2 0 JUN 2005 WD 02/ 086991 PCT/ US02/ 12520 DESCRI PTI ON 2 RECOVB 2mﬁPT
SEPARATWRoFessberi cal Fi el d This invention relates to :$RpAMH3H,

al kaline battery and, nore parjglanky, this inventionre ates to a 5
cel l ul osi c separator for a secondary 2|nc ion battery such as a silver-zinc
battery. Background of tthé@M hﬁ &ﬁ% ors play a crucial role in

al kaline batteries. 10 They keep the posi Ve and negative sides of the
battery separate while letting certaln ions go through and bl ocking
others. _The separafor is a passive elenent that has to performthe sane

t ask ungﬂgﬁéeagidifihe life of the battery. Meanwhile, it must be able to
wi t hstand a fBistiongeical kahkpes %V'ar QB _E‘%t&mf% 24,8 ”ﬂ nt and el evated
tenperatures In addition, it rnust be cagg e of resist ki dat i ve

att acksPaHrEEN aNdeallore EéFFé??la¥%Y5ephaat:nveﬂn;@hdretwmhunto mydroxyl ions
at a suddiciediy J3Ri-4drbat e, 0, NBe O lncreasjn hi gh current
demands of nodern éﬁgéﬁr%%|c% Q% En ? LTt 0sé ?ﬁlfﬁéyF&F

regener®t éd Tl ian@gdac haVéebEen used si nce VOrId War |l as the separ at or
of choice for this purpose because of its superior ability to conduct
hydroxyl ions in strongly alkaline nedia. Its low 25 electrical resistance
of 10 Aadkgatemnidnedr thehisvartsionl ed to its favor for use in zinc-based
batteries, I zi nc-.ni ckel d zinc nmanganese di oxi de
batteri es. %ggﬁf??8%§| féy % %ﬁﬁfé %s gfbﬁﬁkFagfiiﬁﬁrqaéFefbeﬁ1gratlon of

ot H&r iTosy ﬂiﬁephehbapoelmvesmld asgitiate efidzsneatind easrapy 30 silver ions

ina S'Eﬁﬁ&a%%”%h?fétfééklng certain ions go through and blocking

others. The separator is a pa531ve element that has to
perform the same task unchanged for the life of the
- patté;y. Meanwhile, it must be able to withstand a
s strongly alkaline environmene both at ambient and elevated
temperatu;es. In addition, it must be capable of resisting
oxidative attacks.
In an alkaline battery, a separator should conduct
hydroxyl ions at a sufficiently rapid rate to meet the
20 increasingly high current demands of modern elecfronics.
Films of cellulose in the form of regenerated cellulose
have been used since World War II as the separator of
ehoice for this purpose because of its superior ability to
conduct hydroxyl ions in strongly alkaline media. Its low.
25 electrical resistance of 10 milliohm-in? has also led to its
favor for use in zinc-based batteries, such as silver-zinc,
zinc-nickel, end zinc manganese dioxide batteries.
Additionally, it acts as a physical barrier to migration of
other ions in the battery, Such_as that of zincate ions and

30 silver ions in a silver-zinc battery..



2 0 JUN 2005 WO 02/086991 PCT/US02/ 12520 Despite its,&gvggwa as a
battery Wepapsbor, regenerated cellul ose has sonme ing# '/ﬂsﬂzﬁzg@ﬁi tations.
During-overcharge, an alkaline battery tends to break down water and
evol ve hydrogéespatsuits cidrintquantad ie®aasetp fgmialdal ly affect the
internal Jsipedance of Lﬂﬁ_%%thery.* Unl ess this hydrogen is renoved
efficiently, a parasi t1¢ - FTeeldBickoWed Ot 4nFiF Wit athenbat t ery conti nues
to be o@@ﬁehgrgedrmhahmneaulham&Lmﬁﬁgggfgrqugggpt@ngrggﬂtagg of hydrogen
or catasbgggblg Lupt ure ?{ the battery case. 10 Regenerated cel'l ul ose,
however, exhibits one of WHECFRhESt SUR§érbRith qrenteabeki sy toefficients of
knowns pofgher$ally epfdcad the e /RahY ke dandbagk . 044 x 10-15
ancn}ls-n}g?:1t15 55; ri ption of theﬂﬁéipr Ar?QPFﬁgrg%g¥?%¥les i ncor porate
in reconblhant SEparMGIPeS chhpraTSvAg Pofiousnidyt - bl paragicdyerer fibers t hat
i ncor por f¢edisaif antsantts Oh LAY GaDLS, 44 "Egﬁkiﬁégée,ggf transport within
a battery. U.S Patent No. 6 054,084 20 escri bes %ep% Sors for:|ead-acid
batt er i 3" TR HH°Y FaItht B85 HFMARST BEEFH XN GULPTFE) arfd brdrt 15mit 1d £
i ncor portagd MgyerP@rt cGuk 3t SorsHild Q%F{JJJ %%Q%Egﬂ%ﬂl-evaporative | ubricant as
ten

gas transport agents. Zucker in U S Pate 596236t describes a

r ecoflbi Sn&dFarst 6pLivlogeeadionever bakhebies e tdmtcheonBses Nel t-bl own

pol ypr opyldene;emade r ] Ac; surfactant agent thus enabling transport
of oxygg%{ I'n U.g. %gﬁﬁﬁgiﬁngi?6ié¥@%§ Rglgﬁﬂgiéﬁﬂﬁg§rérnethod for making
a conpogitPe Ikéfbi Antheraliel vmegniandiockuas Df044pal yortthykaethacryl ate and a
cel | ul odpg-ideri vative, such 30 as cellul ose acetate. A gas stream

cont ai ning hydrogen is selectively cleaned of the hydrogen by the presence

of the nethyl nethacrylate. Polynethyl nethacrylate is, however,
15 De5cription of the Prior Art '

