WD 02/ 086991 PCT/ US02/ 12520 DESCRI PTI ON RECOVBI NANT SEPARATOR Techni cal
Field This invention relates to a separator for an alkaline battery and,
nore partwoukasdyyr this invention relates to a 5 cellul ovicaiseparsad or for
a secondary zinc ion battery such pagcarsrk¥Rr-zinc battery. Background of
the Invention Separators play a crucial role in alkaline batteries. 10
They keep the positive and ne S attery separate while
letting certain ions go througﬁEgﬁg ﬁ%gngBEAﬁﬂfﬂgrs The separator is a
passive elenment that has to performthe sanme task unchanged for the life
of the battery. Meanwhile, it nust be able to wthstand a 15 strongly

al kal i ne Eﬁvhmd@wénﬁﬁbdﬂh at anbient and el evat ed tenperatures In

addi tion, St be cap ble of S|s%|n oxi dati ve attacks.

al kal i ne batte 53 ls?e"p&r Bt ISHEHTE dEnGuSEPAGECIx YT GRs aértka ihe
SUfflClenbhytéagldnk@tathe@ﬁﬁ&l&%ﬂaraQ | RGN QASNREGNY iBngh cqUkkent Hdgmands
of modern el ectronics. Filnms of cellulase in the form of regener at ed
ceIIul%seceﬁé9é0§é€nS@§@§@§OﬁbéombﬁléeW@ﬁd?FYa§l@ﬁel§@péﬁé¢@KYOﬁu0@h0|ce
for this r po al Of perior ability to conduct hydroxyl ions
in strong 5 §|§§H?§§ %3%‘ baF%% §gm125 el ectrical resistance of 10
mlliohmin2 has also led to its favor for use in zinc-based batteries,

such as s IvEr-2|n zi%p- i ckel ,, and zinc nanganese di oxi de batteries.
Addltlonaﬁﬁ%-ﬁg—ﬁépg—a§—§~gﬁﬁgﬂééﬂ—barr|er to migration of other ions in
the battery, sgeBaastbhat pabyzhneztieih®N$o28di30,8khYEhel BRSLER 8BS .

silver-zinc battery. _
10 They keep the positive and negative sides of the battery

separate while letting certain ions go through and blocking
others. The separator is a passi?e element that has to
perform the same task unchanged for the life of the
- battery. Meanwhile, it must be able to withstand a
15 sfrongly alkaline environmenﬁ both at ambient and elevated
temperatures. 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 electronics.
Films of cellulose in the form of regeneratéd cellulose
have been used since World War II as the separator of
choice for this purpose because of its superior ability to
conduct hydroxyl ions in strorigly 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, and 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.



1 WD 02/ 086991 PCT/ US02/ 12520 Despite its advantages as a battery
separator, regenerated cellulose has sone intrinsic limtations. During
over char g&p oans@bkal i ne battery tends to break down waterPcan$osysboe
hydrogen in sufficient quantities as to 5 materially affect the internal

i npedance of theehpiteryts ahVessagds sahydriogenerg sepovetdoefficiently, a
parasitic _feedback resu is in V\%Lch the pattery continues to be ,

over char g8 IFTH 7 6801 TRhTUHrRestF® BUNG dhipt G Vent 1 HEE dF 1o dr ogen or

cat ast r opiuk IMupten & O a e, bat t &1 Va Lase. b0 Regenst &l eds osld Ml 0§6yn
however, exhibits one of the |owest hydrogen perneability coefficients of

known pol yifesy, an@padyekde i iy dheg 9ol ymeyu Havelbook gt Ddide x 49-15

cnBcm 1s- ' _Pa- 1 L pti of rior Art Prio atteries incorporate
in rec%nbimr?at%tljls%lgl a%%%@é ctgprr(?)rllnstltérl%l%siorloHq sedrrraerfcie- b?%v&ﬁ"epoq’@tﬁﬁrﬁ bers that
i ncor por atle 1susrsf actiantisydirodetbri € andnotente f fici i dritdtye gapatdnsport wthin
a battery.f U S. Patent No. 6,054,084 20 describes separators for |ead-acid
batteri es SEFE ST 15oi et ridt I TetHA S (P MFEOFEINUGS et s .

