WO 02/ 073713 PCT/ US02/ 06976 METAL- GAS CELL BATTERY W TH SOFT POCKET AND
SOFT POCKET MATERI AL FOR THE METAL- GAS CELL BATTERY Cross Reference to
Rel at ed Apploeoat7idns 5 This is a continuation-in-part of 3em/USh06976

09/ 681, 260, filed March 9, 2001, "Metal-Gas Cell Battery Wth Soft
Pocket," and a continuation-in-part of Ser. No. 09/682,012, filed July 9,
2001, "Metal-Gas Cell Battery Wth Soft Pocket." Background of Invention
10 [0001] This invention relates generally to netal -gas cell batteries,
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Background of Invention

10 [0001] This invention relates generally to metal-gas cell batteries, such as
metal-air cell batteries, and, more particularly, to mechanically

rechargeable metal-air cell batteries.

[0002] More powerful, longer-lasting batteries are a high priority item for all
15 countries seeking to replace hydrocarbon fueled vehicles with smogless
electrically powered vehicles. In this regard, a great deal of research is
presently focused on metal-gas cell batteries, such as zinc-air batteries.
Zinc-air batteries have among the highest theoretical specific energy
content of all known battery types. Many problems, however, must be
20 overcome before vehicles powered by zinc-air batteries are regarded as

acceptable alternatives to hydrocarbon burning vehicles.

[0003] All metal-gas cell batteries comprise a plurality of cells wherein
each cell has at least one gas-diffusion cathode and a metallic anode

25  separated by a quantity of alkaline electrolyte and some form of
mechanical separation sheet. In the operation of metal-gas cell batteries,
a reactant gas, such as oxygen, reacts at each gas-diffusion cathode to
form anions. At each anode, the anions react with metallic anode material.

The process creates an electrical potential between each cathode and



-2 each anode. \Wen the cells are connected in series, the conbi ned

el ectrical potential of all of the cells can be considerable, and can be
used as wolewryes of el ectrical power. As can be seen, howerarsp2/odyes
operation of the battery gradually depletes the available netallic anode
material and 5 the battery has to be periodically recharged. [0004]
Met al -gas cell batteries can be recharged*%Tther electrically or
mechani cal ly. Electrical recharging can be easily adapted to existing

power networks, but electrnically rechargeabl tteries have . rkedly 10
P ted servi ceararodgioidiine s BB resa R skbkar Tl iofela) - gas
battery requirefecrifal-gotantidl @hall oPthaBélls canBe consideratlysandican eetusede.
Having to use such a bi-functional or additional gas diffusion el ectrode

requi res that ta%a Bawrcergf alectigalingvereAsycang keemipwenas! thearadatiamof 0005]

Accordingly, t - oy > _ [ 000
bresent 'y mechai? CareRLdRftalp Sepfle i) SfaiBle MRMALC 8506 Mater @ ! o5 1S
physi cal | y sepltae@dtteryt hasitd beperiadicdtty rddteanged.cal refueling can be

acconplished in two ways. In a first way, the netallic anode conprises
metallic pellets or powder suspended within the electrolyte. Wen the 20

retal |16 pel | e0gs) aRshenteB8Ral bd ARHARIA! bitforBLLAEaI G pOWIer i s

punped fromthe cel ets or p er 1s punped into the cell.
U.S. Pat. Nos. rAec@®dniddly, Bediéal48dhargjnt3dardRe casidy Bdspi@daoexitingl ose

attenpts to use zinc particle r.pellets as anodes, 25 .[0006] The second
way of mechani RAYY ’F%Y"QQT‘?'rt?{;'%S%ﬁgf%"yéﬁ%hﬁ{g??glﬁﬁ?qﬁge”ﬁﬁrr{?v& a4 an t he
first way. 1hn 1t PEENRENRY. MoRSoVER! ah bictt@ff@etRardehb® Metaiigagct ur e.
When the netal l1c anode becones spent, the anode is renoved and a

repl acenent anduritarg re@iires abi-bunctinnal erraddiional ges shiffissionelactrodsi nplicity

two ref usl i ng ideYBads Be SRRBRR)ACIAN pR R0 RbLANga) BREE BECdde 0oy "
5,203,526, 5, 31R@qBhds thatIAG bBREry Be 4h8uNatbaVy, Bdiky 0%, complicated.

15  [0005] Accordingly, the recharging mode of choice for metal-gas cell
batteries is presently mechanical refueling, whereby the spent metallic
anode is physically replaced with a fresh anode. Mechanical refueling can
be accomplished in two ways. In a first way, the metallic anode comprises
metallic pellets or powder suspended within the electrolyte. When the

20 metallic pellets or powder becomes spent, the metaliic pellets or powder is
pumped from the cell and fresh pellets or powder is pumped into the cell.
U.S. Pat. Nos. 3,981,747, 5,006,424, 5,434,020 and 5,558,947 disclose

attempts to use zinc particles or pellets as anodes.

25 [0006] The second way of mechanically refueling a metal-gas battery is far
simpler than the first way. In the second way, the metallic anode is a rigid
structure. When the metallic anode becomes spent, the anode is removed
and a replacement anode is reinstalled into the cell. Because of its
simplicity in theory, construction, maintenance and operation, the second

30 of the two refueling methods is generally employed. U.S. Pat. Nos.
3,513,030, 5,203,526, 5,318,861, 5,366,822, 5,418,080, 5,447,805,
5,753,384, 5,904,999 and 6,057,053 all disclose various methods of



5, 753, 384, 5,904,999 and 6,057,053 all disclose various nethods of WO

02/ 073713 PCT/ US02/ 06976 -3 nechanically refueling netal-gas cell

batt eri eswby2oheEmgi ng out a rigid anode structure. Each ecTiUseparent s
listed in the imedi ately previous sentence are incorporated herein by
this reference in their entireties. 5 [0007] One problemw th such prior
art netal-gas cell batteries is the di f F-idul ty with which the rigid anode
structures are renoved fromthe cell and inserted into the cell. In a

conventional cell where the supportin structure . is,wholly rigi

cl earances for M¢RD dﬁg‘ﬁﬁagmﬁ?‘ﬁ@% FS@BBﬁeE%%RV cgﬁggf‘gg %*@%;@Her ally
very small. Thengas < hﬂ{é?%gyhdof&ﬂa?iavéms liste@eh3hd Imariediatblygpreaiouaded
during the renoval and reinsertion of the anodes. U S. Pat. Nos. 4,389, 466

and 4, 560, 626 diestanseararinearpergied hereisbyehisnieéerepes i thair epkEeles:, t he
total contact area between the cone-shaped current collectors and the
nmetallic anodes used in the batteries disclosed in these patents is not

suf ficient kor [haogeose pratiem wideacy erior pitmpetahyas eall baletioe isctiver ent
collectors in the batteries disclosed in these patents oftgn rwke Lhe
insertion and elifficaliyt wih vdiich the figidanade srsdwssareyemoreddan the galbt her

artemt 1o solvihdRbened Mo e gélhgb%Cé&%ﬂtipﬁalgéséﬁ-cvgﬁ?ffegh%upp%rtﬁf@’578- 'n

this patent, it I's Sugge e a neta attery wth a
whol |y fl exi bl etluetigergwhdtiyeigit, clearahcémiosithe réraofalaayid reingealtion of aueiot

w t hst and repeated refueling., Qher (o] flexible housin st.e are

di scl osed i npu.%‘.Odﬁﬁta.re IQ(?@??%',YW @Hgﬁakbéﬁ%ﬁt%%s %’& ﬁegﬂr&i%ri stf{bergg@st ens
aqul ' . et ai

are undu ylﬁoggr%;ggg%tﬁggga QEFR I rénibeadncereiitserion o 8 srictiosT. 8t ai n

and operate. t. Nos. 4,389,466 and 4,560, 626 di scl ose
usi ng neopr ene PatsNbke4,380et66aand 4,56G2Gdisclosesstaiéempiia $RIVR Hideopr ene i s

ol asticity of tEbeTRdMmAREETa Mot ToiR ek Bobed b iitnanstf be '
heavi |y def or megqyrrdni#$bliectors and the metallic anodes used in the batteries disclosed
in these patents is not sufficient for large currents. Moreover, pinpoints on
15 the current collectors in the batteries disclosed in these patents often
make the insertion and extraction of the metallic anodes very difficult.
Another attempt to solve this problem is disclosed in U.S. Pat. No.
5,286,578. In this patent, it is suggested to make a metal-gas cell battery
with a wholly flexible housing. However, such housing is fragile and
20 cannot withstand repeated refueling. Other wholly flexible housing
systems are disclosed in U.S. Pat. Nos. 5,415,949 and 5,650,241. Such
housing systems are unduly complex and are therefore expensive to

manufacture, maintain and operate.

25  [0008] U.S. Pat. Nos. 4,389,466 and 4,560,626 disclose using neoprene
as the material to make a soft pocket. Although neoprene is well known in
the art as the most alkaline-resistant rubber, due to the elasticity of the
neoprene a soft pocket made with neoprene will be heavily deformed, just
like a rubber balloon filled with water. This will result in fatigue of a

30 neoprene-made soft pocket too early in the later refueling process.



| i ke a rubber balloon filled with water. This will result in fatigue of a
30 neoprene-nmade soft pocket too early in the later refueling process. WO
02/ 073713wBGTN1ISDL/ 06976 -4 [0009] U.S. Pat. No. 5,286, 5P8Tdisszb@®3es a

col | apsi bl e el ectrochem cal cell wusing "a flexible plastic nmaterial” to
satisfy its collapsible design. No detail of the flexible plastic materi al
was di scl osed, however. Simlarly, US. Pht. No. 5,415,949 suggests usi ng
a pouch cathode, but no teaching 5 is given on how to make the pouch.

[ 0010] Anot her L t.h e - ad | ] batteri Whj .
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i s the frequentydiggkagexitle plasti@htcénidle t6lsafisfatsy/étlapbiblér@esign! iNg  art
designs, 10 the housing of the metal-gas cell 'is usually opened at the top.

The opening i sdelatinbthaieiblg riasiicame iabyasctisclpepdn hswevass STiladal i ng
el enen | spos t : ' ion.
anode assemgl yG%r R:?aémggg?‘ﬁﬂgr%@ %%Z%Uglp aﬁ%@%@%{hﬁégégﬁ%@ %ésa%ﬂ"%f the

uni versal | y 5 usig@iven sheawdeshgke thiopoettect ri cal connection to battery
el ectrodes. 15 Mdreover, it is common to provide one or two snmall breathing
hol es al ong the uppernost portion of the cell proximate to the protruding

' f th ' ' i . .
portion of t eO[roaff@ﬂgnggﬁ%}ﬂ%\é@ﬁﬂﬁﬁ'mas|-§.9geﬁ bafetiefdenibh of cep up the

anode and out e protruding portion of the anode. Al so,
al kal i ne m st ceoethanicaky sefesledpmsphysicalgéplabembentat irigyl Aoddssstrdtore

artods and t he ithe eaURBHEAKESI QUi AKaI BECLEM: T EPRATEL Aradsene, e
el ectrical ypesi %@;&%&ﬁbf’%%éfﬁ-g@@%ﬂ% a9us bpeRsd anMeltbpr Phobpenipgul t s

in a marked loss o tery power. Mboreover, ‘the continuing | eaking of
al kal i ne el ect rislsgatechddring bpetationyyesaome fonmm e slastie saabm@egenmrftf icult to

o ‘the batery fispaser Pttt e Gell iTEgha BBy Bina bt e plf &ady =
handl i ng or opegaddmByWrhis protruding portion of the anode assembly is universally
used in such designs for electrical connection to battery electrodes.

15 Moreover, it is common to provide one or two small breathing holes along
the uppermost portion of the cell proximate to the protruding portion of the
anode. However, alkaline solution tends to creep up the anode and out of
the cell along the protruding portion of the anode. Also, alkaline mist
continuously escapes through the breathing holes. Such leakage and mist

20  can cause rapid oxidation of the conductors above the artode and the air
cathode. Oxidation dramatically increases the electrical resistance
between the contacted surfaces and therefore results in a marked loss of
battery power. Moreover, the continuing leaking of alkaline electrolyte and
electrolyte mist makes the battery difficult to use in any kind of

25 environment where oxidation of metallic items outside of the battery is a
problem. Finally, any upset of the battery during handling or operation will

cause copious leakage of electrolyte out of the battery.

[0011] Accordingly, there is a need for a metal-gas cell battery which is
30 conveniently rechargeable by mechanical replacement of anode material

and which avoids the aforementioned problems in the prior art.



cause copi ous | eakage of electrolyte out of the battery. [0011]
Accordingly, there is a need for a netal-gas cell battery which is 30
conveni emwioy2nexshar geabl e by nechani cal repl acenent of aneda/usat/esoral and
whi ch avoi ds the aforenentioned problens in the prior art. WO 02/073713
PCT/ US02/ 06976 -5 Summary of Invention [Q012] The invention satisfies this
need. The invention is a netal -gas cell 'ét’orage battery conprising at

| east one battery cell. Each battery cell conprises (i) a first gas

cat hode di sposed within a rigid planar first 5 retaining structure, the
first gas cat h&Hmmarye@framen Ofir but inpermeable to liquids, the
first gas cathode allow ng the passage of gases into the cell, (ii) a
second gas cathode disposed within a rigid planar second retaining
structure, the[G@13}thegasentirhsatisfiveithig needndhpliavendion is a metaligasaieabl e

to liquids, th d t hode al | owi ng .t i nt

the call i e Stighs BRUBR, o Rpnens 1l D, derb oat Tk Bafidryidhies | M O

the first ret aicBH}ﬂis%&F(H%tﬁfs??é‘@bm%_&iiéﬂds%ﬁ Wighiaianfigig piamardirsr e posi tion
S

wherein the first retaining ructure is proximate to the se_c%gl? retaining
structure afd seteiiogeatruetuse thadirstgasceathedpseing rermgaiietoar first

retaining structure i . ap . : | Ri cture, 15
the second gas BaprBEEPBIPHGEISREHE LA caoRERRIEHR BapRaR 6o

cat hode, (iii) gasegfiitonpekel, @) apesedd baswathodedisposed withs g sighbplenand t he
second gas cat hode, the soft pocket having, K a fleﬂ’é)de and planar, first wall
and a flexi bl e sgaaN@refRining sbalredhe secaad ops SotRpAq bﬁﬂgiq%émgablﬁﬁopﬂ%ry

and a central bg,gﬁﬂb%??éqgﬁﬁghﬂeef% cohaegdcsidéa?ﬁoéi‘@bhox%vﬁ@'tﬂéiﬂ&sé &op

edge, the 20 se a periphery Tand a central opening, the
periphery ab t lf gasesmtd thalekll, thelsedond retairipg etfyeture heingemopeable with t he

respect | ve { op TeBRAK 0 i ErsebptiEy et beRrEEt A Rl Y SEBbuRkea o
the first ret aidﬁsﬂ%nﬁkﬁé‘n‘é‘iﬁ‘fﬁe first retaining structure is proximate to the second

retaining structure and a second retaining structure position wherein the
first retaining structure is spaced apart from the second retaining structure,

15 the second gas cathode being electrically connected to the first gas
cathode, (iii) a soft pocket disposed between the first gas cathode and the
second gas cathode, the soft pocket having a flexible and planar first wall
and a flexible and planar second walll, the first wall having a periphery and
a central opening, the periphery of the first wall including a top edge, the

20 second wall having a periphery and a central opening, the periphery of the
second wall including a top edge, the periphery of the first wall connected
to the periphery of the second wall except along the respective top edges,
the periphery of the first wall being attached to the first retaining structure
and the periphery of the second wall being attached to the second