Prior batteries incofporate in recombinant separators
comprising porous melt-blown polymer fibers that
incorporate surfactants or lubricants that facilitate gas
transport within a battery. U.S. Patent No. 6,054,084

20 describes separators for lead-acid batteries made of
polytetrafluoroethylene (PTFE) fibril matri# incorporating
particulate silica filler and non—evaporative lubricant as
gas transport agents. Zucker in U.S. Patent No. 5,962,161
describes a recombinant separator for lead~acid batteries

25 that comprises melt-blown polypropylene made wettable-by a
su;factant agent thus enabling transport of oxygen.

In U.S. Patent No. 4,919,865 Nelson teaches a method
for making a composite membrane made from a mixture of
pblymethyl methacrylate and a cellulosic derivative, such

30 as cellulose acetate. A gas stream containing hydrogen is
selectively cleaned of the hydrogen by the presence of the

methyl methacrylate. Polymethyl methacrylate is, however,



2 2 0 JUN 2005 WD 02/ 086991 PCTI US02/ 12520 unsui t abl @ gsJ@Nb2ilbery
ki

separ at afo @aRadhe of handling high currents because beg(a, E@h el ectrical
resi stance. Sunmmary of the Invention 5 The separat or provi 4&4 by the

present. i AN, ,eonsy ' ; i.ng b j yvdr oxyl

conduct |]{/I{};63@éab(nl% ﬁ%g% lﬁ%?%ﬁfeﬁ???g%g%%%.p%g‘ngfhgw%g%%]g{hoqrq) is placed in
a sil vercwingg Usategeyp sehgliridgehighuel ehipiicalt keshatéeey. i s di m ni shed. The
present invention 10 relates to a reconbinant separator that is able to
transport hydrogen while conducting hydroxyl ions. The separator of the

i nvent i ghmhvelryy i mhai inteowidnectrical i npedance and exhibit resistance
agai nst form}%ni on O‘;:%Qé: I%%rjl‘ gitéas.thA Erefer ed battery separator
according to the “Thf AVEhtRFC SR AT hdE S6PGENENTOY Tl ose having of a

degr ee afonpalyrepitzat nanbhetenbeni2dbanhdhigAOnyhasxys nixed with particles
of a pol r _havi, a_hydrogen ,perneability gregter than 1x10-13

cnBcm 13‘:}6”% FE}VTEg?ré‘gL}Fﬁ%nSYHF%F{ﬂ &LPESPPREN JOHYlIEBed under control | ed
envi ronzephakteandst bpaceL0nt @ prodiiceiachphetoggnagusogeh that when

dehydrated. yields _a nmbr ane useful .as a reconbi nant battery separator.
These aﬁ’?&lﬁéﬁﬁ OPhERe R Es T A ERad nt ThR\RARSEGEs 18V eRRhEC R nvent i on

wi | i beeenetappaseat résoiiaahBVestdraRor besofess hatiter gunder st ood by
reference to the follow ng 25 detailed description when considered in
conj unctFBRSRPER RYREPHL SRpARYFIGIGE AN nggdroxyd dopsN 288 WO 02/ 086991

PCTI USQ%é%@ég@or Bs t efhdDaseehPid0Ohedl hhen & BMINGS fle@Ukecdiis a schematic

drawi ng_of. the heterogeneous : :
impedance and exXhibit resistance against formation of zinc

dendrites. A preferred battery separator according to the
15 inventor contains a solution of cellulose having of a

degree of polymerization between 200 and -1200 that is mixed

with particles of a polymer having a hydrogen permeability

greater than 1x10™? er’em™?s™lpa™.

The resulting mixture is
then coagulated under controlled environmental conditions

20 to produce a heterogeneous gel that when dehydrated yields
a membrane useful as a recombinant battery separator.

These and many other features and attendant advantages
of the invention will become apparent as the invention
becomes better understood by reference to the following

25 detailed description when considered in conjunction with

the accompaﬁying drawings.



reconbi nant separator of the invention. Figure 2 is a Qp&cﬁhﬂé AM5cel | ul ose.

