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1 isent invention relates to separators fon em cal .
cells mhigﬂgﬁgﬁggfo elimnate or reduce undesirable effecggﬁ&%?%%ﬁggn arise
during storage and use of such cells. The history of el ectrochemn ca
cel |'s goes back to 1866 when Lecl anche ¥irst discovered the principle on
whi ch they are based. The manufacture and design of electrochem cal cells
has conme a | ong way siRcicAdaitne (k CABRERRNECAR LERLLE enai n. Cel ls (al so
"known as batteries, although the termtechnically relates to a series of
cells) essentiglly _consist . of ap.anode, a cathode and an electrolyte. In
the present day FePEESHD ‘Pﬁ&nEéE?aﬁ%}ﬁF?ﬁﬂqf SRRTINEFE %Qrzinc, t he
cat hode | slmengackesidadxicddlanshitk kélhrntiwmleliming tan oxquedusesol uti on of

varying p It of, &%k o .. d Lde. e
i wry CSPRE AR b etetEe I RLh Eal ME AT WHARL BB a0 o8 Bogros
pot assi umsschs §@dM-hydroxi de. In any event, it is necessary to seal the
vari ous conponents into a can in order to prevent the possibly dangerous

escape of the constituents, as well as to prevent the atnosphere from
affecting the TOfsPiftERYsCf electraghemical Salds gomEabackf tPHaBES

el ect rol yetNfleeoahehéofiektt 8es66Vetdd Nthd Prliigwiglenencehish whAsyvery

I I t ddi ti f d and but |
mor cury, A5% RESEE | PRgr BepeRRecire ‘Ed dRr i o ajectrathentRREC D 1 or
reduci ng pedflsr dnsorocnk ahdongnwayrsincabisar come,t bats probdensngtidir osi on
and preveQ%hQQnPenggik'?QlQUrkﬁgwétééEEEEté%#%#F d%t%%ugﬁdtkgecégéa”tage

i €. wever at we

that it assisted in discharg r, NOow mercury is vie .as a
maj or enviteEhARAREARYpBRLataRt tOt RcFering Pesieid s/cepsentdriplsAonsigtvel op

celI's witbfnanadfedeleaCdayhatd, ahd #n | eSeiraRiitent . mekhe preBefe added
cadm um day version of the Leclanché cell, thé anode is zinc, the
cathode is manganese dioxide and the electrolyte is an.
agqueous sclution of varying proportions of zinc chloride and
ammonium chloride. In other primary cells, the electrolyte
is freguently an agueous solution of potassium or sodium
hydroxide. .In any event, it is necessary to seal the various
components into a can in order to prewvent the possibly
dangerous escape of the constituents, as well as to prevent

e

£

the atmogphere from affecting the constituents.

The problem of leakage of the elgetrolyte and corrosion
of the can (zinc in Leclanché cells) was very largely
overcome by the addition of cadmium and mercury, but
especially mercury, to the cell ingredients.

Thus, mercury was responsible for reducing perforation
of the ¢an during abuse conditions, reducing corrosion and
preventing perforation during storage, and it also had the
advantage that it assisted in discharge. However, now that
mercury is viewed as a major envirommental pollutant, there
has been a very major push to develop cells with no added
mercury and, to a lesser extent, cells with no added cadmium.
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2 wobhesssexsential problemwi th cells which have no meiieBos01318Er CUr'y-

is that no one has yet found any additive which is capabl e of recreating
t he advantages of cells which contain 2 nercury. |In fact, even the
optimum sel ection of all of the currently known additives is not as good

as ][rer cury. The .esseﬁmﬁ.aﬁaprobléﬁrwﬁgﬁ%imtﬁﬂll%lrpe{d;ﬁ R GRIdala ﬂal I st is
per f or man ;1,0 | ure itia storing. . gells a

hi gh tem%%ggc%%g&fso??ﬁ%né%pgf‘ﬁgggg(’F%? €§%Ia§‘y di Wel?’g“é"?’ A err]C
and 50% r cRPapPlel afi Fechenitdngy the sadvatnages dflamilla g ahe cloortarmc e
retenti onmageadrFeastne rakenelb ek BRE -ﬁg{;ﬁ:@g | | 1gql\ar eries
kept for ?V\Dcme:ges gél 20[§rr§c?f’ Tﬁ%p?’ésu ts lgéréee%og]egﬁ ;/glllnoeéz%tgss of
80% KnofHTRERFLYVEROWR 3EdEFAVES +\ROE Fo 9@ @STSMENt-i on in t he

region of only 75% by conparison with cells containing no additives,

whi ch typically e agcperfornmpnce retention in the reqgiqQn of, 82%

Apart fromt heaégcg§§§?§ gﬁﬁda,gs%%?‘h‘b%et %?ﬁ%ﬁﬁ et %elﬂ‘lsa&tsi cal

consi der apeThcrnenardrebantionepdlfioris snquaurei by indeiadey sherdngde and

the cathodgyh dgE 40 ' | t. et n_the anode,and

cat hode, Wmlcﬁ gguﬁ%fﬁe%%%gawﬁﬁ%?s% albcrffeé) g}%ﬁ«% r‘%ﬁ?t Ieﬁca.;rpie, 13 In

general , BREXSf afud3tGRRA GI0% dpdt-atlgelpsivgphypedity]) avndi thent her a

11 0r oncy BT oL an e e e e e B Pt a1

preferred¥°‘% fﬁgwa"éggsﬁﬁnarl teRies ’ﬁ%é)tﬁr?’céﬁ@ weeks at 28%9 coat ed

piaper slep‘ahat vesults anla.t tdesllp i asscdess Wi m%: nm;benpaalalgecieegf t he

el ectroly, QQHH ve t gt .el ectronica conducti ve.

we have n %‘e%%%%’?ms‘%% %,pﬁggcoveréeed %%%t%rﬁl}g‘ ﬁ'&t% g Zoion he Spd¥eh used

to coat the®seyaferRRTEsenHdith £adeks containing no additives, which
typically have a performance retention in the region of 82%.