25  retaining structure, whereby the first retaining structure, the first gas
cathode, the first wall, the second wall, the second retaining structure and
the second gas cathode cooperate to define a liquid retaining soft pocket
chamber having a soft pocket lower portion, a soft pocket upper portion
and a soft pocket top opening defined between the top edges of the first

30 and second walls, the soft pocket top opening being open in the second
retaining structure position and tightly closed in the first retaining structure



and the periphery of the second wall being attached to the second 25
retaining structure, whereby the first retaining structure, the first gas
cat hode, wbe2hri7ss wal |, the second wall, the second ret aiPaiTngosvavact ur e
and the second gas cathode cooperate to define a liquid retaining soft
pocket chanber having a soft pocket |ower portion, a soft pocket upper
portion and a soft pocket top opening defimned between the top edges of the
first 30 and second walls, the soft pocket top opening being open in the

second retaining, struycture_positjon and tightly closed. in,t first

ret ai ni ng strucPPgl"!Q"&/\Zb"b?/SQﬁt e ?'Ugdﬁ?@'g%ﬁﬁ% fopSed¥ing t@ﬁr}ﬁﬁ "i‘/)dsa sof t
pocket cl osing s@eena%@miﬁgrsnﬁ&mé wgthbhﬁstfae&aahi,ngrsqmm itfoH, @nBi(QY
structures in the first retaining structure position, and (v) a netallic
anode di sposed annetdllic ahedas dispoped kéthire tiensft pockgt@basibeThe cel | furt her
conprises a positive first battery positive termnal electrically
connected to the two gas cathodes and a negative second battery negative
term nal el gct mpGed] The eaNREHRA cbfprides mEscdifivecfirat baery Ad¥iA4] tekmireal t ypi cal
enbodi ment of the invention, the gas cathode is an air 10 cathode and the
net al | i ¢ anode dlectiealhr ¢ennectedin thettwa 935 eathadeapnd @ pegative 5eg90d] In a

preferred enbodi . he. | t : i i |1y

di sposed wit hi g;qr{r%& Qgé?ﬁ\%otc r@iﬁ%ﬁé%g?él@wgg%a féltﬂ@gﬁgﬁah@ra enbodi nent of
the invention, the battery further conprises a second sem -perneabl e
menbr ane di sposed within the upper portjon of the soft pocket chanber to
reduce the predSbidl 18ig W@F(@H@E‘b%%émﬁg%ﬂflt%ﬁé”‘é‘?ﬁt{onpmgi‘s Eﬂé‘ﬁagr's 8Ad"t he

out si de at Wspwﬁed%gnéw?lﬁetémc %HBH?% c&%ﬂ%ﬁd&?%st‘%tiélﬂﬁ f A¥EdMid ARe. t he

0
soft pocket is ma ric rernrorced ane, such as vinylon or
nyl on fabric coated on one or both sides with neoprene, or of

pol ypropyl ene or pol yethylene with

[0015] In a preferred embodiment of the invention, the metallic anode is

wholly disposed within the soft pocket chamber.

15
[0016] In another embodiment of the invention, the battery further
comprises a second semi-permeable membrane disposed within the
upper portion of the soft pocket chamber to reduce the pressure difference
between the soft pocket chamber and the outside atmosphere.

20

[0017] In another embodiment of the invention, the soft pocket is made of a
fabric reinforced membrane, such as vinylon or nylon fabric coated on one
or both sides with neoprene, or of polypropylene or polyethylene with
coating on one side of polypropylene or polyethylene, or of polypropylene
25 or polyethylene with coating on a first side of polypropylene or
polyethylene, and a coating on a second side of PVC. The fabric may be
alkaline-resistant and selected from the group consisting of vinylon, nylon,

polypropylene, polyethylene.

30  [0018] In a typical embodiment, the soft pocket closing mechanism is
provided by one or more straps which circumscribe the one or more cells.
Optionally, the soft pocket closing mechanism comprises one or more



coating on one side of polypropylene or polyethylene, or of polypropyl ene
25 or polyethylene with coating on a first side of polypropyl ene or

pol yet hyl w2/ 0a37d3 a coati ng on a second side of PVC. The fratiriso2/o@mye be

al kal i ne-resi stant and selected fromthe group consisting of vinylon,

nyl on, pol ypropyl ene, polyethylene. 30 [0018] In a typical enbodi nent, the
soft pocket closing nechanismis provided‘by one or nore straps which
circunscri be the one or nore cells. Optionally, the soft pocket closing

hani i WD 02/,073713 PCT/ US02/ -7
ol t -and one NaLeRs Dol and 14 of Mo iAok pBt (maoite pECdpe e O
conprises a ”Dlegeﬂeﬂigtct%ﬂ{;ﬂlseeiaeﬁﬁld/é&ihwdl piBCE WaSRas&Ein eoss sOWIA] In a

further enbodifrent o e 1 nvention, the periphery of the first 5 wall is
attached to the first retaining structure and the periphery of the second

i thout gl ue.  ToREBNATTRRC BECE AR B ERBREne eI SF B s} " SEe

as a zinc-akr wdh ibatfaeh¥d thetivst setainingbirectlics anaghelpeephelioighand whi ch

is sufficiently durable for hundreds of refueljng operat bons. The
i nvention al so Serond el is attashed tqythe seqondggtaiRing StRCECq BY SerhENGak K

el ectrolyte or . t ist. Brief Description of Drawi ngs 15 [0021]
These and ot herfgd‘cggl'{"lgﬁr%e&s{,g?ua%pects and advant ages of the present invention

wi |l becone better understood with reference to the follow ng description,

appended cl ai ns and_acconpanyi ng draw n wher e; 022] Figure_l is a

per spective vi 409281 The r'l'%‘{eé]t'-ogd%rglﬁ' £ @rryg%é\giaﬁ&eﬂleéﬁ%%ssucﬁ%so? Z{r}‘féa%r

i nvention. ;00 i : LSi i i neisakicasalycel |
@he%ﬁggﬁ,%neﬁs]gl?nté’o@%rsfaggf'*[eggtazlwdmhﬁ:h _ \C

useable in ery o gure 1. _ gure 3 is a perspective
vi ew of an anodiurasiedbt bundredsef cefueling operations. The invention also provides a

metal-gas cell battery which does not leak electrolyte or electrolyte mist.

Brief Description of Drawings

15 [0021] These and other features, aspects and advantages of the present
invention will become better understood with reference to the following

description, appended claims and accompanying drawings where:

[0022] Figure 1 is a perspective view of a metal-gas battery having features

20 of the invention.

[0023] Figure 2 is a perspective view of a metal-gas cell useable in the

battery of Figure 1.

25  [0024] Figure 3 is a perspective view of an anode useable in the cell of

Figure 2.
[0025] Figure 4 is an exploded view of the celi housing shown in Figure 2.

30



Figure 2. [0025] Figure 4 is an exploded view of the cell housing shown in
Figure 2. 30 WD 02/073713 PCT/ US02/ 06976 -8 [0026] Figure 5 is a

per spect iwe ozioexwi®f a pair of gas cathodes useable in thecxado2/eds7éi gure
2. [0027] Figure 6 is an exploded view of a pair of cells useable in the 5
invention. [0028] Figure 7 is a perspective view of the pair of cells shown
in Figure 6. 10 [0029] Figure 8 is a cross=section view of two cells such
as those illustrated in Figure 7. [0030] Figure 9 is a detailed view of

the circled ar ' igure. 8. 15 10031 ure 1 S
unf ol ded soft ﬁ@%ﬁ@tfsa g@?é’eﬁs.p '5%3%‘” ?Fﬁl?rag(?@qs ca&hgf%%gs%éebgglrbn Vi ew
of one enbodi MRRL c@fl R FFRREG] fabric useable in the soft pocket of Figure

4. 20 [0033] Figure 12 i's a cross-section view of a further enbodi ment of a
coated fabric useable in the soft pocket of Figure 4. [0034] Figure 13 is a

the soft - pocket0G Blae B § FLeoBORuE dpdl ofcofi PrébR RS o on” "

view of a fyrthgyemidpodi ment of a coated fabric useable in the soft pocket
of Figure 4. [0036] Figure 15 is a perspective view of another enbodi nent
of the metal- 30 gas battery having features of the invention. WO 02/073713

PCT/ US02/ 06976 ,{OP%%J[ ,ggg@ 7R ggife?sp;l}egca{rbg VP ®f fREFLI YE UILUMREn th PRURS 69aS

cell useable i ery

10  [0029] Figure 8 is a cross-section view of two cells such as those

illustrated in Figure 7.
[0030] Figure 9 is a detailed view of the circled area in Figure 8.
15 [0031] Figure 10 is a view of the unfolded soft pocket of Figure 4.

[0032] Figure 11 is a cross-section view of one embodiment of a coated

fabric useable in the soft pocket of Figure 4.

20  [0033] Figure 12 is a cross-section view of a further embodiment of a

coated fabric useable in the soft pocket of Figure 4.

[0034] Figure 13 is a cross-section view of a preferred embodiment of a
coated fabric useable in the soft pocket of Figure 4. and

25
[0035] Figure 14 is a cross-section view of a further embodimént of a

coated fabric useable in the soft pocket of Figure 4.

[0036] Figure 15 is a perspective view of another embodiment of the metal-

30 gas battery having features of the invention.



[0038] Figure 17 is a perspective view of an anode useable in the battery
of 5 Figure 15. [0039] Figure 18 is an expl oded view of the cell housing
shown in WwWoganes71d6. 10 [0040] Figure 19 is a cross-secti @TAUOM6E 6 a
portion of the frane of the cell housing of Figure 18. [0041] Figure 20 is
a cross-section view of a portion of the frame of the cell housing of
Figure 18. 15 [0042] Figure 21 is a perspe9c‘ti ve view of a pair of gas

cat hodes useable in the cell of Figure 16. [0043] Figure 22 is an expl oded
view of a pair of cells eable in the .20 invention. i 23 is a
cross-secti on W&EF iguf%\ggd%le‘l%e@%ﬂwgsv'?‘ﬁ&g@ meﬁ"@?Fr@@%‘%R@ﬁéhge 22. 25
[ 0045] Figure %ﬁie%af p@{ﬁ;ﬁp@g;i ve view of the pair of cells shown in Figure
22. [0046] Figure Is™a front view of one of the pair of cells shown in
Figure 22. 30 [0047] Figure 26 is a cross-section view of the cell of

cr 085 sect i on JAGH oWRA7 e PRI G U BT o B L B ls g} b

Cross-sectign \p@weof5_t he cell of Figure 25. 5 Detailed Description [0050]
The foll ow ng diScussion describes in detail one enbodi nent of the
invention and several variations of that enbodi ment. This di scussion

shoul d not be GoRSL ERdle 1890RExpIdtiad ViBW dfife (B HoRYRR! 4l @ Higare
16.

10  [0040] Figure 19 is a cross-section view of a portion of the frame of the cell

housing of Figure 18.

[0041] Figure 20 is a cross-section view of a portion of the frame of the cell
housing of Figure 18.

15
[0042] Figure 21 is a perspective view of a pair‘of gas cathodes useable in

the cell of Figure 16.

[0043] Figure 22 is an exploded view of a pair of cells useable in the

20  invention.

[0044] Figure 23 is a cross-section view of two cells such as those

illustrated in Figure 22.

25  [0045] Figure 24 is a perspective view of the pair of cells shown in Figure
22.

[0046] Figure 25 is a front view df one of the pair of cells shown in Figure
22.

30
[0047] Figure 26 is a cross-section view of the cell of Figure 25.



particul ar enmbodi ments. Practitioners skilled in the art will recognize 10
numer ous ot her enbodi nents as well. [0051] The invention is a netal -gas
cel | bat twow20@7¢conpri sing at | east one battery cell 12, paTpmss2/0dve fir st
battery term nal 14 and a negative second battery term nal (not shown).
Typically, the battery 10 of the invention 15 conprises a plurality of

i dentical battery cells 12. In the discus$Pon which follows, a typical
enbodi ment i s described wherein the battery 10 conprises a pI urality of
battery cells 12, the reactive gas i s 0X . alr and the
anode materi al [?@SHI%"%S%? RNPHIET (FERSS$ '°n2‘ﬁe‘f’6{g§'2‘]” CE@Bﬁ BMe &Py cell 12
conprises a first gas cathode 18, a second gas cathode 20 and a soft
pocket 22 disposed between the first gas cathode 18 and the second gas
cat hode 20. Thdoasel Figuoe R8tis 22crdes-saetomviewf of thp wellexf Figlretd 94. Each
battery cell 12 further conprises a netallic anode 24 disposed within the
soft pocket chanber In a preferred 25 enbodi nent, but not required,

enbodi ment of t i |1ic anode 24 is wholly disposed
within the Sof tb‘%@ﬂéﬂﬂﬁ%&ﬁaﬂﬁ@om In the enbodinent illustrated in
Figure 1, the battery of the invention 10 is a zinc-air battery conprising
battery cells 12 co d.in .30 series. he batt er a any
nunber ~ of battéPQﬁ%gﬂﬁgo'iOz’V'”aé%mﬂ?a (ﬁ‘?ﬁ?ﬁ %9%1 lt%beegmﬁog‘g@%wéj tﬁ%\o

02/ 073713 PCT/ {R0AROAR se\;léra[@&)r%ion’éhﬂ trb@ttérﬂwduih{érﬂorws gieBussibnont cover

plate 26 and a rear cover plate . The cover plate 26 protects the
out er nost gas cstowddigotiige canstreed, ﬁTQV@cVeb.aa& imifingdhe invRNtioRdodBes pl ate 28

B gures 2 o aricurhe B RRafRbNE.Pragithes® skl e SRMifHdedtine | (7O o1
first gas qat hoglendusotBet@mbodinhertte adiwgibsed within a rigid planar first
retaining structure 34. The first gas cathode 18 is perneable to a

[0051] The invention is a metal-gas cell battery 10 comprising at least one

battery cell 12, a positive first battery terminal 14 and a negative second

battery terminal (not shown). ’Typically, the battery 10 of the invention

15 comprises a plurality of identical battery cells 12. In the discussion which
follows, a typical embodiment is described wherein the battery 10
comprises a plurality of battery cells 12, the reactive gas is oxygen, such

as from air, and the anode material is zinc or similar material.

20  [0052] Each battery cell 12 comprises a first gas cathode 18, a second gas
cathode 20 and a soft pocket 22 disposed between the first gas cathode
18 and the second gas cathode 20. The soft pocket 22 defines a soft
pocket chamber 94. Each battery cell 12 further comprises a metallic
anode 24 disposed within the soft pocket chamber 94. In a preferred

25  embodiment, but not required, embodiment of the invention, the metallic

anode 24 is wholly disposed within the soft pocket chamber 94.

[0053] In the embodiment illustrated in Figure 1, the battery of the
invention 10 is a zinc-air battery comprising battery cells 12 connected in
30 series. The battery 10 can comprise any number of battery cells 12,

depending upon what voltage is desired.