5 Figurwodnnses spectra of ethyl cellulose; and Fi guse.d 4_\}”2 % | ine scan
view of the separator of the invention. Detailed Description of the

I nvent i gp;  #0pdhe: 1 ACIDIFARE - SEPAL of the invention is forned of a
m xt ur e_or_f'h"dTb‘p‘h‘h—c_p‘O‘l‘y'rTE‘r—U]g#%%rul ose. and . hydrophobi c agents. The
hydrophilic Bwlyi?mrls isr f echbingt it sl wiglgatifv éhy Indtgirdygdeogen

per meabiLLLy i o, tﬂl}_%%o&s £t GRagYl;ated under controlled conditions
to yielda 15 ne e that nmi ntains the macroscopi ¢ properties of the

two substi tu@rﬁlsre @elllsulaoseecwat hofa @égruéesef poI ynerization from 200 to

1200y in theg, f.._but_n stalline cellulose,

cotton fiber, %Hpge% alr?dgmsggcéafaar?u ar hc‘,’el Frﬁnllggg 03¢ di ssol ved usi ng a

variety of. dﬁ‘:fgua:reerdt isokvehhs. scEhesd ews Olfvent Ssdgualaude, obuinhare not limted

to, Li CI/DIVAC trifluoroacetic acid and N-norpholine N oxide. The

appl i cabl'e I?'tailnge in the case of LiC/DMAC solution for the percent weight

~of the solution of cellulose to the solvent 25 is 1 to 11% The cellul ose
may be Retasidledhibed cwiphiont @ahddwed Inpehoflsnand t hen di ssol ved. A pol yner
havjyng a hy g it greater han, 1x10"13, cnBcm 1s-1Pa-1 can

i ncl'ude, busrh%s%%&gﬁ%ggg?% Ptﬁér SEnyf %lé?l{ﬂvc?éléloﬁof?/m oxi de,

pol ynetdfyla giikdxanept 38 nﬁiﬂqﬂmsecapel?zﬁér, arndd 1gubta pegcha. The pol ymer is

di ssol yed, i n,a,sol vent, t hat |s m,Sci t he sol vent t hat di ssol ves
t he ce\ﬁl YrSEE PRI S e S PEYFO EE?FJOC ﬂﬁﬁy?‘ﬁég s yaddeno1

PCT/ USB2/vE2 +R20attoatyr syt md@bgsﬁplaéﬁﬁ@dmh\ﬂﬁet hefe MxadLoRguUrrently or

then coagulated under controlled conditions to yield a

lS'_membrane that maintains the macroscopic properties of the
two subétituents.

Cellulose, with a degree of polymerization from 200 to
1200, in the form of, but not limited to, microcrystalline
Cellulose,rcotton fiber, paper and microgranular cellulose,

20 is dissolved using a variety of different solvents. These
solvents include,.but are not limited to, LiCl/DMAC,
trifluorcacetic acid and N—morpholiné N-oxide. The

- applicable range in the case of LiC1/DMAC solution for the
percent weight of the solution of cellulose to the solvent

25 is 1 to 11%. The cellulose may be crosslinked with
standard methods and then dissolved.

A polymer having a hydrogen permeability greater than
1x107™" em’em™s™'Pa™? can include, but is not limited to,
ethyl.cellulose, polyphenyl oxide, polymethyl siloxane,

30 - cellulose acetate, and gutta percha. The polymer is
dissolved in a solvent that is miscible with the solvent

that dissolves the cellulose, and is added either



separately, a preferable concentration range of 2 to ID@&JMHigFB of sol vent

I S usedwo ovos@dt ener, such as gl ycerol or decane, nByP@ﬁU@gQﬁ 5 at this
point, as long as it is soluble in the solvent. Hydrophilic Tibers-my

al so be %gggq: t hi s ' Ihe s i i ni el lul ose and the

hi gh H§ rogeﬁﬁgg'négb%%??§agoﬁ heﬁhﬁém%%eﬁggégt&#g 59§EF%§nérusing a

vari et ysefataodini.que pdefewable thosmtskitlibedramgd hef 20tar 10%f nmenbr ane

fabricati.on., These .techni.ques_i,nclude extrusion of the solution onto a
a&e%éhﬁ o - g Se

conveyor STET 6°t858% 1 ass plate with a casting knife or casting

onto a wel & |lsfeleed rgl aashphat glycdrolnper §asindspegt bef addw@i i nvention is
that. the .15 contrqolled introductiaqn of .into the filmor -to the atnosphere
above tHe t2%1sutplc’(}r‘?%i'nE’Fi :lﬂ{'?o?f‘rﬁ%&&cégl’ﬁﬂie ¥ ribgt P8RV macr oscopi ¢

donmi nsnyandmhdse sepatatingp 4Dfo HeotBdtheabydiiophobhe, and hydrophilic
constituents in the  cast-solutjon. A properly formed heterogeneous gel 20
exhi bits i nf&ft ReAEEIEBnEPRE 1AHEE 8O5BpSe &t Bl REndElAs th¢ dtidide one that is

nost |y Hyg ceehl veeneaBRl ef y dbo Bk rone thbatcds mwshl y £im, hydrophobi c
agent. In the final film the hydrophobic rgg{ons are sufficiently large as
to exHisHie Aadrsiebyi eft rariipiuescharueter itdase skitlnd vm kheos

hydpophaki 6:pakkBBEneAr SEREABEidh .l ePhESEN AlHARuES $HOMYyd N Figure 1 which
illustrates a reconbinant fil-m 10 having a cont’inuous cellul ose phase 12

and di $&6AEPAGBUSEr BRFoPRIUULAhatare corareablelto ¢aafidgen. It has been

observedyi g QQ@E_éQaf@%Mﬁ@%%%tiH?tkM QgeB.Eeay lohcgesmeat es through
the: hydrophobic rich regions, but not the cellulose Tegions.