Apart from the necegssary anode, c¢athode and electrolyte,
practical considerations demand that a separator is provided
between the anode and the cathode in order to avoid possible
contact between the ancde and cathode, which could lead to
undesirable short circuiting.

In general, one of two types of separator is employed,
and is either a gel/paste composition or cocated paper. With
the drive to greater efficiency and performance, the coated
paper separators are particularly preferred, as they take up
less space in the cell.

The coated paper separators are coated with starch
which, in the presence of the electrolyte, is ionically
conductive, but not electronically conductive.

We have now, surprisingly, discovered that the nature of
the starch used to coat the separator ¢an have a very
significant effect on the problems encountered using cells
which have neo added mercury.
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signi fi,cant eff,ect :on the problens eéncountered using cells whi ch have no
added ner cw@ss38869 WO 96/ 38869 PCT/GB96/01318
PCT/ GB96/ 01318 3 Thus, in a first

aspect, the present invention provides ajcoated paper separator for
el ectrochem cal cells, characterised in that the coating conprises a highly

crosslinked starTiusndimna eties fispdcts! kubOpRESSRL VBivert Bon gﬁﬂﬁ}ﬂd&g

agent. The jn ' rovides cgoati reparations sultable for the
prepar at i oné o%/ggs%éccgr%%%%?a Gragatoer %‘”Aﬁ?‘gﬁgﬁﬁg%@%"?ﬁl 9%+ 4% rvention is that
t he separ ateharagirrised iremiiat shisstaatingl gompeddes Wi Highlye. | t
is well kn ' t | RSty sdkife ches have different
properti es%%%%’gt&%i%%bgnt st.tg%cﬁggg%ég%%éd#ﬁ%}l?nﬁ ﬁé%r%'vf%el per &ence
of water. BsI#tiiNg \A8HY% hoFhepdprgnbdandabse iprenides Caating i eved t hat

wat er hydr aiespddir S G irakaeUirey %ﬁusgi‘ﬂpw&{a{ E‘é‘fl's%hrg slsggﬂfz'&%fzrsqm its

normal tertiary configuration, so that the Vviscosity of t uti1on
i ncreases. The greater the crosslinking in a starch nolecule, the |ess the

nol ecul e is” abl &nt edvantaige afd thel inven_tion(lﬁslﬁidwtqﬁl fé_e@fa@&d&lsfcu: es
are a nece r t:he LNg. i s um,(Qr gelling agent). It is
not certai %%){r%%ca{i?@}l yé%ﬁaal?l ﬁ%%%tilagg%aﬁgsgt%ﬁ%&% ‘form but we

believe that the crosslinked starch nol ecul es provide a lattice in which

the gelled el ecirolod Geia hagancdn thE SUIROL SRddddIg UER! A'32-R5:N0

required to rg:;g de .t he cessary consi stency e“coating, as we as to
provi de adf¥ & haye Siffezgpt provertigsordnddhat dddferienss| i nked, but

not necessatiaryHesgaacer ditifepkAdly SLAT EHE prefenise ¢ @Salehae primary

material oggige%ATYI9w: MBS Bodd Y Wedly, 12939811 o3
that water hydrates the starch molecule, 'causing the molecule
to unwind from its normal tertiary configuration, so that the
viscosity of the solution increases. The greater the
crosslinking in a starch molecule, the less the molecule is
able to hydrate and gel.

Crosslinked starch molecules are:a necessary part of the
coating, as is-a gum (or gelling agemt). It is not certain
precisely what functions these components perform, but we
believe that the crosslinked starch molecules provide a
lattice in which the gelled electrolyte is located, the gum
or gelling agent also being required to provide the necessary
consistency of the coating, as well as to provide adhesion to
the zinc can.

Accordingly, many crosslinked, but not necessarily
highly crosslinked, starches are used.as the primary material
of the coating, and many gums and other gelling agents are
used as the secondary material (primary and secondary are
used herein only for purposes of convenience, and have no
other significance).

All of the combinations of materials used in the art are
approximately as good as any other when subject to the tests
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usgd as the secondary mat eri al (primary’ and secondary are used herein only
f or purpcwossmgonvenl ence, and have no ot her significaneeYGBoeni3ls Al |l of
t he conbinations of materials used in the art are approxi mtely as good as
any ot her when subject to the tests 4V\D96/38869
PCT/ GB96/ 01318 4 enployed by the art. That
Is to say | Q ri pr.Qyi de the
necessaryeféggggco uc an%gg2n3@£+ %IC drﬁﬂﬁ' xor ﬁ%&t .any overt
i npai r nengopPinatianpepfomanAtdabs me mvz%sﬁmmmsﬁm ionic However,

what has BthQ&Q%QHSEMdb@E@ci?SﬂQ@'ﬁé‘ﬂriéké hgejtoules ahE}abv'éQ%E of the

naterlals are.unstab i.n the sence of aqu nc chloride sol ution
Whi ch |5, RBRLERERDIBE EPRERCPEHESTTIAS Fedily vBeR: as86RPRC cel |
technology For the first tinme in the |ndustry, we have perforned

di d
2o Ton i 00 desker DR EoHLL SN G U Kyl BT,
or 46% aaxtthe thapl some eforbe matéﬁia&s]aramunstmbﬁetanlmgeover tinme.
Although LgsLhug b8 891 aGhlbhe! zidd el i des L RELEILEPYSOVaELa per i od

of weeks, perlod of "aro enera rov ding1n Féatve

resul ts. aﬁmbgulﬁsmanersérpvb%ﬂﬁgm #lfn@ &t sarbonr-zingesediscol our
or bl ackepe¥hhB1bipe, indicating a breakdown of the starch, whilst other
starches gel initrally, for exanple, but have a continuous increase in
sedi ment volunme with time, indicative of an undesirable |ack of stability.
The best starches tketbirsdi siméoln the :mduﬁm awe blavegperfosmednent