i ncor por aivRg chddd £ W ahe widdiaadd 10 and @Rﬂ-l%gp%%t IV ]y i g@ant as
gas transgort ager%s. Zlucker in US plPatsent No. 5,962, 161 ¥ eéslcr bogi? a

r econbi naftydseg@natadr dadradtembldsi d updttrer icds t2% tldtt econurasses nel t - bl own

pol ypropy ttable by -a, surfactant . nt thus enabling transport
of ox;&genhgpﬁn%.%%i%gtcee%quﬁl&%& (] ’Nglxi]&%qt%gaé’ﬁgs of ﬁgteh&@g’efsd:r maki ng
a conposi hgdreglenane ke flriam adepeidiendfs o&0|kh6ﬁhh£bl%1e|}%9r ylate and a
cellulosic derivative, such 30 as cellul ose acetate. gas stream
ContaininﬁeHQHngeﬁni§he Polymer Handbook as 2.044 x 10 cm’cm s

lpa7t.

15 Description of the Prior Art

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

20 describes separators for lead-acid batteries made of
polytetrafluoroethylene (PTFE) fibril matrix 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
surfactant agent thus enabling transport of oxygen.

-In U.S5. Patent No. 4,919,865 Nelson teaches a method
for making a composite membrane made from a mixture of
polymethyl 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, howevef,



sel ectively cleaned of the hydrogen by the presence of the nethyl

nmet hacryl ate. Pol ynethyl nethacrylate is, however, 2 WO 02/086991

PCT/ USO2/vi@920869emsui t abl e as a battery separator capabl epofi/usanddseing hi gh
currents because of its high electrical resistance. Summary of the .

| nventi onypsiheapepranat @r HRr@drded by rhte rpcegeml of e miand ingohsigst s of a
menbr ane having both high hydroxyl conductivity. and hi gh hydrogen

t r anspor t Cuyenteheecagsgr stforl tiss hgighc &d eict rd Csill veS1FtRG Ssat t ery, hydr ogen
buildup in the battery is dimnished. The present invention 10 relates to a
reconmbi nant separator that is able to transport hydrogen while conducting
hydr oxyl semsarVhef separfalventdfont he invention help maintain | ow el ectrical
i npedance and exhibit resistance, %ﬁigst &ornation of, zinc, dendrites. A
preferyed battép§ SEPAFATOF &E@dﬁ%i gP¥ot ﬁepf§SFH§eﬁF8F“§ ffai ns a

sol ution pf,cektul gge havimg 0 Aavdegr 8etdf hpehy WeGiraation bet ween 200 and
1200 that 1s mxed wth particles of "a pol yner having a hydrogen

per meabi | copdugteatiéy - ehan highohydreggamtrensPert.. THeepesliet i ng mixture is
t hen coagul at ed, under, cantrol l.ed _envi 1 I itjo produce a
heterogen%%ﬁ%ragprtggtp%%gﬁ%déﬁy rggégggrgﬁég b%%%%r faﬁzdégg%gl as a
reconmbi napti batpety sepabatereryTheseiandishey .ofTher pfreatunrtes nardtabhendant
advant ages _of the invention will becone a pahent,as %ge inventi on becones
bet t el0 unBetatedd Ry ar EEEPERIE NG FﬁBaFBFPng Gt255d8Pafl &6 description

when consy | | | @ iWet Bontilet2660RRARYLRA dbAW. NgShe3 WO
07 08g001t Bty URks, 3Bsgaeh! ARkt BonkiliecaagORpanky ©
_separator of the invention help maintain low electrical

impedance and exhibit 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 1x1071% emlemtsipat.

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 accompanying drawings.



