Docket No. 2000. 142 SEPARATOR FOR A BATTERY HAVI NG A ZI NC ELECTRODE Fi el d of
I'nvention The instant invention relates to a separator for a battery having
a zinc electrode. Background of the invention Batteries having zinc

el ectrodes are known. See U.S. Pat. Nos. 4,359,510; 4,438, 185; and
4,544,616; Tuck, C. D. S., Editor, Modern Battery Technol ogy, Ellis Horwood
Li m t edbo€hechest eppooEngband (1991); and Linden, D., Editor, Handbook of
Batteries, Second Edition, McGawHill, Inc., New York, NY. (1995), each
of which is incospenairadreci i BaTEier ensendNe FHeM DREderdDES the

ni ckel -zinc (N Zn) battery (or cell). The nickel-zinc (zinc/nickel oxide)
battery systemincludes a zinc electrode, a nickel electrode, an

el ectrolyte, and a separator. Tpgefingénkggel Oéhde battery system uses
zinc as the negative active nate+raﬁ—aﬁd—ﬁ+3¥%#—ﬁxide as the positive, and
the electrolyte is an al kaline potassium hydroxide solution. Wiile N Zn
cells are me?%ekhﬁﬁﬁ?nﬁhéﬁvﬁ§&é°ﬁe¥@ﬁaF@écﬁ@daa5§ﬁ@ﬁﬁﬁQﬁﬂﬁoﬁxﬁnﬁﬁQﬁ%ﬂy
success; apparently, because of the |limted effective cycle |ife of such
batt eri bgviBgsenhand, electEdideor, Handbook of Battery Materials, WIey-VCH,
New York, N. Y. (1999).

Background of the Invention

Batteries having zinc electrodes are known. See U.S. Pat.
Nos. 4,359,510; 4,438,185; and 4,544,616; Tuck, C. D. &§., Editor,
Modern Battery Technology, Ellis Horwood Limited, Chichester,
England {199%1}; and Linden, D., Editor, Handbook of Batteries,
Second Bdition, McGraw-Hill, Inc., New York, N.¥Y. (1295), each of
which is incorporated herein by reference. One such battery is the

nickel-zinc (NiZn) battery {(or cell}.

The nickel-zinc (zinc/nickel oxide) battery system includes a
zinc electrode, a nickel electrode, an electrclvyvte, and a
separator. The zinc/nickel oxide battery system uses zinc as the
negative active material and nickel oxide as the positive, and the

electrolyte is an alkaline potassium hydroxide solution.

While NiZn cells are well known, they have never reached a

significant commercial success; apparently, because of the limited



The reason for this [imted cycle life is the high solubility of the zinc
hydroxi de in al kaline electrolyte; the zincate ions fornmed are deposited
agai n during the subsequent charging in the formof dendrites, i.e.
fernlike crystals. See Besenhard, Ibid. These dendrites growin the
direction of counter electrode and finally cause electrical shorts. See
Besenharftdgckhived. chcdleoriti fieerah reaned\bateare e achi Byeehiyrd, decr eBdeton, zi nc
solubility in the electrolyte or by suppression of dendrite formation;

cadm Uk drRRd- o OB hod 01 A4S weldy agciEalgdwo Ay dnexy de(pss ) um num
hydr oxi de have been added to the zinc electrode or the electrolyte to

suppre d e r i.0 Qs&g gq¥§¥§ does
not haégelgﬁg PESE%% %%E qﬁfﬁ&%ﬁ%s %gelgés f%l S?% ﬁ%ig sgybeen
suggest t hat orous f|| coul d .be to vercone_t he, proble
a5500|5%§dz%Fth%ﬁ % &% i a%ﬁ%ﬁnﬁ%ﬁﬁﬁ?o ?%R%FEEL?ﬁﬂﬁn%OY%?ﬂ.,
and U.S. Pat. Nos. _ 4,359,510; 4,438,185; and 4, 544 616. - 2 One
comer &4l rﬂ@p@@amﬁéma@amﬂc rcbﬁ%}rftﬁluéi%r?d%héﬁ%ll%%’r‘t (R TR NG ak R eFhRsEAEDi A
zinc electrodes is Celgard(r) 3406 m croporous nenbrane. See: U. S. Pat.
Nos. 4d2p@dr3tesand .4,.43&r185 keCelmartthl 8406 d¢s Resdmhapdy olisi drenbTlaaee havi ng
a polyner coating on one

dendrites grow in the direction of counter electrode and finally

cause electrical shorts. See Besenhard, Ibid.

A short term remedy can be achieved by a decrease in zinc
gsolubility in the electrolyte or by suppression of dendrite
formation; cadmium-, lead-, or bismuth oxide, as well ag calcium
hydroxide or aluminum hydroxide have been added to the zinc
electrode or the electrolyte to suppress dendrite formation. See
Begenhard, Ibid. However, this remedy does not have long-lasting

effectiveness. 8See Besgenhard, Ibid.

It has also been suggested that microporous films could be
used to overcome the problems asscciated with the use of zinc
electrodes. See Tuck, Ibid., Linden, Ibid., and U.8. Pat. Nos.

4,359,510; 4,438,185, and 4,544,616.



surface. The m croporous nenbrane is comrercially available as Celgard(r)
2400 m croporous nenbrane, a pol ypropyl ene m croporous nenbrane having an
average pore size of about 0.045 microns. The polymer coating consists of
cellul ose acetate and a surfactant comercially available as VI CTAWET(r) 12
wetting agent. VICTAWET(r) 12, an oxirane polyner wth 2-ethyl hexyl

di hydrogen phgs I £ i i r icals, _Inc.,
i gago 11 10FE B R e S06 dert o re alanaar chortl FRagth fick 18
shel f Lif aboyt 9. nonths fromthe.coatin ate)gand it wets only once
(e, AT RS (o |5 RhEdeo 15 Cahgtra S RePerEPPSTaYE | bl e
m croporous nenbrane for use in batteries having zinc electrodes is