ve have (BEREARRECER SRt %ﬁ%ﬁ*ﬁ%éus@%‘%iﬁﬁt‘&%ﬁ@%ﬁ?ﬁ% e

Cont i nuoushMtt?EE)E‘Jr) therhet#gin B Addhma o aaueens isolusdeonded to
simul ate é‘?ﬂé EcROHLL 8 ONEyp SEa P23 G4 R EneN sagRiieNdsaskbaenl | ght

in the at 453°C with monitoring over time. Although the time is not
crucial, the test is often performed over a periocd of weeks,
a pericd of around 13 weeks generally providing indicative
results. The results are surprising. We f£ind that some
starches discolour or blacken with time, indicating a
breakdown of the starch, whilst other starches gel initially,
for example, but . have a continuocus ingrease in sediment
volume with time, indicative of an unﬁeszrable lack of
stability. The best starches neither discolour nor produce
any change in sediment volume.

In addition, we have developed a further two new tests
which we have termed the High Drain Continuous Test (HDCT)
and the Low Drain Continuous Test {LDCT). The High Drain
Continucus Test is intended to simulate abuse conditions,
such as might be found in leaving a flashlight in the "on*®
condition over a period of time, even,afcer the battery had,
to the user, gone "flat®. The Low Drﬁzn Continuous Test
simulates the conditions experienced by a battery in, for
example, a clock. HDCT results are meégsured in terms of the
amount of leakage, whilst LDCT results are measured in terms
of failure of the battery due to perforation or splitting of
the can. Again, these tests are novel, and produce highly
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condltlon over ,a pariod of time, even after the battery had, to the user,

gorie "flat" Egu%om/EXaln Conti nuous Test sinulates the cgeﬂtﬁggwﬁng
experlence attery.in, for exanple, a clock. HDCT results are

measured in terns of the anount of |eakage, whilst LDCT results are
measured in ternms of failure of the battéry due to perforation or splitting

of the can. Again, these tests _ are novel and'froduce hi ghl y WO
06/ 38869 informative results in considerably | yould

5 informigetRrasd be Id&gé&ﬁ%ndeaabhytheseoﬁdmddsamem gimblerweidse be

Vil abl 6 R AF HARor0 Asort s SeBLR 1 5P 14,3 ?L‘if’g%%ﬁ@”y

appr eci at ewetSMCumlanomitthoﬂghl At weéhubedamrmcmﬁm&m $BHeh apgERsrs as
the cel | ya;.f @r tz%&a%e‘aswidlaaép&ﬁa Biétﬁ’@éhtfhé”ﬂiz?; dd the deaired to

test the exanpl e ese new tests tails of which are

provi ded batdeh Hﬁ/é%l%lt@écﬁé g8dgkhexeytent 'i?dﬁhr’;f:has"ﬁﬁst RESfrEct s of

vari ous coqﬁglgégﬁnghéﬂayiy nf©Q|bxﬁﬁ@§§[UCtlon In particular, we have
assayed the various starches used in the i ndustry and, in conjunction with

t he sedi nentation test described above, we have establlshed that a
conmbi nati on of Higdey renoseistskddesadishes whnibletdms iphicarided bellowve

derivative el e y r cﬁ o £50R3 /52

coating m%zcah.req r%?r}er aQ\\Q (1% %@;@?&&gl gﬁén?%’?ﬁ)sﬁ pregavent spl i tiol ng and
| eakage, cawpamw$\quﬁﬂﬂﬁyegﬁﬁaN§ﬁérénoﬁelhec%ﬂﬂtr“°t1°n-'Tﬁ@-tern1"h|ghly
crosslinkeg, z‘tﬁd’éﬂér,k%’\"ﬁ&a'v'é b@ga%ar hHel GaHBIUY s?dai:caust I S HAC tehieO

batteries, the referred starches are cot otato arches

we have est:3 daFﬁ%t‘@b99§388ﬁ§?PﬁcY%ghmﬁgﬁ %%%E%ﬁf %ﬁFiS|ng

hi ghly crosﬂsaﬁﬁﬁﬁ&mw aweh have sscablished vt taercam:b:bmmoum@ﬂ ow

drain and e n tests, -

there is vé‘%qm%q%r%ﬁagﬂ%(%es%g#%%n%érﬁéﬂ%{ﬁé&% r{%ggoeostarches
derivatives together provide an extremely supermor form of
separator coating which is generally more stable and helps to
prevent splitting and leakage, ccmpated with the separators
of the art. :

The term “highly crosslinked* is well known in the
starch industry and, with respect to batteries, the preferred
starches are corn, wheat and potato starches, and we have
established that cells constructed with separators comprising
highly crosslinked corn starch are surprisingly better in
both the low drain and the high drain continuous tests. In
the sedimentation tests, there is very little to choose
between corn, wheat and potato staxdhes.

Suitable examples of highly crosslinked corn starch
include: Vulca $0 and Vulca 84 {Trademarks of National),
Celex (Trademark of Nippon Starch Refining Company Limited)
and the starches produced by Rogquette, such as Lab 2211.
Suitable examples of highly crosslinked potato starch include
Vector R140 and Vector R120 {Trademarks of Roquette). A
suitable example of a wheat starch is Lab 2214 (Roquette}.
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Suitabl e exanp)] es of highly crosslinked corn starch include: Vulca 90 and
Vul ca 84 (Wwoadssssoks of National), Celex (Trademark of N ppowGBI&sBS
Refining Conpany Limted) and the starches produced by Roguette, such as
Lab 2211. Suitable exanples of highly crosslinked potato starch include
Vector R140 and Vector R120 (Trademarks of Roquette}. A suitable exanple
of a wheat starghst ( ) 6/;38
DCT cBoe, 01319 #hite Labpeetdr (ERAVE)sraren X}Q ST ?nﬁ‘% goatmge%er ¢ hat
t he starchond¥dai highty coneralinked syanchyi gvop sﬁoggscnﬁbedsabpvn, gtich as

