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Rechar geabl e Al kaline Battery Technical Field This invention re gflé'é“aer 9
paste mat xi . ayowsRfeoos a rechargeabl e, alkaline, zinc--based ?QT and
nore 5 particularly this invention relates. to a matri x for ZF "t“’cles
I n an anode for a zinc-silver' secondary battery. Background of the

I nvention In nodern electronics, there "is a need for high 10 perfornmance,
rechargeabl e batteries. A silver-zinc battery, having one of the highest
ener gy- densities both pezmummbde\a@g;ﬂmmmm@egmmﬂmyghw pl us extrenely
high 'discharge rates, appears to be an ideal solution to this need.

However , ar_p:réé}c;ngggfdga_kggg_aery has historically 15 presented many chal | enges
for the batTery manufacturer One of these challendges involves containing

zincate diffusi'DBmlsi ihvanﬂ:lienbaeletqs thizs depta partd:guiaidsed gevere

probl em becaucﬁbadfz“%é]P ) exﬁﬁc ire % soluble in the strongly alkaline

envi r onment’s 9 Jx"l usé 1Rfe W@h@cﬁqdolb@ttéelrﬂ taﬁéséloﬂi‘?pes of

batteries. pHia MAEREALH QﬁlsKgﬂ‘&QfQ%rwI@l%t)é £k 3mﬁ"c%%§ Ien-2,ggubl e- edged
upsi ge Re Gbi

sword for the battery desi gner fy al | ows
for rapid .mﬁ*@ﬁl%l%ésanypnm I@ommatzu.annamgem Blacontilaey battery.
systens. -However, this hjgh solubility 25 diffuses zinc ions into undesired
| ocations within the battery. Upon re-plating, this zinc diffusion | eads
to the weBackiknevumdhehonesalwiertdioat r ode shape change and the presence
of zinc dendrit&s vmtc%ln the batte,rl es. This, shape change includes an

aggl oneration o it Rereniera peeReloRthigly whil e

si mul tWeoﬂéh'.‘fogfﬁlﬂh@d,ng:échargeable batteries. A silver-zinc
battery, having one of the highest energy -densities both

per unit weight and per unit volume plus extremely high
discharge rates, appears to be an ideal s_:;lutg'.on' to this
need. However, a Zinc-based battery has historically

15 presented many challenges for the battery manufacturer.
One of these challenges involves containing zincate
diffusion within the Bai:tery. This is a particularly
severe problem because zinc is extremely ‘soluble in the
strongly alkaline enviromments routinely used as the

' .20 electrolyte in these types of batteries. The presence of

KZn (OH)x where x=1.to 3 presents a double-edged sword for
the battery designex. On the upside, the high solubility
allows' for rapid current spikes typically unattainable with
other battery systems. However, this high s'oiubility

25 diffuses zinc ion$ into undésired locations within the
battery. Upon re-plating, this zinc diffusion leads to the
well-—kn_pwn phencmena of electrode shape change and the
presence of zinc dendrites within the batteries. This
shape change Includes an agglomeration of the zinc to{-:a:r:ds

30 the center of the battery while simultaneously depleting
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Dendrites can' readily be formed due to the zinc concentration gyglgﬁ é‘ﬁ{'% ‘

within the bgttery. Their tree-like structures have as their St

undesi rabl e a}é’f@é%f”lzhe rupture of the separator nenbranes Ie%‘%’ﬁﬁ“zt”&“%
battery shorting Resgﬁrchﬁrs in thié agea have tried vari ous approaches
to control 7ine ot et BhE € g4p&-chBREETA ﬁst?ﬁl?g’a%l%féq-lﬁebez%f%m‘a@n@??te
formation. fey&anbe chasshtirgdibhl o-ldidn A QAN pRURO0ILES. The

first approach 1nvolves taking Intd account the réedrs f zinc

by startinhmitr -iedrtike sbphetedeathihe aeritterimmbsgolmiemsptasi at t he
edges. The%%fco d q,g%()roach atte)grpitﬂ;sl to deal with. the issue by nodifying
the el ect riB-H5% ¢ 8k perh ERER Dyt R ReSeRARE Iy HaRRTANRS JRFH X IR i ence a.
stronges elp@ird,G fdlE:ihgn Is the center. A third approach invol ves
attenpts to decréase the Solubility of the zinc by conplexing it with
other agents- HResdaurhdraphr obizhs | aned teyeattreiml vam caentaaiproddiaes

solubility,of zinc hy.encapsul ati it in matrix,, .typically mat ri x
i nvol vi ng §& Icl%ﬁl%ré)a'en%s‘? #ﬁ%ﬁ’f?@% %%@%PH& 2Ry 6 FRITFo attenpts
to make a sepas ale@driesi fhamticn Zi Mhaderdni beS c1ERGARI WAl HQR i e nost