10 reactive gas but inperneable to |iquids. Were the reactive gas is

at nospheri c oxygen, the first gas cathode 18 all ows the passage of oxygen
fromthe womepdtese into the cell 12. [0056] The second gasTasbhosdes 20 is
di sposed within a rigid planar second 15 retaining structure 38. The
second gas cathode 20 also is perneable tp a reactive gas but inperneable
to liquids. Were the reactive gas is atnbSpheric oxygen, the second gas
cat hode 20 all ows the passage of oxygen fromthe atnosphere into the cel
12. 20 [0057] The second retaining structure 38 is noveable with respect to
the first retaining structure 34 between a first retaining structure

position, whergsm The bhtteat 10 edbmpriseg astonicoveeplde 26 amdm(remtoeveo t he
second r et ai ni n& structure 38 and a second retaini St Ct urg E SI tion
te s sathog By

wherein the fi plate 28eThermovgr plate <P ratesis the ayisimgs 96%1 RQcond
retaining str U?Psgrb%%?,?céﬁané %‘3§J>v<§35|§tetf@gfqtéag.tﬂé%u@émmgaA%aﬂrnmet he

second gas cat i Ise a supportin attice structure 40 which

al | ows suff$ci @otinahe Ia‘slt@wttet)memgh t he gas cathodes 18 and 20. 30 [0059]
The soft pocket 22 has a soft pocket top opening 42 which is open in the
second retaining structure position and which is tightly closed in the WO

02/073713 PCT/ BFs 2~ BRifstrab d §brialteig 13 tuseable if the BiatteAN10.By
"tightly cl oseg&%fﬁgl S meantI t hat th @b oft pocket top openi ngn42 is

sufficiently seEadcecfrsbg@fr eartbmdetﬂ&eswemg@th@ﬂe dispasedoviihie agigidipéatarol yt e

fumes fromthe_s ocke 00 Fi gure 1,
a soft pocket (ff% a&&ﬁﬂgﬁ?ﬁo 4 ?ﬂfglré)%ﬁ (g%h é%rws'(% ?%%éﬁ%htgral rst and
second ret apni hga@ivelgds'bESimiferaebRSto Immddwvhen@ﬂherreham\m g@s B ructure
position. In the enbodinent illustrated in th drawi ngs, the sont pocket

cl osi ng mechaniadmoggherc prygemn de ﬁgst@aﬁ;ga,’(hqge 18 allows the passage 0
oxygen from the atmosphere into the cell 12.

[0056] The second gas cathode 20 is disposed within a rigid planar second
15 retaining structure 38. The second gas cathode 20 also is permeable to a

reactive gas but impermeable to liquids. Where the reactive gas is

atmospheric oxygen, the second gas cathode 20 allows the passage of

oxygen from the atmosphere into the cell 12.

20 [0057] The second retaining structure 38 is moveable with respect to the
first retaining structure 34 between a first retaining structure position,
wherein the first retaining structure 34 is proximate to the second retaining
structure 38, and a second retaining structure position wherein the first
retaining structure 34 is spaced apart from the second retaining structure

25  38.

[0058] Both the first gas cathode 18 and the second gas cathode 20
comprise a supporting lattice structure 40 which allows sufficient air flow
through the gas cathodes 18 and 20.

30
[0059] The soft pocket 22 has a soft pocket top opening 42 which is open
in the second retaining structure position and which is tightly closed in the



straps 46. In other enbodinents, a single strap 46 can be used. In still 10
ot her enbodi nents, one or nore clanps can be used. In still further other
enbodi nernwe,028T37ens protruding fromthe front cover pl atepgé/usoz/odees r ear
cover plate 28 can be used. An enbodi ment using screws is described below.
15 [0061] In the enbodinent illustrated in_.the draw ngs, each of the straps
46 can be a conventional packing strap naae from pol ypropyl ene or ot her
suitable material. In the enbodinent illustrated in Figure 1, the opposed

ends of each s Tu '

pair of parall rﬁ;gf:gn@ stﬁ:g&q;gfp%siig) (X ganﬁ\ﬁgﬁgabatﬁ' %garﬁﬁgg%%fgoth
20 the verti calpgmreb®ipsofdhitgd2tiseufiigientialseatotber predentthetieakageaped in
cross-section to provide structural rigidity. An H shaped structure 48 is

affixed to botf?‘?ﬁéo'ﬂed?ﬁe'@‘éiwyteﬁpﬁ'teé Q‘U"‘éhﬁ SPH@QC@?QFC%VQW% ate 28, for
exanpl e, by screws. 25 [0062] As can be seen fromFigure 1, both of the
vertical nenbers 50 on the H shaped structure 48 conprise | atch nechani sns
54 for tightenifogso] Asvllustratedien Pigure df a softgpeckébelosing meakaniemdtbis each

strap 46 is attached, .to I h 54 at th d of f
The ver i cal - reaied fapsghpriogia Tes ik ean euaibin et B S And PR ac
are attached tcinéﬁ‘lrs?core?élﬁlﬁg@%%uré'd&lt@ﬁ mﬁ@éﬁgoafn%tmﬁratt@d the“pper

end of one of vertica ers . Each attachnent rln% 56 has a
t hr eaded hook aﬁamgscmﬂ@anﬂpecbquh@sleglnyeqhanméd isrovided bxta p@iReént ring

6. “Each hook SRS 41 A el SUeRTR=sq ale Y 4k eBpdle BB S T he o

| at ch mechapi Sf&héﬂen{b@@ﬁﬁéntgh@né'bﬁ hane@ishps et déedin shiefurtr otissrer
pl ate 28, however, has 5 no iatchl‘gg mechani ss 54, pin 55, rings 56 or

hooks 58. On t tRmbedimenis.asrews aretroding &gem ths frpntecqw platefstoghedear
retained w thin Cover p?z;te% car be used. An embodiment using screws is described

below.

15 [0061] in the embodiment itlustrated in the drawings, each of the straps 46
can be a conventional packing strap made from polypropylene or other
suitable material. In the embodiment illustrated in Figure 1, the opposed
ends of each strap 46 are affixed to an H-shaped structure 48 having a
pair of parallel vertical members 50 and a single lateral member 52. Both

20 the vertical members 50 and the lateral member 52 can be U-shaped in
cross-section to provide structural rigidity. An H-shaped structure 48 is
affixed to both the front cover plate 26 and the rear cover plate 28, for

example, by screws.

25 [0062] As can be seen from Figure 1, both of the vertical members 50 on |
the H-shaped structure 48 comprise latch mechanisms 54 for tightening
down on the pair of straps 46. The lower end of each strap 46 is attached
to a latch mechanism 54 at the lower end of one of the vertical members
50 by a pin 55, and the upper ends of each strap 46 are attached to an

30 attachment ring 56 disposed proximate to the upper end of one of the
vertical members 50. Each attachment ring 56 has a threaded hook 58
which can be adjustably threaded into the attachment ring 56 or threaded



shaped troughs 60 in the two vertical nenbers 50. [0064] The positive first
battery termnal 14 can be a mal e cone-shaped or 10 cylindrical shaped
structurewodiepexesl in the front cover plate 26 as il ust patracoz/meofs gure 1.
The negative second battery termnal can be a corresponding fenale
cone-shaped or cylindrical shaped structurg di sposed in the rear cover
plate 28. The first battery termnal 14 i d “electrically connected to the
two gas cat hodes 18 and 20 which adjoins 15 the first term nal 14. The

d batt inal .is el i : - i
2di o1 s the- seauhar B asgriefild 56 rAERROREL ¥ gishGscd SBRBR iEa O
reactive oxygeme gnddiedisy bré wf ik twanlatdrenfdcherignisBaough the battery 10

through gaps 62 di sposed between the 20 battery cells 12. [0066] In the
enbodi ment illustrated in the drawi ngs, the anode 24 is wholly disposed

within the sof ] | fat (15l |

detail. In thet[%c%ggﬁﬁ%?é_ﬁ% h?ﬁ%%g'{rg%@é%h?ﬁﬁgu@? g?\;(%fﬁg&gnzo%gﬁg%%gé%é@

c;)rrprlt ses gs e|r@l’&a§dfﬁr@¢ Er;éaomgwm 54 epin Gdp oings Sbrardtanks 584 Qrathengaa support

structure base portion and a t st t t ab N 6 '

above the supp&oveE plalR Ly @a%%ﬁﬁg&%gﬁ%&g?ﬁ%ﬁ%@%%bI%ﬁgtoglﬂgé égzed

portion 66 and %@?,F}gg%r#gﬁrstécp{h t&g 1BV RRcdrasembem@ny conductive material .
e

Copper is a prefe rial because of its low cost, rigidity 30 and
hi gh conductivity. The support structure base portion 66 should be rigid

cnoush X0 I G SRR, O AP0 G NEL 19 RSk bl o30SR fr
m ni mal V\OC}@_Z/n %@Z&ﬁcﬁ%ﬁaﬁ@@%@@&% dispobédVif th@genticomr platetdgeasmbodi ment

illustrate Figure 3, holes and slots 70 are disposed within the
support struct dliusttadee ipbigurer . Epetnegative secomnd balieivdatmisrl £ b&#por t

structure 64 and to join t (o ' lately belo
on both sides oqor'fer?éogamgo#;&%fpéh?%ﬁ\eégggggjcym(&‘é?gﬁé‘%jd stedte o Y W
disposed in the rear cover plate 28. The first battery terminal 14 is
electrically connected to the two gas cathodes 18 and 20 which adjoins
15 the first terminal 14. The second battery terminal is electrically connected

to the anode 24 which adjoins the second battery terminal.

[0065] Air for providing cooling and reactive oxygen to the battery 10 can
be flowed through the battery 10 through gaps 62 disposed between the
20 battery cells 12.

[0066] In the embodiment illustrated in the drawings, the anode 24 is
wholly disposed within the soft pocket 22. Figure 3 illustrates a typical
anode 24 in detail. In the embodiment illustrated in Figure 3, the anode 24

25  comprises an electrically conductive support structure 64 having a support
structure base portion 66 and a support structure tab portion 68 disposed
above the support structure base portion 66. The support structure base
portion 66 and the tab portion 68 can be made from any conductive
material. Copper is a preferred material because of its low cost, rigidity

30 and high conductivity. The support structure base portion 66 should be
rigid enough to minimize damage or distortion during recycling, and should

provide a large cross-sectional area to allow high current flow with minimal



5 portion 66 into an integral whole. [0067] Another enbodi nent of a typical
anode is illustrated in Figure 17. [0068] A netal powder 71, such as zinc
powder, iwopresxesl onto the 10 support structure base por tcarusésodsass pr ovi de
an anode base portion 72. Preferably, the holes and slots 70 in the
support structure base portion 66 are |ocated and configured such that the
el ectrical resistance between all partlclés of the zinc powder 71 and the
support structure base portion 66 is nearly identical. 15 [0069] The anode

base portion 72 S referab an shaped t rovide a l.a urface
area. To facilivele tdﬁ‘épl'H&‘élq WeBquPﬁE %ﬁdﬂf@lﬁ'%:? Oge? ARd L‘ﬁ? 7gocket
22, it is also d?é‘?ﬁé?:?o%@dq/v&ﬁlﬁtthé Qﬁpb@r\t\@trmtre@ege pofticH 66 it redined@ebase
portion 72 be shorter than the t he uppernost 20 edge 76 of the

anode base por tweightzof thmnwportrstwcg\ypu%an@tmmn theninetalipowdgidde base

base por 1 on 730BEREE i REI S B AGER RIS oS Sfuefiie bAa e

76 of the argodq;d)ﬁgsﬁagqnﬁolm.n?agral whelech enmbodi nents, it is also typical
for the soft pocket 22 to have an equi val ent shape. 25 [0070] The tab

portion 68 of the support structure 64 provides a convenient handl e which

is useful in thgod7nanatidmBedintert onaitabichNnghdife ishrustrtoden Riuré am t he
soft pocket 22. The tab portion 68 further provides an electrical

connection nmeans for the anode 24 as described below. In those 30 preferred

cbodi rent's hapeid A BRiARIRRY | 3,000k in dhsRAsET MAE qrhigeof t pocket

22 during oper reron needs no sea enen
02/ 073713 R@T/ l&ﬁﬂo%ﬁﬁﬁ:ture]ﬁaéé)@&mbn'ﬂﬁetmodﬁetmsanm bae@ po&idrs72li sposed

wi thin an encl osure bag 78

Preferably, the holes and slots 70 in the support structure base portion 66
are located and configured such that the electrical resistance between all
particles of the zinc powder 71 and the support structure base portion 66
is nearly identical.

15
[0069] The anode base portion 72 is preferably planar and shaped to
provide a large surface area. To facilitate the installation of the anode 24
into the soft pocket 22, it is also preferable that the lowermost edge 74 of
the anode base portion 72 be shorter than the length of the uppermost

20 edge 76 of the anode base portion 72. Thus, in a typical embodiment, the
anode base portion 72 is trapezoidal in shape with the lowermost edge 74
of the anode base portion 72 being slightly shorter in length than the
uppermost edge 76 of the anode base portion 72. In such embodiments, it
is also typical for the soft pocket 22 to have an equivalent shape.

25
[0070] The tab portion 68 of the support structure 64 provides a
convenient handle which is useful in the installing and de-installing of the
anode 24 from the soft pocket 22. The tab portion 68 further provides an
electrical connection means for the anode 24 as described below. In those

30 preferred embodiments wherein the anode 24 is wholly disposed within
the soft pocket 22 during operation, the tab portion 68 needs no sealing

elements.



as illustrated in Figures 2 and 3. The encl osure bag 78 can be any
suitabl e porous flexible material, such as a porous plastic nenbrane, 5
woven fabwoo2er3medn-woven fabric. The encl osure bag 78 i s Paglhuboz/ops ace
around the anode base portion 72 by a pair of clips 80. [0072] Figure 4

il lustrates an expl oded view of the batterg cell 12 illustrated in Figure
2. As can be seen fromthis view, the sof ¢ pocket 22 conprises a 10
flexible and planar first wall 82 and a flexible and planar second wall 84.
Both the first wall 82 and the second wall 84 have a periphery 86 and a
central opening 88. The periphery 86 of the first wall 82 includes a top

edge 90 and t hgo@e(] TieaNodS base pbrICPETDIRMispddedBithinsam encipsuredsag?8 op
edge 92. In the enbodinent illustrated in the draw n ? thz) peri phery 86 of
15 the first wasilgstratad imEigusesgranged. 1ha ?ngﬁaurﬁ%ag 84gBLeNand t he

peri phery 86 of .t I r ' leght edges
83. The peri pl?é’ﬂtﬁggeéogrgagglg\&ﬁ% rsrfaltl(\e/\'ﬁa#l éL?}g{%%tQ?gE%%@??sﬁ%ln?ﬁ?rse{ne?et ai ni ng
structure 34 hyowshdrices non-wover fatirici The eactoscherbag 786ameld Biptacar |y,

t he periphery 86 of the second wal | 874 'bs at t.ac?qd mt he second retaining
structure 38 ZIoynd Hhihaspde Hage POFtRLy 72 P¥ia RN Gt ¢ nt means. [0073]
Figure 10 illustrates a preferred nethod for neking the soft pocket 22. A
singl e sheet of the chosen nmaterial for the soft ﬁocket 22 is_ _punched to

; 23 f_haﬁte ZQO\QQOM] F:%uegdiﬂlgstra:)tesiangem}mt aqgﬂaw@st gbattery @@H%H@Wa@@i d| gft
i . 83, . and_top .e i : e

al ong ?ol d | ?nén?}g”r&r% A&gﬁ’%aeéﬁgﬁ ro[rﬂgm?é(%?”’ﬁﬁg S-rglﬁg)r%%ég%gghﬁég%%a

sui tabl e mygns ﬁ%iﬁl@@ﬁb%@néﬁﬁr&t warBotanda fidniblecgiye pRhar 8adorndwattdge 92 are

not seal ed, so that soft pocket tog opening 42 is created. Adhesive
surfaces 89 ar eBathgheffiestrieall B2 eaditaa seeend wall fdnaave a PEGPRENVAQ 88H & he

Phe peri phery el pRENOE I p ety SBoi B WA &2 ik & | P00
38. WO 02/ 0737 1gyd& 306 dha2h8@Rriphery 86 of the second wall 84 also comprises a top

edge 92. In the embodiment illustrated in the drawings, the periphery 86 of

15 the first wall 82 further comprises left and right edges 83 and the periphery

86 of the second wall 84 further comprises left and right edges 83. The

periphery 86 of the first wall is attached to the first retaining structure 34

by adhesives or other similar attachment means. Similarly, the periphery

86 of the second wall 84 is attached to the second retaining structure 38

20 by adhesives or other similar attachment means.