descri bed aboagsoligosgzsié%m%éﬁ@: té@éraiéleﬁnaiﬂ %Ch@éd”% éﬁeused in the
coating. Ln_such an_inst | efer ng E &lon of

hi ghly croSSPFIREd starEHe sa"h ’g’hs ss’l"'bl Fytgu g¢ nf’ g1y
over 50@6obrbperdxynmefghigh&yt¢mnssmﬂnkqﬁrsnarcmoas hﬁgheaabbyssxble8096and
i deal |y ov, I [.C tural
guns used %e?}%ﬁ&? ﬁ‘r‘%sgepa%/g{ic#) iﬁépg’zfrstﬁ%o gfg #ﬁggé% gstorage
However , tﬂ@ab-'!»mmf-xeckﬁ@%tlmm% veua didtappdaddesliby gvabl éOBn t he
sedi mentation test, and suitable exanples for use in the present invention

I ncl ude: Tyl ose MZOOK (Tradenmark of Hoechst), Tyl ose M50, Cul mi nal MPCL00
(Trademark of AFRGI VAFiawS oivkie|ckansh geidants and ppRurpfi @8™Eel | ul ose

O 4w e T T PRI e I R
und shoul d s subs J ins
i anhe pr eSBRERIBY \Ag?‘@?vegt e SRR Mﬁ@rﬁﬂggﬁﬁoﬁxﬁFvFﬁévgﬁdl ment at i on
t est s descappedr aboviee stable fhuthﬁﬂsadmmanﬂazionftesherahdeduiehbméoses
i ncl ud
car boxy ot fELTREFF o€ Eee el End Pdb @R 1O OhTRBEIEE, ry1 58
hydr oxyet hwz%ﬁtl (ToademariofHpenhiat) Tlasq 360, rrsphwnyélryﬁygflﬁyl

cel | ul ose, (PrAy&exy P6 O P& Bdah 1| 8&8 colidudlaed pexypospyl cel | ul ose and
2- hydr oxypr opyl et hyl

Etherified cellulose derivatives may be any that are
suitable, by which is meant that the compound should swell
and gel substantially immediately and remain stable in the
presence of water, at least during the duration of the
sedimentation tests described above.

Suitable examples of etherifiedscelluloses include
methyl cellulose, ethyl cellulose, hydroxymethyl cellulose,
carboxymethyl cellulose {including salts, such as the sodium
salt), hydroxyethyl cellulose, ethylhydroxyethyl cellulose,
methylhydroxyethyl cellulose, 2-hydroxypropyl cellulose,
methylhydroxypropyl cellulose and 2-hydroxypropylmethyl
cellulose.

We have also established that viscogity is an important
factor. 1If the separator mix is outside certain viscosity
limits, typically in the region of 3900 to 70000 cP (3 to
7.0 Pa.s}, undesirable results and pgar ¢ells are usually
obtained. Below 3000 ¢P (3 Pa.s), the mix is cften so liquid
that it soaks straight into the paper, which can lead to the
tearing of the paper, for example. 2bove 70000 cP (70 Pa.s),
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cel | ul pse. .\ have al so established that viscosity is an inportant

factor. |fwébgssweparator mx is outside certain viscosity gerfdssmrdsgpi cal ly
in the region of 3000 to 70000 cP (3 to 7.0 Pa.[err]) undesirable results

and poor cells are usually obtained. Be+0m13000 cP (3 Pa.s), the mx is
often so liquid that it soaks straight fnto the paper, which can lead to

o ey el P PRerahy BEBEen U G pesheoperss | O
7 the m eatdsfarecalilly.t oo thick to spread on the paper satisfactorily.
Accordingly, it is desirable to provide a mx -which falls within the limts
defined above, and this is generally possible.by using an etherified

cel l ul ose deri WecRrdinglyngls #Fséesirabls tseionswidebeumixowbich0. 02 Pa. s)
and about £20QsCRi¢R18 PReSLimifS 482end®rAidvd UangstnlkkhgsWgasesnttyfi ed)

the viscosity , of a substance is defiped. in ternms of a 2% wvVv ueous
sol ution 8P5¥H§QQSEESP§ﬁB€ an spherrfredcellndase degivacdys pFVERg @
}/i |S|COSi ty\ﬂitscbe?i}m_@e3£53leiwldeﬁ091d:6&(ﬁo%Pamidz baE%%)Sl)an_d atl?out Ibe cf
ol | owi n egfi c ul oge, derivatives are useful in e esen
ventt on GndePa-ETins 55t HESHheEeia, LbiSss Hrberviss: sPOrRaseny Eh8 nane
of each gelisapikity bfdacstbseantet he defionsd tin iterasnbifpal 286 ef vt hat
gel | ant, C h a E e | ose H 20
A BERSC S8 ut oh G2 "ML Bkl Glnee WY A4ETRYC HERERSL SN

has an ex v ] j ) el I'ant’s ar e "as
Hydr oxyet Agie@dlivutdse viigees Lty Tis oeetweern b azits 0Py c8sd 0-0§0and

0.1 Pa.sg}.

The following etherified celluldée derivatives are
useful in the present invention and fall into the above
category. The number following the name of each gellant is
indicative of the viscosity in centipoise of that gellant, as
expected by the manufacturer. For example, Hoechst Tylose H
20 has an expected viscosity of 20 ¢P. The gellants are as
follows:

Hydroxyethvicellulose
Hoechst Tylese H 20

Hoechst Tylose H 300

Methylhvdroxvethvicellulose
Hoechst Tylose MH S0

Hoechst Tylose MH 200
Hoechst Tylose MH 200K
Hoechst Tylose MH 300
Berol Modocoll E 20
Berol Modocoll E 100

Na Carboxvmethylcellulose
Hoechst Tylose C 30
Hoechst Tylose C 300

SUBSTITUTE SHEET (RULE 26)