prom sing of the approaches to inprove anode perfornmance. Statenment of the
Prior Art 9%fEREgpduIcatbIPTHEs f oditefisntusPhyoagbnisvohyesskekingeasi |y

o ol e P o AR i, gt 28 by Bra e el 888 ool ng
hi gh absor®éhbyzinendepdetat erit Hie c4n868, 24d Bgplbgewstsdpast ehamt eri al
20 qmesedsghed SEELOBRCAR LIS A PaR 80 SO Bl Bl o
by modifying the electric field experienced by the zinc so
that the edges experience a. stronger electric field than
15 the center. A third approach involﬁes attempts fo decrease
" the solnbility of the zinc by complexing it with other
agents. The fourth approach involves attempts to contain
the solubilij:y of zinc by encapsulating it in a matrix,
typically a matrix involving gelling agents. The fifth and
20 final approach involves attempts to make a separator
resistant to zinc dendrites. BEBncapsulation is the most

promisihg of the approaches to improve anode performance.

Statement of the Prior Art

'25 Encapsulation has focused on using agents that swell
easily in the'presance of the electrolyte. In'U;S. Patent
. No. 5,686,204, Bennet et al use crosslinked CARBOPOL
acrylic acid as a gelling agent possessing high absorbency.
In U.S. Patent No. 4,368,244 Danzig uses paste material
30 composed of diacetone acrylamide and ac¢rylic acid. Sehm in
U.8, Patent No. 4,778,737 teaches zinc surxounded by

acrylamide and acrylate polymers.




surrounded by 2 3 February 2005 WD 02/ 086992 PCT/ US02/ 12441 PolYy. ggé[enezoos
oxi de (PEO) has been disclosed in several patents -as a gallindf ey

i ncl udi ng U. ' t No. 5,384,214 by Sugihara LA -al who

surfactant na ugakgﬂtC)and a perfluoroal kyl chain. Sinilarly?éﬁggyygﬁukﬂ
in 5 U S Patent, No. 5,464,709 use a nethoxyl ated po] yet hyl ene oxide

(Car bowax 550)-. B lysthyhens dwmide r BBEQ) diesl hern B otogedshn| serirali nyl

al cohol s as eferred' _galling agents. .Th )t t i .S Patent No.
5, 595424 PRLTEEL 46 2 B be e Sl e PRt Ryl s conol
crosslinkedst3ph 2mi ey s€QMhaLA o9 £LOPLINPSE Dugfactad madd).&E Pat ent
No. 5,3B2,482 place zinc in direct contact with -a crosslinked _ pol yner,

such as in BBfe andbss|pekiheonraberl ghain.agl cofsilamy, Getz et al in

di met hyl_di i l.an i s P i ci.d.j ' al in
U.S. Pite ‘h“ﬁ@ast&%g?%os R ALY Siri s itk gl T Whe 006
di scl oses asidd W owrgasB @) j nhibitors and a gelling agent such as
pol yacrylic acid, carboxynethyl cellulose and hydtol yzed

pol yacryl orii t ridtdlIikGdars diave zasaarched tha Gfe 9f Fomsiiaged each

crosslinke jﬁgqr - Pr . SN sp g Fi [, 3epaet al. in
U S. Pat enST .. %g,ﬁls?%%Qs‘ﬁ%ﬁiﬁf?&lﬁgﬁaﬁgﬁf%i c&%!&lsg iIn corﬁaact
with the ziadcin Us&.d BedigmierNdwa\h 15§ 5 4éx dder Loscnaabisllieof nashes tadbh

0L i, £ PGP bR T PRt B BURSRE Bn ASY oT
expel the geintaigisgemOOW @rdips. Suga et al in U.S. Patent No.
5,382,482 place zinc ;n direct contact with -a crosslinked
polymer, such as in the crosslinking of polyvinyl alcohol
and dimethyldiethoxysilane.v |
15 Polyacrylic acid is msed by Shinoda et al in U.S.
 patent No. 5,376,480 while Goldstein in U.S. Patent No.
5,206,096 discloses a mixture of organic inhibitors and a
gelling agent such as polyacrylic acid, carboxymethyl
cellﬁlose and hydrolyzed polfacrylonitrile, Kordesh et al
20 in U.S. Patent No. 5;2B1,4987 teach crosslinked starch as
thé preferred gelling agent.

Finally, Suga et al in U.8. Patent No. §,348,820
suggest a polymer layer which is in contact with the zinc,.
said polymer having an oxygen permeability constant greater

25 than 10-Ycm’cm™s™lpa™. '

" None of the above patents address certain
peculiarities of zinc electrodes. First, .there isvthe
tendency-of zinc to expel the gelling agent upon re-
plating. This creates void spaces for zinc ion diffusion.