Brief Description of the Drawings Figure 1 is a schematic drawi ng of the
het er ogeneous reconbi nant separator of the invention. Figure 2 is a
spectra oWoaeloBasbose. 5 Figure 3 is a spectra of ethyl celrcalusezi2sand
Figure 4 is a line scan view of the separator of the invention. Detail ed
Descriptigp; af phe JNYRNJOR F1Q hEN® LhaearRi nant separator of the invention
is formed—of—=a mxture of a nydrophitic polyner, cellul ose and

hydr ophobi ¢ ag&nigsi.reTHe ity dr spthieias igodyaeiagpoéf éhgbhytenageneenat i vel y
hi gh hydrogen. perneabi lity. . The mixture is. .then coagul ated under
controlleﬁ-E8W§ﬁP98 SSF85§F§P§ g%agkéeﬁﬂbgﬂgagﬁét mai ntai ns the nacroscopi ¢
properties of Fhguriewe Subst ispeents. o€ekklllodesewi th a degree of ‘

pol ymeri zation from200 to 1200, in the formof, but not limted to,

mi croctystal | i &9uEEl Pulidsé Se6Ctar PEbEFNYpaFet1RhESRY cPBEr anul ar

cel lul ose, 20 i I.ssql ved _usi; ri hWif vgRrt These

sol vent s inclugggqgﬁtqaﬁg ﬁb?lﬁ%ngfég ?EF%L?%I?B%A%%EQ%???Fuggozggtic acid
and N-nor phokhneéoN-.oxi de. The applicable range in the case of LiCd/DVAC
solution for the percent weight of the solution of cellulose to the sol vent
¢Losshipked with standard methods and
s S g—a-hydroge erneability greater than
1x10- @3 cnBcm raelPacbmbdmaintclsegarabot b€ nbe Lnrmehédohois &bhypkd

cel l ul ose, - pol yphenyl - oxi de, pol ypet hyl sil oxane, el | ul oge acetate, and
gutta pereha? Tﬁétﬁﬁﬁyﬁérai?Ydﬁpégbﬁ%ﬁdpPhyﬁe§o!Ggi?ugﬂﬁ?;ﬁganiscibIe with
the sol vep{q-bhabrdicsaglyes .t heneehltkepgi128dpbsyAddedpebtbetnly

have relatively high hydrogen permeability.‘ The mixture is

then coagulated under controlled conditions to yield a
15 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, cotton fiber, paper and microgranular cellulose,
20 is dissolved using a variety of different solvents. These
solvents include, but are not limited to, LiCl/DMAC,
trifluorocacetic acid and N-morpholine N-oxide. The
applicable range in the case of LiC1l/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

! can include, but is not limited to,

1x107% cm®em™'s™'Pa”

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



4 WD 02/086991 PCT/ US02/12520 concurrently or separately. \Wether m xed
concurrently or separately, a preferable concentration range of 2 to 10%
wei ght ofweobkwswl i s used.. A softener, such as glycerol ecTdsezmso nmay be
added 5 at this point, as long as it is soluble in the solvent.

Hydrophi lic fibers, may,al soobe, added afndhis, ppista Ihecsotdiinp eontainin
both cel !Cuqnocsue and jf?eo.ﬁ! %ﬁp ﬁ?/drogén perrrea]fai lity polyner is then cast ]
|n';o ? fléneJr‘PaﬁtSﬂé]?yﬁ yapiefyrable ecomseuesakhowrange wEe? st 11@¥ in the 10
art of menbrane- fabrjcatjon. These techniques include extrusion of the
sol uti on Wt ta LonYRyBr bet £, 288ting onto a glass plate with a casting

kni f? or cast i;,('gs&f‘t‘é@nélr, el bn gge@ & 88So Pl @& €anAN mapdsd aaddexspect of
the invention 1s that the 15 controlled introduction of intothe film or

t]? the atmusphereoiboveas hborsl @¢ibh 1h $P1WRIorh i MRICERTTHRE - for mati on
0 mcroﬁfygdj%og?{gfffégn%lgggs p%‘%zeﬁ%’aé@t 884 0fr PRI H She,hydr ODQOb' ¢ and