Cel gar AEVLZHTT comed U nt criodbr RS mett ahed L Send U2 843 Pat 85No. Cs1g2gd%90.
Cel gard(r) 3407, which is commercially available fromCel gard, Inc. of
Char | otX4,6 NG & onipr ¥ GBSy @l $1i T poR o shaentiy anepbayinag acebangngnonneat

| east one surface of the nenbrane. Celgard(r) 3407 m croporous nenbrane,

havi ng A fawes ageripone; SiggonbuabashhPa0451 81 ev@nsrcigalltypivaalbyia as
hydr ophobi c, pol yolefinic polyner. The coating consists of cellul ose

acet at e-and, »s Wi aC LAt ro YL Gls hasSmap. ALt | é(epé;i‘g%?%gﬁ!&néeh?%&%}}llogb%‘ the

group consisting of organic ethers. The surfact conmercl a

avai | 2l sas LR (D 830, L oM, Fhope- EPULeBF 2hof 2B0HEY: okl hougD

as
polymer coating consists of cellulose acetate and a surfactant
commercially available as VICTAWET® 12 wetting agent. VICTAWET®
12, an oxirane polymer with 2-ethylhexyl dihydrogen phosphate, is
commercially available from Akzo Chemicals, Inc., Chicago, T11.
While Celgard 3406 performs adequately, it has a limited shelf life
{about ¢ months from the coating date) and it wets only once (i.e.,

the surfactant readily washes off}.

Another commercially available microporous membrane for use in
batteries having zinc electrodes is Celgard® 3407 coated
microporous membrane. See: U.,5. Pat. No. 6,479,190. Celgard®
3407, which is commercially available from Celgard, Inc. of
Charlotte, NC, comprises a microporous membrane having a coating on
at least one surface of the membrane. Celgard® 3407 microporous
membrane, having an average pore size of about 0.045 microns, is
typically a hydrophobic, polyoclefinic polymer. The coating

congists of cellulose acetate and a surfactant, which has an active



furni shed design i nprovenents to overcone the Iimted cycle life

performance of the nickel-zinc batteries, Celgard(r) 3407 has an electrical
resi stance of less than 20 mlliohnms-inch2, and it nay take up to 100
seconds to wet in aqueous electrolytes after 12 nonths of storage.
Accordingly, there is a need for an inproved separator for a battery having
a zi nc ielecddioge; il edt ddst pogr e egrshel Echsiering. 6f argheateetrherset
capability, and a | ower electrical resistance. Summary of the Invention The

i nst antriv@ntd Qi d,se & SeRahRd 881 4 01y aabatt 8hYe haNi RErparZbBC s8hegttpde. The
battery separator according to the |nstant i nvention includes a m croporous

nmb I
renbr ang e R e e T B B 38 a0 ka2 5Ral JRer and 60- 75
ht t nbi npat Th | t at th
St { act S TR RS BT | HEPUORET S FF 90 SUFFEaTant Pind &1 R0 Rd LS ULPAEt ant

The first surfactant, preferably, has an active ingredient selected from
t he gHﬁﬁfﬁQﬁﬁﬁ@ﬁ@r@ﬁcﬁh%r@hﬁ$% et hef sbapheripe. seedaardlir B46Fahesi n
preferably, an oxirane polyner with 2-ethyl hexyl dihydrogen phosphate.

Det ai | edl dRescidapl i vens Dftdhee |ofehésonthan 20 milliohms-inch®, and it may

take up to 100 seconds to wet in agueous electrolytes after 12

months of storage.

Accordingly, there is a need for an improved separator for a
battery having a zinc electrode, which has a greater shelf life,
i.e. a greater re-wet capability, and a lower electrical

resistance.

Summary of the Invention

The instant invention is a separator for a battery having a
zinc electrode. The battery separator according to the instant
invention includes a microporous membrane, and a coating on at
least one surface of the microporous membrane. The coating
includes a mixture of 25-40 weight % polymer and 60-75 weight %
surfactant combination. The polymer is cellulose acetate, and the
surfactant combination includes a first surfactant and a second

gurfactant. The first surfactant, preferably, has an active

ingredient selected from the group consisting of organic ethers,



The instant invention is directed to a separator for a battery having a
zinc electrode. Those batteries are typically secondary (i.e

rechargeabl e) batteries. Such batteries may be nickel-zinc or silver-zinc
batteries. To facilitate the follow ng discussion, the battery discussed in
detail will be a nickel-zinc (zinc/nickel oxide) battery. The invention,
howeverand st ot sseohd nstedacithatchen §kéie@§bziy00/alﬁ:i ekeélratl @@ lhaidreriias i s
wel | known. See: Tuck, Ibid., Linden, Ibid., and Besenhard, Ibid. all of

whi ch fuéthrm%gﬁyqagggyggggbﬂ Bﬁogghgggnce 'The zinc/ni ckel oxi de battery
system typlcally, includes™a zinc electrode, a nickel electrode, an
electrolyte, and a separator. Typically, the el ectrodes sandw ch the
separator, and the electrolyte commnicates with the two el ectrodes via the
separator. The zinc electrooe i s the anqde or the negative el ectrode. The
anode i s the reduci ng 8EtRdeP%PESSIREIANG o HVRRELAT ot r ode gives up
el ectrons to the external circuit and becones - 5 oxidized during an

el ectrocheni B¢ iegleapbninyeptlenedsr ddeschay the amedearpSrmerdl I3 datitegy
Typically, zinc electrodes are designed to be 60-70% porous in their

al | - mretlad¥1iwg st atenc Theentehék . el Fbbsedeatsetrhescatrkodeparallie pesidrideay

el ectrode.

(i.e., rechargeable) batteries. Such batteries may be nickel-zinc

or silver-zinc batteries. To facilitate the following discussion,
the battery discussed in detail will be a nickel-zinc {zinc/nickel

oxide) battery. The invention, however, is not so limited.

The chemistry of zinc/nickel oxide batteries is well known.
See: Tuck, Ibid., Linden, Ibid., and Besenhard, Ibid. all of which

are incorporated herein by reference.

The zinc/nickel oxide battery system, typically, includes a
zinc electrode, a nickel electrode, an electrolyte, and a
separator. Typically, the electrodes sandwich the separator, and
the electrolyte communicates with the two electrodes via the

separator.

