3 0 MAR 2004 SEPARATOR FOR BATTERY HAVI NG ZI NC ELECTRODE Field O The
“Invention This invention is directed to a separator for a battery I iBaARN§04a
zinc el ectrode. Background OF The Invention Batteries having zinc

el ectrodes are known. See U.S. Patent Nos. 4, 359,510; 4, 438,185; and
4,544,616; Tuck, C D.S., Editor, Mdern Battery Technol ogy, Ellis Horwood
Limted, Chichester, England (1991); and Linden, D., Editor, Handbook O
Batteries, Second Edition, McGawHiIl, Inc., New York, NY (1995), each of
which is incorporated herein by reference. One such battery is the

ni ckel -zinc (NiZn) baik@hyrater #6k! baT¥hky eniyTNccethe BrEcTRIDE known, they
have never reached significant comrerci al success; apparently, because t he
zinc electrode does not last long in rechargeable battery systens, and
therefore, limts the effective cycle life of the battery. It has been
suggested that mcroporous filmcould be used to .qvercone the problens
associated with the use of zinc Bl@G Qfgddie EHEMEIGR | bid., Linden,

Ibid., and U.S. Patent Nos. 4,359,510; 4,438,185; and 4, 544 616. 3 0 MAR
2004 This invention is directed to a separator for a battery

having a zinc electrode.

Background Of The Invention

Batteries having zinc electrodes AIe known. See U.S. Patent
Nos. 4,359,510; 4,438,185; and 4,544,616; Tuck, C.D.S., Editor,
Modern Battery Technology, Ellis Horwood Limited, Chichester,
England (19%21); and Linden, D., Editor, Handbook Of Batteries,
Second Edition, McGraw-Hill, Inc., New York, NY {1995), each of
which is incorporated herein by reference. One such battery 1is

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

While NiZn cells are well known, they have never reached
significant commercial success; apparently, because the zinc
electrode does not last long in rechargeable battery systems, and
therefore, limits the eifective cycle life of the battery. It
has been suggested that microporous film could be used to
overcome the problems associated with the use of zinc electrodes.
See Tuck, Ibid., Linden, Ibid., and U.S. Patent Nos. 4,359,510;

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



One commercially avail abl e m croporous nenbrane for use in batteries

~having zinc electrodes is Celgard(r) 3406 m croporous nenbrane. See; U.S.
Patent Nos. 4,359,510 and 4, 438, 185. Cel gard 3406 is a ni cropor ous] MAR 2004

menbrane having a pol yner coating on one surface. The mi croporous nenbrane

Is comrercially available as Celgard(r) 2400 m croporous nenbrane, a .

pol ypropyl ene Winer epaineus igRilr anei haviagnbnr cverae Mpeks adiez & ogf UaBoYuT

0.045 mcrons. The polynmer coating consists of cellul ose acetate and a

sur f act ant ,GeWERTGsalay 1dyaizk Akl e1ast VbETAV (€91 dak d@tI4 ey ragamporous
VI CTAVET(r) 12 is comercially available from Akzo Chem cals, Inc.,
Chi cago, Illinaqis,

and Js AN sOXipl pRLY M) Ih i_hydr ogen
ohosphat e, LG St g 3308 pEF Lol ha  abauatel s ] o hae BT

, It has a limted shelf
life (about 9 nonths fromthe coating date and it wets y GkiBg
the surfacC&HIarehdi4lp Msﬁte&F‘PFF’Ig\Eéo?‘ﬁ‘%‘?ﬁf% li’?lvelrrégiasoé;glﬁeeg Sr an?