Never t WeRésdevedef upbaes mlad@H es surround the hydrophobic 2 0 JUN 2005 WO
.02/ 086991 nglkﬁpgfeé%%u%spect of the invention is that the

15 controlled introduction of into the film or to the
atmosphere above the solution in film form induces the
formation of macroscopic domains and phase SEParétion for
both the hydrophobic.and hydrophilic'constituents in the
cast solution. A properly formed heterogeneous gel

20 exhibits intertwined ddmains. These sepérate domains

" include one that is mostly the cellulose material and one
that is mostly the hydrophobic agent. In the final fiim
the hydrophobic regions are sufficiently large as to
exhibit macroscopic transport characteristic of the bulk

25 hydrophobic polymer. o |

A schematic representation is shown in Figure 1 which
illustrates a recombinant film 10 having a continuous
cellulose phase 12 and discontinuous regions 14 that are
permeable to hydrogen. It has been observed via local

30 measurements that hydrogen readily permeates throﬁgh the
hydrophobic rich regions, but not the cellulose regions.

Nevertheless, cellulose molecules surround the hydrophobic

n



regions, giving the filmthe zinc dendrite resistancep nHghapgal strength

and’ i oniwgogaostugt i vity required for high perfor mance, . 2)'%1%& of
i ntroduction of water to the .cast mixture 5 cannot be %48 or too

fast. |frddibfs) 09isimyVtHO raeh M ldinfonmhif@ weanipgful, amount of timne.
If it is too fast, the gel formed wll not be cohesive, and the film wll

not be St¢URFLLTRE FTIRIEn 20dnipel ¢ cagdrat bt eRgebmenidonal 10

techni quesyn ehd bes e &xposure -t o anbient noisture, exposure to an al cohol
at nosphere or by direct application of a water streamor alcohol streamto
the resul ti ngthgotatid af intrpdechienn odbwetsmdo hhe eastanmizdntreat nospher e

havi ng i 1 di a f..35 0% at _a t enper ature range of
15 t(@) S%Eré]glg(%tée%ee sisfjis&%loél ggg %csé:e'pt ggl% glesl %O(\?vi %_%l’wrf gl%lgte 3 hour
range. Wid lcobgut atre¢ eelkhihgbel ratoentabf timet.heIf artnief tao cohesive gel,

is washed t.o renove.the solvent, and the salt. It is possible to enploy
“al cohol g%n:"l"Xedt%vﬁ t“ﬁ-lvvaLtoé‘r“?“b"ﬁ‘tbi £ OEFS“‘]?)‘F‘é’f‘éFabT"é t*ﬁ%t & per cent age’ of
al cohol wid.lkepit Ived ewroag50% vol une ratio. After thorough washing of the

resulting ge t he . may he dried.with any conventional technique such
' A ear in e d

|
as air drying. v SPAEPERD AR PNGOR AR SEeRAR e 1 40 grans of

m cnocr yetaldigue sgekliuhasebd MoGosAkdrt € ham3:n068siBrdrs, pl aced in.a sol ution
of 2 kg of 5% Li (EI/DI\/AC algéjlheat ed to 120 deg,rees Cel sius for 15 -m nutes.
The co8FBESEGIFutiCoRMaff P £ TErERRETDIt PEnTHFeNCEPPSi§RERRN30 of et hyl

cel lul os€ GEQaties ditssohved divohll #trdIMAEo sRPafat@kYngThe MCC and EC
L 00818k R0l hékn BR8P LA PO E el Nt 40 Mo
the 6 S°© . o e a phe
' having a relative humidity range of 35 to B0% at a '
15 temperature range of 15 to 30 degrees Celsius yields
acceptable geis within a 1 to 3 hour range.
The coagulated cellulose material, in the form of a
cohesive gel, is washed to remove the solvent and _the salt,
It is posSible' to employ alcohols mixed with water, but it
| 20 is preferable that the percentage of alcohol be kept below
a 50% volume ratio.
After thorough washing of the resulting gel, the gel
may be dried with any conventional technique such as air
~ drying, vacuum drying. or press drying.
25 Example 1
40 grams of microcrystalline cellulose (MCC, Aldrich
31,069-7) is placed in a solution of 2 kg of 5% LiCl/DMAC
and heated to 120 degrees Celsius for 15 minutes. The
cooled solution affords a clear solution of MCC. 5 grams
30 of ethyl cellulose (EC) is dissolved in iOO ml DMAC
separateiy. The MCC and EC rsolutions are combined in a