hydr ophi | I'n T cast solution. A properly fornme

het er ogeneous med 201 exhohi tontatet iy mech doabl mbosThese Separkdle domai ns
i nclude one that is nostly the cellul ose terial and one that is nostly
the hydr dpinaengestmednt LhEY fPALYREF |17 the” hydf opHbbt ¢ ridyi'dns are

suffi ci eﬂ}ézjéqg{naaf 98 §%$>9 §xhi bihn 1BEs OSEQRIE 6 af15Res tsiehpr@st atistéc of
the bul k 5 ‘hydrophobic polyner. A schematic representation is shown in
Fi gurie 1 anti ohf mérhusamat abai¢cetbami nafhe$e | Fed HEE Hg B | nuous

cel U 052, Bl 32 800 L SEOTLL MRS, L5 OlbnddydPaler s capidiRgll e Lo
onto a glass plate with a casting knife or casting onto a
well-leveled glass plate.
| An important aspect 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 separation for
both the hydrophobic and hydrophiliCICOnstituents in the
cast solution. A properly formed heterogeneous gel
20 exhibits intertwined domains. These separate domains
include one that is mostly the cellulose material and one
that is mostly the hydrophobic agent. In the final film
the hydrophobic regions are sufficiently large as to
exhibit macroscopic transport characteristic of the‘bulk
25 hydrophobic polymer. |
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 throdgh the
hydrophobic rich regions, but not the cellulose regions.

Nevertheless, cellulose molecules surround the hydrophobic



30 neasurenents that hydrogen readily perneates through the hydrophobic
rich regions, but not the cellul ose regions. Nevertheless, cellul ose

nol ecul esweuwengipd t he hydrophobic 5 WD 02/ 086991 PCT/ USO2CTaBad125e@gi ons,
giving the filmthe zinc dendrite resistance, nechanical strength and

i oni ¢ congdugt bwist,y griequig ethd @i lnhitgle pemfocemmicd teThe siatens i nt r oduct i on
of water to the cast m xture 5 cannat be too slqw or toaq f%st If it is
t0o sl ow, MAGGEH Cadi IFETRIRN P R FRACUSBIH Yo SR S 9% s too
fast, the,gel tarredlde not be cohesive, and the film wll not be
strong. T}ﬁe solfution can be coagul ated with conventional =10 techni ques,

ei ther be expoSuee rizdeardfi emtt nroitsttiog, ofexgdedr ot §hgn calsdoRéX tattifospher e

or by direct application. of- a water. Strea r..al.cohal streamto e
resul t ngc28BP t#’&n.tqot HLY et ShdéPVed {Pﬁ:gtltar%%ag‘%ioe%tloglt’%s?pﬁtée?e

havi ng a yehatirverhum ¢ e drangs f a3bune 8@%tdinea 13 ft énpasatisice range of
15 to 30 degrees Cel sius yields  _acceptable %el swthina 1 tq.3 hour
range. Théaebagtihgt e¢lcddumesseitdt @qtalPe CRNERd VPor APGF T8¢ &dH8Si ve gel ,
is washed to.r ve t | vent and the salt. It is possible to enploy
al cohol s %lgéd%vgn%t e\/\gtetétﬁj?)gbut it 20 is preferable that the percentage of
al cohol be keptrheelsodutd G0%arolbemecegtilatedf wéitht kongegh imashi ng of the

ooul L1 G e el e e WA SNl Qugl f echint due suor
m crocrystabbisnecCeld wWrose ddWdl aAhndisiptlere or by direct application
of a water stream or alcohol stream to the resulting
solution. It has been observed that an ambient atmosphere
having a relative humidity range of 35 to 80% 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 1is 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.solutions are combined in a

