supply 10 to enter pressure regulator 20, and then communicate the reduced
pressure gas back into fuel supply 10 and to liquid fucel chamber 26 o apply pressure on liner
28. First valve 16 comprises valve body 30, which is fitted to the side walls of compressed
gas chamber 24 and is sealed thereto with O-ring 32. Taner center post 34 1s fixedly altached
valve body 30, ¢.g., interference fit, so that there 1s substantially no relative movement
between inner center post 34 and valve body 30. A flow channel 36 1s defined belween the
stem of inner center post 34 and valve body 30. In one example, the stem has a cyhndrical
shape and a portion of stem is filed down to form a tlat surlace. Inner {low channel 36 1s
formed between the flat surface and valve body 30, as best shown in FIGS. 3 and 5. Inner
elastomeric seal 38 is disposed between the head ol mner eentér post 34 and the top of vulve
body 3(}, as shown, o provide a seal for inner flow channel 36. First valve 16 also has outer

center post 40, which is disposed annularly around inner center post 34, leaving a space

_ 7.
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thercbetween as shown, Outer center post 40 1s also fixedly attached to valve body 30, e.8.,
interference fit, so thal there is substantially no relative movement between onter center post
4) and valve body 30, Outer flow ¢hannel 42 1s defined around the outside ot outer center
post 40 to allow the reduced pressure gas from pressure regulator 2() to re-enter luel supply
10. Within fuel supply 10 outer flow channel 42 is re-dirccted to hiquid fuel chamber 26, as
best shown in FIG. 5. Outer elastomeric seal 44 provides a seal for outer tlow channel 42 and
is positioned below the head of outer center post 40 and optional cap 46. Cap 46 can be
omitted and valve body 30 can be extended upward o meet outer elastomenc seal 44, or

elastomeric seal 44 can be extended downward to meet valve body 3.

10034] While inner (low channel 36 is shown to be inside of outer flow channel 42, these two
flow channels can be arranged in the reverse order, or side-by-side. Flow paths 36 and 4.

can also be in opposite dircctions, as indicated by the discussion above and F1G. 5.

[0035] As shown in FIGS. 3 and 5, first valve 16 is closed or sealed. To open first valve 10,
lube 48 is pushed into first valve 16, Tube 48 compriscs inner tube 50 and outer wbe 2,
These tubes can be connected to each other o maintaio their relative posttions, for example
by spokes or webs (not shown). Inner tube 50 is sized and dimensioned to fit in space a4
between inner center post 34 and outer center post 40, and outer tube 52 15 s1zed and
dimensioned to fit in space 36 between outer center post 40 and lid 14, Inner tube 5()
compresses inner elastomeric seal 38 to open flow path 36 and outer tube 52 compresses
outer elastomeric scal 44 to open flow path 42. Compressed gas exits fuel supply 10 through
flow path 36 and reduced pressure gas re~cnters fuel supply through flow path 42 to

pressurize liquid fuel.

[0036] In an innovative aspect of the present invention, because first vafve 16 comprises
center posts 34, 40, it is not interchangeable. In particular, valve 16 opens only atter a tube
48 with the correct diameter is inscried in the annular space around center posts 34, 40 10
compress elastomeric seals 38, 44, Center posts 34, 40 are designed (o prevent larger or
smaller diameter foreign objects (e.g., pens, pencils, paper clips, tingers, and the like) from
opening the valve. Center posts 34 and 40 may be attached to valve body 30 by various
methods, such as snap fitting, adhesive, ullrasonic welding, efc., so fong as relative motions
between the posts and the valve body are limited. Preferably, center posts 54, 40 can be
assembled affer or during the filling operation. Consequently, the flow ol fucl Into the

cartridge will be faster and less restricted than in other designs.



CA 02696769 2013-08-21

WO 2009/026441 PCT/US2008/073868

[0037] Sccond valve 18 is similar to first vaive 16, except that it is only configured to allow
liquid {uel to exit fuel supply 10. Second valve 18 comprises valve body 38 and center post

60, which is substantially similar lo inner cenier post 34 of first valve 18, described above,

Elastomeric seal 62 scals second valve 18 and flow channel 64 15 defined between inner post
60 and valve body 58. Liner 28 is sealingly connected to valve body 58. Tube 66 15 s1zed
and dimensioned to enter space 68 in second valve 18 to compress elastomeric seal 62 (o
open second valve 18 to let the liguid fucl urged by pressurized gas tfrom tlow channel 64 to

lcave fuel supply 10

[0038] Optionally, wbes 48 or 66 have non-standard sizes. In other words, their dimensions
arc different than the dimensions of itemis commeonly found in the homes or offices, so that 1t
1s more difficult to unintentionally compress seahng members 38, 44 or 62. Alternatively,
tubes 48 or 66 should have non circular or polygonal (regular or irregular) cross-sections. Of

course, center posts 34, 40 or 60 should have matching shapes in order (o receive the tubes.