i nproved separator for a battery having a zinc el ectrode which .has a
greater shelf drd surfiene.a JheareCIPROREHS CAPABF#7% y1 5 HITS G e % o ext end
the cycle life of the rechargeable battery having a zinc el ectrode.
Sunmary O akhe lawientd rcellya ia@s LAnd nacenpponus smempezied 3 PAU WICRYAEHF
for a battery having a zinc electrode. The first enbodi nent of the
separat or GEM¥I SR MGIRROIOUS iebeanevandga poati sgzenohtabout 0.045
microns. The polymer coating consists of cellulose acetate and a
surfactant commercially available as VICTAWET® 12 wetifing agent.
VICTAWET® 12 is commercially available from Akzo Chemicals, Inc.,
Chicago, Illinois, and is an oxirane polymer with 2-ethylhexyl
dihydrogen phosphate. While Celgard 3406 performs adeguately, it

has a limited shelf life (about 9 months from the coating date)

and it wets only once (i.e., the surfactant readily washes off).

Bccordingly, there is & need for an improved separator for a
battery having a zinc electrode which has a greater shelf life,
has a greater re~wet capability, and is able tc extend the cycle

life of the rechargeable battery having a zinc electrode.

Summary Of The Invention

The instant invention is directed to a separator for a
battery having a zinc electrode. The first embodiment of the
separator comprises a microporous membrane and a coating on at
least one surface of the membrane. The coating comprises a

mixture of cellulose acetate and a surfactant. The surfactant



| east one surface of the nenbrane. The coating conprises a nixtu&gdff
cellul ose acetate and a surfactant. The surfactant - 2 3 0 MAR 2 AR2804an

active ingredient selected fromthe group of organic ethers. The second
enbodi ment of the separator consists essentially of a mcroporous nenbrane
havi ng an effective average pore size of |less than 0.045 m crons, having a
thi ckness Ihess art haniveSingledidayiswl et @l etten cale ragiun afoxFanicss or
equal to 20 mlliohms-inch2, and being adapted for wetting by an aqueous

el ectrol yt g Haetai | a6l eDesebhat bapodindite dnvend | espdier dnstamtistwention is
a separator for use in batteries having a zinc electrode. Those batteries

are typi cal Zsse%ec(i%qq.@r %s G m?crgggf&% Q{ﬁéﬂ’%ﬁéﬂ@%%ﬁﬂzfsap iche bad e rd e JRY

be ni ckel - 7ZI'n¢ or | vér - tterires. To faci e the foll ow ng

di scussion, the battery.di scussed | etal | nj c dery.
The i nvent RS i?d\/ﬁfvé’lf 1eg5n 5098001 %rgt%ldcr he’ clﬂ ’?? : k)finl c%:? b

Zl nc
batteries is well known. See: Tuck,  |bid, t h_ of ch

are i ncor pdtared - hardisn B¢ ViBPeRBNELECHY TR IF?Sle%n%?e%g %)‘Fflieoﬁse

such systens i s an aqueous pogas& um hydr oxi de (KOH) sol ution, where
to 20 milliohms-inch®, and being adapted for wetting by an

agueous electrolyte.

Detailed Description Of The Inverntion

The instant invention is a separator for use in batteries
having a zinc electrode. Those patteries are typically secondary
(i.e., rechargeable) batteries. Such batteries may be nickel-
sinc or silver-zinc batteries. To facilitate the following
discussion, the battery discussed in detail will be a nickel-zinc

battery. The invention, however, is not so lirited.

The chemistry of nickel-zinc batteries is well known. See:
Tuck, Ibid. and Linden, Ibid., both of wnich ars incorporated
herein by reference. Typically, the electrolyts used in such
systems is an agueous potzssium hydroxide (KOH) solution, where
the potassium hydroxide cocncentration ranges from about 20 to 45
percent by weight. A typical battery includes 2 nickel
electrode, a zinc electrode, an electrolyte, and a separator, for
example, a microporous menorane. Typically, the electrodes
sandwich the separator, and the electrolyte cormunicates with the

two electrodes via the sevarator.