[0073] Figure 10 illustrates a preferred method for making the soft pocket
22. A single sheet of the chosen material for the soft pocket 22 is
punched to the shape shown in Figure 10, having two openings 88,

25  periphery 86, left and right edges 83, top edge 90, and top edge 92. The
material is folded along fold line 87, and sealed along the left and right
edges 83 by a suitable means to form the soft pocket 22. Top edge 90
and top edge 92 are not sealed, so that soft pocket top opening 42 is
created. Adhesive surfaces 89 are a preferred location for the adhesive to

30 attach the periphery 86 of the first wall to the first retaining structure 34,
and the periphery 86 of the second wall 84 to the second retaining

structure 38.



-16 [0074] By this design, the first retaining structure 34, the first gas
cathode 18, the first wall 82, the second wall 84, the second retaining
struct ur ew8d2/0a37d3 t he second gas cat hode 20 cooperate to eaalusszodne soft
pocket 22 5 so as to formthe soft pocket chamber 94. The soft pocket
chanber 94 is open at the top opening 42 defined between the two top edges
90 and 92 of the first wall 82 and the sé€ond wall 84. When electrolyte is
di sposed within the soft pocket chanber 94, such electrolyte is in contact
with the first gas cathode 18 via the central opening 88 in the first wall
82 and the 10 electrolyte is simlarly in contact wwith the second gas

cathode 20 thrg Wh]zsgms%@ rfilthé’ﬁ%'i”ré‘@lr@fg(bﬁuétﬁ?e gﬁcﬂféf#”ﬁéﬁbés 84thod@075]

The planar wall's 8 nd 84 o the soft et 22 can be made from a
pl astic menbrard, ti‘re fish wall B2, thed secont wall 84, thmaecrqnolsnetanmgs%umidre\/%& ls 15

pol ypr opyl ane, 9NGR s50000 ap il 25 Bt FIPRAEE LN RERBRPLS 28 ati on

fromthe el ect rs@léstt% foymhpgisos ket hambenss rase sbRpoeke] AHEMbe @iy
materials which resist deterioration fromthe electrolyte and can be 20

used incl ude etapeneatdhetep ppeniagdtZdriingshriiseengbeywvortopseoes Q03ntHe-

pr opyl ene copol y rdi ferred
material for ‘ﬁﬁ%“ﬁ?%ﬁ'@ngﬁ‘?% %‘g&@ﬁ’egﬁ@%%ﬂ@ﬂ %I%‘étrg%@%% éb% 21is
fabric rei nfor agthimeeseft ocketashaentiel Qahtswshalentmﬂ)ste i2fn s@n&acbwutbfthea fabric

rei nf orced nenbrane 150 usea Ie in the present jpve n co fabric
154 having a fifrstgas erthede 1 aV'%Q%ﬁﬁ"@d}?efW ég % t wa t he

enbodi ment 6“0"&41%‘3%@&%% ﬁ@?ﬁ’n‘tﬁct%ﬁﬂh he séifé"f‘tﬁecﬂasoéhthaée fzbrtﬁFo@rﬂe 156

with a coating neopren ric 1547 s netting, the neoprene
may seep to thaheeeondlsmﬁangasloﬂhéabcmmdﬂeﬂfﬁ4. I n one enbodi nent havi ng

good al kaline resistance property, fabric 154 is made of vinylon. Nylon is
one alternative choice for fabric 154, but its al kaline-resistance

property is |es§oisheRe\diaNArARalls 82 and 84 of the soft pocket 22 can be made from
a plastic membrane or other suitable material. The first and second walls
15 82 and 84 of the soft pocket 22 can be made from polyethylene,
polypropylene, nylon or other material capable of resisting deterioration

from the electrolyte by having good alkaline-resistance.

[0076] Other materials which resist deterioration from the electrolyte and can be
20 used include ethylene propylene diene monomer, butyl rubber, ethylene-
propylene copolymer, and chlorosulfonated polyethylene.

[0077] A preferred material for making the planar walls 82 and 84 of the
soft pocket 22 is fabric reinforcéd membrane. Figure 11 shows a cross-

25  section of a fabric reinforced membrane 150 useable in the present
invention comprising fabric 154 having a first side 156, a second side 158,
and coating 152. In the embodiment shown in Figure 11, fabric 154 is
coated on the first side 156 with a coating 152 of neoprene. If the fabric
154 is netting, the neoprene may seep to the second side 158 of fabric

30 154. In one embodiment having good alkaline resistance property, fabric
154 is made of vinylon. Nylon is one alternative choice for fabric 154, but
its alkaline-resistance property is less than vinylon.



WO 02/ 073713 PCT/ US02/ 06976 -17 [0078] The sane adhesive used to seal the
left and right edges 83 to form the soft pocket 22 may be used to attach

t he peri pwerog/o8F1®f the first wall 82 to the first retai mCcmgrsst/oascé ure 34,
and the periphery 86 of the second 5 wall 84 to the second retaining
structure 38. Wen fabric 154 is coated on, only one side, the uncoated
side is the preferred side to attach to ré?alnlng structures 34 and 38.
When the coating 152 is neoprene, preferably the adhesive should be
neoprene glue. [0079] Another enbodi ment of fabric reinforced nmenbrane 150
useable in 10 the present invention is shown in Figure 12. In this further

enbodi ment,  f agn78) ThHedsdrbie GRNEENesedabseahthd leftsindsiighe edees@Bdtosferand
side 158 with "coating 152. \Wen the coati n&b152 i s neo re e

, thi

ggpaér urr:tei 82 pitle et pogket 2wy kaiHerd (ratip @\Q@er\‘)ﬁﬂeﬁy r”é‘f }ifslﬁf"r?éj

u a |
constructed of réiég tﬁ%@irglr?ﬁ%ﬁéﬁ%ﬁﬂ@e%f SHQE%‘% @ﬁérxl[ Oogﬂ]h%A pre erred
errbodr[ ment of I\{@W&@td’ gdéwo@?getwmbgmwﬁé 388e\élhlee fabric t1hé ipceatedton
i nvention is shown in Figure nmb d br
on the first sy @B%SWG?FP%BB?Q%ISQZ? 'St y reﬁreggﬁwgogggph}l ret@lasngcoat -
non-woven pol y%‘ir‘a&wr%%ﬂnd@@éyw ﬁ\'éecoa%r'ﬁ@ B8 T pkee, préfelﬁé)ﬂ)ly@rﬁ@pw ene

or pol yet hyl ene en non-woven pol ypropyl ene or ponethy ene i S used for
fabric 154 |tadhesweswldmllébem\elmee&nesglae the left and right edges 83 to

(orm e 5o Lﬁ@@f@ iane Srogelerty rafe: (S oke mitritrafe 2ERNsER o

due to thg Vrhég;é%ﬁ iRRRtiol i95nbWASE Fiftite PR, ahitAduRBEEEMBLEIME T, or der
to glue these ds of materials, many methods have been devel oped to

treat the surf dabtic H64 ds conter an ?gfptbéheﬁ"&é@ﬂdfeﬂ% ROASesPNE Hidee1 9@ WiHd s
coating 152. When the coating 152 is neoprene, this construction

provides very good adhesive property with the retaining structure 34 and
retaining structure 38, particularly when they are constructed of ABS,

15  although it is more expensive.

[0080] A preferred embodiment of fabric reinforced membrane 150 useable
in the present invention is shown in Figure 13. In this embodiment, fabric
154' is coated on the first side 156 with Coating 152', wherein fabric 154" is

20 non-woven polypropylene or polyethylene, and coating 152" is
polypropylene or polyethylene. When non-woven polypropylene or
polyethylene is used for fabric 154', it is possible to heat seal the left and
right edges 83 to form the soft pocket 22, which is much easier than gluing
neoprene.

25
[0081] Pure polypropylene or polyethyiene is very difficult to be glued, due
to the low surface energy of these non-polarized materials. In order to
glue these kinds of materials, many methods have been developed to
treat the surfaces before being glued together. None of these methods

30 can guarantee no leakage in mass production. Due to its porous surface,
when fabric 154' is made of non-woven material, the glue is absorbed and

can reliably be attached to ABS plastic, even when the non-woven fabric



30 can guarantee no | eakage in mass production. Due to its porous surface,
when fabric 154" is nmade of non-woven material, the glue is absorbed and
can rel i aWwby2bes7at t ached to ABS plastic, even when the nomcmmsenodsabdri c WO
02/ 073713 PCT/ US02/ 06976 -18 is made of pol yethyl ene fiber or

pol ypropyl ene fiber. A non-woven fabric alone, however, cannot be used to
make the soft pocket 22 because it wll ‘E)%'permeabl etoliquid

el ectrolyte. 5 [0082] Another enbodi nent of fabric reinforced nenbrane 150

useable in the present inyventi i wn in Figure 1 ' :

enbodi nent , fatﬁl?\@%elqg}ﬁpolxe;fhggg?ggegﬂ?Fﬁlgpfqpryﬁnegﬁ%%r. 1égo\bmgy(§1vmcn§%tbi”ﬁg 152",
and on the secafghe, hoWRveb&aninbhbe @akting sk thendisst pbekdta heralisd'it whl
non-woven pol ypropyl ene or polyethyl ene, coating 152" is polypropyl ene or
10 pol yet hyl ené,e Restnegdia tliguid stectoe,c. 1 n this enbodi nent, the second
side 158 with PVC coating 152" is the side that is attached to retaining
structures 34 and 38. [0083] Figure 5 illustrates how the first gas cathode
18 and t he secqund2pasothed eaiiduienf6f fabeic deinforsed meérnbrares peX useablerie

anot her. The gas cathodes 18 and 20 cap. be y sujtabl e gas ades known
0 he’ ndust Lhe piaseahiveghon i shtad: DIBs 2. i (s RS eRie

manuf actured b (s} radd As can
be seen, both ?ﬁg '%ﬁos%{té&ggsthggt %ng] 11%)3\&@ ﬁdémge%'dﬁgdégﬁ\ggét ﬁ%%d]efdzo

conprise a wir sideth8 96th @atiagl &8y wheseinl falps 6ok’ dcinosiwovssl | ect or 98 i s
di sposed al ong tgre to ed%{@s Pf ﬁach as ca|t ode ]‘8 and, 20. In the
enbodi ment i | | ROIYPEPRYENE Of RV fOaNG S F5a 1S ROEPTORVIENE e contacts
100. extenggpf r%ﬁﬁﬁeﬁé,ré@&oa |52tigP\38. 1Vre8 eisodiRenndné skabid ng
structure 38 is disposed in the Tirst retaining structure position, each

pair of el ectrisidg 12®mithd? ¥ Cimatingd 521 ivthepsideitbal is estached toretainge

another. In thi et gas cathodes 18 and 20 are electrically
connected to Oﬁgru\é\ﬁ%{éﬁé?and\'\?&

[0083] Figure 5 illustrates how the first gas cathode 18 and the second gas
15 cathode 20 are disposed with respect to one another. The gas cathodes
18 and 20 can be any suitable gas cathodes known in the industry. Typical
gas cathodes useable in the invention are manufactured by both Eltech
Research Corporation and Alupower, Inc. As can be seen, both the first
gas cathode 18 and the second gas cathode 20 comprise a wire mesh 96.
20  Alaterally disposed current collector 98 is disposed along the top edges of
each gas cathode 18 and 20. In the embodiment illustrated in the
drawings, two pairs of electrical contacts 100 extend from each current
collector 98. When the second retaining structure 38 is disposed in the
first retaining structure position, each pair of electrical contacts 100 are in
25  physical contact with one another. In this way, the two gas cathodes 18

and 20 are electrically connected to one another.

[0084] Another embodiment of first gas cathode 18 and second gas
cathode 20 is shown in Figure 21.

30
[0085] Figure 6 illustrates an exploded view of the assembly of two
adjoining battery cells 12. In the embodiment illustrated in Figure 6,



[0084] Another enbodi ment of first gas cathode 18 and second gas cathode
20 is shown in Figure 21. 30 [0085] Figure 6 illustrates an expl oded vi ew
of the aswembloy37e two adjoining battery cells 12. In thecensoridvent
illustrated in Figure 6, WO 02/073713 PCT/US02/ 06976 -19 connecting bl ocks
102 are disposed at the top and the bottomto |ock the second retaining
structure 38 of a first battery cell 12' "t0 the first retaining structure
34 of a second battery cell 12". The connecting bl ocks 102 have a fenale

T

38 com_)i ne to owtalled tenon Is sized and
di mensi oned t o seeor® Rexaiting stiuttars B& of arfirsthattery lwed diRS tal b firsd regainimg Fi gur e

d o . . | .
108 has & nunberUGHIE 4 olgwsesanubrtETy cell s [ easenadloes IHgRbved °o
di rensi oned { o CANASyRYB.GIBY SR A dRthbaRRRjdRgeRainn Wteletuiey ( he

two adjoining retaining structures 34 and 38. _ connecting bar 108 has a
plurality of opBdranty38 tbnbine o torinde male sivallpwxtaded tenan 108 whidheisisaeader y

cells 12. [0086] Figure. 6 further illustr th t ' .pai f
15 i nt erconnectalé’ﬂ’ @ﬂle@é'q E&*@%%O'mcg% B’ﬁhsﬁﬁgo@%éﬁ‘? %l%r%E%gégQZr'g"ig‘lﬁér'@allrlzo
to prevent theigxRanardnusiraacpgiebf siid depneating barsec®rihgret ai ni ng
structure position. [0087] Figure 7 illustrates a @%i r of fully assenbled

ggtitlelrﬁstcreglt Zdli@rr]ma?ﬁhgrllzaﬂ(?@ ﬂﬁiagmwﬁhﬂf leswrligyotaigdaaptackid WhishaHie anot her
Cross-secti onaISi%ﬁcgﬂﬁ%Pﬁﬁe%}Bﬁ%gfo %%ﬁ&%ggbgg%\ggﬂ@ﬁ%lgq @%@éﬂggagl e in the

battery 1010f thigvidBY®yithenwoldtjfihggrretdining stiuctured34beid 88yTheel | 12" is
di sposed in abutnment with a second bat_ter?/ cel | 1%" . .
connecting bar 108 has a plurality of openings 10 to provide the influx of

air into the battery cells 12.

[0086] Figure 6 further illustrates the construction of a pair of
15 interconnected slide fasteners which provide expansion restrainers 112 to
prevent the expansion of each cell 12 beyond the second retaining

structure position.

[0087] Figure 7 illustrates a pair of fully assembled battery cells 12" and 12"
20  which can be disposed adjacent to one another as illustrated in Figures 8
and 9.

[0088] Figure 8 illustrates a cross-sectional view of a typical pair of battery
cells 12 useable in the battery 10 of the invention. In Figure 8, a first

25  battery cell 12'is disposed in abutment with a second battery cell 12"
Both battery cells 12' and 12" are shown in the second retaining structure
positidn wherein the first retaining structure 34 of each cell 12 is spaced
apart from the corresponding second retaining structure 38. As illustrated
in Figure 8, the soft pocket top opening 42 of each cell 12 comprises the

30 expansion restrainers 112 which limit the expansion of the soft pocket top
opening 42 of each cell 12 beyond the second retaining structure position.