The zinc electrode is the anode or the negative electrode.
The ancde is the reducing or fuel electrode; thusg, the zinc

electrode gives up electrons to the external circuit and becomes



The cathode is the oxidizing electrode; thus, the nickel electrode accepts
el ectrons fromthe external circuit and becones reduced during an

el ectrochem cal reaction, The nickel electrode is, typically, nade from

ni ckel oxide. The electrolyte is, typically, an ionic conductor, which
provi des the mediumfor transfer of electrons, as ions, inside a cel

bet weendi g RO R MY the Lathode-hdhe-£l estsot ybe. i szihypheaklyoaeki giid,
such as water or other solvent, with dissolved salts, acids, or alkalis to

| mpart ool Condie v s HONRYET . el eotr ol yL e BY . aacSgLL

el ectrolyte, which is an ionic cond of at’the operating ténperature of
the cel]. .An exanpl.e o gectrolyte.in_zinc/njckel oxide battery system
ol uadeS BT 20 i A9 T EF T i AqEBHE Tbf ASF At HePoRFRe. (K
solution, where the potassium hydroxi de concentration ranges from about 20
to 45 percent by weight. The separator according to instant invention
conprises a mcroporous nenbrane, and a coating on at |east one surface of
the menbrande Thekd croporousisarendrane ¢asthype cat | yha bhydibphebetectrode.
pol yol ef i nic pol ynmer. The hydrophobic, polyolefinic polynmers include, for
exanpl ehepalapeidid ene and ol P opyl €hectthee | athes, | Shephebrelediedheode

nmet hod of manufacturing the nmenbrane is not
accepts electrons from the external circuit and becomes reduced

during an electrochemical reaction. The nickel electrode is,

typically, made from nickel oxide.

The electrolyte is, typically, an ionic conductor, which
provides the medium for transfer of electrons, as ions, inside a
cell between the anode and the cathode. The electrolyte is
typically a liquid, such as water or other solvent, with dissolved
salts, acids, or alkalis to impart ionic conductivity. However,
the electrolyte may be a sclid electrolyte, which is an ionic
conductor at the operating temperature of the cell. An example of
electrolyte in zinc/nickel oxide battery system includes, but is
not limited to, an agueous potassium hydroxide (KOH) solution,
where the potasgium hydroxide concentration ranges from about 20 to

45 percent by weight.



critical, and may include, for exanple, the "dry" stretch (or Cel gard)
process or the "solvent" stretch (or phase inversion) process. Such
menbranes may have a thicknesses |less than 3 mls (about 75 mcrons),
preferably less than 1.5 mls (38 mcrons), and nost preferably a thickness
of about 1 m| (25 mcrons). The nenbrane may have an average pore size of

about 0. 045 T 092Zpad €6PNacdoP@iAg Y 0hs28nd0Ynvand idnGangy ife 20 45
sec/inch2. Such nenbranes are commercially available from for exanple,

Cel gar ¢ d BopofBAL | AlhSrall G anbl & Boac IABCBRKAK. 1 1KY ORI aRATLcARAN Y
Chenicallcﬁ??OTb yo, Jap%%%’Lﬁg Indugsrieg, %o?yo,eJapan?ean ﬁf&ro D§n§b

C‘orporatét&?f Tokyo, Japan. The coating conprises a polynmer and a surfactant

conmbi nation. - The coating is applied to at | east one surface of a

m croporous nenbrane. Preferably, the coating is applied to both surfaces

of a mcroporous nmenbrane. |If the coating is applied to both surfaces of a

m croporous nenbrane, the coating may have surface density in the range of

about 0. 30 tDBhe.uBcrepenPusandnprafier abl yyrtihelévari hydnephcldwe a surface

density in the range of 0.31 to 0.38 ng/cnR. The coating is preferably

appl i edbdIysDeEihon Bolyhee . sorenhydiepbobiacebongolk fietiky lpetlle deet one)

is driven off in any known manner. The polynmer may be selected fromthe

group consisténdr&f example, polyethylene and polypropylene, the latter is
preferred. The method of manufacturing the membrane is not
critical, and may include, for example, the "dry" stretch (or
Celgard)} process or the "solvent" stretch (or phase inversion)
process. Such membranes may have a thicknesses less than 3 mils
(about 75 microns), preferably less than 1.5 mils (38 microng), and
most preferably a thickness of about 1 mil (25 microns). The
membrane may have an average pore size of about 0.045 + 0.002
micron, a porosity of 28-40%, and a Gurley of 20-45 sec/inch?®.
Such membranes are commercially available from, for example,
Celgard Inc., Charlotte, N.C., U.S.A.; Tonen K.K., Tokyo, Japan;

Asahi Chemical Co., Tokyo, Japan; Ube Industries, Tokyo, Japan; and

Nitto Denko Corporation, Tokyo, Japan.

The coating comprises a polymer and a surfactant combination.
The coating is applied to at least one surface of a microporocus
membrane. Preferably, the cocating is applied to both surfaces of a

microporous membrane. If the coating is applied to both surfaces



cel lul ose acetate. The opti mum anount of cellul ose acetate is an anount
which*is sufficient to coat both surfaces of a m croporous nenbrane
creating the sieve effect (i.e. ability to selectively pass/reject

nol ecul es based upon size) when wetted; however, too much cellul ose acetate
wi |l block the pores of the m croporous nenbrane, and it wll increase its

el ectrig@l, resd st anesSus | hetiBeancoathBdebar 2Bl 8¢ havhokhsuikagrsQfa1in
n croporous menmbrane, the cellulose acetate may have a surface den5|ty |n

the range, o aboul. §od0 1o 0ol2ml g%, Oeliul oo aeetate.(¥hi eh.has.apeyt

2.5 ac ups per glucose 3)) TS connerc y ava

mat eri al fron1 for Celanese cetate LLC_ of Charlotte, '

U A st REGE rrF o e oG8’ LB LRi hGSpOPnSeTERn 0 0. EOAD - JeelbHETE
cel I ul ose acetate HS-105 is preferred. The surfactant conbi nati on, as used
her ei n,Thonpralstnd al 3 i pseLfsurbdrt anpland anseedHd 1omr PACt &RE. SPHée@ﬁtlnum
anmount of 8 surfactant conbination is a sufficient amount thereof to wet in
aqueous{elect ratgtende noa shohylpehybddkefonieeishdmeven, ofdo imiemy sufwact ant
conbination will block the pores of the mcroporous nenbrane, and it wll

i ncreasgahitsrel ectrical resistance. If the coating is applied to both
surfaces of a m croporous nenbrane, the surfactant conbi nati on may have a
surface density in the range of