[0039] In an alternative embodiment shown in FIGS. 7-8, elastomeric seals 38, 44 und 62 arc
replaced by O-rings 38°, 44" and 62" or other sealing members such as washers, overmolded

clastomeric portions, elastomeric balls, and the like. Center posts 34" and 40° are modified to
provide angular seating surfaces to seal with the O-rings. Center post 60” in this cmbodiment

has outer ring 61° (o provide spacing 687 for tube 66 to enter to open second valve 15,

[0040] As illustrated in FIGS. 5-8 as well as the other drawings, the top surface of valves 16

and 18 facing tubes 48 and 66 can also be termed the mating surface.

[0041] In other alternative embodiments, first valve 16 or second valve 18 can have a scaling
member 70 (e.g., an O-ring, a scaling face, a washer, an overmolded elastomeric portion, an
elastomeric ball or the like) located near the entrance of cithet valve. For example, as shown
in FIGS. 9(a)-9(c) and FIGS. 10(a)-10(c), sealing member 70} can be an O-ning residing in
grooves defined within a valve body 58 of second valve 18. The seal 1s providcd befween
valve body 58, scaling member 70 and center post 60. Space 68 is provided between valve
body 58 and center post 60. In this embodiment, tube 66 18 sized und dimensioned 1o be
larger than center past 60, and when tube 66 is inserted into space 68 1t pushes O-ring /0
outward to allow a flow channel 64 between tube 66 and center post 6(), as shown in FIGS,
o(b) and 9(c). Further insertion of tube 66, shown in FIG. 9(c), ensurcs stability of tube 00

inside valve body 58. When tube 66 is {irst inserted into space 68 as shown in FIG. 9(b), an
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inter-component seal 1s optionally formed between tube 66 and valve body 58. FIG. 9(d)

shows an exploded view ol valve 18 and tube 66,

[0042] The embodiment of FIGS, 10(a)-(d) is similar to the embodiment of FIGS. 9(a)-(d),
except that in addition to the seal provided by O-ring 70, a sccond seal is provided by

elastomenic seal 62 and center post 7. Here, when tube 66 pushes O-ning 70 aside, valve 18

shown in FIG. T10(c) to establish flow path 64, FIG. 10(d) shows an exploded view of mating
tube 66 and valve 18.

[0043] Although the sequence in FIGS. 9(a)-9(¢) and FIGS. 10(a)-10(c) 1s shown for valve
18, a comparable sequence could be applied to fonn an inter-component seal between tubce 48

and valve 16 and thereafter open internal seals within valve 16.

(0044] The closing sequence of cither valve 16 or valve 18 is similar to the reverse process of
the above-described opening sequence. Cartridge 14 is first disengaged [rom & device, either
manually or automatically using any ¢jection mechanism known in the art, and any
compressed seal (e.g., clastomeric seals 38, 44 and 62, O-rings 387, 44 and 62°, or sealing
member 70) releases 18 stored energy and returns (o 11s original position. Advantaggously, in
one particular embodiment, the compressed seal itselt can act as the ejection mechanism. As
a consequence, no cxternal spring force 15 necessary to eject cartridge 10 and one conserves
space within cartridge 10. After the cartridge is cjected and the elastomeric scals return to
their oniginal position, a center post once again engages with the clastomenc seals to close off

flow paths to the {uel cartridge,

0045] FIGS. 11(a)-(d) Hustrate another cmbodiment of the present invention. As shown, a
conneeting valve 72 comprising two valve components 74 and 76. Once valve component 1s
mated to cither a fucl supply or a device {e.g., a fuel cell, refilling device, or any other device
suitable for use in a fuel cell system), and another valve component is maled to the other of
the fuel supply or device. Preferably, a first valve component 74 is mated to a device, and a
second valve camponent 76 is preferably mated (o a Lue] supply. FIGS. 11{a)-11{c) show 4
sequence depicting the connection of first valve component 74 and sceond valve component
76 and the opening of internal seals therein, and FIG. 11(d) shows an exploded view of