Except for the expansion restrainers 112, the soft pocket top opening 42



Both battery cells 12' and 12" are shown in the second retaining structure
position wherein the first retaining structure 34 of each cell 12 is spaced
apart fr owotobm73es r espondi ng second retaining structure 3®CTAS02/bdIast r at ed
in Figure 8, the soft pocket top opening 42 of each cell 12 conprises the
30 expansion restrainers 112 which Iimt the expansion of the soft pocket
top opening 42 of each cell 12 beyond t héVsecond retaining structure
position. Except for the expansion restrainers 112, the soft pocket top

opening 42 WO 02/ 07371 CT/ USQ2/ 0697 20, of each,cell . ' |y open,
so that the andd&® Qﬁ\ﬁt ﬁ@a@ %%q%],%?zthagg% %%oﬁeagglwtw%ﬁwg%q?romthe
soft pocket 22,camte sasty@itharadgifronome soldpscket R2, 8a8 isbithans eeveshddy o

each soft pocket 22. When the first and second retaining structures 34 and

38 are in the 34 ¢an petegsily inpesteduptaeactssofb ppekete2. (Wher dhe fisd@ret t op
o s e . i i 9
opem ng 42 1s td0RhYerliBRELnchi8Ilathd 46 hetn td fst f&émgldegkme e

the battery 10 (ﬁ% el tho operates w an electrol | sposed
wi thin the sof tpgaiidteithe BaftipaickeOtbp djenired d2tis tyhtlyeclbsddi s typical ly an
aqueous sol ution of potassium 10 hydroxi de, sodi um hydroxi de or sodi um

chl oride. Excess electrolyte 114 for each cell 12 is stored within a

col I apsi bl e el e@g&ﬁ'ﬁ%ﬁnﬁ%?ﬁlh!ﬁ%/{edliﬁ%gﬁjes@,gﬁé%a%&i gm.@toﬁ%@ir%ntiaﬁ soft

pocket chanber el ectrolyte 11471s | Spose in a lower portion
118 of the sof toperatest witi2 aniettrgiptet 1 thdisposehwithof thepsafk pockst shberbeg4

B the upper b Tt eestionts 104 & BTl an ddudalimiluldh SFBBEEF UM ne
enbodi ment i | Ulﬁdderg&i%@, E6diLREh HBNIdRS sddemRINGSTRIE. Exeekarigttronte Mi1a each

cell 12 is provi by a sem -permeabl e menbrane 124 20 di sposed in the
upper portion 1f22eathicel 12dststaredvathic lasatiapsible elegtinlyte egsenseir fdfbl e

b ane 120 RSP O T e Yorthdier Bl B4, SRE IR s
disposed within a lower portion 118 of the soft pocket 22. That portion of
the soft pocket chamber 94 above the liquid level 120 of the electrolyte

15 114 is referred to herein as the upper portion 122 of the soft pocket
chamber 94.

[0090] In the embodiment illustrated in the drawings, the pressure balance
within each cell 12 is provided by a semi-permeable membrane 124

20 disposed in the upper portion 122 of the soft pocket chamber 94. Such
semi-permeable membrane 124 can be made from PTFE or other suitable
semi-permeable membrane material. Any gas generated inside the battery
cell 12 flows through the semi-permeable membrane 124 to the
atmosphere. Thus, the battery 10 of this embodiment requires no

25  breathing holes in the cell housing or in the top of the anode 24 as is
common in prior art metal-gas cell designs. By the design of this
embodiment, liquid and mist within the cell 12 are wholly contained within

the cell 12 and are not allowed to leak externally of the cell 12.

30 [0091] Figure 9 is a detailed view of a portion of the first battery cells 12
illustrated in Figure 8. As can be seen from Figure 9, when the second

retaining structures 38 are moved from the second retaining structure



cell 12 flows through the sem -perneabl e nenbrane 124 to the atnosphere.
Thus, the battery 10 of this enbodiment requires no 25 breathing holes in
the cell wWoumiomgyi®r in the top of the anode 24 as is compom/uSe2/perer art

netal -gas cell designs. By the design of this enbodinment, liquid and m st
within the cell 12 are wholly contained wfhin the cell 12 and are not
allowed to | eak externally of the cell 12730 [0091] Figure 9 is a detailed
view of a portion of the first battery cells 12 illustrated in Figure 8.

As can be seen from Fi AT eYa 38
mved 1rom ¢ hePosRBhaer dSrated MR bR S ERGH M BSTIRI MELINES C° 1
post tC It 8pe( as | !p?pﬁibhf(}.é.q V\iHéVr\ﬁhQHe @sftﬁacmkd} ®p cupekrﬁm@ 42 ase tigetlyaclosed),
position (i.e., erein the soft t 1o i ngs 42
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U shaped copdu@8oMoldédimtothd 86t rethinity sttuctace 84tihe U-shaped condu@der of t he

anode support t t 64. The, U- 1d '
FTTSt Tobani ngleeRLI4G wiah Conackatlies o etto oa T tie SAde sogartry ©

_ y
connected to t@%uasﬁe GQQEI'H@@-%héﬁe@BQna@gt?f eRinérl 128ThNBe fitdtretbAlingor to

the negative second 10 battery termnal if the first cell 12' is an
out er nost cel | struhee B4sdfapedirstael 2 ieleetrieatn conmacted ta e §3% st r et ai ni ng

structure 34 of the, second ], 127 is e 4 cal e t he gas

cat hodes 18 an&agﬁ)qeﬁ ﬁi@n(ﬁ %ﬁsqf ac,ne"f’qjomi@ é%ﬁli%o@? ztiét):%/he\?mﬁgﬁ?uﬁg}eg%séo@gt hodg

conduct or FBMheyLttEAPtRiIRA Gl the firstagBll 1hes anbuesTmascblc Toe 98haped di sposed

at the external surface 132 of the 15 second retaining structure 58 f the
56

first cell 12 .conduptorelrmgalsiZhinibadirsiasiRitBocUBelt al30°iS¢Cans f8Sed
direct ofectridd ek ficpphBRed™d ne Bad BRmARRAI R J0RTRIE irnfel 2 1 1
facilitate the 1 potconesmt withnd gas chttodessonductor member 130 extending from
the current coliector 98 and disposed at the external surface 132 of the
15  second retaining structure 38 of the first cell 12'. Where the gas cathode
conductor member 130 is disposed within an outermost cell 12", the gas
cathode conductor member 130 is in direct electrical contact with the
positive first battery terminal 14. To facilitate the electrical contact between
the U-shaped conductor element 128 and the gas cathode conductor
20 member 130, the contacting surfaces of the U-shaped conductor element
128 and the gas cathode conductor member 130 can be coated with silver
or other suitable material to prevent possible oxidation of their respective

contacting surfaces.

25  [0092) The second retaining structure 38 proximate to the tab portion 68 of
an anode 24, which is disposed within the soft pocket 22, comprises a
resilient retaining member 134. Thus, when the second retaining structure
38 is in the first retaining structure position with respect to the first
retaining structure 34, the tab portion 68 of an anode 24 disposed within

30 the soft pocket 22 is firmly retained between the second retaining structure

38 and the U-shaped conductor element 128.



the U shaped conductor el enent 128 and the gas cat hode conductor 20 nenber
130, the contacting surfaces of the U shaped conductor elenent 128 and the
gas cat howe ceomduct or nmenber 130 can be coated w th silvercTarsonodyes
suitable material to prevent possible oxidation of their respective
contacting surfaces. 25 [0092] The second_retaining structure 38 proximate
to the tab portion 68 of an anode 24, whiZéh i s di sposed within the soft
pocket 22, conprises a resilient retaining nenber 134. Thus, when the

wih respect t anb THE EERapdd cpfiplol Bmadioe 450 pReReR S SN Bt ¢ ' 21
anode 24 di sposrél oM battéy daiel = 0f theertbeidirent iudtiatetiin ties diavidgset ween

the second retaining structure 38 and the U shaped conduct or el? nt 128.
WO 02/ 073713 PdTe bsebrambealissipateddnoar flewing by Higivaer sudace 436 & gﬁ% 128
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enbodi ment illu can SsiI pat y air
fl owi ng by the withieeashréadting 36ruofure 13d dnd 38apeel eleatrihat tontaeteh®ht 128

t hrough | ateral passagewa 138 di d 5 wthi h t ai, ni t t
34 and 38, The ef@ding &R thsnuieed! GECIoss SERIPHEPFIIRS RenQurt Mg out
col l'ectors 98 %f?ﬁeggﬁé%I@eIF g%.fﬂ;@h‘ﬁrtreﬁlex%ne%tﬂrs 9@fartbﬁ%hlﬂ9tﬁr§§s§éd0§ééin§{2- The

current collectors are ti pressed agai nst € netallic mesh 96,

whi ch conpri seghe meetaliiciraegls 96f whith epaprdsesibessurfacgsaithegas sathwdgisngl v,

the current col)ect 8 condyct,, heat ner at Wit hi.n t cel |
12 to the ai rs!%ag‘gkﬁa ggo@?néf%,éhsézyr@%ﬁg@%@&%ga@ 8%’&‘5%%‘*[3%585?%#%‘?

i nvention puoviGesn %@Bb&bagééil €2k tHehitRaY suffHEds asthe gadcatibdes hgt tery,
which is suitable for rapid refueling and which is sufficiently 15 durable

for hundreds ofand2@el i ng operations. The invention also provides a
netal -gas cell battery, which does not |eak electrolyte or electrolyte
fumes.

[0094] The invention provides a metal-gas cell battery, such as a zinc-air
battery, which is suitable for rapid refueling and which is sufficiently
15 durable for hundreds of refueling operations. The invention also provides a

metal-gas cell battery, which does not leak electrolyte or electrolyte fumes.

[0095] A further embodiment of the invention is shown in Figure 15. As

20 illustrated in Figure 15, in this further embodiment a number of pairs of
screws 30 and nuts 32 on the top and at the bottom are used to hold a
plurality of the metal-gas cells together between cover plate 160 and cover
plate 162 and two pi—shaped metal-fittings 164 as a single battery. The
opening 166 of the soft pocket 168 of each cell are held tightly closed by

25 the screws 30 and the nuts 32. As will be known to those skilled in the art
with reference to this disclosure, it would be possible to construct a closing
mechanism in this embodiment using one or more than one bolt and one

or more than one nut.

30 [0096] In this further embodiment the positive first battery terminal 170
optionally can be a male cone-shaped structure, or additionally optionally
a red-colored cable with an eye-pin disposed in the front cover plate 160



[0095] A further enbodi ment of the invention is shown in Figure 15. As 20
illustrated in Figure 15, in this further enbodi nent a nunber of pairs of
screws 30wendomrs 32 on the top and at the bottom are_usedTiusohedods a
plurality of the metal -gas cells together between cover plate 160 and cover
plate 162 and two pi-shaped netal -fittings 164 as a single battery. The
openi ng 166 of the soft pocket 168 of ea‘cip tell are held tightly closed by
25 the screws 30 and the nuts 32. As will be known to those skilled in the

art with 1ef eLenge bood N Sighte 1h 05 Hethedaliv4aBL Bnd Ball8eRinfnal thatonst ruct

cl osi ng mechafif ment ng one- or e bolt and

one or nore tBRABWANE Fidiire 13 cafpibnbiy bbiascdrraspoadirgeattlereonet he
positive first batter er m':gr;lal g% optionally can be a ma] e cgne-shaped

Z't ruct u(r]I e, or hébapw stiuctuge epadditianaly ortionally eplaekgolosed sableritha@neye- pin

i sposed int r , : 7 H!ﬁé%? -
illustrated i n%¥%€3$§'3%§¥84ﬁ@k'ﬁeélgea i%\ggg&l%(%]gg 'agFtﬁgrl?@:gt{ erm g?ﬂ(ﬁﬁe(\)lt Zghg\?vn
in Figure 15) aao ioetdoumallycopeeateddorths fistdjasgatinode 8 @pddhe shaprd

structure or additi |1 ti [ | ack- i - pi
di sposed i n t heapeaeis Whia eest PereiErEPapift. T8 e fbetEm 79 & "
el ectrically Cgﬁﬁﬁggéﬁg eﬁ&tﬁé@%yfddnﬂec&%ﬁtoctﬂb@%ejﬂ RAkhtdBoinstiond  gas

cat hode 20 whi jorns t irst termnal 170. The second battery

terminal is el setondahttgryctermeal.ed to the anode 24 which adjoins the
second battery terminal. 10 [0097].Figure 18 illustrates an expl oded view
of the battery cell 16 illustrated in Figure 16. The soft pocket 168 with

w-shape i “16r0~°[§oeﬂ?ngiu9él18§|ﬁJs$Mah _xpiodletaidl of #ie battergdwllofs any ki nd of
non- conducti ve so mat eri al capabl e of resisti n&yﬁet erigration fromthe

el ectrol yte, siilustrated ineBignre)dd. dbeseft RRcket 468 sl weshapg B SiPsSRedCEne
ggr;gf Ly| 2ﬁte?/l alsSShrolfAPnb%rFigS}eh%b ROR Y ABYL P anG KR ¥TSn-cERURIREWRONat ed
material capable of resisting deterioration from the electrolyte, such as
described above, or also ethylene-propylene diene monomer, butyl
15  rubber, ethylene-propylene copolymer, chlorosulfonated polyethylene.
Soft pocket chamber 172 is open at the top opening 166 defined between
top edge 174 and top edge 176 of the first wall 178 and the second wall

180 as shown in Figure 19.

20  [0098] The grooves 182 and 184 on the soft pocket 168 shown in Figure 20
should be wrapped on the periphery 186 of the first retaining structure 188
and the periphery 190 of the second retaining structure 192. Referring to
Figure 26 the four edges of bofth grooves 182 and 184 are securely
wrapped on the four edges of the periphery 186 and periphery 190 and

25  sealed by tightly pressed the metal-fittings 194, 196, 198 and 200 on the

outer surfaces of the grooves 182 and 184.

[0099] The further embodiment shown in Figure 19 differs from the first

described embodiment in that the two top edges 174 and 176 are thicker
30 and more elastic than any kind of membrane, increasing reliable sealing.