The polymer may be selected from the group consisting of
cellulose acetate. The optimum amount of cellulose acetate is an
amount which is sufficient to coat both surfaces of a microporous
membrane creating the sieve effect (i.e. ability to selectively
pass/reject molecules based upon size) when wetted; however, too
much cellulose acetate will block the pores of the microporous
membrane, and it will increase its electrical resistance. If the
coating is applied to both surfaces of a microporous membrane, the
cellulose acetate may have a surface density in the range of about
0.10 to 0.13 mg/cm? Cellulose acetate (which has about 2.5 acetyl
groups per glucose, e.g. CA-398-3}) 1is a commercially available
material from, for example, Celanese Acetate LLC of Charlotte,
N.C., U.S.A.; or Eastman Chemical Co. of Kingsport, Tenn., U.S.A,

Celanese cellulose acetate HB-105 is preferred.

The surfactant combination, as used herein, comprises a first

surfactant and a second surfactant. The optimum amount of



0.20 to 0.30 ng/cnR, and preferably, the surfactant conbination may have a
surface density of 0.25 ng/cnR. First surfactant and second surfactant,
with respect to each other, nmay have any weight ratios. Preferably, first
surfactant and second surfactant have a weight ratio of 1:3 or 3:1,
respectively, and nost preferably, first surfactant and second surfactant
have a swerignttamat i ocnbidatdiow th regafditadenheamonst shefractfamto, weir éen
considerations help define the selection criteria, those considerations

are: l)adudshs susdaedapte nust abenhbrer betractihefekegkr; Ohyi@ Wed:,9.too much
non-hydrolyzable in the electrolyte); 2) first surfactant should not be

sol ubl ey Qfr 54 |<¥orﬁ}9£Hﬁﬁ§ohnww§ gheekr ehyt 8n,ardo3) i r%{lcgléf urfact ant

shoul d be adherent to t nbrane. Wth regard to the secon

t wo conS| erations helg filne t he sel cti n grltgala g se consi Qﬁ}lons
are: 1)"EEGNE sTRFatt alit Pcﬁgasﬁe% 5t §LERE T8t FEREE 0SS,

non- hydrol yzable in the electrolyte 2) second surfactant nust |ncrease

the wet$9Hg o9 shee@PRhYESt BBi PPEY SPIERESFeRbr 4nB -GFORGFCUSH METE¥ANTy Wi

long term menbrane storage life. First surfactant may have an active

i ngr edi sirtaetact edofPonat LB GREUPATENSI Stivigcsf denganive iet hdves raope of
exanpl e of the organic ether is nonyl phenoxypoly (ethyl eneoxy) ethanol. One
such 0.20 to 0.30 mg/cmz, and preferably, the surfactant combination may

have a surface density of 0.25 mg/cm®. First surfactant and second
surfactant, with respect to each other, may have any weight ratios.
Preferably, first surfactant and second surfactant have a weight
ratio of 1:3 or 3:1, respectively, and most preferably, first

surfactant and second surfactant have a weight ratio of 1:1.

With regard to the first surfactant, three consideraticns help
define the selection criteria, those considerations are: 1} first
surfactant must be inert to the electrolyte (e.g. non-hydrolyzable
in the electrolyte); 2) first surfactant should not be soluble or
readily soluble in the electrolyte; and 3} first surfactant should

be adherent to the membrane.

With regard to the second surfactant, two considerations help
define the selection criteria, those considerations are: 1) second
surfactant must be inert tc the electrolyte (e.g. non-hydrolyzable

in the electrolyte); 2) second surfactant must increase the wetting



surfactant is commercially avail able under the tradenane | GEPAL CO- 530 from
Rhone* Poul enc of Cranbury, N J., US. A |If the coating is applied to both
surfaces of a mi croporous nenbrane, the first surfactant. may have a
surface density in the range of 0.10 to 0.20 ng/cnR. Preferably, the first
surfactant may have a surface density in the range of 0.10 to 0.15 ng/cn®,

and nosgppsef ef@bsyabihec§i 68t cBar hagbanhenay thave arswritace rdensitty 1efng
0.125 ng/cnk. Second surfactant may be an oxirane polyner with 2-ethyl hexyl

di hydr ogeny, phasphate. sneasuchisdrfactant, nmeeting the foregoing criteria,
is VICTAVET(r)~12 wetting agent. VICTAWET(r) 12 is commercially avail able
from Akzo Chemcals, Inc., Chicago, IIl. If the coating is applied to both
surfaces of a m croporous nenbrane, the second surfactant. nay have a
surface densit¥ in thg range of %.10 to 0.20 ny/.cn2. Preferahly, the second
surfactant naytRavEUht 2SufPhcB2deRgVEy 2Fin2Fhé VFaRgET6A G0 S50 T 68 gihe |
and nost preferably, the second surfactant may have a surface density of
0. 125 ngrengrouvp jeonghet frgshfyoceganésd SEparator CR€c ™Y & @f Adramraanic
i nvention may have any electrical resistance. Preferably, the freshly coated
separ atethar cos dhiogy i phénskantliynienhiydrnkasyan eehectyli.calone esicsdt ance of
| ess than 10.4 mlliohnms- inch, and nost preferably,
surfactant is commercially available under the tradename IGEPAL CO-
530 from Rhone-Poulenc of Cranbury, N.J., U.8.A. If the coating is
applied to both surfaces of a microporous membrane, the first
surfactant may have a surface density in the range of 0.10 to 0.20
mg/cm?. Preferably, the first surfactant may have a surface
density in the range of 0.10 to 0.15 mg/cm’, and most preferably,

the first surfactant may have a surface density of 0.125 mg/cm®.