60/40 weight ratio by polymer weight. 40 ml of the



2 0 JUN 2005 WO 02/086991 PCTI US02/ 12520 conbined so Butﬂ._g,@jg gpI aced on a
LA

gl ass twayesokgoppsure to anbient noisture at 21 degrelgcs‘, at 55-60%
relative humdity yields a cohesive gel in approxinmte rs. This

gel contai . MCC and EC, The | is then 5 washed with water

r epeat egl &;ggﬁ%raa%g)lalu%bﬁﬂclﬁnfﬁ% 4 & 8f%%v‘é‘if.y'ThEXFg%ﬁuﬁes tochen dried with
a pressagbyendf rorditnge atf 21 raeiebsl casstusepanstops Jhegeparator filmis
tested BQ{niBX%r og§gltrans oyt . usi ng an assenbly containing a nmass

spect roneter. A -¢avirty . 216°0kESE WE | §7 ARPHBAEIEEL A hywrsgen i nper neabl e
mat er i allhis Helll ednvbihshyHiogenonconaSimte | gheapped W f,h,a separator

fil rgtowgo%m a tL ht seal around the cavity. A masS spectroneter equipped
with® an"8xPerngt BrSBEerr%?%?Eéﬂlléin““*%We sdypHMRE @t tLi6h &he separator and
the partémbvpaessune 81 0fs hdhoaehed Syitgad atLeL- & Suitable. anount of
tinme. Representative data after 1 P nute fo tf%)mrgs % %g?\]é&r‘f? Base H2
pressur® ubF3ar 12 T e3stARErafgri0e- 10 Torr) (x 10e-10 Torr) Cel l ul ose
1.5 1.5 20 Regonbimayd+ H850 1% 35208, - ' t _959¢c 1.5 89 The
separators were pr%ﬁoaked in 5030 y &dﬁgﬁ’?nﬁw T %iaﬂ‘f%‘fﬁ%s and placed in
t he aboVETHppRR A WEEMS iqontaiging ey enssasbent ramehpdr ogercdviansport

Pr oRer thifssasa 2B OHAINERR et wegyy n d cel | ul ose. and reconbi nant
separators. The reconbi nant separ atl%gggmg}rhgé%eaac%gg f“ﬁtesﬂéaerl-szi nc

bat t er ifdd 2d HitHe husngigent hat ondhesidat fercaspasend thastsepcharged, and their

i npedangeWas, | distd gy shapl g m,30. regenerated cel | ul ose. Further
confirmation of phase s?par atI'OnJI\rI\.g.]g,d g% a?qan‘@lgy' g mass
spectrometer equipped with an external probe is placed on

the exposed part of the separator and the partial pressure
15  of hydrogen is read after a suitable amount of time.

Representative data after 1 minute -follows:

Membrane ID Base Hz pressure Measured Hz pressure
(x 710e—10 Torr)_ (x 10e~10 Torr)
Cellulose S 1.5 - 1.5
20. Recombinant 685b 1.5 ' 20.9
Recombinant 959%c¢ 1.5 ‘ 89

The separators were presoaked in 50% by weight KOH for
2 minuj:es and placed in the above apparatus. Similar
differentiation in hydrogen transport properties was

25 obtained between regenerated cellulose and recombinant
separétors.

The recombinant separators were placed in silver-zinc
batteries with the result that the batteries were fast
charged, and their impedance was indistinguishable from

30 regenerated cellulose. .
Further confirmation of phase separation was;obtained

by performing a scanning reflective Fourier Transform



by performing a scanning reflective Fourier Transforf g 2UES 20§ 2005 WO

02/ 08690 P@RdS02/ 12520 | nfrared spectrograns of t%ﬁﬁ%%%face over a
region 2500 microns in length. A Perkin El nmer Autoi mage m croscope

was usedrfpreald eGteding Gdaka: ofF Ahd leh Ust ive _purposes a scan of plain
cel | ul ose and of ol ai n gghy?' B cel Eb%geg&sfas eoﬁﬁefnaFf%%;P%ré 2 and 3,
respect i ¥2P§. migheonsogt lebgtbus AdiPerkimrBlnatd antbehsgenrtie two spectrais
the preggnce. of. a 70.cm:.. i'n the EC spectr corresponding to a
CHstr et%ﬂfosf t%eg u%t%&lsggr%%pgo;&ieﬁﬁr%? A?%ﬁOMBB%Ip’rgﬂ%?raqu R scans
wher e edelrmeE® iss scakenflplaivery 126l d8 e 201S ol pgi@ oafi cul ar direction.

It i 0 rV, fr.aomthe spect.ra that agglonerated regions of EC are
j uxt gpos(gegﬁtuol%%éagilgnsss-‘f)ﬁgt %?Etelg85ﬁf5?% saé’gigr?osFFflp%‘?tl‘é%lH'ul d¥& Furthernore,
a mcroprsie auvtiacibedif fefembiasidh SHABGLEHORREFVASHIESGH Red taove, when

pl aced or]rtréecet h%l' .ce{FI ul Qﬁe-l‘i ch regions, detected transport of
hydr oge™ T 6GgR ™t ReB&2F el 6110 Wher vasnECpFBBELTWhen pl aced over a

cel | ul osenfricebonegngnt of &id-ad st oetlet eat tﬁayeggﬁlsa%%%f_ hydnegen. 20
Exanpl e 2 é%g of .m crogranul ar cellul ose (Aldrich 06413) s dissolved in
3 SBEi & PERRCC AP h 8t eerrYD whepe erer esenCdlssitasefior 1 hour. The

sol yb i orviesycos! adcasgs 41 m%ﬂh\@uﬁ@r58’ﬂ3é’ct‘&%59ht rEC;5n DVMAC in a 60/40
wei ght 25 ratio cellul ose/EC. 45 g of solutionis cast and gelled wth a