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



31,069-7) is placed in a solution of 2 kg of 5% Li C/DVAC and heated to
120 degrees Celsius for 15 mnutes. The cooled solution affords a clear
sol uti on wD odgs99b grans 30 of ethyl cellulose (EC) is di esolusezr1ism 100 m
DVAC separately. The MCC and EC solutions are conbined in a 60/ 40 wei ght
ratio by eehxq%eaMedxutlaﬂ>fé Pladdie & ;ﬁ%ﬁ%ﬁ PCE%&%

conbi ned solution is placed on a glass tra osure to |ent nnlsture
at 21 degaeése@el srlq,lssimreSE&tGCB’/b re gateiese Celupmiudh tayt yi5el6d)% a:ed@ftes\:e/e gel i
appr oxi mat el hours Thi s cont ai ng phases af d . EC. The gel |s
then 5 wa H@é With Wil re s e AN ATt e PRIRRE MR g L ngl S enpved.
The gel isntBegedriceth tiitly HHIRSS ¥ Mcaffer ing Taef iged ysefilepas a
separator. The separator filmis tested for hydrogen transport using an

assenbl y Uéﬁb&idnﬁ”ﬁéhawr‘iﬁ% sf[%@art&‘?étYer‘mtAlc@\lllt PMALD ajlodd Clalelre are nade
of a hydr Qgﬁgvégper rf%%blg%fl Al toae:gno'd?lfe'dl Ladwi tglrlg%gr_(aggn f%r}:ej SI de | S

capped with a separator rma tight seal "aroun e “Cavit
mass speet foimt esegqui ppea \metpraramoexternal probe is placed on the

exposed part of . the separator_.and the parti gl pressure 15 of hydrogen is
read after a stl'faBFE3ZRGGH fdm iife LeSREFr 88nPaFFPEBat&38FPEF L i nut e

foll ows: Merhgans EQSBss@yH%oh&ea%QBg MeaadkedpERtPhRasSHLE Axcégst§0 Torr)
(x 10e-10 Torr) Cellulose 1.5 1. Reconbi nant 685b 1.5 20.9

Recon¥i nawpo9g9ralils sgeThadsepdr at bydrages pmpsoaRedlenms0exbalweisght KOH
for 2 ”1PPif§dawﬁtR'%98905@nt€% %R8V§188p§5aéggpe§iQlkﬁra separator
~film to form a tight seal around the cavity. A mass
spectrometef 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 H; pressure Measured H, pressure
(x 10e-10 Torr)_ (x 10e-10 Torr)
Cellulose 1.5 ' 1.5
20 Recombinant 685b 1.5 20.9
Recombinant 959c 1.5 89

The separators were presocaked in 50% by weight KOH for
2 minutes and placed in the above apparatus. Similar
differentiation in hydrogen transport properties was

25 obtained between regenerated cellulose and recombinant
separators.

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



differentiation in hydrogen transport properties was 25 obtai ned between
regenerated cellul ose and reconbi nant separators. The reconbi nant

separ at orwowengs9pl aced in silver-zinc batteries wth thepceasht/idsbat the
batteries were fast charged, and their inpedance was indistinguishable

from 30 regeneraledcald W Psans R ter Conf iJBtd QD Ofe Phase §eparation was
obtained by perfornming a scanning reflective Fourier Transform 7 WD

02/ 086991 2PCT WEG/AR520n larfgtdr ed A Restivioygridme ofAutwindden BUFR ace over a
region 2500.mcrons in len . A Perki.n El mer_ Aut oi e JRTIR _mcroscope
was used {6 ColAEHT ' d%ﬁegé. r- G st i vo{eatap'ur p}?[c?salscgsllal l%S:}aﬁfatoJfV%I ain
cel | ul osepamghoafe Plaigtel hyt H el 81958 ds Hhawb i pIE GUréeassh 2l and 3,
respectivel ﬁ The npst obvious differentiation between the two spectra is
the ptes€fddUBPSE pealé g7 AWrES f el BC SEERaUMVLofr esfbhding to
a CH strabeh obife Lldid e idia Bl o e AN 3R] Upddle 410G d Riscans

where.each scan is taken 10 every 25 mcrons along a particul ar direction.
It is obpepsedchr afi ttheespeat & AMatcrayglonerat®d spgionsnof EC are

j uxtaposed to regions that are conprised |y of .cellulose._Furthernore,
N oo ittt phmbad 8, sl S Ahins) ShvacGulisg SRS vhon
pl aced ongt Baogkhy pieel loH a3y IMRCR cke@l ahsredebest 8¢ arspederpf hydrogen

t hrough t hese re’gi ons, whereas the probe, when placed over a
cel | ufbseeVEEN PEgIMeFr oG 12d@do ad PREEE CHAR Ipdds8§& 16 - hyldr dgen. 20

Exanpl e 2observed from the spectra that agglomerated regions of EC
are juxtaposed to regions that are comprised mostly of
cellulose.