30 Second, there are significant density changes when zinc is
discharded to zinc oxide and vice versa. Finally, these

patents do not address the hydrogen production that occurs




plating. This creates void spaces for zinc ion diffusion. 30 Seeggd? t her, EOS
are significant density changes when zinc is discharged to zinc ¥4

vi ce versa, Ei t hese patents do not address the hydrog i on
t hat occurs 9@%%?9&ary 2005 WD 02/086992 PCT/ US02/ 12441 duF?WSrE&?M
overcharge fod ect actd p e nd.in concer
contribute f%?%%% r%%%ﬁagggthei%%l%%e?ge§§n§£ﬁa?L¥k §Q§th8ﬁgﬁfagﬁlﬁhe

I nventi on Ehed piresemtcenvpntonnrpbatiedes ehaubesiah dhatheSYnieyads the
zinc in a three-di.nensional lattice matri x- which induces the zinc to

re-plate i Fite MHefesh size as it was originally assenbl ed. . Second,
the material has been-10 'designed to be nechanically stable despite zinc
cycling. Third, the anode paste of the invention remains electrically

i nt er cohneétted ecemitng £ Hehenthventbange cycle. finally, the anode has high
I onic trahsport excellent accommpdation to zinc density changes and,
optionally, hi gﬁl Q‘ﬁﬁﬁ%éﬁveﬁmh‘?ﬁ%p@m“ ehé WmatETial dgwtas the anode
paste conp@ReRbuhsisOfne UM A & g%ﬁ:l:é% sdﬁrf'ens%o%ha 71 par :{%a Tix-

grain-size. \Wen the paste 1s mX ZInc, 2zl
el ectrol yt@hlphelnaluezaSalthas Fionareth |m-qvlaattehrmet2ﬁ chawsnemﬁlsllz?é tdsge
S|ze t o t.he ize, which serves to

mat ri x of a zi
di mni sh e fgédgk ﬁap l%ﬁfbseﬂ&]sl%l | %C’? nBRteEiedy s dsenrhe
occur rmncedesigﬂedcttmbed trféd!ﬁxﬁﬂ:dl&yalsﬁtﬁbmanﬂg‘s§9;@e Eﬂﬁca%g@ql&%st e

mat eri al talnsﬁﬁ mer, beads encapsul ated by cel |l ul ose
optlonallﬁﬂg¥ﬁ?er R e82RAen PRI SIS dngepyiaer semakpdr ogen perneability

greater thapeddfodBeyTihteReontlEaR008 RAS! EnPLEEL AL GRALELNS GEL! Ul Ose

as a

Finally, the anode has high ionic transport, excellent
accommiodation te zine density changes and, optionally, high

+ 15 hydrogen -transport.

The material used as the anode paste component is of
comparable graln size to the zinc particle graln size.
"When the paste is mixed with 21nc, zinc oxide and
electrolyte, the material is formed into a three—

20 dimensional lattice matrix of comparahble mesh size to the
zinc meéh size, which serves to diminish electrode shape
change as well as zinc dendrite formation. The occurrence
of zingc ion dlfoSlon is also mlnlmlzed. The anode paste
materlal contalns polymer beads encapsulated by cellulose,

33 and .optionally, intermixed with a hydrophobic polymexr of
hydrogen permeability greater than 1x10™¥cm’cmis’pa7l.

The apnodé paste material contains cellulose as a
gelling agent. Cellulose in the form of regenerated
cellulose has been a widely used separator for zinc-based

{0 batteries. Some of the reasons for this inclinde its iow
electrical impedance as well as its excellent ion transport

in alkaline environments. In the presence of zlkaline




gelling agent. Cellulose in the formof regenerated cellul ose been
w dely used separator for zinc-based 10 batteries. Sone of thehg;Jl %grgﬁls‘y?%%

thi's includewd g dspi¥,€! ectrical inpedance as well as its excq}dmzégﬂl

transport in alkaline environments. In the presence of. al kal"i
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Cel | ul ose CellHeogs iheipitesonsedt asng gallhey e, Nderidosnd e
ree of pal ynerization 5 between 200 and

i nventi on. | Lul.ose( with a de '
I12\60, l:an lg'g%u léd',ns?%lawr o‘?&j‘l%glgllepg HRdeEhe Jeitupi%e matind.adelaflitdse can al so

be crossli ake@nt od. Vatdetyl e ey d%;‘gsl@'t ' vantages, cellul ose
is limted inits ability to a%f:ombr@gzate e S’éfln?fbtl c‘?ﬁa@g‘&‘%‘nd to 10
transpdrt hedvegen 200 am} 1L2@%e pmwdsy wetd a®- Lbagsakeitgels imagsagent,