hum di f PEBPEEVEF fheMgItgSRersye Wathepabryeramst eegichesef tCt he tray
egi steaed 30xdagbees (PleidndhatSdhe A NBINELAL P Y ATt Er 1 hour, a
cohesi ve gfhléso;m; which’is then rinsed to yield a solvent and salt-free
gel . ce
Fu;thermore, a microprobe attached to a mass
15 spectrometer as described above, when placed on the ethyl
cellulose~rich regions, detected transport of hydrogen
through these regions, whereas the probe, when placea over
a cellulose-rich region, failed to detect any passage of
hydrogen.
© 20 Example 2
20 g of microgranular cellulose (Aldrich C6413) is
dissolved in 22.kg of 5% LiCl/DMAC and heated to 130
degrees Celsius for 1 hour. The solution is cooled and
then mixed with 5% by weight EC in DMAC in a 60/40 weight
25 ratio cellulose/EC. 45 g of solution is ﬁast and gelled
with a humidifier over the glass tray. A& thermohygrometer
close to the tray registered 20 degrees Celsius and 65%
relative humidity. After 1 hour, a cohesive gel forms,
which is then rinsed to yield a solvent and salt-free gel.
30 The gel is dried under vacuum to yield a separator that is
75 microns in thickness.

Example 3



in thi ckmessessdpranple 3 8 2 0 JUN 2005 WO 02/ 086991 520 20 g.
cellul ose of powder form (International Filler Corporatl 0 degree of
pol ymeri zati oy 120Qc4§ 6L S dyqlp g G1,Cellulose is
crosslinked by jgrzea(i,atlﬁﬁg vv?t f/%aad-lé %%‘ é%;c%]g leoxnaane HhETr esul t i ng 5
cel | ul o rwination)i ofnisetkanictthpddynpoligpheoy| 12X des idissBiedand bot h
solutio r d 7 r.e | si us andthe | ed. Sol utions are -
cast onpg1 ZZ g{£§§t %r %QHPD@E:S a??lﬁei §>Fo et Y 2‘ ﬁyeyor belt. Gel is
moved t aeactdinfyf @neht NS@Btar@n1V\:ﬁ€diﬂddohla$amsh6ﬂleal’i@shllﬁiﬁ§ al ong 10

anot her bel.t .and then taken to a, dryi npl e 4 The procedure of
examg)l e vvggurléjﬁga g“%%(%rédts RAERT th\/vg§ %ﬁ%}eﬁ’éﬁ WEEAS58% et hanol , 50%
wat er . IDMALS ahd betheabiwednshate ardayeare&em etk @abadiaesiss 15 of t he

i nvention have been.descrjhed. and that numerous ~ substitutions,

nodi f i cgf]fioﬁgeﬁnﬁogf?%‘r atioHE AR 255 FATF S <IHI% AnWCChBaY CaEPa i ng from t he
spirit and smmaeeaftotdnﬂ ioRV eRé | ehvasodaddned i1t he hobdowhg clains. 9
pc: "/ d'kS b-~w s 5 20l n S1100 li;;NU? 1US. 31 OCT 2002 2 0 JUN 2095
CLAI M5 $HASHBPhoBeOf TorfirhE H riscyRBRetns&paratorlons a zinc ion

batﬁ@ryaﬁgﬁﬁétsb@gttm shepstOfsn (ilosgoéwlr}gj ¢elhul ose in a fi rst solvent to

forma flrst sol utlon
“Example 4

30 The gel is dried under vacuumto yield a separat o%@@ 5@375 m crons
n

The p;ocedqre_qf example was repeated except washing
- was performed with 50% methanol, 50% water.
It is to be realized that only preferred embodiments
15 of the invgntion'have been described and that numerous
-Substitutions, modifications and alterations are
permissible without departing from the spirit and scope df

the invention as defined in the following claims.



-disso[ving a‘hydrophobic pol ymer having a hydrogen perneability of at

| east 1X10-13 cnBcm 1s- 1Pa- 1 i F @ BeEAGATFESOUVEYE 2 0 £ oY1 hisran i
sol ution; conbining the solutionsintoathirdm (IE i nj 10 to
60 parts by weight of polyner to 100 parts by Biﬁzf ﬂl form ng
a gelled filmof the third solution-containing discrete gifﬁkﬁﬁgég t he

| Ml 5 and

pol ynmer dispersed in a continuous hase of regenerated-
drying the filmto formsaid. separ £8f45 2. A net hod -according to claim1

in which the domains are fornmed in the fillmby coagulating the filmin
presence of ter or alcohol. 3. A nethod according to claimz2 in which
water is indiréect y‘“%?gm &f tiPmHegga |megomblinany. sé¢pamtthod Ascogdi ng to

claim 3 irink ¢bnt betedd} HHnp kiR ve-.the filmduring coagul ation
has a relative  humdity froﬁ;BS t% 8 %%tgﬁgAsﬁbthod according to claim4

further includfhgSeheingt eplérlens ndai i ndirhe anflivent atsospharesat a
t enper at UFgrs@f sdPut by 30 degrees Cel sius during coagul ation. 6. A nethod
according to claiml in which the filmis washed to renove sol vent before

drying. 7. A nBtFReLEdeor di ngydeopbioaiim lpdiymetri chatiigr pal yRpirodess, sel ect ed
fromthe gepHPagONS 'tBPQan:ﬁ§%$ﬁ¢§%fb4ﬁ|1 b -AwﬁgDﬁD SHEET 10 PP Ct/L e~
i".|f.u:s'g< 0 m3L.1T13 B2 f1 W2 OCT‘%b‘E‘%} 2 02JUN2085 S§581ifbheny!|

oxi de, poP9HERHYy|Itifswaneseeetd adsianet ate - and gutta percha. 8. A
method accor didgadidleA! e | N BMEAN® 50t 52 third  solution

\ containing 10 to 60 parts by weight of polymer to 100 parts

) by weight of cellulose;

forming a gelled film of the third solution containing
discrete domains of the polymer dispersed in a continuous
phase of regenerated cellulose; and

drying the film to form said. separator.