't he pot assi um hydr oxi de concentration ranges from about 20 to 45 percent
by weight. A typical battery includes a nickel electrode, a zinc 30 MAR 2004
el ectrode, an electrolyte, and a separator, for exanple, a m croporous
menbrane. Typically, the electrodes sandw ch the separator, and the

el ectrolyte conmmunicates with the two electrodes via the separator. - 3 3
0 MAR 2004 The separator according to the instant invention has two

enbodi ments. Cenerally, the first enbodinment is directed to a coated

separator, and the speend@ibedicieatingsta nee- caatedt sepanaion. h&actwo
enbodi nent will be discussed, in turn, below Preferably, each of the

[0110W Ng SERAALAIR fas AL ElAGk | ale ¢heskSLARGA eSS §Han;: pEceanalo to 30

mlliohnms- in aqueous 31% KOH, nore preferred, the separators have

el ectri cal el stances £ 20 ML) LIS AE? i ARnagueous 31K agd most

pref er abl y,“9 n1||IOhﬁE rnch aqueous 31%
KOH. The el ectrical resistance (or reS|sé| 8sured as f ﬁ&@ A
R A S AC MeRIEAHRResi L1Gh&magtec tvydel @isﬁHésﬁ A EDEBER ¢

el ectrode (from RAlI Research Corp., uppauge, NY) is used. A 1@6

wei ght KOH Bogiriamlys eadd Qb thﬁetfqu@W§@ﬁp|S@P(a§&ﬁﬁFéshéﬁoar‘d @CEB%I%Jd in
solution for 8 to 24 )
resistance less than or equal tc 30 milliohms-inch® in &aqueous

31% KOH, more preferred, the separators have electrical
resistances < 20 milliohms-inch? in an aqueous 31% KOH, and most
preferably, in the range of about 10-12 milliohms-inch? in
aqueous 31% KOH. The electrical resistance (or resistivity) 1s
measured as follows: A R.A.I. AC Milliohm Resistance Meter, Model
2401 and R.A.I. test cell electrode (from RAI Research Corp.,
Hauppauge, NY) is used. A 31% by weight KOH solution is used to
wet the sample (samples should be soaked in solution for 8 to 24
hours before testing). Samples should not be dry when tested.
Three samples of materizl are tested and averaged. The results,
reported in milliohm-inch?, may then be divided by the material

thickness and repcrted as ohm-inches per mil.

The first embodiment is the coated separator. This
separator comprises & microporous memprane and a coating cn at
least one surface of the membrane. The surfactant has an active
ingredient selected from the group consisting of orgenic ethers.
Each of the foregoing components will be discussed in greater

detail below.



hours before testing). Sanples should not be dry when tested. Three
sanpl es -of material are tested and averaged. The results, reported_in
m|liohminch2, may then be divided by the material thickness and Sdb¥AR Mok
as ohminches per nml. The first enbodiment is the coated separator. This
separator conprises a m croporous nenbrane and a coating on at |east one
surface of the nenbrane. The surfactant has an active ingredient selected
fromthe group consisting of organic ethers. Each of the foregoing
conponents wi || tige dhbetsmatbusnmgnbatee idetgplichélpna ByOrMARORDOA The

m croporous nenbrane is typically a hydrophobic, polyolefinic polynmer. The

hydr ophobi ¢, peb YOk £f1 81 So PRISHTEr $hel AGhUEShobak, exalpbee £ pol yepbyimaes and
pol ypropyl ene,” the latter "is preferred. Tﬁe nethog g? nanufactﬁri%gathe

menbrane is; Qiudgfi%éfaé¥ﬂ@ﬂﬂgg?§ékeghgﬁgnefQﬁdeﬁégﬁbgopymgnégrVﬁesléﬁﬁéh

(or Cel gar process or t" Stretch (or ase i nversion)

process. Such nenbrane have .t hi cknes I .t ha ] bout
n1prni), p%§;8F% ??r?gsgaﬁﬁ% e%b§%n9%3m8§§§%F§§%ﬁé ,@hgngkhggﬁggrg e?é ly
a i ckness of about 1 ml| (25 microng). The nbr.ane .have an. average
pore size ofrabbatlo. 828 WBKLXﬂﬁ§UdﬁVCF85,eéaﬁggg$iFgeofgg§-4éﬂfe§ﬁa gor )
GQurl ey of 20-45 sec/inch2.