27-NOU-1997 15:15  FROM, MARKSRCLERKS TO o0652238762  P.B79/112
Hogchst Tyl ose, MH 50 Hoechst Tyl ose’ MH 200 Hoechst Tyl ose MH 200K Hoechst
Tyl ose MHniPésrigsgsol Modocol | E 20 Berol Mddocoll E 100 NCT/GB6/01318
Car boxynet hyl cel | ul ose Hoechst Tyl ose C 30 Hoechst Tyl ose C 300 WO
96/ 38869 g PCT/ GB96/ 01318 Aqual on
Cul m nal MHPC50 Aqualon Cul m nal MHPC100 Dow Met hocel K4M (200) Court aul ds
HPM 100 Dfg ey G i) 331300 ourtaul ds DP 1209 (50)
Met hyl cel [u Aqual on 25 S Aqual on Cul mi nal MC40 Aqual on
cul m nal mxsm%naiweﬂmemﬂgmzom Cour t aul ds MR2OP Particul arly

pr ef er r ed aAem@lionattudnd rfadr MEPE1O0 preparing the coatings of the present
Il nventi on.g i # i f Vulca 90 with Tyl ose MH200K, Tyl ose MH50
B Masibstly S o] on ot -

or Courta he proportion of highly crosslinked starch
to gellin§osgtaul@sh&Mel9® $S | i ng agent and etherified cellul ose
derivapivg ﬁ&%aﬁi@g gﬂlggﬁgaqggngy herein) may be any that is suitable and

recogni sed in the he general ly:
cOurtaulds DP 1209 {50}

Methylcellulose
Aqualon Culminal MC25 s

Aqualon Culminal MC40
Agualon Culminal MC60 S
Dow Methocel A4M (200}
Courtaulds MM20P

Particularly preferred combinations for use in preparing
the c¢oatings of the present invention comprise or consist of
Vulca 90 with Tylose MH200K, Tylose MHSO or Courtaulds DP
1209.

The proportion of highly crosslinked starch to gelling
agent {the terms gelling agent and etherified cellulose
derivative are used interchangeably herein) may be any that
is suitable and recognised in the industry, and the generally
preferred range is from 1 : 1 to 100 : 1 by weight, more
preferably from about 20 : 1 to § : i, with a ratio of about
10.5 : 1 of starch to gellant being ﬁar:icularly preferred.
The coating of the separater comprises the mix of starch and
gellant together with water, generally in excess of 30% in
order to provide an easily applied coating. The amount of
water is not critical, as the coating is applied to the paper
separator and then dried before insertion into the can.
However, it will be appreciated that the liquid coating
generally should not be toc thin or too thick to prevent
convenient appllcatlon to the paper (see the above discussion
of wviscosity).
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preferred range is.from1: 1 to 100: 1 by weight, nore preferably from

about 20 :woeamsses 1, with a ratio of about 10.5 : 1 of spgrcessmae! | ant -
being particularly preferred. The coating of the separator conprises the

m x of starch and gellant together withevater, generally in excess of 50%
in order to provide an easily applied coating. The anount of water is not
critical, as tha sgatablei sethed i et dpplitarioncofsenar abatiagdishes dried
before ins Lop,. LN e vel,_ it Wil _Rhe_ap ciated that the
liquid coa?ir"%ﬁ g}é%eﬁg %g Eﬁ%‘[}?%&g%% ?e xf°&é'elrﬁi ffngr t?ogiiﬁ?ci F}Buf)r event
conveni ent laggri ¢fit tha sepahatpapeix (Sedd lattabbed tosthespapenf The

vi scosity) e VO 9043888 i th -

PCT/ GBO6/ 01318, séfktor mix on the paper §an e cqnErotle? etiod of
appl i cat i oF2Bf PEREeRBAERHFPLIe%S have the paper run between 2 rollers and
to allow a thin layer of the separator mx to be attached to the paper. The
arr:Dunt I Ff separ ptgingi naprbé m%mgwsm mglahécﬂ kedhba{stﬁﬁfﬁgﬁet?ﬁt vvegn
the roller i ng ny. suyitabl e neags, .such as infrare
passage O\é?sﬁag?e%%%rﬁrﬁg%%? %\F&I’o}%\/&i’rdroﬁ Rye" ar?mgThe nature of the
paper to be used is not critical to the present invention, and nmay be any
that is known i f é%s a i I | apers

i ncl ude Enso 80%%‘%@{7%?@%]‘ ns‘o?é}Aﬁ%ﬁ%r E‘QE? g%d%‘%lpblgfﬁé%fftegm,

whi | e sui t BBEePTBRERY bayentiomc| b mREDbel DYaRhaPBLE Foown {mKide

V‘_ét have al é@tt:fﬁéf‘duééaéslé %@%’é&tggg}i’ﬂ%&aﬁeg’%ﬁkﬁ ??b&@é%ﬁ'x&ﬂ@é‘d?

ni trogen cgnt ai pi ng._cogpound as .an itiv e e.cell,has an acidic
electrolyt%?s%sgéh ?éghﬁ{#t Hsﬁﬁﬁp @BEF§85§eg&a§§?n§ighﬂf?é%%%g%.

V¢ have foéhd dhiale pobioadybd kidreiex mdpexseinctutei BRDY rOOpanddeBDE 20 al | y

perform as, as, or better than, any single other additive intended to
prevent gassing, |eakage-or o

We have also found that it is advantageous to employ a
polyoxyalkylene nitrogen containing compound as an additive
when the cell has an acidic electrolyte, as this can further
help te reduce gassing and leakage.

We have found that polyoxyalkylene nitrogen containing
compounds generally perform as well as, or better than, any
single other additive intended to pr_;évent gassing, leakage or
corrosion. In_"éddition, we have als;b- found that performance
is often enhanced.

The most useful such additives seem to be
polyoxyethylene nitrogen containing compounds, especially the
polyoxyethylene amines. A particularly preferred additive is
Crodamet C20, which is a monoamine having two polyoxyethylene
side chains, the number of oxyethylené units being 20 moles
per mole of Crodamet C20.