Second surfactant may be an oxirane polymer with 2-ethylhexyl
dihydrogen phosphate. One such surfactant, meeting the foregoing
criteria, is VICTAWET® 12 wetting agent. VICTAWET® 12 is
commercially available from Akzo Chemicals, Inc., Chicago, Il1l. If
the coating is applied to both surfaces of a microporous membrane,
the second surfactant may have a surface density in the range of
0.10 to 0.20 mg/cm?’. Preferably, the second surfactant may have a
surface density in the range of 0.10 to 0.15 mg/cm’, and most

preferably, the second surfactant may have a surface density of

0.125 mg/cmé.

- 10 -



an electrical resistance in the range of about 9.9 to 10.4 mlliohns-inch2.
Furthernore, the coated separator according to instant invention, stored
for a period not |ess than 22 days and not exceedi ng 256 days at 70c, nmay
have any electrical resistance. |In addition, preferably, the coated
separator according to instant invention, stored for a period not |ess than
22 days and not exceeding 256 days at 70c, has an electrical resistance of
|l ess than 10 milliohns-inch, and nost preferably, an electrical resistance

in the rangennf @ty /. Jogeeéo élﬂpgfrsabegbam ELS%E&EQBU%'\;%E%%%

("ER") of a mcroporous filmas defined herein and enpl oyed in the clains

|5 detqpry ned D.apalq 0. 2, o WrgSl%g%qggf 3YLBG pk PO SUELACE 3 B

v about y welg tion o wat er
for 24 hours The res |t|n le is. then dlsposed bet ween wor ki ng

pl at i nUAPEBRY GG nbﬂ Coy HEEThogR) ?ﬁnﬁ?s%ﬁeFﬁréﬁaélectrolyte

of a 30% by weight, solutlon of KOH in water and a direct current of known

anper agee {ies rncel( i 1¢$anperes) 0 i 4 pabbiahrar 60gh’ ¢ tRNd CrP St hetekerabhe.

el ectrodes. The potential drop across the film (E') is neasured with an

el ect r aretegrec thhiscpbtentd i at agdeopiactiossrandd of haeboet!| owet hout ot. he

m croporous filmdisposed therein (E) is also determ ned using the sane

currentys B dshmeasaed | rdddRIdesS. the coated separator according to
instant invention, stored for a period not less than 22 days and
not exceeding 256 days at 70°¢c, may have any electrical resistance.
In addition, preferably, the coated separator according to instant
invention, stored for a period not less than 22 days and not
exceeding 256 days at 70°c, has an electrical resistance of less
than 10 milliohms-inch?, and most preferably, an electrical
resistance in the range of about 7.7 to 10 milliohms-inch?.
Electrical resistance (“ER”) of a microporous film as defined
herein and employed in the claims is determined by scaking a sample
thereof having a known surface area (e.g., 1.0 sg. inches) in about
a 30% by weight, solution of KOH in water for 24 hours. The
resulting sample is then disposed between working platinum
electrodes (i.e., anode and a cathode) immersed in an electrolyte
of a 30%, by weight, solution of KOH in water and a direct current
of known amperage (e.g., 40 milliamperes} is passed through the

cell between the electrodes. The potential drop across the film

(E’) is measured with an electrometer. The potential drop across



The el ectrical resistance of the mcroporous filmis then determ ned using
the equation: ER = ((E -E)A) /1 where Ais the surface area of the exposed
filmin square inches, I is the current across the cell in mllianperes, ER
is the electrical resistance of the mcroporous filmin mlliohns-inch,

and E and E are as described above. The coated separator nmay have a

thi cknegs etihegsthBan 8nai knacr%‘é)ﬁa@ S BROJVRS anabtyin a(hi gkness, of
| ess than or equal to 1.5 mls. The freshly coated separat or accordlng to

'nStan&eEQ¥$nbﬁenugﬁx ng2RaRle Of, MeLtlng Ijn | %égggnnven IOntj% or ed

Furt hernore sep arator accordlng to 1nst

for a er| d not SS than 22 da nd not exceedi 256, days at 70c, is
copan] BR8T SABEE R hGeTn B Re Shgthid D PR R e LI bt of | wet t 1 ng

al most i nstantaneously. The effective average pore size of the coated
separ afBFesmonrd upénbesbet KANAG.I045 micron, preferably in the range of
about 0.030 to 0.040 mcron, and npbst preferably | ess than 0.035 mcron. An
- 12 effective average poNdESFEBAMﬂRﬂ1is too large will adversely inpact
cycle life because too many zincate ions will pass through
where A 1s the surface area of the exposed film in square inches, I
is the current across the cell in milliamperes, BR is the

electrical resistance of the microporous film in milliohms-inch?,

and E' and E are as described above.

The coated separator may have a thicknesgss of less than 3 mils
{75 microns), and preferably, a thickness of less than or equal to

1.5 mils.

The freshly coated separator acceording to instant invention
may be capable of wetting in less than 8 seconds. Furthermore, the
coated separator according to instant inventicon, stored for a
period not less than 22 days and not exceeding 256 days at 70°c¢, is
capable of wetting in one second, and preferably, it is capable of

wetting almost instantaneously.

The effective average pore size of the coated separator should
be less than 0.045 micron, preferably in the range of about 0.030

to 0.040 micron, and most preferably less than 0.035 micron. An



the separator, and if too low, it will adversely inpact conductivity wthin
the cell because electrical resistance will be too great. The effective
average pore size refers to the apparent pore size exhibited by the coated
menbr ane when wet out by the electrolyte. Effective average pore size is
measured by solute passage nethod. See for exanple: Cheryan, M,

Utrafidtrati ohe sondhgokpoFechneri ¢nPebl ishiBe Garge aNQastbefe R 1y (1986)
p. 62- 71. The pore size of a nmenbrane was estlnateg to be 0.035 mcron (35

Uy 52T 001 09 FELBAUBLEGL oY ALPULLRLE SR Hoe S en,

(MmN, 3 manonet ers Sl ze, 0&)re |'act ogl obul i n-

10%, al buni n- 69, 000_MA( _6, 4 30% | obul,i n-.148, 000 MN 9. 2
75% hasRocy AT haCCPal RRUr 66) T480.660 Lt 11, PN G0% ‘EXSRH o5 The

separator made_according to instant invention_was conpared to the

comer cFAMHYCaY L FEbY AC P BdGEEs Co le PecaMGEr 6LEF IFATE L MG Sersss “enbrizthe
and Cel gard(r) 3406 m croporous nenbrane at 70C. The conparative anal ysis
i ncl udedosi grsepar atbe shfipkesve @vatribag soket iscreofrefams ¢ol tf®4Gpparent
control), as shown in Table I, included, on a weight of a solvent basis,