zinc ions dily perprate t.hr h the gel. . Additionally, cellulose
possesses éﬁg%#%ﬂhe%ﬁEﬂH%‘?%m%ﬁﬁ@abﬁl FEpsedénkpd Bt 8 of known
pol yners. vartefmpensaitheddd hese limtations, the anode matrix 15 of the
present is a two-conponent nmaterial that incorporates small hydrocarbon

beads encapsul aP&aPifeaiteeEdvastaarstr cellBloeé Destimptédninfithe

Dr awi ngs ' e ' .G view of,an anode matrix grain. Fi gjure
2is a scﬁ%bng%?gvaewbgfgg@%?%a@rﬁj ZE-IIIEC%S%FE]BY 5@??’?'&? @4 FPounded by the
anode lfat rixanepertahydFbgene 3 IfS caliehesal bewde LV Ofs nHOENOT Ko pd Zi NC
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Additionally, cellulose possesses one of the lowest
hydrogen permeability coefficients of known polymers.
To compensate for these limitations, the anodela matrix
- 15  of the present is a two-component material thatr
- incorporates small hydrocarbon beads ‘encapsulated in a

cellulose matrix,

Brief Description of the Drawings

20 Figure 1 is a schematic-view of an anode matrix grain.
Figure 2 is a schematic view of zinc and zinc oxide
particles surrounded by the anode matrix material.
Figure 3 is a schematic view of a network of zinc
oxide particles on a current collector; and

25 Figure 4 is a micrograph of the matrix material.

Detailed Description of the Invention

Referring now to Figures 1 and 2 the anode matrix
0 paste is composed of a paste 10 of cellulose particles 12
which are cohesively joined, but interrupted with

hydrocarbeon beads 14 that are uniformly embedded within the




Det ai |l ed Description of the Invention Referring nowto Figures | ?ng Zatrﬁﬁ
anode matrix 30 paste is conposed * of a paste 10 of cellul ose p% P 95
whi ch are cohesively joined, but interrupted with hydrocarbon beads 14
that are uniformy enbedded within the 5 3 February 2005 WO 02/ 086992

PCT/ US02/ 12441 particles. The paste 10 is pressed as a paste into a

conductive supponiosd®2such as a silver or copper screen or PFJI-,%}g@ynﬁie

ext ended-nmetal . The hydrocarbon beads 14 nechanically reinforce t

resul ting and@Ethetedx Fheapistie 30105 Phesbeands idpsheulidibeaforned of a-
materi al thag M. trongly al kal jne environnents, suitably a
hydr ocar bon'a(I)I?p a%lwg rggéﬁ(?]&dtsuslcqlSé%hpfﬂsy%t?fyltvéﬁeoﬁrco%’élfyﬁ%fé?ne@n’é.

Addi tional | ylayér dfeadseided houtlad .. behae "By drLA9H&Y BSd01G0Nsti tute part of
[ [ [ Preferably,

a framewor k maj_ntains, 10 the original natrix grain size.
t here shoul d*%%*%%f&@éx fee’rf‘é’ﬁ&'ef theyrdselidagr perfcheadsiziampberidc/ zi nc
oxi de matriXL@r aiThe2Beads TNehzulE HE- PhALS oftyﬁ%&eﬁggsthgglrpa fo contain
the zinc within the initial zinc grain cavities as“shown i f Figure 3.
15 The densi‘%’}q’cﬁtafﬁne‘}rmldha%a ies egnvivioomentres Isaitabyy as ful ly

char ged; 1 s hkd¥écabbbs inendensi |-RC _oxi de; Lch is present when the
battery is fa |y di schar gz)dfg&iﬁhs'§ I:%s%%ﬁqfﬂlugg %%eyéa&eﬁke?% Pleeded t hat
conforms t o POHEPEORY#0Ry dBAgLEjomillky,ndhehbeadsmdidnsBoWLd (b hgmaziine i n 20

A NN AR R LA R AT R
chargi n§f t hBeafbdSinak @REalxngyaioptdigeal | prefeaabayp fiarm Hhokiad50% by
wei ght of abbYﬂé@ﬁ@eQ‘bitféanhé(nﬂfty hydrocarbon beads 14 per zinc/zinc

oxide matrig grain 20. As the zinc re-plates, these beads

help to contain the zinc within the initial zinc grain .

cavities_ 18 as shown in Figure 3.

15- "~ The dens_ity of zinc, which is present when the battery

is fully charged, is 7.14 while the density of zinc éxide,

which is present when the battery is fully discharged, is

. 5.67. Thus, an agent is needed that conforms to the '
varying density of zinc while maintaining the zinc in

20 place. Density changes are accommodated by using cellulose
as a gelling agent.