' Celgard) process or the "solvent"” stretch (or phase inversion)

process. Such membranes may have thicknesses less than 3 mils
(about 75 microns), preferably less than 1.5 mils (38 microns},
and most prefereably a thickness of about 1 mil (25 microns). The
membrané may have an average pore size of about 0.045 + 0.002
micron, a perosity of 28-40%, and a Gurley of 20-45 sec/inch?.
Such membranes are commercially available from, for example,
Celgard Inc., Charlctte, North Carolina, U.S5.A.; Tonen K.K.,
Tokyo, Japan; Asahi Chemical Co., Tokyo, Japan; Ube Industries,

Tokyo, Japan; and Nittc Denko Corporation, Tokyo, Japan.

The coating is applied to at least one surface of the
membrane. 1If applied to cne surface, the coating surface density
may range from about 0.12 to 0.80 milligrams/cmz, ancé preferably,
the surface density may range from 0.25 to 0.45 milligrams/cmz.
Tﬁe coating is preferebly applied in solution and the solvent
{e.g., acetone or methylethyl ketone) is driven off in any known
manner. 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



Such menbranes are commercially available from for exanple, Celgard I nc.
Charlotte, North Carolina, U S A ; Tonen K K, Tokyo, Japan; IK

Chem cal Co., Tokyo, Japan; Ube Industries, Tokyo, Japan; and Nit %"%%ﬁ%&
Cor poration, Tokyo, Japan. The coating is applied to at |east one surface
of the merircane. Ahf efpptt Bée torcaRgespbiaceizé hehioatisngosutbage dehsity
may range fromabout 0.12 to 0.80 mlligrans/cn2, and preferably, the
surface derRehipglyaympasgecyd Dl 25 veea(s45t 6 | thamgrAng: ke, wiTbhepgsat i ng
is preferably applied in solution and the solvent (e.g., acetone or

met hyl et hHrdeghonay kspdraven, afda 17 asy keewnwimEnaBiersBhe ehpaeti ve
average pore size of the coated separator should be |ess than 0.045

mcron, picgfReabhycinwlfgikange @1 abedhsd. 83010 &h104Q@ sAisek8Be RN NDSt
preferably | ess than 0.035 3 0 MAR 2004 m cron. An effective average pore

size whi gl ir$ot gRehar germléff@ectwesgwrhgpaﬁér&y&& lifre Yae¢augget 00 nany
zinc |ons w Il pass through the separator, and if too low, will adversely

i npact %&%ﬁkv L¥eWs1 i ne g 6ol 1 peEﬁHS§o§%éﬁ“ﬁéﬂﬁ?anee%h§haﬂﬁﬁ d ! be

t 00 great he ef ective average pore'size refers to the apparent pore

size exhipj igd Qxea@ﬁofgéé.ed_ﬁ@-’fﬁ%r 308 g@ggagg QHl o LRenLeatLal Y.

Ef f ecti vé“avera ore Sl ze IS neasure ute passage net
exanpl e: s%qut%apassage method. See for example: Cheryan, M.,

ee for

Ultrafiltration Handbock, Technomic Publishing Co., Lancaster,

PA, (1986) p. 62-71. The pore size of a membrane was estimated
té be 0.035 micron (35 nm) by the foregoing method using:
myoglobulin - 17,600 molecular weight (MW), 3.7 nanometers (nm)
size, 0% rejection; lactoglcbulin - 38,000 MW, 5.2 nm, 10%;
albumin - 69,000 MW, 6.4 nm, 30%; serum globulin - 148,000 MW,

=}

9.2 nm, 75%; haemocyanine (Palinurus) - 450,000 MW, 11.7 nm, 90%.