Furthermore, 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 placed over
a cellulose-rich region, failed to detect any passage of
hydrbgen. |
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 cast 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 vield a separator that is
75 microns in thickness.

Example 3



20 g of mcrogranular cellulose (A drich C6413) is dissolved in 22, kg of
5% Li O /DVAC and heated to 130 degrees Celsius for 1 hour. The solution is
cool ed arao oelssomi xed with 5% by weight EC in DVAC i n a ®0rAGomelsght 25
ratio cellulose/EC. 45 g of solution is cast and gelled wth a humdifier

over the glassyhray. AithamRhygr oaRter rekRsgrhecthatibayiregnskered 20
degrees Celsius and 65% relative humdity. After 1 hour, a cohesive gel

forms, wibchoistiiben cifnsledries pifebdlamsoiventoand288l isf déesgéved30 The

gel is dried upder vaguumto yi.eld rator _that i$. 7R, m.crons in
thickness?nE§aE8I8f3%8 %ﬁpgff%%§991852$g%§%%/iESEgESESlS?ége ul ose of
powder fOfghétmhgraa&howabHthhen,Goammbabh@nbnet degeeecofil pohyneri zati on

1200 is dissolved in 2 kg of 3%LiCQ/DVAC. Cellulose is craosslinked by
reactisng eethulaer apdutiendilisoddrnelatéthTAE PesHPRPRYLso€affultBse sol ution

I's m xed Mﬂaé{g éi’»{%p%mh%t%%ht@&qea&@ nDMAC,and bet BegoLuti ep$sang heated to

70 degrees | sius and then cool ed. Solutions are cast onto a conveyor
belt andamadll bined tooged.onSbietdonseygor bekt. oGeb ascapvedorobaltdifferent

section where |t is shed.and rinsed _al on 0,anot her belt an hen taken
to a dryi%@dd?hi?wegzgﬁp9§l4o?héhﬁr888&5?890%e%§anp %imé W%ﬁ%atéa except
washing yegroseher g Wohhwh@¥enmgthapolash880 watierinkédi slbagbe realized
that only preferred enbodi nents 15 of the invention have been descri bed
and tWat amekheusbestibgnpt theonsakabdEPi eaff BhBIaRB B t er ati ons are

perm ssi bl e mjggggblgegarting fromthe spirit and scope of

The procedure of example was repeated except washing
was performed with 50% methanol, 50% water.
It is to be realized that only preferred embodiments
15 of the invention have been described and that numerous
substitutions, modifications and alterations are
permissible without departing from the spirit and scope of

the invention as defined in the following claims.



the invention as defined in the following clains. 9 WO 02/ 086991

PCT/ US02/ 12520 dains 1. A nethod of form ng a reconbi nant separator for a
zi nc i on Wwetoeseporonpri sing the steps of: 5 dissolving celpcuwlusssiisen a first
solvent to forma first solution; dissolving a polynmer having a hydrogen
permeability of at |east 1x10-13 cnffiegmidss 1Pa-1 in a second solvent to
forma second solution, 10 conbining the solutions into a third solution
forming a filmof the third solution containing domains of the pol yner

di spersed in the cellulose; and- drying the filmto formsalid separator. 2.
A net hod accor '-né\ tr%e%k?%(fn?ﬁ f%r%'%/%h e AU " sl?aarraet?%rfr(glg ¥n the
filmby coeag éﬂdmgﬁ&@%lmrﬁﬂﬁmm Hfepwter: or al cohol. 3. A nethod
according to claim3 in ich water indirectly applied to the film 4. A