The top edges of the first retaining structure 188 and the second retaining

structure 192 are whole flat surfaces, long enough to press against the



Soft pocket chanmber 172 is open at the top opening 166 defined between top
edge 174 and top edge 176 of the first wall 178 and the second wall 180 as
shown in wWoganes7i®. 20 [0098] The grooves 182 and 184 on trlaa/sot/beipecket
168 shown in Figure 20 should be wapped on the periphery 186 of the first
retaining structure 188 and the periphery 190 of the second retaining
structure 192. Referring to Figure 26 t hé@4four edges of both grooves 182
and 184 are securely wapped on the four edges of the periphery 186 and

i phery 190 and . 25 seal ed by ti d th |- fitt] 4,
196, " 108" and 200'0J8 fenih & dve phetiBatartothesEl haakby 265 Fepai s H6ooe)
The further eﬁw&éf@t?ﬂfroﬁhpmré A8 FFigure 16 9a/t Ficire 20, &8 sbfe pbekett168diescr i bed

enbodi ment in that e two"top edges 174 and 176 are thicker 30 and nore
el asti c than armolkieddntegralmiecaweshaneskiepspsgysediaramaking iiuntikely tadeatop

edges of the first taini . o I.ing
structure 192 aq)@eﬂf] r@“%ﬁ%éﬁé@é@ﬁéguﬁ%ﬁ%ﬂﬁx&&% tﬁg gggg\éésqggg‘:ﬁrqst the WO
02/ 073713 PET/ YddheeP 7186 asddeMhstite tematiingbuifbcepetnen theGrobve He4sof t
pocket 168 conpletely. As can be seen fromFigure 18, Figure 19, and

Fi gure 20, the astpeifie®t19068 is a nolded integral piece w shaped in
cross section, making it unlikely to | eak except through the contacting
surfaces between the groove 182 and 5 periphery 186 as well as the
contacting surf[a¢e8] ipethiseembbbiengntpthese kbhtading uefacebaryg ralthly fealed] | n

o e okl lehcrhes PR Setebi b Bl g iogs 10
Aot ot modd T 1 200, A Yook W T oot e
conpr essi on f ormatutel ppede ofithel suft ppekedt!B8ris iMbpepng statgethen@l¥l -fitti ngs
are provided to, cr eal e oford hippdis GO ShEARoh O HARE MEtaf Filgs?!
are provided to create not only the contacting forces between electrical
contacts 100 of the first gas cathode 18 and second gas cathode 20 and
15 the contacting force of the tab 68 of the anode support structure 64 to the
conducting surface 236 of the s-shaped conductor element 228 (shown in
Figure 26 ), but also the tightening force is evenly distributed along the
whole length of the opening 166 of the soft pocket 168, so that a more
reliable sealing is obtained.
20
[0101] Figure 22 and Figure 23, illustrate an exploded view of the assembly
of two adjoining battery cells 16. In the embodiment illustrated in Figure
22, connecting blocks 202 are disposed at the top and the bottom to lock
the second retaining structure 192 of a first battery cell 16' to the first
25  retaining structure 188 of a second battery cell 16". As can be seen in
Figure 22 and Figure 23, the connecting blocks 202 have the pi-shaped
slots, and will be pressed to form female swallow-tailed slots 204, these
slots 204 are sized and dimensioned to be fitted with the male swallow-
tailed tenon 208 formed by the adjoining two metal-fittings 194 on the top
30 of the cells 16' and 16", or metal-fittings 198 at the bottom of the cells 16’
and 16"



contacts 100 of the first gas cathode 18 and second gas cat hode 20 and 15
the contacting force of the tab 68 of the anode support structure 64 to the
conduct i ngosnimee 236 of the s-shaped conductor el ement 228/US8hosarnc i n
Figure 26 ), but also the tightening force is evenly distributed al ong the
whol e I ength of the opening 166 of the soft pocket 168, so that a nore
reliable sealing is obtained. 20 [0101] FRgure 22 and Figure 23, illustrate
an expl oded view of the assenbly of two adjoining battery cells 16. In the

embodi nent illustrated in_Fiqgure 2... caonnecti.ng, bl ocks 2 are di sposed at

the top and thd019ai Figwre 32|fH%Qer '{"Hér%tgﬁgmc?'é‘clttﬁ'ﬁ:ﬁ'loﬂg&ﬁs‘m%hre 19|282fsa

first batterylgﬁlg} c;lrﬁ{ec£éab§|rb% ffa'bfeﬂer@g/_hw BloRidetexifdndidnirestrafieroR1e toecond
: i

battery cell (,:As can be seen in ure 22 and Figure 23, the
connecting bl ogkevatizhb@xpansion of egplgell 16ayosd thageapnd refainii®ssed to
formfemal e swall o taiI«%d slots 204, these slots 204 are sized and

di mensi oned t o SHUCHTBROFURY h the nale swall ow tailed tenon 208 forned by
the adjoinigg two netal-fittings 194 on the top 30 of the cells 16" and
16", or netal-fittings 198 at the bottomof the cells 16"  and 16". WO
02/ 073713 PCT/ US®2] Gggmur spEer9 200 preuged do provide teeeorredt $eFRBes t he

construct on ofy BBk in@LaidAhGREARRE B 16e BB heahetortl gkl de

expansi on rest rbe‘ﬁ reven e expansion of each ceIlI 16 beyond
the second r et gowsrosdh the guie6R beitweemthedscgl3103] The four spacers 206 are
used to provide the correct spacing between the adjoining tw cells 16
and 16", so to allow the reactional air flows through the gap 62 between

the cells. ;30 [[gf&ilﬁwrg%ﬁlﬁérétéé'é%dir”‘éﬁ%ll@a@@éﬁwaéfd Batldry cams sotdms

battery cells 1 . _
16" which can be disposed adjacent to one another as illustrated in

Figures 22.

[0105] Note that the contacting surface 238 is a part of a S-shaped

15  conductor 228 shown in Figure 26. The other end surface 236 of the
conductor 228 is tightly against the tab portion 68 of the anode structure
64. The contacting surface 140 is on the extrusion part gas cathode
conductor member 130 of the current collector 98, which is directly
wrapped on the top edge of the gas-cathode 20.

20
[0106] There are one contacting surface 238 and one conducting surface
140 on a single battery cell, so that the said battery cells can be

connected in series to obtain any desired voltage.

25  [0107] Figure 25 illustrates a front view of a typical metal-gas cell 16
‘useable in the battery 8 of the invention. The shown places of the
connecting blocks 202 and spacers 206 are one of the preferred

embodiments.

30  [0108] Figure 28 shows the construction of section C-C taken from Figure
25, it clearly shows the soft pocket 168 in the operation mode. Figure 27

shows the construction of section B-B taken from Figure 25.



16" which can be di sposed adjacent to one another as illustrated in

Figures 22. [0105] Note that the contacting surface 238 is a part of a

S- shaped Wb ceomfust or 228 shown in Figure 26. The ot her emrdTaisot/eces 236 of
the conductor 228 is tightly against the tab portion 68 of the anode
structure 64. The contacting surface 140 is on the extrusion part gas

cat hode conductor nenber 130 of the curréfdt collector 98, which is
directly wapped on the top edge of the gas-cathode 20. 20 [0106] There
are one contacting surface 238 and one conducting surface 140 on a single
battery cell, so that the said battery cells can be connected in series to
obt ai n any des ; F firgnt Vi ew of
a typical net a 61%215M8{é+@q%s agglég%%eher{h?ﬁ@?%ﬁ? té'eHrdua{gb é@qtn\r}gﬂtl on. The
shown pl aces ohutﬁmouset‘ruemtrmngobiﬁoaﬂfmgﬂﬁ?d addptsamanemayZbé restenht® of the

preferred enbodinents. 30 [.0108 ure é? shows .t he onst{au tion,.o
section C C t aMdthout GﬁP?ﬁ'@Grf@mé esp P PRl MGANIRS PhIDesiptan E&VI?QE'OTGS in

t he operatien osd m8- B taken
from Fi gar e 2526 631 SH ST D 8p 0B s R0 B OB BE T SR
described the invention, it should be apparent that numerous structural
nodi fi cati ons and adaptations nay be resorted to wthout departing from
the scope and fair neaning of the instant invention 5 as set forth

her ei nabove and as descri bed herein below by the clains. WO 02/073713

PCT/ US02/ 06976 -27- Clains 1. A netal-gas cell storage battery conprising:



(a) at |east one battery cell conprising: 5 (i) a first gas cathode

di sposed within a rigid planar first retaining structure, the first gas
cat hode bwong/opnsreabl e to gases but inpermeable to | iquipdT/usblressfié r st gas
cat hode all owi ng the passage of gases into the cell; (ii) a second gas
cat hode di sposed within a rigid planar segﬁnd retaining structure, the
second gas cat hode being perneable to air“but 10 inperneable to |iquids,

t he second gas cat hode all owi ng the passage of gases into the cell, the
second retainiQﬁ $%§ucture bei ng noveable with respect to the first
retaining struc a between a first retaining structure position wherein
the first,retaining structure is proxinmate to the second retaining
structure and a second retaining structure posjtion wherein the 15 first

retaining st rudt dvmetal-gasscelStarnae LaESHCORPISCond ret ai ni ng struct ure,
t he second gas (5%{]%& &g%(ggttgrl!;eget”rdoq,%,l@{ng‘,onnect ed to the first gas
e

cat hode; (iii) ‘a So poc di"sposed b_et'vve’er) the first gas cathode and the
second gass5cat(hedest Hae catbepbspasednaiiing rigid Indadds| fiestaetaipingridructurest

wall and a 20 flexible and pl anar secon I, the . fir . .havi ng a
peri phery and éh%g)F(Flttrgé’ls C@é’é‘?‘f?en8‘?'_”9W%rwgﬁg&m@rgﬁsﬁs%%é@%@p%mﬁlt? ?dnc?udi ng
a top edge, theq,RRCHNMRLES kAWM MoRehy MEepassR@ of RrRblial thperiing, the

peri phery of the second wall including a top edge, the periphery of the
first wall bei i) a seoortyas cathadeddiprogashuithinss rigiddlaraciReondIretaining pt

al ong the respective 25 top edges, ' fii first wall being
attached to thé ﬁulcﬁg?’ ﬁ\ee %Oﬁ]l%gﬁfss?aﬁﬁcggﬁrséfngngé}me%bﬂ)ée{rble%'frr]gp?/ of the second
wal | bei ng jgt.t agRermbableltBeigBR0 itk sedctidgagcathbds allowingiher missapbeff i r st
retaining structure, the first gas cathode, the first wall, the second

wal |, the secorgsestatorthagellstheuracend fﬁ??df‘iﬂﬁétré'é%‘ﬁ@eﬁ&m@é(’?ﬂ’é'&é”' operate
to define a |l qg%;g%ﬁ%rﬂ% ﬂl’( 'r@t%irﬁrqé EtrBB@ﬁ?Be Erfir%"?féid?rﬁi[ggsﬁﬁﬁﬁur@oc‘(?t
t t por

| ower portion, pocKet “uppe lon and a soft pocket top opening
defined bet weerpdsitin wheret gesfiat rdéthmirg stsuctaredisgrosinuateds ths setendsof t
pocket top Openriepa?nilrjlsisrt]r%cture and a second retaining structure position wherein the
15 first retaining structure is spaced apart from the second retaining structure,
the second gas cathode being electrically connected to the first gas
cathode;
(iii) a soft pocket disposed between the first gas cathode and the second
gas cathode, the soft pocket having a flexible and planar first wall and a
20 flexible and planar second wall, the first wall having a periphery and a
central opening, the periphery of the first wall including a top edge, the
second wall having a periphery and a central opening, the periphery of the
second wall including a top edge, the periphery of the first wall being
connected to the periphery of the second wall except along the respective
25  top edges, the periphery of the first wall being attached to the first
retaining structure and the periphery of the second wall being attached to
the second retaining structure, whereby the first retaining structure, the
first gas cathode, the first wall, the second wall, the second retaining
structure and the second gas cathode cooperate to define a liquid
30  retaining soft pocket chamber having a soft pocket lower portion, a soft
pocket upper portion and a soft pocket top opening defined between the
top edges of the first and second walls, the soft pocket top opening being



WO 02/ 073713 PCT/ US02/ 06976 -28 open in the second retaining structure
position and tightly closed in the first retaining structure position;

(iv) a soWooporket cl osing nmechani smfor securing the firgcrasd/emcond
retaining structures in the first retaining structure position; and 5 (v) a
metal | i c anode di sposed within the soft pocket chamber; (b) a positive
first battery termnal electrically conneé@Bed to the two gas cathodes; and
(c) a negative second battery termnal electrically connected to the

nmetallic anode. 10 2. The netal -gas cell storage battery of claiml wherein
the battery celdpernsinithasecendpetadwdd sRueuER PPeIlgR @anditighty SPshd Rithet he sof t

pocket Chanber'ﬁrst?’rei%nﬁmﬁr@F@tur‘ézﬁoéﬂ n- storage battery of claim2 wherein
a S

the electrolyte is aqueou ol ution containing a conpound chosen from
the group of dimamoftipocmetciatingmeshapishatsisecutipg the fick andagicondhy dr oxi de

and sodiumchloride. 4. The netal ~gas .cell storage bajter f claim?2
wherein the el éetar"efn9t5émi°§"e§dﬁZh?@%ﬁé%ﬁ@'%?‘&ﬂ% B%‘T‘ib%ri"ngrﬁg pot assi um
hydr oxi de. g T0ra MRé @it detlibpss<ds waRinkAb sefpdtketbRaMbarwher ei n a
sem - perneabl e " henbrane Is disposed in the soft pocket upper portion to

al | ow gases t o (bj bpesdive first balterydetmipatilectrigppe copoeatedno thentwo gas
sem - per neabl e Gﬁnbrane nd25 bei ng perneabl e to gases but bei ng i nperneabl e
to liquids. 6. '%oqﬁﬁ -gas cell storage battery of claimb5 wherein the

seni - per neabl gcBHYgatiee isecond ®atéryRERRinaBlettricENg cvphattegas thel | st orage
battery of claim1 wherein the soft pocket closing nmechani smconprises at
| east one strapneiaioaned®713 PCT/ US02/ 06976

10
2. The metal-gas cell storage battery of claim 1 wherein the battery cell

further comprises an electrolyte disposed within the soft pocket chamber.

3. The metal-gas cell storage battery of claim 2 wherein the electrolyte is
15 an aqueous solution containing a compound chosen from the group of
compounds consisting of potassium hydroxide, sodium hydroxide and

sodium chloride.

4. The metal-gas cell storage battery of claim 2 wherein the electrolyte is

20 an aqueous solution containing potassium hydroxide.

5. The metal-gas cell storage battery of claim 1 wherein a semi-permeable
membrane is disposed in the soft pocket upper portion to allow gases to
flow out of the soft pocket upper portion, the semi-permeable membrane

25  being permeable to gases but being impermeable to liquids.

6. The metal-gas cell storage battery of claim 5 wherein the semi-
permeable membrane is made of PTFE.

30 7. The metal-gas cell storage battery of claim 1 wherein the soft pocket

closing mechanism comprises at ieast one strap.



-29 8. The netal -gas cell storage battery of claim1l wherein the soft

pocket closing nechani smconprises a plurality of straps. 9. The netal - gas
cell storwgebai7iery of claim 1l wherein the soft pocket 5Ppcirasongsmechani sm
conprises one or nore than one bolt and one or nore than one nut. 10. The
met al -gas cell storage battery of claiml ¥]\herei n the top opening

conpri ses expansion restrainers to linit the expansi on of the top opening
10 of the soft pocket beyond the second retaining structure position. 11.

comprises & pl Sndne ISt SRRl sEioR befef) O ot IiMetelhemRitpogier anode

netal - gas cel |l cijswigarchanlsed ¥omiprisksibrpldrbliyhefrstrapst he anode base portion
is disposed within an enclosure bag. 13. The netal -gas cell storage battery
of claim 12 wherein the anode base portion has a | ower edge and an upper

edge, the | O\A/ergﬁggqgge‘atl_hgg ceﬁ%é%rﬁgg%a@l@ﬁeopgéﬁﬁ ?ZNW%?WtWﬁ Sbcket | ength

than t he upper e ano ase portion. . e netal -gas cell

st orage bat ser wlading haicmahBmbempirises boeaoaerethse ongdiali atd Pae OF AriLoi dal
in shape. 25 15. The netal -gas cell storage battery of claim1 wherein the
metallic anodéh%’bﬁﬁﬁ’i s an el ectrically conductive support structure to
which is attached a netallic anode nmaterial. 30 16. The netal -gas cell
storage battery of claim 15 wherein the netallic anode material is zinc.
WO 02/ 073713 PAT. Useahed-pes celiGtaage adtenobslatiad weneinthelgonetiery of

claim 1 wherei wﬁgey&tpa%rs‘%n rsé%ﬁgmgrsg?oslirﬁﬁ‘ttﬁé’g%aﬁsrign bF i topheifiggnd air

cat hodes, resp i
10  of the soft pocket beyond the second retaining structure position.