The coating comprises a mixture of cellulose acetate and
surfactant. The cellulose acetate {(which has about 2.5 acetyl
groups per glucose, e.g. CA-398-3)) is a commercially available
material from, for example, Celanese Acetate LLC of Charlotte,
North Carclina, U.S.A.; or Eastman Chemical Co. of Kingsport,
Tennessee, U.S.A. Celanese cellulose acetate HB-105 is

preferred.

With regard to the surfactant, three considerations help

define the selection criteria, those considerations are: 1) the



Utrafiltration Handbook, Technom c Publishing Co., Lancaster, PA, (1986)
p. 62-71. The pore size of a nenbrane was estinated to be 0.035 ni%ngNéSS

nm) by the foregoing method using: nyoglobulin - 17,600 nol ecul ar 2004
(MY, 3.7 nanoneters (nm) size, 0%rejection; lactoglobulin - 38 000 MV .
5.2 nm 10% albumn - 69,000 MW 6.4 nm 30% serum globulin - 148, 000
MV 9.2 nmuridét heencyarbae reRal itrunhs) ele453008eMAe - g1, Zonm 90% The
coating conprises a mxture of cellul ose acetate and surfactant. The

cel | ul ose ageiAt By £aWi &M hashahowc 205 yaegtyl?) greupsirfectghtuceseule. got be
CA-398-3)) is a commercially available material from for exanple,

Cel anese’ Aogialie) LG of ChAY | ald ) NI b GAldcio 18 Asnaon) Eggbman

ﬁgeggga! Co ngsporth enngssee, U. Cel anese cel |l ul ose acetate

- i's referred. regard,.to the surfactan t hr onsi.de |

hel p defi ng‘fﬁlea?%?’&tg% uF ﬁ?eera\difertq{&sétoc&ﬁ)sel &éelmtat{ria nse(gr'%:' %Dgt %gg%ggso
MAR 2004 surfactant nmust be inert to the electrolyte (e.g. non .
hydr ol yzabl wa$hed hérenethe orsrtayaned). ¢ (s HFidAEmN S ﬁﬁlﬂgcdnﬁoﬁhsefoé‘aﬂ%i‘%

or readily soluble in the electrolyte; and 3) the surfactant should be
adherent toctheentabhaseafiactivotireasdiyent selected from the group

consisting of organic ethers. One example of the organic ether
is nonylphenoxypoly(ethyleneoxy)ethanol. One such surfactant is
commercially available under the tradename IGEPARL CO-530 from

Rhone~Poulenc of Cranbury, New Jersey, U.S.A.

In choosing the amounts of cellulose acetate and surfactant
components of the coating, the following considerations are made:
with regard to the cellulose acetate, a sufficient amount to coat
the surface to create the sieve effect (i.e. ability to
selectively pass/reject molecules based upon size) when wetted,
but too much will block pores and increase the electrical
resistance; and with regard to the surfactant, a sufficient
amount to wet out the electrolyte, but too much will block pores.
The cellulose acetate component of coating mey range from about
0.02 mg/cm® to 0.30 mg/cm’ preferably, 0.05 to 0.15 mg/cm?, and
the surfactant {i.e. IGEPAL) may range from about 0.10 to 0.50

mg/cm? preferably, 0.20 to 0.30 mg/cm’.