connecting valve 72,
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[0046] First valve component 74 comprises a housing with a top portion 77a and a bottom
portion 77b. The top portion 774 encases 4 hose tube 78 that connects tfluidly with an O-ring
80. The O-ring 80 forms an internal seal with center post 81, which 1s shown as béing
intesrally made with top housing 77a, Inner tube &2, which has a pair of diametrically
opposite apertures 84, is provided 1o selectively compress O-ring 80, The inner tube 82 1%
sized and dimensioned to fit within an outer tube 86. Tubes 82 and 86 are sized and
dimensioned (o define a space thergbetween to be a part of a flow path. Bolh inner tube &2
and outer tube 86 are locaied within bottom portion 76b, and may be connected 1o cach other
by spokes or webs (not shown) to maintain their relative positions. When O-ring 80 1s not
compressed, it abuts with center post 81 to seal valve component 74. When 1t 1s compressed,
a flow path through valve component 74 is established from hose tube 78 through
compresscd O-ring 80 into the hollow end of tube 82 and through aperture(s) 84 and though

the space between inner tube 82 and outcr tube S0.

[0047] The second valve component 76 also compriscs several elements including a housing
88 with a top portion 88a and bottom portion 88b. Advantageously, a center post 90 18

fixedly attached to bottom portion 88b and has angular scating surfaces that form an internal
seal with an O-ting 92. The bottom portion 88b also has a hose tube 94 that connects Lhuidly
to O-ring 92. Quler tube 86 of vatve component 74 is also larger than center post 90 to allow

fluid (o flow therehetween.

{0048] Both the first valve component 74 and the second valve componernt 76 can be
connected togcther by balts 96 in channels 98. Furthermore, an O-ring (not shown) can be
provided between first valve component 74 and second valve component /6 1n order to

facilitale an intcr-component seal between the two valve componenis.

[0049] F1G. 11(a) shows first valve component 74 as being unconnected o second valve
component 76. To connect the fuel supply to the fuel cell and [0 ransport [uel from the tuel
supply to the fuel cell, outer tube 86 [rom first valve component 74 1s inserted 1nio the space
100 around cenler post 90 in second valve component 70, as shown in FIG, 11(b), until 1
reaches O-ring 92. In FIG. 11{c), the internal seals in first valve component 74 and second
valve component 76 are opencd to establish flow path 101, The mlernal seal in the first valve
component 74 opens when center post 90 pushes against inner tube 82, which 1n turn
compresses O-ring 80. The internal seal in the second valve component 76 opens when outer

whe 86 of first valve componcnt 74 compresses O-ring 92. A [low path is established 1n

11 -
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second valve component 76 {rom hose tube 94 around compressed O-nng 92 and through the
space between center post W) and outer tube 86 of first valve component 74, As shown in
FIG. 11(¢), flow path 101 18 a combination ol the {low paths m fiest valve component 74 and
in second valve component 76. Fuel may tlow through flow path 101 in either direction from

hose tube 78 to hose lube 94, and 1n reverse.

[0050] When cstablishing flow path 101, first valve component 74 can be opencd
simnultaneously with second valve component 76, or the two valve components may be timed
o open 1 a sequential manncr after a conncction 1s made between them. As will be
recogmzed by those skilled 1n the ar(, 1n some $1tuations advantage may be found 1n openng
the {low path to the device prior to opening, the flow path to cartridge 10, tor example to
ensure that the device is prepared to receive thud or gas prior to accessing the fuel stored 1n
cartridge 10. This sequential opening may be attained by simply adjusting the length of inner
tube 82, outer tube 86, or center post 90. For example, if first valve component 74 18 on the
deviee, outer tube 86 may be shortened, or inner tube 82 or center post 90 may be lengthened.
In such a case, center post 90 moves mner Lube 82 prior (o ouler tube 86 engagng with O-
ring 92. Allernatively, if second valve component 76 1s on the device, outer tube 86 can be
lengthened so that it compresses O-ring 92 prior to inner tube 82 engaging with center post
00). Any of these struclures or combinations (hercof may alse result in one valve component
having a tonger stroke to open its flow path than the other valve component so that one valve

camponent has a longer opening sequence than the other valve component.