11. The metal-gas cell storage battery of claim 1 wherein the metallic

anode comprises a planar anode base portion and a tab portion.

15 12. The metal-gas cell storage battery of claim 11 wherein the anode base

portion is disposed within an enclosure bag.

13. The metal-gas cell storage battery of claim 12 wherein the anode
base portion has a lower edge and an upper edge, the lower edge of the
20  anode base portion being shorter in length than the upper edge of the

anode base portion.

14. The metal-gas cell storage battery of claim 13 wherein the anode base
portion is trapezoidal in shape.

25
15. The metal-gas cell storage battery of claim 1 wherein the metallic
anode comprises an electrically conductive support structure to which is

attached a metallic anode material.

30  16. The metal-gas cell storage battery of claim 15 wherein the metallic

anode material is zinc.



18. The netal -gas cell storage battery of claim1l wherein, when the first 5
and second retaining structures are in the first retaining structure

posi ti on,wotob@7aret al | i c anode is retained firmy wthin tkreTasitiopocket by
aresilient retaining nmenber. 19. The netal -gas cell storage battery of
claim18 wherein the resilient 10 retaining nenber is disposed within the
second retaining structure. 20. The net al‘38as cell storage battery of claim
1 wherein the at | east one battery cell is a plurality of battery cells.

15 21. The netal-gas cel|l stor bat tery of .claim 20 whert.el plurality
of battery Ceﬁ?ﬁi\eemghg-&a!sicgi%?@raggrﬁ?é{eﬂégfF#&;I Ewggfe'rgfé_ ﬁrﬁggﬁ%t al - gas

cel | storage baideshy qifs cdtRbdes drediret 8hd stbendairicathoder rpspertisels. pl ural ity
of internal cells sandw ched between a first 20 outernost cell and a second

outernost cell, the tab portion of the anode in each internal cell being

electrically cq t ed t he : ) a
conduct or menbe‘l?{j| t emg&ﬁa?gt%e?laﬁi%@;er&ﬂge\?y g’g C%%pﬁ\g’blgt)&nh\mpgﬁkﬁ%ﬁ?éﬁ
abut nent wi th tdel $@doripidtainmgostrisningdsanode the2firs? Betaiftiey strteturgpesiten)
storage battery of claim1l wherein the soft pocket conﬁ)ri ses a .HDI ded
integral piece thesnelglis anpde isgstaingd figply WIEN the 89t gRskeldiy a segiele

battery of clai A i he soft pocket is conprised of a fabric
rei nforced mmﬁﬁgm%gb@e 2/ 073713 PCT/ US02/ 06976 -31 25. The netal -gas

cell storage battery of claim24 wherein the fabric reinforced nenbrane
conprises an al

aline-resistant fabric nd at, le one o
al kal i ne-resi stﬁ%ﬁ%gﬁ%@%@h@%@g&%&% Ogé!a"f'ﬁﬁé WEFLTIn A% resiignts or age
battery of g ai @LARingpER{DEi18isBbYEd Witin thesdsdondtretabingGtiveusel ected from
the group consisting~of vinylon, nylon, polypropylene, polyethylene,

et hyl ene propyl ene di ene nononer, butyl
20. The metal-gas cell storage battery of claim 1 wherein the at least one

battery cell is a plurality of battery cells.

15  21. The metal-gas cell storage battery of claim 20 wherein the plurality of

battery cells are electrically connected in series.

22. The metal-gas cell storage battery of claim 11 wherein the battery
comprises a plurality of internal cells sandwiched between a first

20 outermost cell and a second outermost cell, the tab portion of the anode in
each internal cell being electrically connected to the gas cathodes of an
adjoining cell by a conductor member, the conductor member having a
portion which is in abutment with the tab portion of said anode.

25 23. The metal-gas cell storage battery of claim 1 wherein the soft pocket

comprises a molded integral piece w-shaped in cross section.

The metal-gas cell storage battery of claim 1 wherein the soft pocket is
comprised of a fabric reinforced membrane.
30



rubber, ethyl ene-propyl ene copol yner, and chl orosul fonat ed pol yet hyl ene,
and the at | east one al kaline-resistant coating conprises at |east one 10
mat eri al weloeotrsd3 from t he group consi sting of neoprene, poysonmrene,

pol yet hyl ene and PVC. 27. The netal -gas cell storage battery of claim1,
wherein the periphery of the first wall éﬁ attached to the first retaining
structure and the periphery of 15 the second wall is attached to the
second retaining structure, by mechanical force wi thout glue. 28. A

nmet al - gas cel | tter t tery cell
conpri sing: 20 2% Qﬁhegme?éfga&a "Csagﬁdy&%%%gﬁgig@"ﬂ 4h\lﬁﬁééenﬁ’:ﬂ€e %%t;glfcanar first
retaining struyghfged trﬁlﬁnf)l*arn%t cempricas Andekdiviengsptanteablie, armi glelsest but
inperneable to liquids, the first gas cathode allow ng the passage of

|

gases into theopelad kalm(a fesianrieaating pisthedehdete di sposed within a rigid
pl anar second 25 retaining structure, the second gas cat hode being
pernmeable to air but inperneable to |iquids, the second gas cathode

al l owi ng the passapee Afetalgpmesell stbragenpattarly lof ctdim 2fewbacein ¢headlkatige-
structure being noveabl e Wth{ﬁﬁt‘gjgom to the first re s ructure

bet ween a firstresigtast Mbilf isse MHihe 97PHR GARSSENG Hk‘% n’%?t Y'YPet ai ni ng
structure is pr %&@B@eﬁ? geﬂle’?ﬁﬁéﬁ‘@' éﬂyléﬁé@r@bﬁgnébféﬂétm)ﬁom@@ tsutgecond

retalnlng stru wher ei nthe I'rst retalnlng structure 1Is
spaced apart frrobbemetm,éerwdropeyﬂ@nmcm@lysmemand@)Iomutigmﬂtﬁgmyethwene

PCT/ US02/ 06976 -3 d h b I d
the first gas st MEGRIeRRONF SRABHE SSoRa R LSO et R T r ot gas
cat hode anqot NenaeeEPSElesRE RihAEBroudeortingorheprony| peymrobliexiehl e and

pl anar flrst wa and a flexiblé and planar second wall, the first wall
havi ng a peri ptpatyethyléne and PVC.

27. The metal-gas cell storage battery of claim 1, wherein the periphery of
the first wall is attached to the first retaining structure and the periphery of
15 the second wall is attached to the second retaining structure_, by

mechanical force without glue.

28. A metal-gas cell storage battery comprising:
(a) at least one battery cell comprising:

20 (i) a first gas cathode disposed within a rigid planar first retaining
structure, the first gas cathode being permeable to gases but impermeable
to liquids, the first gas cathode allowing the passage of gases into the
cell;

(i) a second gas cathode disposed within a rigid planar second

25  retaining structure, the second gas cathode being permeable to air but
impermeabile to liquids, the second gas cathode allowing the passage of
gases into the cell, the second retaining structure being moveable with
respect to the first retaining structure between a first retaining structure
position wherein the first retaining structure is proximate to the second

30 retaining structure and a second retaining structure position wherein the

first retaining structure is spaced apart from the second retaining structure,



a central opening, the periphery of the first wall including a top edge,
the second wall having a periphery and a central opening, the periphery of
the secowo oaambi7is3 ncl uding a top edge, the periphery of tmRreTfisSozteonal |
being connected to the periphery of the second wall except along the
respective 10 top edges, the periphery of the first wall being attached to
the first retaining structure and the pePephery of the second wall being
attached to the second retaining structure, whereby the first retaining
structure, the first gas cathode, the first wal |, the
second r et ai ni g€ %PPG&Q@?&E‘MG(?1%”9@&%6%}'&‘@%&%&%@83@%&&@ to define
aliquid 15 rngﬁﬁé soft pocket chanber having a soft pocket | ower
portion, a soft pocket upper portion and a soft pocket top opening defined
between the top @mwwso%pochﬁcﬂmuﬁwddndwgeodheﬂwﬁmasC&W@ﬂ%eﬂdtmbcket t op

openi ng bei ng en . in th stru u n ht |

closed in the sﬁpPEF CEN %gc{g?lsﬁ trmp eg@%\f'w 83 xﬂﬁe §)plaoln% fﬁ?%‘%éget Y

cl osi ng nmechanigg é%xmcaﬁdj r@%rrah%ef:bﬁ@waanmesmmdu hl:aetr@l ApBdplséryLHAr es

in the first retaining structure position; G a netalli1c anode wholly
8

di sposed wit hi r8 ce@tr@lcmenmg: ee periRh®arof the fﬂysta{vaﬁ rliding @ tepsedaatther y

hegat i ve secondarpsgPianibathe Bty ot el SREARLG e BRI S And'
anode. 29. The ggioald- vg@sm@&idmgszam@gegbahemaripobmbath@faet whitbeing t he

battery cell further co rises an el ectrolyte djsposed within the oft
pocket ~chanber .comggctasl totthe pefiphery £f ﬂE‘FeFWéi‘ﬁWﬁB@E‘)B%@tt%P?ggfe ESH

IEEINTEE o S e e
consi sting of petaiamigustruciuhecandithe soibheny bitheoseadadamall being attached to
the second retaining structure, whereby the first retaining structure, the
first gas cathode, the first wall, the second wall, the second retaining
structure and the second gas cathode cooperate to define a liquid
15 retaining soft pocket chamber having a soft pocket lower portion, a soft
pocket upper portion and a soft pocket top opening defined between the
top edges of the first and second walls, the soft pocket top opening being
open in the second retaining structure position and tightly closed in the
first retaining structure position;
20 (iv) a soft pocket closing mechanism for securing the first and second
retaining structures in the first retaining structure position; and
(v) a metallic anode wholly disposed within the soft pocket chamber;
(b) a positive first battery terminal electrically connected to the two gas
cathodes; and
25 (c) a negative second battery terminal electrically connected to the

metallic anode.

29. The metal-gas cell storage battery of claim 28 wherein the battery cell

further comprises an electrolyte disposed within the soft pocket chamber.
30

30. The metal-gas cell storage battery of claim 29 wherein the electrolyte

is an aqueous solution containing a compound chosen from the group of



sodium chloride. 31. The netal-gas cell storage battery of claim 29 wherein
the electrolyte 5 is an aqueous sol ution containing potassium hydroxi de.
32. The nwoakrgass cel | storage battery of claim 28 wherei PCa/sem6976

per neabl e menbrane is disposed in the soft pocket upper portion to allow
gases to flow out of the soft pocket upper, portion, the sem -perneable 10
menbr ane bei ng perneable to gases but beifg i nperneable to liquids. 33.
The netal -gas cell storage battery of claim 32 wherein the sem - perneabl e

menbrane is made of PTFE.  15.34. - - cel ) 4 y of
cl ai m 28 wher eFAMPREN BPPnf)'SE'R%Pf g@@égﬁﬁghﬁ‘g@%gﬁ ssbnd@h?rréﬁg@ég%a%ﬁ? east one
strap. 35. Thegpgjusl cesdeel | storage battery of claim 28 wherein the soft

pocket closing nechani smconprises a plurality of straps. 20 36. The
netal -gas cell storage battery of claim 28 wherein the soft pocket closing

mechani sm conpiis ) t i one
i 25 57 The mbargacoag PP Sl B Ao e e e 1 op

openi ng cofpr isas agupans solntior sonkEimiag potassiumihydréwddexpansi on of the top
opening of the soft pocket beyond the second retaining structure position.
38. The netal -gas cell storage battery of claim28 wherein the netallic 30

anode conpri segoa . bR ofadMsinp28 ahdeinta 88mi-WO 02/ 073713
PCT/ US02/ 06976%2l gﬁégg@tﬁlrﬁgé’%g[[l gf%{?g%gg(b:el Iﬁ’rbst orage batt elrny of claim 38

wher ei n t he anpeéembable mpotranais disposgsbisdhewoftnackehuppei ptipe toadow40.

Th tal - |1 st bat t f claj I 5
portion has o Ganes 058 ST e i Bhofeidiober el B¢ et B ERR R oae
base portiqp behdiabrHY b&ihgiperingaBleltoldiRestbie berreimsstaradle idliguidade

33. The metal-gas cell storage battery of claim 32 wherein the semi-

permeable membrane is made of PTFE.

15  34. The metal-gas cell storage battery of claim 28 wherein the soft pocket

closing mechanism comprises at least one strap.

35. The metal-gas cell storage battery of claim 28 wherein the soft pocket
closing mechanism comprises a plurality of straps.

20
36. The metal-gas cell storage battery of claim 28 wherein the soft pocket

closing mechanism comprises one or more than one bolt and one or more

than one nut.

25 37. The metal-gas cell storage battery of claim 28 wherein the top opening
comprises expansion restrainers to limit the expansion of the top opening

of the soft pocket beyond the second retaining structure position.

38. The metal-gas cell storage battery of claim 28 wherein the metallic

30 anode comprises a planar anode base portion and a tab portion.



base portion. 41. The nmetal -gas cell storage battery of claim40 wherein

t he anode base 10 portion is trapezoidal in shape. 42. The netal -gas cell
st orage baoteeny37es cl aim 28 wherein the netallic anode cEIEIUSBEB69a6

el ectrically conductive support structure to which is attached a netallic
anode material. 15 43. The netal -gas cell storage battery of claim42
wherein the netallic anode material is zphec. 44. The netal -gas cell
storage battery of claim28 wherein the first and 20 second gas cat hodes

are first and cond air cathodes. 45. The tal -gas cell stora battery
of claim 28 angeﬁlﬁ? %t@hg@ﬁge‘? stypge Qﬁ&e%é%ﬂam gga\’l"?ﬁrﬁﬁ’ @‘Frqm%%r Care’in
the first retaiRiHh stdi Bwiesidn closdrB®diet al i c anode is retained
firmy within tphe SO td%géiget yﬁa resi??ernt retaining nmenber. 46. The

netal -gas cell storage battery of claim45 wherein the resilient retaining

menber is dispgsed, W thin the second retaini structure, 47 . The

net al - gas cel | c@t gpﬁdﬁet@ﬁﬂ?gr‘:ﬁ 3 orgggibl%%tggl Q\ﬁ(g?'é]iq E}gtvwéergin %%aasqodgntgase
battery celk igopigh HaghilbWePbdfabharan GsdredgdDiiRIoWe? BHY R the/SR2486976
-35 48. The netal-gas cell storage battery of claim47 wherein the

plurality of asesostionbeingsherierdotlengthithgn domrepeeadganotie apdetg. The
net al - gas cel | b%%gr%ﬁg rpattery of claim38 wherein the battery 5 conprises
a plurality of 1 SR M cel I's” sandwi ched between a first outernost cell
and a second outernost cell, the tab portion of the anode in each internal

cell being electrically connected to the gas_cat hodes of ap adjpining cell
by a conduct or %Eﬁ@rme%aé&%&‘?@ge%& Oﬁgé‘lrﬂé%awr‘?f@ﬂ ’\‘/éifectl)laﬁ in

abut ment i b tid al PQIcHLIG shapel anode.

42. The metal-gas cell storage battery of claim 28 wherein the metallic
anode comprises an electrically conductive support structure to which is
attached a metallic anode material.

15
43. The metal-gas cell storage battery of claim 42 wherein the metallic

anode material is zinc.

44. The metal-gas cell storage battery of claim 28 wherein the first and

20 second gas cathodes are first and second air cathodes.

45. The metal-gas cell storage battery of claim 28 wherein, when the first
and second retaining structures are in the first retaining structure position,
the metallic anode is retained firmly within the soft pocket by a resilient

25  retaining member.

46. The metal-gas cell storage battery of claim 45 wherein the resilient

retaining member is disposed within the second retaining structure.