The second embodiment is the non-coated separator {i.e., no

cellulose acetate coating). This separator consists essentially



'washed fromthe nenbrane) . One surfactant neeting the foregoing criteria
has an active ingredient selected fromthe group consisting of '

ic
ethers. One exanple of the organic ether is nonyIphenoxypoly(etﬁbﬁ@@@&%y)
et hanol. One such surfactant is comercially avail abl e under the tradenane
| GEPAL CO-530 from Rhone-Poul enc of Cranbury, New Jersey, U . S. A In

choosi ng t her anmintreopefr sl metbsenackaaieg sl SHf et Bat 2 VRPN B2 he
coating, the follow ng considerations are made: wth regard to the

cel lul ose aocfetlaéses @S icisent caBRuNind ObebaE atibprsdr farewd ot Dreate athe
sieve effect (i.e. ability to selectively pass/reject nmolecules based upon

si ze) when mett ch Ll o Bl ogk poresoand kv @ﬁéﬁméfﬁhll be
el ectrical €5 gﬁancelegtIto tvr%/iut hE\ré/g a(r)d to the s%?f agt ant!5 a sufficient

anmount to wet out t e el ectr.ol t. t much will block pores. The
cel | ul ose fEIHT tcﬁry Efaf‘x bﬁ§§ fange from about 0.02 ng/cmz to
0. 30 ny/cnt preferably 0 05 to 0.15 ng/cnR2, and the surfactant (i.

| GEPAL) nmay range from about 0.10 to 0.50 ng/cnR preferably, 0.20 to 0. 30
ng/ cn2. The second enbodi nent is the non--coated separa

0
cel l ul ose acet atBheoat¢reporats MesdFarat 6f ééﬁﬁ%Fétl%Yeés HFF&PW%CO MAR
2004 of a m croporous nenbrane having an effective average pore_size
polyolefin polymer. Such polymers include, for 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 of
the "solvent" stretch (or phase inversion) process. Such
membranes have a thickness of about 1.5 mils (38 microns) or
less. Such membranes are free of the coating because the
effective average pore size is such that it inhibits the flow of
the electrolyte's zinc ions in the active battery across the
separator. The effective average pore size should be less than
0.045 micron, preferably less than 0.035 micron, and most
preferably in the range of 0.020 to 0.040 micron. An effective
average pore size which 1s too large will adversely impact cycle
1ife because too many zinc ions will pass through the separator,
and if too low, will adversely impact conductivity within the
cell because electrical resistance will be too great. Tne
wetting aspect of this embodiment involves modifying the surface
with a surfactant (e.g. wetting agent). The surfactant has an

active ingredient selected from the group consisting of organic

ethers. One example of this organic ether is



bf less than 0.045 nicrons and being adapted for wetting by an aqueous

el ectrolyte. Each of the foregoing conponents will be discussed in %%Fﬁhﬁum
detail bel ow. The m croporous nenbrane is typically a hydrophobic,

pol yol efin polymer. Such pol yners include, for exanple, polyethylene, and
pol ypropyl ene, the latter is preferred. The nmethod of manufacturing the
menbr ane i snopylpghehbrabol andtpyendmcuddarfar. exampl gych i fdroranst A&t ch
(or Celgard) process of the "solvent"” stretch (or phase inversion)

process. SugBmmBBEDEaNESahAYEasl & hicddresshoft Bdetiarle SIGEPAL ((38-9BOCtepns) Of
| ess. Such nenbranes are free of the coating because the effective average

pore size i ﬁggﬁgﬁpép;gnht Okn@%%%ﬂér%hq\}gv} oyélogey; he. el gct rod Y osialgn€hieONs

in the actiV acr oss separator. The effective average pore
size should be less_.than_. 0,045 nicro prefera 0,.03 i.Gran,
and nost pPBPBRELPY FHrfﬁgt?%gg]t%? %dlolﬁjt%g Ot%iﬁi(rgng%?%gﬂlsma% ésnea(r%]i;ei'vgl
average pore size which is too large wil| adverselé i rrgact cycle | if%‘ll
because t0oSHAAYCIERE RBASTHI FP 1PaSsOthridifghe tFet SehiF &t o Ut "B 4™ 86
low, will adversely inpact conductivity wthin the cell because el ectrical
resi st ance wlbckbpores.gr 8ae. SThéacwelt | g aspEeEEdE) t HPYE B df about

i nvol ves nodifying the surface with a surfactant (e.g. wetting agent)
The surfact @ntohas 8n50 mg/cm®, preferzbly 0.20 to 0.30 mg/cm®.