Suitable formulae for the addiﬁﬁ'res are ags shown below:
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corrosion. In, addition, we have also found that performance is often
ehhanced. wo 963886The nost useful such additives seemto bepgmtGpssoisgshyl ene-
nitrogen containi ng conpounds, especially the polyoxyethyl ene am nes. A
particularly preferred additive is Crodget C20, which is a nobnoam ne
havi ng two pol yoxyet hyl ene side chains, the nunber of oxyethylene units

being 20 nol es per nol e{@WH,hi0)Fet C20. Suitable fornulae for the
additives are as shogp elqmr 96/ 38869

PCT/ GB96/ 01318 ~R=N={(CH)mlO 10 [err]

and [err] [mherelnéﬁmgﬁy FSANts an optionally substituted al kyl
group having from1l to 3 on"atons, R err] represents an al kyl
group having from2 to 10 carborpat ons, each-n1is t he same or di fferent
and represents an integer from1l to 4 inclusive, and n, X, y, and z are
the sanme or different, and e rﬁpresents an integer between 1 and

301. More preferred are having the followi ng fornulae: [err]

]
[(CH)mIO)NH

[wherein R represents an optionally substituted alkyl group
having from 1 to 30 carbon atoms, R' represents an alkyl
group having f£rom 2 to 10 carbon atoms, each m is the same or
different and represents an integer from 1 to 4 inclusive,
and n, X, y, and z are the same or different, and each
represents an integer between 1 and 30]. More preferred are
compounds having the following formulae:

FﬁhCHﬂIRH
R-ﬂq—iF‘v-—«ﬂbC3§€&ﬂ{
{CH,CH;O)H

and

(CHCH,0)H
e
(CH,CH;O)H

Particularly preferred compounds are those wherein R has
an average of around 10 carbon atoms, R* has 3 or 4 carbon
atoms, each m is 2 and n, X, y and 2z each averages about 10.
The optional substituents are as noted above, but there are
preferably no substituents.

The additives may be added at any stage during the
preparation of the electrochemical cell. There is no
particularly preferred methed of addition to the cells of the
invention, provided that the additives are able to dissolve
in the electrolyte.
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and [err] . Partlcularly preferred.conpounds are those wherein R
has awme of around 10 carbon atons, R[err] has ScopGeéemaiHon
atoms, each mis 2 and n, x, y and 2 each averages about 10. The
optional substituents are as noted aboyg, but there are preferably no
substi tuents. The additives nmay be added at any stage during the

preparation of thiae agkeetiagheshCBe £&4dd UM 'c‘él'ioby cBgethgubarly
preferredgggthod of additi gn to thg cells f [t he | hventi Qn, provi ded
0

that the MR, BFURPYS, FPEUEHOR; Q T%@aad ¥q+”Fh8neFBGtFBF}?€ the\\p
96/38869 can. The solvent is then allowed to dryPoltCBRadAG18 coated

d t
sol uti on SFo¢ he e lER . TBASTREENRE, 1€ Ag¥ diberadly " SRRbEBF Sanev s hen
al | oned tBrécyisableeaving a coated can. However, this method is not

generally industrially practicable. The cells with which the
additives can be used_typically have a cat hode made of nanganese di oxi de

and acetyl ene BR&cRellRewhbRganbsh %#QDGQQ§Q§§Pﬁg¢ﬁﬁ Penusgddrypéealiyr m and
m xed w t hageehykaBBolibaglabed Orfanfandih WildkidecanlicabeoYbRe BSaty, vel |

known in e art. Thus onyeni gnt to.in t e a ditive with
the dry cgﬁﬁoﬁﬁﬁggngfetﬁé°§é§ﬁqa% LA ?(ﬁﬁqﬁﬁﬁbéﬁgggﬁa ?8 ﬁ#?ﬁgthe
el ectrol ywéthPackeyledegblatktbeford mikiirig wdthr ehEypneﬁttylynea gsoportion

of SDOUL 0604019 Qb LaBHLI UEL T ! B LYnOBRYER- 04 O 1% and

nost prefer
lncorporate the additive with the dry components of the

cathode, or to introduce it together with the electrolvte.
Preferred quantities of additive are typically in a
proportion of about 0.01 to 2% w/w (additive/mix), preferably
about 0.04 to 1%, and most preferably 0.1%.

We prefer to introduce the addisive into the separator
coating. To do this, it is generallfﬂhecessa:y to adé the
addirzive and the gellant to the water before adding starch in
order to provide the least complications with regard to
uneven distribution. The coating ¢an then be applied to the
paper as described above, and the resulting separator is then
ready for use in an electrochemical cell. A suitable amount
of the additive of the present inventien to incorporate into
an electrochemical cell will be readily apparent to a man
skilled in the art. However, a suitable amount to add to the
separator, for example, is, with respect to the dry coating
weight of the coating, from 0.1 to 10%, more preferably from
0.5 to 5% and especially about 1.5%. It will be appreciated
that this method is preferable to incorporation of the
additive into the cathode mix, as it uses less additive.

Typical cells in which the sepaarators of the present
invention can be used include primary and secondary zinc
carbon cells, including those cells known as Leclanché and
zinc chloride cells. The electrolyte in such cells is
typically as follows: Leclanché electy¥olyte - 5-20% zinc
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W, prefer to introduce the additive intdo the separator coating. To do
this, it wo%masssval |y necessary to add the additive and t lpeTassdsargist o t he,
wat er before adding starch in order to provide the |east conplications with
regard to uneven distribution. The coatiyng can then be applied to the paper
as descri bed above, and the resulting separator is then ready for use in an

el ect r ochesAxgpide) |30-&W'éxzﬁkﬁrﬁm&bﬂﬁé hfeﬁaﬂg%ﬁy%?ée%hezﬂwsem

i nvention to, i nc r%iate into an el ectroc en ca e readily

apparent (P TP INF] ITe W 33% AREvER1ogida; t Ant &Y AWIPRIWD add to
t he separ atiiforids, exeentdnairmienivaterespsemet othée ﬁﬁytﬂsaélé\elwlﬂds& of

the coati f %. Jmre .prefera A L 0.5% and especially
about 1. ST (e G e BC e A HEERER 18 GRaRRnt SEo

i ncor por attisn Kfnddnpladf tBastanites @ind Faelbolellsx(edited bpeBavids

addi tive. pinden, dfgg {ggé,s MG 4y &31hhe sepaarators of the present

i nventi on can be Use primary an secondary zi nc carbon cells,
i ncludi ng those cells known as Leclanche and zinc chloride cells. The

electrolyte inmehraeld Sid SN ¢hle! ¥eparhebkeVe: tRE!BREdEne! ectrolyte -
5-20% zi nc. VWO 96/ 38