[0051] Another version of first valve component 747 1s shown 1n FIGS. 12(a) and 12(b).
Here, the center post 81 is attached to housing 77a via an inferferenee fit, and lower housing
portion 77b is combined with outer tube 86. Tnncr tube 82 is allowed to mave slightly up and
down relative to lower housing 77b/outer tube 86 to compress and uncompress O-ring 0.
The aperation of this valve component 74° is similar to first valve component 74 described in

FIGS. T1(a)-(d).

[00532] Another version of [irst valve component 747 is shown in FIGS, Fi(a)-(b}. Here,
center post 81 is extended downward or outward and is fixed to first housing portion 77a by
interference fit. A single tube 82/86 replaces inner tube 82 and outer tube 86 and 1s movable
to compress O-ring 8, which provides a seal with center post 80 as described above. Tube
82/86 fits outside of ccnrer post 81land provides a gap therebetween. Retainer ring 103 is

designed to keep tube 82/86 within valve compaonent 74" by interfering with outer ring 103 of

.12 -
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tube 82/86. When O-ning 80 18 compressed, a flow path 1s established from tube 78 around
the small stem of center post 81 and around compressed (J-ring 8} and into the space between
tube 82/86 and center post 81. When connecting (o second valve component 76, shown in
FIGS. 11(a)-(d), tube &2/86 compresses O-ring 92 of second valve component 76, as well as
O-ring 80 of first vaive component 74, either simultaneously or in sequence as discusscd

ahove.

[0053] Referring to TIGS. 14(a)-(d), another version of valve 18 1s shown. In this
embodiment, center post 60 1s made integral to valve body 58, but can be madc separately
and affixcd to valve body 38 as discussed above and below 1n connection with FIGS, 15(a)-
(b). Sealing member 62 in this case 1s a non-flat washer or a lip washer providing a lip scal
with center post 60. As best shown in FIG. 14(a), lip washer 62 15 retained between valve
body 58 and retainer 107. The scaling portion of washer 62 is oriented mward and presses
against center post 60, as shown, to provide the seal. In this embodiment, space 03 1S
provided between retainer 107 and center post 60, and 1s sized and dimensioned to receive
tube 66. Also, a clearance is provided between tube 66 and center post 60 to allow tuel to
flow therethrough. As shown in FIG. 14(b), tube 66 1s inserted into valve component 138
through space 68 until it reaches lip washer 62 and beyond as shown in FIG. 14(c). Once

tube 66 is pushed past lip washer 62, [uel [low path 64 is established as shown.

[0054] FIGS. 15(a)-(b) show a vanation of the valve componcent of FIGS. 14(a)-(d). These
two valve componcents arc similar 1o each other except that washer 62 1s a Hat washer and
center post 60 is made separate from valve body 38, Furthermore, valve body 56 has cut-out

channel 109 formed therein o be a part of flow path 64.

[0055] Varialions to fucl supply 10 are described in commonly-owned, co-pending U.5.

provisional application serial no. 60/9537,362 filed on Augusi 22, 2007,

[0056] While it is apparent that the illustrative embodiments of the invention discloscd hercin
fulfill the objectives of the present invention, it Is appreciated that numerous modifications
and other embodiments may be devised by those skilled in the art. Additionally, feature(s)
and/or element(s) from any embodiment may be used singly or in combination with

fcature(s) and/or element(s) from other cmbodiment(s).
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CLATMS

1, A valve comprising a first and a sccond valve component,
wherein the first valve component compriscs a valve body, a scaling member and a

center post affixed to the valve body such that the center post is substantially immovable

relative to the valve body,
wherein the sealing member s positioned away from a mating surface of the first

valve component and a sap on the mating surface 1s provided, wherein the gap 15 defimed
between the center post and the valve body, wherein the gap 15 present when the hirst valve

component is in a closcd position,
wherein the gap 15 sized and dimensioned to reecive a hollow tube [rom the sccond

valve component,
wherein when the hollow tube 1s pushed 1nto the gap 1t moves the sealing member

away from the sealing position to establish a flow path through both valve components,
P The valve of claim 1, wherein the center post 1s mntegral to the valve body.

3. The valve of claim 1, wherein the flow path comprises a path between the tube and

the center post and between the center post and the valve body.