Examples

The separator made according to the instent invention was
compared to the commercially available product Celgard® 3406
microporous membrane. The coating solution of the inventive
separator incluced, on & weight of solvent basis, 3.5% cellulose
acetate and 8% IGEPAL CO-530, and methyl ethyl ketone was the

solvent. Results of the comparison are set out below:

TABLE
3406 Invention
Surfactant durability 9 nmonths from 18 months from
coating date coating dzte
Wettability performance wets cnce, fails wets repeztedly
to rewet after > 5 times
drying

The present invention may be embodied in other spscific
forms without departing from the spirit or essential attributes

thereof and, zccordingly, reference should be made to the



active ingredient selected fromthe group consisting of organic ethers.
One exanple of this organic ether is 3 0 MAR 2004

nonyl phenoxypol y( et hyl eneoxy) et hanol. One such surfactant is conmm3ichiR 1094
avai | abl e under the tradenane | GEPAL CO 530 from Rhone-Poul enc of .
Cranbury, New Jersey, U . S.A In choosing the anount of surfactant, the
foll owi ng gppshdenationgsargtn@desnan sufdtiei Bnteqountsdex vidtcagdbnt has

el ectrolyte, but too nuch will block pores. The surfactant (i.e. | GEPAL)
mey range {ramaboyl cfel0cbge 0o B0/ cienpigf erabl y 0.20 to 0.30 ny/cne.
Exanpl es e Separator nmade according to the instant invention was
conpared to the commercially avail abl e product Cel gard 3406 m croporous
menbrane. The coating solution of the inventive separator included, on a
wei ght of solvent basis, 3.5%cellulose acetate and 8% | GEPAL CO 530, and
met hyl ethyl ketone was the solvent. Results of the conparison are set out
bel ow. TABLE 3406 Invention Surfactant durability 9 nonths from 18 nont hs
from coating date coating date

_10.._



Vettability performance wens once, fails wets repeatedly to rewet after >
S times drying The present invention nmay be enbodied in other specific
forms without departing fromthe spirit or essential attributes 04
and, accordingly, reference should be nade to the 3 0 MAR 2004 ap§@%§fﬂ
clainms rather than to the foregoing specification, as indicating the scope
of the inygRAal idblaiméd MAR 2004 Wat is claimed is: 1. A battery separator

conprisingr —a m croporous menbrane and a coating on at |east one surface
of said nmenbrane, said coating conprising a mxture of 16-38 weight %

cel lul ose jacet & g, @é}g ? %4 nblsitg.surfactant, said surfactant having an
active i ngredl ent se ?romthe gr oup consi stl ng of organic ethers. 2.
The separate or according to claim1l having an effective average pore size
| ess than 0.04%3 micopsrou8 meérherape@adat or according to claim 1 wherein said
cel lulose acetate has about 2.5 acetyl groups per glucose 4. The
separator according to claim1l wherein said coa ace .

a coating on at least one surface of said mem ran sg’% coa?ng comprising
a mixture of 16-38 weight % cellulose acetate and 62-84 weight % surfactant, said

surfactant having an active ingredient selected from the group consisting of organic

ethers.

2. The separate or according to claim 1 having an effective average pore size
less than 0.045 micron.

3. The separator according to claim 1 wherein said cellulose acetate has about

2.5 acetyl groups per glucose.

4. The separator according to claim 1 wherein said coating has a surface

density of about 0.12 to 0.80 milligrams/cm?®.

5. The separator according to claim 1 having an electrical resistance of <=30

milliohms-inch?.

6. The separator according to claim 5 wherein said electrical resistance ranges

from 10-12 milliohms-inch?.