2. A method -according to claim 1 in which the domains
are formed in the f£ilm by coagulating the film in presence
of water or alecohol. '

' 3. A method according te claim 2 in which water is

indirectly_applied to the gelled film.

= | 4. A method according to claim 3 in which the ambient

atmosphere above the film during coagulation has a relative
humidity from 35 to 80%. |

5. A method according to claim 4 further including the
step of maintaining the ambient atmosphere at a temperature
of 15 to 30 degrees Celsius during coagulation.

6. A method according to claim 1 in.which the film is
washed to remove solvent before drying.

7. A method according to claim 1 in which the polymer

is selected from the group consisting of cellulose ether,

AMENDED SHEFT
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cellulose is selected fromthe roups con5|st1|ur_1'? m crocrystal line
&

L.

‘,q-'ﬂ-\_

celd ul ose, cotton - fiber, pap®he TildEgidnila? Scelld ul:@ﬂsﬂe @ EFdsE i nked

cel lul ose. 9. A nethod accordlngto claim8 |n\/\m§3 has a
degree of "pol ynmeri zation from 200 to 2500. 10 ;C@g—ﬁ mo claim

9 in. which the cellulose is' crosslinked with a hydrocaEtﬂ)nﬂm '29&59
containin I 0 ar Iy ul chai.n 1.. A
bl %xfd& B%ﬂjn\f\lﬁ{ﬁ*it heﬁé}(&?ﬁ |Eﬂ 0‘3‘13 KASTE S i dge

met hod- according to claimto’in
cont ai ni ngfd @mtdat pegcbarbon atons. 120 A rret hod according to claiml-in

which the filmg s fo y 1 tho according.to claimi12 in
which the fijl m ‘had a&tgﬁﬁggnegsgg?ﬁ%%glo%ﬁ cf:ge%mto 256" mivdrigHs. the. A
met hod acc:@rlduﬂgst,ao dlsai melethedhi £hch hetiid:rs@::o@(y Verhsist&ngl Xkyre of an

i norganic It nd.a,polar aprotic solvent. 15. A pethod according to
claim 14 |mn% cg SF%éf:‘slé%ond [Peggf"b@ﬁ? i s £FHESRI bl efiRA%ar, apRBEFe sol vent.

' 16. A nethddrageandiag ¢€l ilaise Znincydin ke Pe} MiRIse.iS a cel lul ose

et her. 17. A t ho accord% %}to cl.aim 16 in which the polyner is alKkyl
cel'lulose. r 18 - A fret IO c AWOFGIRE cFai nF4%m n Bv\lmle‘}h vhéchpotheer is

et hyl cel ballmamsaghadxmeie@rr@geagop@lmczak%nf@fona@o@ kgl bBggretal ion
secondar-y battg consi s g essentjally of;. AVENDED SHEET . _QLl 'S 10C 2

2°0 JUN 0 a redBherat & uR6serdtnam ﬁ&w Rgaimt 1 cRAes¥highm the

cellulose is’' crosslinked with 'a hydrocarbon bridge
contaxnmng from 2 to 12 carhon .atoms between cellulose
chains. .

Li. A method according to claim 10 in which the bridge
is an alkylene bridge containing from 4 to B carbon atoms.

12. A method according to claim 1 'in which the film is
formad by casting,

13. A method according to claim 12 in which the f£film

has a thickness from 10 microns to 250 microns.

.,
TR

l4. A methqd according to claim 1 in which .the first
solvgnt is a mixture of an inorganic salt and a polar

aprotic solvent.

g

- . 15. A method according teo claim 14 in which the second

solvent is a miscible polar, aprotic solvent.
16. A method according to claim 7 in which the polymer

is a cellulose ether.
17. A method according to claim 16 in which the |

polymer is alkyl cellulose.
:18. A method according to claim "17 in which the

polymer iz ethyl cellulose.
13. A heterogeneous separatar for an alkaline metal

ion'sgcondarylbattery consisting essentially of:; .
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10 mcrons to 250 microns, being resistant to alkaline electrolyte,
i npermeabl e to zinc ions and ccﬂ%’ﬁﬂaﬂ'mhﬁmi‘ﬁi’)ﬂhhrﬁ’%mql Fnew kA gre

per neabl e to- hydrogen di spersed in regenerated e.d at are
i nper'neabl'e to hydrogen and absorb al kaline ele :
being present in said filmin an amount of 10 to 60 paQt& ght to 100