To allow for hydrogen transport out of the zinc grains
during fast charging, the 'a_tnode-material may optionally
contain from 10 to 50% by weight of a hydrophobic polymer

25 having a hydrogen permeability greater than 1x10 cmPcm=ts™
Pa™l. ‘Substances possessing this permeability include, but
are not l_imi'ted to, ethyl cellulose, cellulose acetate,
pelymethyl pentene, polydimethyl siloxane, polyphenyl
oxide, and gutta' percha. The hydrophobic agent can be

30 mixed with the cellulose componentA in the manner described
in corresponding U.S. patent number 6,582,851

entitled RECOMBINANT SEPARATOR filed concurrently herewith



25 having a hydrogen perneability greater than 1x10-3cncms- Pa-
Subst ances possessing this perneability include, but are not Iinteedary2005

et hyl cell ul ul ose acetate, polynethyl pentene, polydinethyl
si | oxane, poqu}%ﬁzé’%;%h oxi de, and gutta percha. The hydr ophobi%cygé‘?#l%n be

30 m xed w 'tbge cel ose conponent 'in the manner described in

|_ul
cor r espondi @egapgﬁﬁeﬁuﬁﬁer %68585-888) ; ehhe td-esr REOOVE| MANTh SEPARATOR
filed concusgepibye i uag 02/,056992
PCT/ US02/ 12441 (%\t ?35%2&%28@9 9%?5323-3%358%%??% PR JReDr whi ch
i s expresslgompeoepbr ayetebyofethredneant hoh hetHa RA-yrkGIRO MUH QS Yteem of

the invention, .the pol ric peads,are _unjiformy distributed throughout
t he sheet \Hﬂjr%O?H%S?Sd%gﬁfh]%g@daﬁhrﬂ‘iﬂ?‘éﬁ’éntlﬁ %@ﬁd‘r twhddentther e phase
separ ated. el 51 Ph@Sen s RFEAL/ Or scopihc _behavi_or
characteri sﬁei.c of the sepat a%bggng%%ﬁ%g%%gagrl%’g %ZCI%I %'Ihggg SERd-afed-
hydr ophobi &ldgemhas® skpsoividy a2litwes Sepalairelsyopie BeRewibent |y, and

t he pol yneri.c heads ar.e, added ,as-a 10 fine suspension to this nedium. The
mat ePi aIy i § 'htar%%h&ce%fs,ti%océ‘ggﬁ%? e"ﬁl‘?PﬂEf?'se_ecF%%&PFBH?-ToTbg'sGE‘-éllJ&aszE- zinc
re-pl ates hnd hthes anRIARMbIN I S ddnt Widdidialdol vagseabad, &Qﬁggﬁ%g&" s’

ground to a particle size that approximates the zinc nesh's
material | 3Tt FORSUFYeSUHYs e A polomeinig hehdst are addednss -anly

i nduceg t hes gbng s dn@Rin" Hdd ¥il3 t alsp allpws,for, ion novenment out
of the matrix, Pe\?;enti g %ydrt@&g'flﬁe%%ﬁr‘ml ggf’olﬁilg?\r‘)f?\:g % nteRr Fagkr and at
t he sane t¢aagudesedactriingednenek gadeidig i n response to any changes in 20

zinc density. This_inyention, works opti ly when the matrix naterial is
m xed wi t-h zi'nc?gna-’s?l&%? ngl&e.z%ceEFFngrL'es in the same mesh size as

"originally assembled, the material is ground to a particle
size that approximates the zinc mesh siZe. The material
15  then surrounds the zinc, forming a la;ttice that not only
' induces the zinc to remain in place, but also allov;rs for
ion movement out of the matrix, preventing hydrogen
accumulation on the zinc surface and at the same time
contracting and expanding in response tc'any changes in
20 - zinc density.

This invention works optimally when the matrix ‘
material is mixed with zinc and zinc oxide. Electrical
connectivity needs to be maintained throughout the baEtery

. cycle. A totally discharged battery may lose all of its

25 metallic zinc and fail to maintain properly arranged
nucleation sites, thus leading to a tendency of the zinc to
migrate outside of its initially established boundaries on
subsequent cycles. However, a fully charged Battery will
convert all zinc oxide il:ltci zinc causing it to lose

0  comductivity for the following reason. Zinc oxide, though
a semiconductox, serves to intexconnect all zine grains via

channels formed by coating the matrix material. The




connectivity needs to be maintained throughout the battery cycl
totally discharged battery may lose all of its 25 netallic zinc gﬁaﬁfwzp%

mai ntain pro I ranged nucleation sites, thus |eading to _a tendency of
the zinc to %ﬁ"ﬁﬁa‘r@%utsi de of its initially established bouRGETSEY1

subsequent cycles. However, a fully charged battery will convert all zinc
oxi de i nt o meHEoskuStngine psidespartdndest 20it ghown ashchighl bmpadanesson.