1. 75% cpbldl oseeagrhabet edd ¥/ GRRAL 0GDR3Be i thrRYo MGl AET ol HgoatHang

solution of sanple - 13

electrolyte. Effective average pore size i1s measured by solute

passage method. See for example: Cheryan, M., Ultrafiltration
Handbook, Technomic Publishing Co., Lancaster, Pa., (1986) p. 62-
71. The pore size of a membrane was estimated to be 0.035 micron
(35 nm) by the foregoing method using: myoglobulin-17,600 molecular
weight (MW), 3.7 nanometers (nm} size, 0% rejection; lactoglobulin-
38,000 MW, 5.2 nm, 10%; albumin-69,000 MW, &.4 nm, 30%; serum

globulin-148,000 MW, 9.2 nm, 75%; haemocyanine (Palinurus)-450,000

MW, 11.7 nm, 90%.

ExamEles

The separator made according to instant invention was compared
to the commercially available products, i.e. Celgard® 3407
microporous membrane and Celgard® 3406 microporous membrane at
70°C. The comparative analysis included six separator samples.
Coating solution of sample 1 (3407 control), as shown in Table I,
included, on a weight of a solvent basis, 1.75% cellulose acetate,

4% IGEPAL C0-530, and 0% VICTAWET-12. Coating solution of sample

- 13 -



2, as shown in Table I, included, on a weight of a solvent basis, 1.75%
cel l ul ose acetate, 3.5% | GEPAL CO 530, and 0. 5% VI CTAWET-12. Coating

solution of sanple 3, as shown in Table I, included, on a weight of a
solvent basis, 1.75%cellul ose acetate, 3.0% | GEPAL CO- 530, and 1.0%
VI CTAVET-12. Coating solution of sanple 4, as shown in Table I, included,

2 3557 O SR ??ﬁ%déi#hﬁ%ﬁﬁgo B i SRR

Table 1, inclu on a wei t _has 75@6cg|| | ose acetate
1.0. 96 hﬁﬂmc%g uEa%° %‘ﬁﬁt%g*@% r%TA %9 C%o ?Sng |8t °dn Vo~ 1$4i3 ¢ %8
(3406 control) ,_ as shown in Table I, |ncluded on i ght of a sol vent
basi s, do¥BYRE PP oEen abt BAER 1094 | GEPABNOENS3D, Taﬁaeﬁ% VECFAWERD . 121 Phe
conparative results are set out hereinbelowin Table Il and Table I1]
Tabl e I4eshionsof he ebbeentchbsiesi t AREectlERLPse measated i3n0% IGEPAL CO-
mlliohnms-inch2, of the abovenentioned sanples after 0 days, 22 days, 48

days, 19%o daysd 12@s daysTampd- 256 dayatohgskolageonabf/@amplablie lalsl sshoms
the wettability ("W), measured in seconds, of the abovenentioned sanples

after 0 daysy)£2r da¥§c1€r§edda¥ﬁ alld; ﬁ¥50f1%256§¥éntaﬁgs%§6 days s0f storage

at 70c. - 14 “Tabl e 1 Sanple #CA % GEPALVI CTAVET- 12 %Acet oné %
cellulose acetate, 2.0% IGEPAL CO-530, and 2.0% VICTAWET-12.
Coating solution of sample 5, as shown in Table I, included, on a
weight of a solvent basis, 1.75% cellulose acetate, 1.0% IGEPAL CO-
530, and 3.0% VICTAWET-12. Coating solution of sample 6 (3406
control) , as shown in Table I, included, on a weight of a solvent
basis, 1.75% cellulose acetate, 0% IGEPAL C0-530, and 7% VICTAWET-
12. The comparative results are set out hereinbelow in Table II
and Table III. Table II shows the electrical resistance (“ER"),
measured in milliohms-inch?, of the abovementioned samples after 0
days, 22 days, 48 days, 104 days, 122 days, and 256 days of storage
at 70°c. Table III shows the wettability (“W”)}, measured in

seconds, of the abovementiocned samples after 0 days, 22 days, 48

days, 104 days, 122 days, and 256 days of storage at 70°c.

- 14 -



##11. 75%1%0904. 25% #21. 75%3. 5%0. 5%04. 25% #31. 75%391994. 25% #41. 759%2%R2904. 25%
#51. 7594.98%9094. 25% #61. 759%0%9®1. 25% Table |11 8R- 0 Days ER-22 Days ER-48 Days
ER- 104 ER- 122 ER- 256 Sanple(mlliohms (mlliohms (mlliohnms Days Days Days

-inch)-inch2)-inch)(mlliohns (mlliohnms (mlliohns

Table I
Sample # CA % IGEPAL % VICTAWET-12 % | Acetone %
#1 1.75% 1% 0% 94.25%
#2 1.75% 3.5% 0.5% 94.25%
#3 1.75% i% 1% 94 .25%
#4 1.75% 2% 2% 94 .25%
#5 1.75% 1% 3% 94.25%
#é 1.75% 0% 7% 91.25%
Table II
Sample | ER-0 Days ER-22 Days | ER-48 Days | ER-104 ER-122 ER- 256
{milliohms | (milliohms | (milliohms | Days Days Days
-inch?) -inch?) -inch?) {milliohms | {milliohms | {(milliohms
-inch?) -inch?) -inch?)
#1 15.6 17.8 18.4 18.7 18.5 15.1
#2 13.9 -= 20.6 18.% 21.6 18.9
#3 10.4 15.9 19.6 16 15.% 12.2
#4 9.9 10.9 11.8 11.7 10.1 7.7
#5 10.3 9.8 11.% il.1 5.0 8.6
#6 6.2 173.2 62.1 218.7 »1000 --
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-inch)-inch)-inch2) #115.617.818.418.718.515.1 #213.9--20.619.921.618.9
#310. 415. 919. 61615. 912. 2 #49.910. 911. 811. 710. 17. 7 #510. 39.811.511.19.08.6
#66. 2173. 262. 1219. 7>1000-- 15 Table 111 Sanple WO Days W22 Days W48 Days
W104 W 122 W 256 Days #(See) (Sec) (Sec)Days Days (Sec) (See)(See)
#121--5755--91 #212. 31143l nst ant aneous