30 47. The metal-gas cell storage battery of claim 28 wherein the at least one

battery cell is a plurality of battery cells.



10 50. The netal-gas cell storage battery of claim28 wherein the soft
pocket conprises a nolded integral piece wshaped in cross section. 51.
The met alwg@ag/si’os age cell of claim 28 wherein the soft pechatso2/id76
conprises a fabric reinforced nenbrane. 52. The netal -gas cell storage
battery of claim51 wherein the fabric reinforced nenbrane conprises an
al kal i ne-resistant fabric, and at |east -8Ae al kaline-resistant coati ng on
the fabric. 20 53. The netal -gas storage cell of claim52 wherein the

al kal i ne-resi stgn fabric is selected from . gr,ou 1SSt f

vi nyl on, nyl on, Efé‘lefﬁ? 'ﬂaérﬁ?ﬁ SYRJE ﬁeéY-.8f aglrﬁfﬁe&%g%ﬁgh% %Iggalgy( She
monorer , butyl pidbeEs StdwikeiRaly eahéeded appeligsrer . and chl orosul f onat ed
pol yet hyl ene, 25 and the at | east one al kaline-resistant coating conprises

at least one material selected fromthe group consisting of neoprene,

pol ypr opyl ene, et hyl en ‘&l 0 ge
battery of cl ai%ﬂqgj ) r\ﬂﬁé’l@aﬁ %aeﬂgst%%gpp%gtreﬂ Bgﬁlgﬁ' %tBhQﬁéﬁeﬁkHeV\g%tl%r?s
attached tost hesdnpridest @pRiralitp®f fitewnal ueks savatiwibkeegpetwben g firstf t he second

wall is attached to the second retaining structure, b echanj cal f.orce
wi thout gl ue. \@termestFelsnderseced 04 r@ost_@@f,glge;t% g?'ﬁ%—“ 6H}h%@lnpdgt"a)rage

battery conprising:: | wital i LHBh hattheQasEth&dsaoi ched
bet ween a fi rstééz%‘ulp{ee?h%@%eqlba 1@%%&&@%”&/?& gaggcond é%tserm)st battery
cell, each bat tafjyiniry cal by amopdustiongertibgr, theé cosdudas membrydevingposed

within a rigid planar first retainipg., Structur the first gas cathode
bei ng per meabl PAHOYHEUSH |Syp a%vﬁéﬁﬁﬂ‘g{ﬁhzhef P?@BP@EP%@“?‘? ‘st gas cat hode
al l owi ng thg passage of gases into the

50. The metal-gas cell storage battery of claim 28 wherein the soft pocket

comprises a molded integral piece w-shaped in cross section.

51. The metal-gas storage cell of claim 28 wherein the soft pocket

15 comprises a fabric reinforced membrane.

52. The metal-gas cell storage battery of claim 51 wherein the fabric
reinforced membrane comprises an alkaline-resistant fabric, and at least
one alkaline-resistant coating on the fabric.
20
53. The metal-gas storage cell of claim 52 wherein the alkaline-resistant
fabric is selected from the group consisting of vinylon, nylon,
polypropylene, polyethylene, ethylene propylene diene monomer, buty!
rubber, ethylene-propylene copolymer, and chlorosulfonated polyethylene,
25  and the at least one alkaline-resistant coating comprises at least one
material selected from the group consisting of neoprene, polypropylene,

polyethylene and PVC.

54. The metal-gas cell storage battery of claim 28, wherein the periphery
30 of the first wall is attached to the first retaining structure and the periphery
of the second wall is attached to the second retaining structure, by

mechanical force without glue.



cell; 10 (ii) a second gas cathode disposed within a rigid planar second
retaining structure, the second gas cathode being permeable to air but

I mper neabWe oeo73d7ixui ds, the second gas cat hode all owi ng t ireTaBsTe®es Of
gases into the cell, the second retaining structure being noveable with
respect to the first retaining structure between a first retaining
structure 15 position wherein the first rébaining structure is proximate to
the second retaining structure and a second retaining structure position
wherein the first retaining structure is spaced apart fromthe second
retaining structure, the second gas cathode being electrically connected

to the first g .&Qﬁ,‘ggﬁpéelggto%dé’ %‘?l?erilq;otm ket di sposed between the

first air cathode and e secon athode, The soft pocket having a
flexi bl e and pl aggra piurslity whirtematbatterdyl cells Isaedaichgal betweesextirs wal |, t he

first wall having a periphery and a central opening, the periph of the
first wall ipcl%ﬁ?ﬁ@gﬁt ti%k?%&&@?”gﬁese%@oﬂgeﬂﬁ?& t?‘?g'(ﬁr}‘n&eﬁ f‘p%ﬁff)‘bﬁg'y and a
central opensi nq%e"t%ﬁnﬁﬁgih@hery of the 25 second wall including a top edge,
the periphery of the Tirst wall being connected to the tperiphery of the

second wal | except(i)a finst gabeathesieatispased withineugeid, planar fyet igfaiding of t he

first wall being attached.to th irst, . i Qi
peri phery of tréf@%@n@(‘a%ﬁ%ﬁa%ﬁ 'ogfet%%hgﬁ)%k@'egg ﬁthgggbgsgalé;b% rtZr,EﬁgleLrﬁﬁable
structure, wherghyuidie thé fitdt gastoaitibdigalfiwitgtihe pastdge 8Dghsassintatie cat hode,

the first wall, the second wall, the second retaining structure and the
second air cathesle cooperate to define a liquid retaining soft pocket

chanber havidng & S b ASKELL ORI ROREOL BBRI4 BREEHaYQARIOT3T1S

PCT/ US02/ 0 6 - ion and a"s openi ng defi ned
bet ween t he t opret@ifiFepstaictutes tié sstorangas eathndewmling petrhealslefto airdmitet t op

8{032 Ieggi ﬁe![ Rg i(r)rgpeenrrr{e%bw ?o ﬁgtﬁgg,qhé%%?:g% ggssc:%EhUOC euél?oﬁ.ﬁa ittt\é %gsgggde })# ghtly
gases into the cell, the second retaining structure being moveable with
respect to the first retaining structure between a first retainihg structure

15  position wherein the first retaining structure is proximate to the second
retaining structure and a second retaining structure position wherein the
first retaining structure is spaced apart from the second retaining structure,
the second gas cathode being electrically bonnected to the first gas
cathode;

20 (iii) a soft pocket disposed between the first air cathode and the second
air cathode, the soft pocket having a flexible and planar first wall and a
flexible and planar second wall, the first wall having a periphery and a
central opening, the periphery of the first wall including a top edge, the
second wall having a periphery and a central opening, the periphery of the

25 second wall including a top edge, the periphery of the first wall being
connected to the periphery of the second wall except along the respective
top edges, the periphery of the first wall being attached to the first
retaining structure and the periphery of the second wall being attached to
the second retaining structure, whereby the first retaining structure, the

30 first air cathode, the first wall, the second wall, the second retaining
structure and the second air cathode cooperate to define a liquid retaining

soft pocket chamber having a soft pocket lower portion, a soft pocket



first retaining structure position; 5 (iv) a soft pocket closing mechanism
for securing the first and second retaining structures in the first

ret ai ni ngwetoenutd’ws e position; (v) a zinc anode whol |y di spogasomdoné n t he
soft pocket chanber, the zinc anode conprising a planar anode base portion
and a tab portion, the anode base portio§7having a |l ower edge and an upper
edge, the lower 10 edge of the anode base portion being shorter in length
than the upper edge of the anode base portion; and (vi) a sem -perneabl e

menbr ane di spo ' , f .
out o ne. sor oot S oSt PRoectl L GePlIERER: L2 "
]Pﬂ rsrfaggft te(r) gt@agés bﬂfh&?&ﬂndéeb@r@wﬂaﬂhe stoft poket tisn opening bedag t i ve

the first ou%/epgé‘?t"?g)ﬁ gﬁé@?ﬁk#nﬁ,ﬁ?{é@@%ﬁ%@ %%tiégﬁ%%gsgtﬁﬁg{%des of
term nal elect Q%Q%ﬂgi/néﬁﬁ%pﬁgﬁﬁggggmbh? zinc anode of the second outernost

battery cell; \ “portion of the anode in each internal cell
is electrically (smnsaft pocked cidsingamecbanisoulfss setutng dlag Histiong sseendry cel |

by a conduct nb th ] ' . ' ' is i
abutment i ¢ nTEAERG BUNGER BF 60 G anBge BLBPRE i n. afr cel T |

storage battery C(L)ﬁ'ﬁﬁd%é&jé’%bw Rispeséd hathirethe seft pockatrdhaeiberotiier i ses an
el ectrolyte disposed wthin the soft pocket chanber. 57. The zinc-air cell

storage batter yinsfardds corpprising raeplanahanedebase poftion and gﬁag@@% the)| uti on
ot asst um hycr GRPUE.PASBATivh A DR a8 nciah SRPRF Hage. RMNRL Y555
\'thg g|8(r)12{ gg@;e ggprégfglfee a?ﬁgéebaﬁé-p@lrﬂiorcséihgmr@gm lemigtte tharothealiem 56
edge of the anode base portion; and
(vi) a semi-permeable membrane disposed in the soft pocket upper
portion to allow gases to flow out of the soft pocket upper portion, the
semi-permeable membrane being permeable to gases but being
15 impermeable to liquids;
(b) a positive first battery terminal electrically'connected to the two air
cathodes of the first outermost battery cell; and
(c) a negative second battery terminal electrically connected to the zinc
anode of the second outermost battery cell;
20 wherein the tab portion of the anode in each internal cell is electrically
connected to the air cathodes of an adjoining battery cell by a conductor
member, the conductor member having a portion which is in abutment

with the tab portion of said anode.

25  56. The zinc-air cell storage battery of claim 55 wherein each battery cell

further comprises an electrolyte disposed within the soft pocket chamber.

57. The zinc-air cell storage battery of claim 56 wherein the electrolyte is
an aqueous solution containing a compound chosen from the group of
30 compounds consisting of potassium hydroxide, sodium hydroxide and

sodium chloride.



an aqueous sol ution containing potassium hydroxide. 59. The zinc-air cel
storage battery of claim55 wherein the second sem - 5 perneabl e nenbrane
in each oeblozomw7made of PTFE. 60. The zinc-air cell storageTh®sbl/@nys of
claim55 wherein the soft pocket closing nmechanismin each cell conprises
at |l east one strap. 10 61. The zinc-air cell storage battery of claim55
wherein the soft pocket closing nechanisSnfin each cell conprises a
plurality of straps 62. The zinc-air cell storage battery of claimb55

uherein the ol RAEKARc-of AR EHGRTRARNY B LRI 36 WAl BRIBELESRIORS Of

nore than one bo t an one or “nore an one nut e zinc-air cell

st orage batt er wnodqudaissdibtiothesetamindipotaspivopepixiden each cell conpri ses
expansion restrainers to limt the expansion of the top opening of the
soft pocket beyond the second retaining structure position. 20 64. The

zinc-air cell e, RaLl&N P %'eaddﬁe??o‘?"e%'frﬁ'% \kﬁére%‘%sé&?ﬂ ddi-each

cell portion is disposed w thin aim enclosure bag. 25 . The zinc-air cell
st or age bat ter ypevfneabts meﬁﬂ)mhen@eacmnellmuwebzfé%TﬁEl each cell portion is
trapezoidal in shape. 66. The zinc-air cell storage battery of claim55
wherein the zinc anode in each cell conprises an electrically conductive

support struct e T MRES dei stéﬁ?@tsaiﬁalw@f BlafhBE WABMSN Y 86ft BbcketO
02/ 073713 PCT/ US02/ 06976 -39 he zinc-air cell storage battery of

cl ai m 55 wher eidiosingenectanism i eaghgell seawhiges et inast Rgestiapet ures in each
cell are in the first retaining structure position, the zinc anode is
retained firmy within the soft pocket by a resilient retaining nenber. 5

68. The zi ng- aig1.c@ld zift GitasH detdges attdry of aiamnas wheresh thé beft peskéti ent

closing mechanism in each cell comprises a plurality of straps.

62. The zinc-air cell storage battery of claim 55 wherein the soft pocket
closing mechanism in each cell comprises one or more than one bolt and

15 one or more than one nut.

63. The zinc-air cell storage battery of claim 55 wherein the top opening in

each cell comprises expansion restrainers to limit the expansion of the top

opening of the soft pocket beyond the second retaining structure position.
20

64. The zinc-air cell storage battery of claim 55 wherein the anode base in

each cell portion is disposed within an enclosure bag.

25  65. The zinc-air cell storage battery of claim 55 wherein the anode base in

each cell portion is trapezoidal in shape.

66. The zinc-air cell storage battery of claim 55 wherein the zinc anode in
each cell comprises an electrically conductive support structure to which is

30 attached a zinc anode material.



retaining menber in each cell is disposed within the second retaining
structure. 10 69. The zinc-air cell storage battery of claim55 wherein the
pluralitywofozomaiiery cells are electrically connected i npegruseso6970. The
zinc-gas cell storage battery of claim55 wherein the soft pocket

conprises a nolded integral piece MFshapeg In cross section. 15 71. The
zinc-air cell storage battery of claimb55 RQherein the soft pocket

conprises a fabric reinforced nenbrane. 72. The zinc-air cell storage

LT 51T e R e M SRR e 1

al kal i ne-resis né al Kal' 1’ né-resi stant coating on

the fabric. 73gedbRd rétAfmfd stréelutesincsagecdlidrean thefirstlreiainifg shetueen t he
al kaline- resistant fabric is selected fromthe group c&nsi ting of

vi nyl on, nyl on posii®nptiepne@rdads relaingst Aimlyvathia thy peli @0 8ne diene

nmononer, butyl r hyl opyl ene copol yner, and chl orosul f onat ed
pol yet hyl ene, réﬁﬁgt hrgtag{“%e'ﬁg@bghe al kal i ne-resi stant coating conprises at

Ie?st oneI paterial selected fromthe group consisting of neoprene,
pol ypropyl ene, _pal yet hyl ene and PVC. 30 74. The_zinc-aiJ cell. s{orage
battery of cl aif$ 5He %?Ei%”tslt@aﬁér%%tl‘?@f 9fBl]alm%gew@(?rieg}{r\ﬁaqelsmpg% attgched

to the first r i Rk '
pCT/ US02/ 05076 >IN g FASTHEBE kA e niRil e YRR, i ng

structure, by stechasi cal force w thout glue.

10  69. The zinc-air cell storage battery of claim 55 wherein the plurality of

battery cells are electricaily connected in series.

70. The zinc-gas cell storage battery of claim 55 wherein the soft pocket
comprises a molded integral piece w-shaped in cross section.

15
71. The zinc-air cell storage battery of claim 55 wherein the‘soft pocket

comprises a fabric reinforced membrane.

72. The zinc-air cell storage battery of claim 71 wherein the fabric
20 reinforced membrane comprises an alkaline-resistant fabric, and at least

one alkaline-resistant coating on the fabric.

73. The zinc-air cell storage battery of claim 72 wherein the alkaline-
resistant fabric is selected from the group consisting of vinylon, nylon,

25 polypropylene, polyethylene, ethylene propylene diene monomer, buty!
rubber, ethylene-propylene copolymer, and chlorosulfonated polyethylene,
and the at least one alkaline-resistant coating comprises at least one
material selected from the group consisting of neoprene, polypropylene,
polyethylene and PVC.

30
74. The zinc-air cell storage battery of claim 55, wherein the periphery of
the first wall is attached to the first retaining structure and the periphery of
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the second wall is attached to the second retaining structure, by

mechanical force without glue.