7. A battery having a zinc electrode comprising
a first electrode;
a second electrode;
an electrolyte; and

a separator according to claim 1, said separator being disposed between said
first electrode and said second electrode and said electrolyte being in

communication with said electrodes via said separator.

-11-



density of about 0.12 to 0.80 mlligram S/CM, 5. The separator according
to claim1 having an electrical resistance of <=30 mlliohns-inch. 6. The
separator according to claimb5 wherein said electrical resistance }ﬁﬁ@ﬁ§m4
from10-12 mlliohms-inch. 7. A battery having a zinc el ectrode conprising
a first electrode; a second electrode; an electrolyte; and a separator
accordi ngsgt o clabattery separdtcepasiatiny eiménrdg[lyd:bfsposed bet ween said first

el ectrode and said second electro d.electrol yte bei

communi cati on W PIFFRATAUS MEMRBER a\’/’f‘%ageﬁ?flﬁcg‘éep%‘feé?%? orelslz%ogleklﬁwagom 8.

A battery §eRehAL@hsCHNRERHSE B3Rt isahlly 0 electitalresioraus lessthamoe havi ng
an effective average pore size of |ess than 0.045 microns, a thickness

| ess t han dqual td B Mitiphresdeehy iang|beingsadanier for westing uan gAueRlifual to 30
mlliohnms-j 2 o% nd being adapted for wetting by an aqueous electrolyte.
9. The battgry ¥ i i i i

e bat parator of claim@8 wherein said pore size ranges from
0.020 to 0.040 mcrons. 10. The battery separator of claim8 wherein said

ore size is less t : . . . .
P 9. %e baqtaerr]y gep())asrgtor of claim 8 wherein said pore size ranges from 0.020 to

0.040 microns.

10.  The battery separator of claim 8 wherein said pore size is less than 0.035

microns.

11.  The battery separator of claim 8 wherein said electrical resistance ranges

from 10- 12 milliohms-inch?.

12.  The battery separator of claim 8 wherein said membrane being adapted for
wetting further comprising a coating of a surfactant having an active
ingredient being selected from the group consisting of organic ethers on said

membrane.

13.  The battery separator of claim 12 wherein said ingiredient being

nonylphenoxypoly(ethyleneoxy)ethanol.

14. A battery having a zinc electrode comprising
a first electrode;
a second electrode being made of zinc;
an electrolyte; and

a separator according to claim 8, said separator being disposed between
said first electrode and said second electrode, and said electrolyte being in

communication with said electrodes via said separator.
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mcrons. 11. The battery separator of claim8 wherein said electrical
resistance ranges from 10- 12 mlliohnms-inch2. 12. The battery separator
of claim8 wherein said nmenbrane being adapted for wetting furthe% 2004
conprising a coating of a surfactant having an active ingredient %M%

sel ected fromthe group consisting of organic ethers on said nenbrane. 13.
The battefl§. separadtesy separatoaicampPSiler ei n sai d i ngredi ent bei ng

nonyl phenoxypol y( et hyl eneoxy) ethanol. 14. A battery having a zinc el ectrode
conprising a first electrode; a second el ectrode being nade of zinc; an
el ectrol yte; aﬁd'n'ﬁrc?é’ﬁ%qsa‘t’"ﬂ”%é%%?@‘?ng to claim8, said separator being

di sposed between said first electrode and said second el ectrode, and said
el ectrol yte beia:;% tiRg oR UTTB4RL BAL kORadd bsai@hikrebrafé ! £6E soatiry ahptising
separator. 3 0 ﬁ 2004 15, A battery separator conprising; a mcroporous
menbrane and a coating on at | east one surface of said nenbrane, said
coating cosgluloskrgetatelahdlacsefamtant stadd awdaciarthaving amactivednarediant att ant

havi ng an r?ocntyllﬁﬂ%nb%%o‘?ﬂ%ﬁr}‘en%%x%%mélnghenoxypo' y( et hyl eneoxy) et hanol .
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