net hods accor di W 3 e @ Mm S hn e Binbientol o attRsihieh € above t he
filmduri cQa ion has a relative humdity from35 to 80% 5. A

nmet hod ac%grr(ﬁ%ngs%lg}dc]l%’m 4 further including the step of maintaining the
anbi-ent at nospherssdtvingd esrperlatmee haofinkd d 630 argr gesen@s ksi st Wue f ng
coagul ation. 25 6. A nethod ;accprding to claiml in ich the filmis
washed to2fets¥etsdiXidht Bt 6l dr §7ngil72 RSHELA0GC c\,’(?BFdittr?g 5 1Paim 1 in
whi ch thegpelopersolidcRiesent in the filmin an amount of from 10 to 60

parts by weight of polyner to 100 parts by wei ght of cel]lul ose.
10 combining the solutions into a third solution

forming a film of the third solution containing

domains of the polymer dispersed ih the cellulose; and

drying the film to form said separator.

2. A method according to claim 1 in which the domains

15 are formed in the film by coagulating the film in presence
6f water or alcohol.

3. A method according to claim 3 in which water
indirectly applied to the film.

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

20 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.

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

7. A method according to claim 1 in which the polymer
is present in the film in an amount of from 10 to 60 parts
by weight of polymer to 100 parts by weight of cellulose.

30 | 8. A method according to claim 1 in which the

cellulose is selected from the groups consisting of

10



30 8. A nethod according to claiml in which the cellulose is selected
fromthe groups consisting of 10 WO 02/086991 PCT/ US02/ 12520

m cr ocr yswelokismocrel | ul ose, cotton fiber, paper,. m crogramusarixel | ul ose
and crosslinked cellulose. 9. A nethod according to claim8 in which the

cel | ul oseyhas a-9egraq ;9fe RAUNIELsEAE icgl&tfornomi%@(},t@a%%qq. 5 10. A net hod

according to claim9 in which the cellulose is crosSlinked with a
hydr ocar bmhcbpigdgeuleontcaildivigskr emd2 cross2 ingelogedtlode siget ween cel | ul ose

chains. 11. A nethod cording to claim10Q.inwhich,t idge 10 is an
al kyl ene bridgg?cgn %ﬁPﬁgaFr %ﬁ&nﬁo%g 8&?68n8a%8n€bagﬁze%ﬁ met hod

accordi ngc£016hak® halsh ankiegfrelehe £f pbmyime rizatied By omagbiongo £23.00A net hod
according to claim12 in which the film has a _thickness from 10 mcrons to
250 niscrons. 180142 RefboRo@c&OE6AaONG t 6LR I M 11 WhdsDchRehe first

sol vent iéeglp%éggrgso%r%gsh?%&?gn5-t§a t haRd 2 aR8LAN HhraBgeti ¢ sol vent. 15.

I
A nethod according to claim |chathe second solvent is a mscible
pol ar, apcohtaistbhgerdtrom?2@ 16. 1A netrhod atcosdbrgweenclcailduloise which the
polymer is a cellulose ether. 17. A method according to claim16 in which
the pol yref P§-al kyl cellulose. 18. A nethod according to claim17 in
which the 25 polyRemeitoat R¥kogalihyl 88ec149m Aohehenageneeus sepagat or for

an al kaline netal ion, secondary battery conprising
10 is an alkylene Dbridge containing from 4 to™ 8 carbon atoms.
12. A method according to claim 1 in which the film is
formed by casting.
i3. A method according to claim 12 in which the film
has a thickness from 10 microns to 250 microns.
15 14. A method according to claim 1 in which the first

solvent is a mixture of an inorganic salt and a polar

aprotic solvent.

15. A method according to claim 14 in which the second
solvent is a miscible polar, aprotic solvent.
20 16. A method according to claim 1 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

25 polymer is ethyl cellulose.

19. A heterogeneous separator for an alkaline metal
ion, secondary battery comprising

a cellulose film resistant to alkaline electrolyte,
impermeable to zinc ions containing dispersed domains of

30 polymer that are permeable to hydrogen.