Zi nc oxide,_though  _a.sem. ugtor, serves to,interconnect, all.zinc grains
Vi channd < ToPNES B ERabriay netrair BE Rt sttt itld, %005
WO 021086993 RE UsAd/ &ﬁ%ﬂzenehé@gkngf cFLD6. OXTIles DA tdifd €129, sehema as

hi gh inpedance r'esistors in- Figure 3, should be naintained, fart icularly
at the endid? dpgizadrghrgebycitbe batisery tharkprapd dwdimeen slobsindd

wher eby,. t h titery.Ls.chatg en %.and 5 90% of, its total capacity.
The bat"fer? 02%0% dXBEé Eéf’ %%dggp%e‘#\?éd %geﬁ%%/t%trﬁﬁr?%ﬁ gc""t" a?l%{gl.m&e

Pref erabl e finihgd tat 5eayofighis €Xigderi@gg] NP R babiideuinange of 5 to
40'k by weight .- - Exanple:-1 10 40 grans of mcrocrystalline cellulose
(MCC, Al dr F@Ficn oBoziyciaxpflackd +hngoatr ilh e rapgeobid 1HC4BWAC and
heated to ﬂ,ﬁpvpéa_gﬁ s- Cel sius for 15 mnutes. The.dool.ed solution affords
a- clear sofution”of" MCC. 50 grans of .ethyl cellulose (EC) is dissolved

in 1000 M DVACE:Smpharhtely.. MCC and EC sol utions are conbined in 2/1
LI 22 G0 B, 26 e e P DT A
sol ution isiplomeed on & gk dmildtih ok RURYALE 8¢ BLEY/HMAG \Wa{Ser
over the glass tray 20 yields a gelled product containing phases of MCC and
EC and heated ¥o 120 degrees Celsius for 15 minutes. The cooled
solutlion affords a  clear solution of MCC. 50 grams of
ethyl cellulose {EC) is dissolved in 1000 ml DMAC
15 separately. MCC and EC solutions are combined in-2/1
weight ratioc by dry polymer weight. 20 g of polyethylene
beads (Quantum Inc.) are added and stirred for 15 minutes.
120 ml of the combined sclution is placed on a 10x1l0 glass
tray. A humidifier providing y}atez over i-;he glass tra}} |
20 yields a gelled product containing phases of MCC and EC and
‘uniformly distribiuted polyethylene beads. This gel is then
washed with water repeatedly until all DMAC and LiCl are
removed. The gel is then dried, forming a sheet. This
sheet is then ground via conventional means to obtain
' 25. powder haviﬁg a meésh size approximate to that of the zinc
mash size. -
A micrograph of the anode matrix material is shown in
Figure 4. Magnification is 20x.

A typical matrix matexizl loading.would be:

30 2inc ' 25.2 g
Zinc oxide B.8 g
KOH (1.38 s.9q.) 10.5 ¢




uniformy distributed. polyethylene beads- This gel is then was Wi t h
wat er repeatedly until all DVMAC and LiCl are renoved. The gel iés]ﬁg'ﬁ%%ryzoos

dried, form t. This sheet is then ground via convent. ns
to obtain ZSQ%%aﬁégﬁﬁaving a mesh size approxinmate to that o?5¢¢ﬁ¥afﬂﬁ§ﬁ
mesh size. ,;A. .M. laggh the anqde matrix material is shown in Figure 4.
Magni fi cat ?d'(%r?@llg{ % Et?%/pi cal al tix material .l oadi ng. woul d be; ' 30 zinc
25.2 q Zinc oxi Gthcired mhtd@HI(sl B% Dobdinkd ndoBa3pEsEuany 2898 WO
021086992 PCT[US02112441 MNatrix NMaterial 1.5 Above mateiials ate conbined
into. a pas [ s CRegaei actroverwith a

i Pésafnd isniured o &£hiss negad elechsgdei vith| Lduerwit h

silver cur | ect,0r Said sheet is tested for resistance to zinc

m gration Eé%%ﬁﬁﬁ(ﬁéglﬁg?éﬁity Wth two conpartnments has -a regenerated

cel lul gse separ gadd dindati g thetedo Foe0rRRi EEBALS . tENLL COREGLIRNLL
contains 20 m_ of a saturated ampunt-_of zinc in electrolyte While the
other Y 189 E8AP&MSrend KAYLEY withf typarAmprotments thas The nigration of

zinc fromtbgesatiakedeaandso8t LhBazines nesislfe i, dpiected at stated
time intervals via atom c -absorptfon spectroscopy. Resul'ts reported are in
ppm of Zn.cdmbketihetdd.nutas\Webhpattitaat eddhba Basta) IN6FFPR4 607160260 |
saturated amount of zinc in elactrolyte while the other
10 'compartment has 20 ml1 of plain electrolyte. The migration
of zinc from the saturated side of the zinc-free side is
detected at stated time intervals via atomic absorption

spectroscopy. Results reported are in ppm of Zn.