PCT/ G896/ df¥@ption can T used may also be of apy suitabl® 30- 40% anmoni um
chl ori de, ammcw ersuch s elund, deqﬁhﬁﬁtéﬂ ylge: 1‘.51&@5%3&& nc

chl ori de, n| 0 chl.oride, ter. nme, ot her suitable
cells for agds% | n%f a%p |dﬁ\(/1eﬁtesg§ %?gaagg‘é?b ‘FrP’E?] %r 5 of the
Handbook dmvRertisn @sls,m@ﬂmmde@elal seéédcowiaslltimwds@mmr peibl thded by
MG aw Hi linvention, o-Bﬁc_ﬁ-Fdllir i):‘%dé’@h@? L'E!Ehsﬁpf.‘é %?]:?doéstﬁ@s@f%ﬂt

i nvention can be used sul t uration, such as
round, sqiERReMEYtR errﬁfsll Fr?%?‘tsl Gﬁ E‘Slﬁhﬁ ﬁ%ﬁ%’é?% ¥%®%ecri bed above,

the present invention also provides a cell conprising a separator of the
i nvention, opti naII to et?’[ g ound as.describ above. when t he
cell contains a %%sergﬁ e{{e&\%p %urgggr provides a se&:‘.jmentata.on
test as descrzbed above, but it will be understood that the
concentration of zine chloride may be adjusted as
appropriate, and that any constituent of the separator

coating may be tested, as desired.

The present invention further provides a Low Drain
Continuous Test for an electrochemical cell characterised in
that the can i$ sealed but left uncd¥ared, a high resistance
is secured between the poles of the cell so as to complete a
circuit, and the cell is monitored as to its condition.

It will be understood that, in this test, monitroring the
cell is intended to ascertain whether the cell fails during
testing. The typical lifetime of a D~size zinc carbon cell
is up to about 10 weeks when the resistance is about 300 Q.
Other resistances may be used as appropriate, although 300 Q
provides useful results. An appropriate resistance for a C-
size cell is about 500 Q while, for .an Aar-size cell it is
about 810 . The omission of the bottom ¢over and the over
tube is to expose the can to a surrounding atmosphere,
thereby enhancing any failure that might occur, which is one
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The present invention further provides a sedinentation test as described
above, butvgdeastdsl be understood that the concentration opcgicRSssBieri de
may be adjusted as appropriate, and that any constituent of the separator
coating may be tested, as desired. The present invention further
provi des a Low Drain Conti nuous Test for an el ectrochem cal cell

char act er iysed ‘nga S ft Cove ed a, high
resi stance | sdsrgc J’k{)et v‘\%%% tbﬁn ? M% "'@elilrb ’tghggnﬁlcete a
circuit, SHEhthdaks 12 iveamsninoped agkz ofox sxampdiet.i on. It will be

understood that, in this test, nonitoring the cell is intended to ascertain
whet her the ce fails durlngﬁtest n Thet ical lifetipe of a D size

zinc carbon cel % PTEFERS ABTERCILR nERKER Jeleted BighcPradnabout 300
[err]. & uenmosnsarress fay aa asedtmcwdalr loﬁﬂle.,, %h&heusm %anerr]

d | t
b v 8 Ul Aty o0 00 0B R IS RS 1
oni ssi on éﬁcpwé%b?mﬁe@ovap -Te) ch‘eex)vmd talppine ba eheosant waldan to a
surroundi Bﬂ‘o&rﬁ.ﬁﬁiplﬁ%r %het gggeéxv&?hm&' "éhebba ey, Ui B4RE dhoht occur,

which is oOne
PCT/ | GB9/ BY$tube °n=° tne can so as to cover subgtapsisddywag much o6st can

be perforlmé banlﬁsv@ﬁk%abm@eﬁitﬁoﬂ %Esi&éﬁn% y;ﬁar §eb@s%aﬁbeck for
exanpl e. esenér’l nvent| furt her "provi des g Drain

Cont i nuou?e"f'g&m?of:hgnrgﬂ f"&%h%‘?ﬁ Ixe|gtoning &b cS%F-nQ pPEP&RBE| v
fitted wi ERMReBStuYM cD¥eferably20%si sedgbénpethng sellirar betewexls he top

cover and n ge;e¢a r
adrifb Ecgg"’ it 83%@1-&1'0 e@é Ctaetr.]z% §%ﬁa§ ?gecovggngu Stantially

thereafter, slidi n% overt u ont
as much ofleRETEAK §s 1985 sfuT Engi $¥erAgeliby segohdngheor esksbiieh, wei ghing

the resul Léaﬁa§€$em§h¥s 380t REidHENS My He AFFeRRbq! BYP2EALYIRg RRA&Terably
20[err] C, ﬁhlnggecell t intervals

wezg ing the over tube after storage or weighing the cell

without the over tube but with the resistance, or both.

Addition of the bottom cover during this test is particularly
advantageocus in preventing corrosion at the bottom ¢of the can

during the test.

A suitable resistance for this test for a D-size c¢ell is
3.9 Q and about 5 0 for an AA-size cell, and the test is
typically carried ocut for 4 weeks, teé,_é;:ing at weekly
intervals. The normal discharge lifeé'for a D cell is about 6
hours in this test until the cell becomes useless. Testing
for 4 weeks, for example, establishes now the cell stands up
tc abuse conditions.