11



a cellulose filmresistant to al kaline electrolyte, inpernmeable to zinc

i ons containing dispersed donmains of 30 polyner that are perneable to
hydr ogen. wbb2¥€3902/ 086991 PCT/ US02/ 12520 20. A separ at or pacamsoziasgo t o
claim19 in which the polynmer is present in the filmin an anbunt of 10 to

60 parts by jght,t t i 0 I Se. . . epar at or
according to ﬁﬁa(?'mﬁogﬁé\ag?\tg% %c%)%%%nﬁg?so o%lfﬁ)n%g 18&n‘iwchrl(2)%hs 1;t%oéZSO

m crons. 21 yineaepas ap ossacc or i tige tHi loh airm &1 dnowdt ot tihe teedd ul ose i s
selected fromthe group consisting o m crocrystalline cellul ose, cotton

f
fiber, papdtGhdy eyt arul B0 AT dde. e B 2Pt £ Ept%r according to

claim22 in whigh thesegeldu0sehasiihfad ee Him PAU WB/ii%ALd on from 200 to
2500. 24. A separator ‘according to claim 13 in which the cellulose is

crossl § nkeschiwikrie sss hyfr Ooem bioh ordoiges tcorit™d migyrdrsom 2 to 12 carbon at ons
bet ween cel | ul gse 5 chains. 25. A separ.ator, accoydi.n a claim?24 in
which the bri 8%6 i‘s A Ak ?%naec%% dlggq Ctoontcalianlimngjf rl5gr1w Jtcgl 3hcear bon
atons. 26.coA1SEcHYlaly, sl &gt d DNf hat tefey QY I Jting2@£onbi nation a
battery case contai ning a body of alkaline electrolyte; a zinc el ectrode

di sper sed MiF resi Y Yoyl bre @ ectrdist €opm dartePa@sdctdste di spersed in

sai d bOdyHﬁ%régfgﬁdfgﬁ“églfﬂ¥%se.
- 10 ' 23. A separator according to élaim 22 in which the
cellulose has a degree of polymerization from 200 to 2500.
~ 24. A separator according to claim 13 in which the
cellulose is crosslinked with a hydrocarbon bridge '
containing from 2 to 12 carbon atoms between cellulose
15 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 compfising in

20 combination
a battery case containing
a body of alkaline electrolyte;
a zinc electrode dispersed in said body of
electrolyte;
25 a counter electrode dispersed in said body of
electrolyte; and
a cellulosic separator containing domains of
polymer having a hydrogen permeability of at least 1x10713
cmPcm™ts'Pa”! dispersed in said body of electrolyte between
30 said electrodes.
27. A secondary zinc battery according to claim 26 in

which the counter-electrode comprises silver.

12



a cellul osic separator containing domains of polyner having a hydrogen
pernmeability of at |east 1x10-13 cnBcmis-1Pa-1 dispersed in said body of
el ect r ol ywe obessseen 30 said el ectrodes. 27. A secondary pcmasShaizsery
according to claim26 in which the counter-el ectrode conprises silver. 12

WD 02/ 086991 PCEEUSA2/sE252015128 2 1A S 8ERLALY 47id gd% @Y AGGQS 9igng O
se

claim26 in which. the polymer is present i'n sai arator in an anount
of 10 to 66hpaht heyPedivgier tie DG spartt Snbyauei ghpashtocelihubasamomn29. A

secondary zikngnbattery. _accarding to.claim in_which the polyner is a
cel I ul ose %%th.@éogbApggggnggr%eﬁgpgegﬁ &@@opafﬁﬁ %8 HFéEHEZinn which
t he pol ynectelsuabkygl cellul ose. 31. A secondary battery according to claim

30 in which 10_the_polynmer is ethyl cellulose. 13
5- 29. A setondary zintT battery according to claim 28 in

which the polymer is a cellulose ether.

30. A secondary battery according to claim 29 in which
thé polymer is alkyl cellulose. |

31. A secondary battery according to claim 30 in which

10 the polymer is ethyl cellulose.
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