. Table 1 _
15 Minutes ' Without- Paste With Paste
| 30 600 ' ' 240
60 760 | 260
400 15,200 8400
1400 '38,600 25,000

20 Example 2
40 grams of microcrystalline cellulose (MCC, Aldrich

31,069-7) is placed in a solution of Z kg of 5% LiCl/DMAC
-and heated to 120 degrees Celsius for 15 minutes. The
ccoled solution affords a clear solution of MCCl The

35 solution is reacted with 18 g of NaOH and 36 g diiododecane
fox 16 hours, 50 grams of ethyl celluiose (EC) is
dissolved in 1000 ml DMAC separatély. MCC and EC solutions

are combined in a 2/1 weight ratio by dry polymezr weight.
20 g of polyethylene beads (Quantum Inc.) are added.
i0 Material is then treated as in Example I.
It is t9 be realized that only preferred embodiments

of the invention have been described znd that numerous
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m crocrystalline. cellulose (MCC, Aldrich 31,069-7) is placed i% goruary

Solution O % Li Cl/DMAC and heated to 120 degrees ius for 15
m nut es. Thezvgg'g‘z@ Gyggl ution affords a clear solution of NCCC%H&“%&M‘
solution is_reagt, with 18 g,.0f. NaQH and 36 di i ododecane for 16 hours.
50 grans of 28 Sﬁ:ll%g‘?eq"r'i’f?%’sé“ 111-,'\%:3;:@%%%' 5310060 3HE DVAC

: separ at el ypeMa€ sa1dh BC 1410 Lnedy -2/ i.ght tio-by
dry pol ymsrp'wei ht.. 20 "Sjpﬂor%‘tt po%&%ﬁﬁﬁeﬁgﬁ%ﬁﬁ%# %Eig?%cée added.
Mat eri al i stEReAnVesdtion &5 idefitetbiie Lhe tfclddwinge ciedhiszed that only
preferred enbodi nents 'of the invention have been described and that
nunerous 9 3 February 2005 WO 07/086992 PCT/ US02/ 12441 substitutions,

nodi fications and alterations are permssible without departing from.the.
spirit and scope of the invention as defined in. the follow ng, clains. 10
3 February 2005 Clains 1. A conposition for form ng an anode paste for an
al kaline battery conprising a mxture of: a matrix material conprising
regenerated cellulose particles and grains of netal anode material, said
particles containing a dispersion of reinforcing hydrocarbon polyneric
beads that can wi thstand strongly al kaline environment and grains of netal
anode material; and '

10




sai d regenerated cellul ose particles surrounding said grai ns tog Mary 2005
cavities. 2. 'An conposition for form ng an anode paste ﬁg&rﬂ%ng O A Pn
1 in which the paste further contains grains of semco e metal oxide
present in said cavities and forni ngf& {E6hductives. pat kv t;hr qughy #:he paste.

3. A conposition for formng an anode paste according to claim?2 in which
the metal grains are zinc. 4. A conposition for formng an anode paste
according "to claim3 in which the netal oxide grains are zinc oxide. 5. A
conposition formform ng an anode p(?fé]pm according to claiml in which the
second phase consists essentially o poﬁ ynmeri c dormains of material having

a hydrogen perneability of at |east 10-13cnBcm 1s-1Pa-1. 6. A conposition
for form ng an anode according to claim5 in which the hydrogen perneabl e
material is prasenh chioddy u to_60 ts by weight per 100 parts
of regenergled Ceh%gygpse. tggHAE%%%Ooriﬁflﬁoﬁnf%&ﬁeoPﬁF%ﬁ L &ode paste
according “to crai TH WTMBRIEHe ) dvis§ene pafrimeabl e material is sel ected
from the groupac®ast &t imafesfiat etdngasangt hegsneratah! UL PSH Lot ers,

pol ynmet hy ipetienes £oh VesddiQxe ol enyl ene oxi des. and hydrocar bon |
el ast oners, 8. .A, conpo S}Sl;i oﬁ?‘?gfm toa?ma}éggaprxaa{:r%dg pate! BEEELBI®Yy to claim
7 in whichtne ﬁ;l/%?g%e SFECALAD I Felefparing hwihgtarizel pollgaerid! | PEA/ US
9. A conp&®sidpohhtbredrpmiithgtamnd anodegPass BAG68T Shhl-ord@nf! aim 1 in which

the reinforeing poloe® anbeads,@h8 1 hydLecarbon beads selected from
no containing 2 to 8 carbon atons. 10. A

pol yal kyl ene rgsi ns_of oer |
conposi tion torsg*%rrn%%él eﬁﬁg%fgeo“tlelb‘&??% ReXtgicdiefigsurrounding said

grains to form cavities.