parts of regenegs at-ede08ldidli056 epar tor accor to claim19 in

~which the _pol yner ‘?es sea{ ectg% flr%gpnséhg g 0 Svﬁgﬁsﬁstt?’ BFSa f&em ul ose

et her,, pollgth@ﬁ?Ffoéﬁld@ BoPy diimebhy) S:elm)ganﬁesﬂt%hluulweag@gg%g and
gutta percgha. nce arator according to claim?20 In whi ch t he

cel | ul ose(élls ngc%ég%d f%.gé]gfxﬁéb‘ab} FtorfdiPst i ghst aRfcr 6oRysiaingne

cel | ul osedopetinen cffi @eﬂym@apﬁﬁamrute @e@mggﬁp@u&@rh Log

separ at or gccgeéil t,0 clai 2 in which the cel Hﬁ%@?ﬁ h Es%@geé%@ of

pol yrreri zat'i on aft?ﬁl to Se glpmaing e dhREt I eacomRalinegitie ctai m 13 in

whi ch t hehydeblahosands a};rs(aﬁ;@l | atg@lmg hag gﬂ:lgg_p@ bo cont ai ni ng
from2 to, 12 carbon atonps between cel |l ul osg chai ns. %g% dg p‘g“%ﬁor

accor di ng°E5°d1 BFRCSHLT AP WARFER THER HP i dyermaimin ofl Ky dme 49 iggeccont ai ni ng

from4, tobg ﬂei@btl tALITE pa2bs éf&%fg%@%ét'ed Zéélclufl%ﬁba“ery conprising in
a

. conbi nat i-on: %%D case cont ai ni ng; kaline electrolyte; a
zi nc el ect rod %\‘o FHRTEE &058691’% @Pe(ﬂlﬁétﬂyt@ FWENDEEh SHEET 12 PG

L1'DER pd.?ﬁn‘eﬂ.()_ 0y tEdXSHR | Ifeohf | 6he  group consisting of a
- cellulose ether, polyphenyl oxide, polydimethyi siloxane,
; cellulose acetate and gutta percha.
21. Cancel
22. A separator according te claim 20 in wﬂich the
cellulose is selected from the group consisting of
- microcrystalline cellulose, cotton  fiber, paper and
microgranular cellulose.
23. A separator according to claim 22 in which the
cellulose has a degree of polymerization from 200 té 2500.
24. A separator according to elaim 13 in which the-
] cellulose is crosslinked with a hydrocarbon bridge
e containing from 2 to 12 carbon atoms between cellulose
chains. _

25. A separator according to claim 24 in which the
bridge is an alkylene bridge containing from 4 to 8 carbon
atoms.

~ 26. A secondary, zinc ion battery comprising in
.combination:
& battery case containing;
a body of alkaline electrolyte;

a zinc electrode disposed in said body of electrolyte;
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A0CT 2 2.0 JUN 2005 a counter-e rode disposed in said body of
el ectrolyte; and a cellul osic. %égglér"a{“@'i%@gﬁi-kﬁir G v tn‘:ﬁuélulixﬂi&ﬁmfg

regenerated cellulose filmcontaining discrete do ‘ ) C
pol yner having a hydrogen perneability of .at |east . 12.108-\} 1Pa- 1
di spersed in said filmof regenerated.cellul ose and sai or being
di sposed between saiuhtelreeleedesdand absgrbyng ;5ai d e ectrolyte, said

fi-l m cont ai ?i ng 10 to, 60 parts by wei gh? o‘?asai:% p’?ﬁllfﬁergfgg 100°‘f)arts of

. sai d. regen8rat bttt uIa8se. .27. A secondary zinc battery according to claim
26 in which thg -mqmbsgg_ecggﬁq%tg npL LlL.ver.28,. A_secondary zinc
battery according to claim .26 in \M%i c#lfsﬁt%t%gpynﬁsﬁ T3 ¥c1 %8 % om t he

gr.?)up consF%Q’IE@r%FEd cettilose eﬁﬂ*ia‘r,cm%imlﬁagy;dgj&wh:dete mg&m&h)ﬂf ]
si | oxane, p . a ufta per.cha. . A secondary zinc battery
accor di ng t%&cliﬂidr}nﬁg%?gﬁiﬁva% cﬁg‘f%é pol ;RP%EFDTJ%’}C?FF’E\‘F?}%@%%@P? G A
secondary bitdter y. 13380  anteg 15 R Ai miz8pérsashi chn t haipol YRIm i S o3l Kyl

coloneee xS ater e il st o] dg Lo, S LA, T T e
between said electrodes and absorbing said electrolyte,
said film containing 10 to §0 parts by weight of said
polymer to 100 parts of said regenerated éellulose.

27.~A secondar& zinc battery acéording to claim 26 in
which the counter-electrode comprises silver,
287 A Secondary zinc battery according to claim 26 in
which the polymer is selected from the group consisting of
. cellulose ether, polyphenyl oxide, polymethyl siloxane,
- cellulose ace#ate and gutta percha.
29. A secondary zinc battery according to claim 28 in
which the polymer is cellulose ether.
30. A secondary battery according to|claim 29 in which
the polymer is alkyl cellulose. ' |

3l. .A secondary battezy according to claim 30 in

st

which the polymer is ethyl cellulose.
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