4. The valve of claim 1, wherein the sealing member 1s selected from the group
consisting of O-rings, elastomeric seals, sealing faces, washers, overmolded elasiomeric

portions, flat O-rings, non-flat O-rings, lip washers and clastomernie balls.

5 The valve of claim 1, wherein the first valve component further comprises a second

T ¥

center post affixed to the valve body and a second sealing member positioned away from the

mating surtace,
wherein a second space 1s provided around the sccond center post and

wherein the second valve component comprises a second tube sized and dimensioned

to enter the sccond space to open a second flow path through both valve components.

A valve comprising a first and second valve component,

_id -



CA 02696769 2013-08-21

WO 2009/026441 PCT/USZ008/073868

wherein the first valve component comprises a valve body, a sealing member and a
center post attixed to the valve body such that the center post is substantially immovable
telattve to the valve body,

wherein the sealing member is positioned away from a mating surface of the first
valve component and a space on the mating surface 15 provided around the center post,

whereln the space 1s sized and dimensioned to receive a hollow tube from the second
valve component,

wherein when the hollow tube is pushed mnto the first valve component 1t moves the
sealing member away from the sealing position 1o ¢stablish a fow path through both valve
components,

wherein the first valve component turther comprises a second center poste allixed to
the valve body and a second sealing member positioned away tfrom the mating surface,

wherein a second space 18 provided around the seccond center post,

wherein the second valve component comprises a second tube sized and dimensioned
(o enter the second space to open a second flow path through both valve componenls, and

whereln the second center post is located concentrically around the ¢enter post and the

second space 1s positioned concentrically around the space.

7. The valve of claim 5, wherein the flow path and the second flow path are in opposite
dircetions.
8. The valve of claim 1, wherein sealing mermber provides a scal berween the valve body

and the cconter post.

Q. The valve of claim 1 or 8, whercin the tirst valve component further comprises a
second scaling member between the valve body and the cenler post, and whercin the hollow
tube of the secand valve component moves the sccond sealing member to establish the tlow

path,

10, The valve of claim I, wherein Lhe sccond valve component further compnses a vilve
body, a scaling member and a center post affixed to a valve body such that the center post is

substantially immovable relative Lo the valve body.
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i1, The valve of claim 10, wherein the hollow tube 1s movable relative to the valve body
of the second valve component to compress the sealing member of the sceond valve
component (o open a flow path through the second valve component.

12.  The valve of claim 10}, wherein the second valve component further comprises a
second hollow tube, wherein the second hollow tube is movable relative to the valve body of

the sceond valve componcent to compress the scaling member of the sccond valve component.

13. A valve comprising a first and second valve componeit,

wherein the tirst valve component comprises a valve body, a sealing member and a
center post affixed to the valve body such that the center post 1s substantially immovable
relative to the valve body,

wherein Lhe sealing member 1s posilioned away from a mating surface ol the [irst
valve componen( and a space on (he maung surface 15 provided around the cenler post,

wherein the space is sized and dimensioned to receive a hollow fube tfrom the second
valve component,

wherein when the hollow tube is pushed into the first valve component it moves the
sealing member away from the sealing position to establish a flow path through both valve
components

wherein the second valve component further compnses a valve body, a sealing
member and a center post aftixed to a valve body such that the center post is substaniially
immovable relative to the valve body,

wherein the second valve component further comprises a second hollow tube, wherein
the second hollow tube is movable relative to the valve body of the second valve component
to compress the sealing member of the second valve component, and

wherein the second hollow tube is located concentrically around the hollow tube.

14,  The valve of claim 13, wherein the hollow tube 1s fixedly attached (o the valve body

of the second valve compaonent.

15.  The valve of claim 1, wherein the first valve component is connectable to onc of
cither a fuel supply or a device selected from the group consistng ol a fucl cell, a device

nowered by a fuel cell, a relilling device, and a pressure regulator, and

- 16 -
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wherein the sceond valve component is connectable to the other of either a fucl supply

or sa1d device.

16.  The valve of ¢claim 1, wherein the sealing member when compressced comprises a selt-

ejection mechamsm.

17.  The valve of claim 11, wherein the flow paths in the first and second valve

componerts are opened simultaneously.

18.  The valve of ¢laim 11, wherein the tlow paths 1n the first and sccond valve

components are opened sequentially.

19. The valve of claim 1, wherein an inter-component seal 15 established between the first

and the second valve components.

- 17 -
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