Table IIT
Sample W-0 Days W-22 Days W-48 Days W-104 W-122 W-256 Days
# {Sec) (Sec) {Sec) Days Days {Sec)
(Sec) (8ec)

#1 21 -- 57 55 -- 91

#2 12.3 1 1 4 3 Instantaneous
#3 12 1 1 1 1 Instantaneous
#4 B 1 1 1 1 Instantaneous
#5 7 1 1 1 1 Instantaneous
§6 5 Not wet Not wet to Did not -- -~

to clear clear wet

The present invention may be embodied in other forms without
departing from the spirit and the essential attributes thereof,
and, accordingly, reference should be made to the appended claims,

rather than to the foregoing specification, as indicated the scope

of the invention.
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#31211111 nst ant aneous #4811111 nst ant aneous #5711111 nst ant aneous #65Not wet
Not' wet to Did not -- to clearclearwet The present invention nay be enbodi ed
in other forns without departing fromthe spirit and the essenti al
attributes thereof, and, accordingly, reference should be made to the
appended clains, rather than to the foregoing specification, as indicated
the scope cohrtithe invention. - 16 WE CLAIM 1. A battery separator
conprising: a mcroporous nenbrane; and a coating on at |east one surface
of said nenbrane, wherein said coating conprising a m xture of 25-40 wei ght

% pol ymer and 6047 ' 9 I i.pation, wherein said polyner
bei ng ceIIqugé a%e?%?g%ggagé?gggEggi?gﬁggﬁggg%ﬁbination conprising a first

surfactant and a second surfactant, said fikft sur f act ant
a micropodrous nembrahe; an

a coating on at least cone surface of said membrane,
wherein said coating comprising a mixture of 25-40 weight % polymer
and 60-75 weight % surfactant combination, wherein said polymer
being cellulose acetate, and said surfactant combination comprising
a first surfactant and a second surfactant, said first surfactant
having an active ingredient selected from the group consisting of
organic ethers, said second surfactant being an oxirane polymer

with 2-ethylhexyl dihydrogen phosphate.

2. The separator according to Claim 1, wherein said first

surfactant and said second surfactant having a 1l:1 weight ratio.

3. The separator according to Claim 1, wherein said first

surfactant and said second surfactant having a 1:3 weight ratio.

4, The separator according to Claim 1, wherein said first

surfactant and said second surfactant having a 3:1 weight ratio.

5. The separator according to Claim 1, wherein said

cellulose acetate having about 2.5 acetyl groups per glucose.



having an active ingredient selected fromthe group consisting of organic
ét hers, said second surfactant being an oxirane polymer wth 2-ethyl hexyl
di hydrogen phosphate. 2. The separator according to aim1l, wherein said

first surfactant and said second surfactant having a 1:1 weight ratio. 3.

The separator according to Claim1, wherein said first surfactant and said
second surfactant having a 1:3 weight ratio. 4. The separator according to
Claim 1, wherein said first surfactant and said second surfactant having a

3:1 weight ratio...p. Th rator._agcording . im wherein said, .
cel | ul ose ac@tateT %v?%%agﬁggf §8§°5§339|t8r83§%9L2r g ﬁgggé_S?l <% e
separator, according to claim1, wherein said coating being on both surfaces
of sai dPIERHBHrAReSOTN %%Efggﬁﬁrﬁﬁoﬁaégcﬁﬁ AG"Fo A aim6, wherein said
coating having a surface density in the range of 0.30 to 0.43 ng/cnR2. 8. The
separator according to Claim®6, wherein said coating having a surface
density in the range of 0.31 to 0.36 ng/cn2. 9. The separator according to
Claim 6, whetein Thtdsepsepatatroncherdgnst aredliidm &, peticad imotsalies s dahama? 2
days and not exceeding 256 days at 70c, and said separator having an

el ectrigalingesi shang€e 0flefis10yMihl LBBMEaWAEh2Ef 0.30 to 0.43 wmg/cm?.

8. The separator according to Claim 6, wherein said coating

having a surface densgity in the range of 0.31 to 0.38 mg/cm?.

9. The separator according to Claim 6, wherein said
separator being stored for a period not less than 22 days and not
exceeding 256 days at 70°c, and said separator having an electrical

resistance of s 10 milliohms-inch?.

10. The separator according to Claim é, wherein said
geparator being stored for a period not less than 22 days and not
exceeding 256 days at 70°c, and said separator having an electrical

resistance in the range of 7.7 to 10 milliohms-inch?.

11. The separator according to Claim 6, wherein said

separator being adapted for wetting by an aqueous electrolyte.



10. The separator according to Claim®6, wherein said separator being stored
for' a period not | ess than 22 days and not exceeding 256 days at 70c, and
sai d separator having an electrical resistance in the range of 7.7 to 10

m | liohns-inch2. 11. The separator according to Claim6, wherein said
separator being adapted for wetting by an aqueous electrolyte. - 18 - 12.

The separat of; accphdi 88phpathai Artdrawher ebncsalich 19ePMRLQN: PING freshly
coated, and said separator being wetted  within 8 seconds or less. 13. The

separ at i 109; ' 1 ei aid ; gsepar I ' or a
peri od %%ﬁgﬁéﬁépt %n %25%§$gh nﬁoﬁggﬁ'eESQeﬁgﬁS %%%a a&éng?kgggfkgﬁgﬁggid

separ at or bgén metteg mﬁthin 1 second or |ess. 14. The separator according
to Clain%ﬁﬁf eT T AR 9F 853rator being stored for a period not |less than

22 days and not exceeding 256 days at 70c, and said separator being wetted
i nst ant aneously. 15. The separator according to 6, wherein said nenbrane
havi ng a thickness of less than 1.5 mls. 16. The separator according to
d aim 6, saiiBsepinatetphastny anceiflecy ve AVeriagé lpomdregiczan ¢faildess than
0.045 m cron.
separator being stored for a period not less than 22 days and not
exceeding 256 days at 70°c, and said separator being wetted within

1l second or less,

14. The geparator according to Claim 11, wherein said
separator being stored for a period not less than 22 days and not
exceeding 256 days at 70°c, and saild separator being wetted

instantaneously.