]

2. An composition for forming an anode paste according
to claim 1_in which the paste further contains grains of
semiconductive metal oxide present in said cavities and
forming a conductive path through the paste.

3. A composgition for forming an anode paste according
to c¢laim 2 in which the metal graing are zinc.

4. A composition for forming an anode paste according

~to claim 3 in which the metal oxide grains are zinc oxide.

7 5. & qomposition form forming an anode paste according
to claim 1 in which the second phase consists essentially of
polymeric domains of material having a hydrogen permeability
of at least 10 %cm’cmls'pa?,

6. A composition for forming an anode according to
claim 5 in which the hydrogen permeable material-is present
in an amount of 10 to 60 parts by weight per 100 parts of
regenerated cellulose.

7. A composition for forming an anode paste according
to c¢laim 6 in which the'hydrogen pPermeable material is
selected from the group consisting of cellulose ethers,
cellulose esters, polymethylpentene, polysiloxanes,
polyphenylene oxides and hydrocarbon elastomers.

8. A composition for forming an anode paste according
to claim 7 in which the hydrogeﬁ permeable material is ethyl
cellulose.




laim1 in which” ' ;- ~selected from the,group.
to claim1 in which'the hydrocarbon beads-are-se m 5005
consi sting of "pol yethyl ene and PO!yp;OPylSﬂféh1%heAkg?FHﬂ%@@kggsP§%;£§T§£WS
an anode.paste according to. claim] I n which the for foras & g e

i zation from 200 to T200.1212% iArconpisi ti on, 01 4f ermng .
g;stgogzgﬁihfng to claiml in which 20 to 50 hydrocarbon beads per”each
first particle are present. 13. Cancel 14. A conposition for formng an
anode paste according to claim12 in which the first gralgs Z;Sicles 15
A Compos & g ot - or p . arign §F PRing 38 Sl BagEe | aar A n whi ch
It I rmng .an ) ' _
fthPP?:{ 6§$fﬁ%ﬁgs £ 57 T Ghaf FcESLfHG BadPAymerd cnbtads ant: et al gxlde
second par tidresarhen eadmpedetten fiam b@&%%l%&eaﬂggfnsoﬁfft eO?CEO{ OI 289
by Clain]amm@mu@bCﬁb$m£?§%bibcgﬁgggf%?gﬁr%gsﬁgbi21ﬁg ggngnode past e
' ft mej al . -y 0 ( _ u
ggcgfhggg Oto 2 ainél??WPQH%F&ﬁntﬁ%rH%F?F?gnﬁméﬁrdb Pasipr esentrding an aPDunt
of 1 to 156%¥laéikghtimfvhiks mdhyma@bﬁlb@@sdg'reﬁ&lﬁét%gﬁ?%‘%?gri glr
of Thefirst partiel s comnd; 98 paeEbB N ard B0 Fomaraeed cel | ul ose
I rst rtigcles con S rated :

ngt ges]:al:grsid pﬁgée %fcoé“pﬁﬁng%oftﬁrc fpEmyngran poodA paatRoSctbodifer formI n?
an anode p&St&latecy dimyghith chaicmlluluss hess angbgeidg 2l kalltne Ielalie(r:r;[ rlg yte
absorbed polgnsaighdiionstrearids!ies1280. An anode according to c

| Si | rt containing a |layer of said
conprising a hjgh .ar conductive suppo (
pagPe. _"t_3 %%bré%f§%?88%tlon for forming an anode paste according

o c¢laim 1 in which 20 to 50 hydrocarbon beads per each
first particle are present.

13. - Cancel

14. A composition for forming an anode paste according

to claim 12 in which the first grains are apprdximately the
- same size as the metal containing second particles.

15. A composition for forming an anode paste according
to claim 14 in which the first particles form a lattice
surrounding the metal and metal oxide second particles.

16. A composition for forming an anode paste according
.to claim 3 in which the wetal oxide is present in an amount
of 5 to 40% by weight of the metal. '

' 17. A compeosition for forming an anode paste according
to claim 1 in which the matrix material is present in an
amount of 1 to 15% by weight of the metal and metal oxide,

18. A composition for forming an anode paste according
to claim 1 in which the matrix material of the first
particles comprises a first phase of regenerated cellulose
and a second phase of a hydrophobic polymer.

19. A compésition for férming an anode paste according
to claim 1 further including alkaline electrolyte absorbed

‘.into said first particles.
20. An anode according to claim 19 comprising a high

area conductive support containing a layer of said paste.
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