15. The separator according to 6, wherein said membrane

having a thickness of less than 1.5 mils.

16. The separator according to Claim 6, said separator having

an effective average pore size of less than 0.045 micron,.

17. A battery having a zinc electrocde comprising:
a first electrode;
a second electrode;

an electrolyte; and



17. A battery having a zinc electrode conprising: a first electrode; a
second el ectrode; an electrolyte; and - 19 a separator, said separator
bei ng di sposed between said first electrode and said second el ectrode and
said electrolyte being in communications with said el ectrodes via said
separator; wherein said separator conprises; a mcroporous nenbrane; and a

coating on at |eastzQne -gusface:oh $ah9rHEAPI 8RSy WNEEELRASRLYweQat LAgq
conprising a mxture of 25-40 weight % polymer and 60-75 wei ght %

surfactant, Coem.?ei-c aLlen, . whegel i ééé9n8°é¥g$l’:ro gl QSgCS' Lyl asg %%SHgE%’ and
sai d surfact ant. comnbi hation conprising "a first surfactant and -a sécond
surfactant, said first, surfactant havlggggn acti.ve ingredient selected from

the gr ifip-Ebndt STHRHbFCa bt G €L R hefd FECEREBRJVLtr PaiLafEPBERRGTan
oxirane polymer with 2-ethyl hexyl dihydrogen phosphate. 18. The battery
according to d aivhareimhered sepdvatprseosprigesant and said second
surfactant having a 1:1 weight ratio. 19. The battery according to Caim 17,
wherein said first surdaciandpandusandmseannd sundfactant having a 1:3 wei ght
ratio.

a coating on at least one surface of said membrane,
wherelin sald coating comprising a mixture of 25-40 weight % polymer
and 60-75 weight % surfactant combination, wherein said polymer
being cellulose acetate, and said surfactant combination comprising
a first surfactant and a second surfactant, said first surfactant
having an active ingredient selected from the group consisting of

organic ethers, said second surfactant being an oxirane polymer

with 2-ethylhexyl dihydrogen phosphate.

18. The battery according to Claim 17, wherein said first

surfactant and said second surfactant having a 1:1 weight ratio.

19. The battery according to Claim 17, wherein said first

surfactant and said second surfactant having a 1:3 weight ratio.

20. The separater according to Claim 17, wherein said first

surfactant and said second surfactant having a 3:1 weight ratio.



20. The separator according to Caim17, wherein said first surfactant and
said Second surfactant having a 3:1 weight ratio. - 20 21. The battery
according to Claim17, wherein said cellul ose acetate having about 2.5
acetyl groups per glucose. 22. The battery according to Caim 17, wherein
said coating being on both surfaces of said nenbrane. 23. The battery

accordi ng thﬂJabﬁm@abawm@ﬁgi@céékéiﬁ@aﬁbnglagmimg,awae&ga%esggasb%ﬁlhnckﬁ§
range of 0.30 to 0.43 ng/cnR. 24. The battery according to Cl aim 22, wherein

said c ' ' o ens] [ r e -3l to 0.38 ng/cnk.
25. Thgﬁ%%?%§$3¥%€%g$d?%gﬁ?OEC?a$§$ég} @ﬁ%?éﬁnsggi89§8§§%ator bei ng stored
for a period not |ess than 22 days and not exceeding 256 days at 70c, and
sai d separator having an electrical resistance of s 10 m|liohnms-inch2. 26.
The battery according to Caim22, wherein said separator being stored for
a period not22essT@%gma998€My@cgﬁadh69 exceedifgl7258hgaps nasaidc coald Nsai d
separator having an electrical resistance in a range of 7.7 to 10
m | | i ohrestriqnodn . Lb@7h Jimefbaesery astdrdemgraneC ai m 22, wherein said
separator being adapted for wetting by an aqueous el ectrol yte.

23. The battery acceording to Claim 22, wherein said coating

having a surface density in the range of 0.30 to 0.43 mg/cm?.

24. The battery according to Claim 22, wherein said coating

having a surface density in the range of 0.31 to 0.38 mg/cm?.

25. The battery according to Claim 22, wherein said separator
being stored for a period not less than 22 days and not exceeding
256 days at 70°c, and said separator having an electrical

resistance of = 10 milliohms-inch?.

26. The battery according to Claim 22, wherein said separator
being stored for a period not less than 22 days and not exceeding
256 days at 70°c, and said separator having an electrical

resistance in a range of 7.7 to 10 milliochms-inch?.

27. The battery according to Claim 22, wherein said separator

being adapted for wetting by an agueous electrolyte.
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- 21 28. The battery according to Claim 27, wherein said separator being
fresily coated, and said separator being wetted within 8 seconds or |ess.
29 The battery according to Claim27, wherein said separator being stored
for a period not |ess than 22 days and not exceeding 2S6 days at 70c, and
sai d separator being wetted within 1 second or less. 30. The battery
according to Claim27, wherein said separator being stored for a period not
| ess than 22 days and not exceeding 256 days at 70c, and said separator
bei ng wetted instantaneously. 31. The battery according to C aim 22, wherein
sai d menbr and® havity 22t RPERNRSSOBEITEsECt RARLT B57ni FESTEIT PRE ShaPeryptor
according to Claim?22, said separator having an effective average pore size
of | esshairgn OroAslyn craned, 22d said separator being wetted within 8

seconds or less.

29. The battery according to Claim 27, wherein said separator
being stored for a period neot less than 22 days and not exceeding
256 days at 70°c, and said separator being wetted within 1 second

or less.
30. The battery according to Claim 27, wherein said separator
being stored for a period not less than 22 days and not exceeding

256 days at 70°c, and said separator being wetted instantaneously.

31. The battery according to Claim 22, wherein said membrane

having a thickness of less than 1.5 mils.

32. The battery according to Claim 22, said separator having

an effective average pore size of less than 0.045 micron.
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