The present invention will now be illustrated with
respecr to the accompanying Examples wherein percentages are
by weight, unless otherwise specified. The Test Examples are
followed by certain Test Protocols appropriate to the Test
Examples or which are not known in th& art. Unless otherwise
stated, the zinc¢ cans used in the present examples typically
comprise 0.4% lead and 0.03% manganese and have a wall
thickness of 0.46 = 0.03mm. The mix for the catshode
typically comprises 52% manganese dioxide, 0.4% zinc oxide,
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during storage if desired, and determ ning the anmount of electrolyte |ost,
during stwpaggsdey Wei ghing to establish | eakage. This | aptTigBogiuzng nay be
ef fected by renoving and wei ghing the over tube after storage or wei ghing
the cell w thout the over tube but wth,jhe resistance, or both. Addition
of the bottom cover during this test is particularly advantageous in

preventing corrosi on at the bottom of the can during the test. A
suitable regs aé)rbﬂaﬁ:é i1 8% %ch%ﬁi’oQ?éé $81ckson e3d gpd about
5 [err] for an -Slze ce is typicalTy carried out for 4

weeks, t edding <t Q@éﬁy"fﬁter\%ﬂ”@mﬁﬁe ﬁéiﬁﬁlaﬁﬁﬂm&l“fe for a D cell
i s about i fetiurdd)iin l@dordaiice WiehCgp-AUR0YPTES. usel ess.  Testing for
4 weeks, for exanple, establishes how the cell stands up to abuse

condi ti ons. The present invention will now be illustrated with
respect to the acconpanyi ng Exanpl eEZAMNPLEI b percentages are by weight,

unl ess otherw se specified. The Test Exanples are followed by certain Test
Protocol s appropriate to the Test Exanpl es or which are not known in the
art. Unless otherw se stated, t3ERE BION IRBST i n the present exanples
typically conprise 0.4% 1| ead and 0.03% nanganese and have a wall thickness

of 0.46 0.03m The mx for the cathode ty |caI I y conpri ses 52% nmanganese
di oxi de, 0.4% AhR BE&WF¥as performefdobycrandpg 1 g of test macerial

PCT/ GB96/ Q4B 100 ml of 26% or 46.5% zinc chlonde solu&fon and 6%
acetyl ene hl.ack anq:th 1.6%.zi nc chlori gelsol chl ori de

(wvy. § PR e arepd” 188 K BRed (Rasiting A HiedE 1l 1
EP- A- 30373% 45°C. The fixture was observed d;,’é‘er 13 wéeld/Pland the

results are shown in Table 1 below. ihe results show the %
swelling of the test material at 2, & and 13 weeks (2w, 6w
and 13w).

Zable 1

26% ZaCl 46.5% ZnCl
[inital | 2w [6w__ [ 13w | Inwal | 2w | 6w 5w
Stable Class 1 Highiv Cross Linked Cors Starch

National Vulca 90 5% 5% % 5% 5% % 1%

[ Nippon Starch Refining Celex % 16% | 7% % 1 15% | 20% | 2%
Roxjuette 2% 12% _13% } 5% % 7% 7%
{ Stable Class 1 Higbly Cross Linked Polato Starch i

{ Roquette Vector R140 - $% s% 7% -F
Vector R]20 5% 5% 14% -

| Unstable Class 2 Highly Cross Linked Cor Starch
Nippor Starch Refining Rongum (18% | 25% | 28% | 35% |22% | 38% | 42% | 46%

5% % 7% 7%
% e 4% | 14%

CE3 1

National Cleargel 1% {15% |18% |18% J24% [40% )80% |26%
| Stable Class 3 PVP Adbesive

| ISP PVP K120 _1100% | 10% | 100% ] 100% | 100% | 100% | 100% | 100%
Stabie Class 3 Methy} Cellulose Ether Gellagt -

Hoechst Triose MH200K 100% | 100% | 100% | $00% | 100% | 100% | 100% | 100%
Hoechst Tviose MHSO 100% | 100% | 100% | 100% | 100% § 100% | 100% | 100%
| Aqualon Culminal MHPC100 100% ; 100% | 100% | 100% | 100% | 100% | 100% | 100%
{ Courtaulds 1209 100% | 100% | 100% izx 100% | 100% | 100% | 100% | 100%

{ 100% | 100%

| 100% | 100%
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The test was perforned by mxing 1°'g of test materi al with 100 m of
26% or 46. woéhffge Chl Ori de solution and all owi ng the PeTiEESch18 R st and.
in a closed neasuring cylinder at 45[err]C The mxture was observed
over 13 weeks, and the results are shown in Table 1 below. The results
show the % swelling of the test mattérial at 2, 6 and 13 weeks (2w, 6w
and 13w). Thabl e | 26% Zncl [err]
Initial 2wEeY¥ 6w 13w Initial 2w 6w 13w Stable Class 1 Hi ghly

Cross Linkedaggarn: Stakéle or ndoéweIbing/ e sBA1l changes withS¥me% 6%

6% 5% S% on Staregh Refin 4%
6% 7%  SIR3E 35 1é%““—‘ ;ﬁ%‘alzqﬁ %@é‘a dnereasing Jsediflne wisho o
2% 2% thine 7% 7% Stable Class 1 Highly Cross Linked Potato
Starch o] 1 5% 7% 7% 5%

Roquet t e Vec?g RXS% &nd égmp’s%fe 9e€°}1§‘é 14% 14% 6% 7%  14%
14% Uﬁ§P§EF-’e cnas§o,’kourgqh§nq; oss L| nked St ach Ni ppon Starch

Refi ni ng F@ﬁg':'.able 15&/@1035%;1“3%2/ % 38% 42% 46% CE3
Nati onal C earge % 15% 18/o 18% 24% 18% 24% 40%
80% 26% St able O ass 3 PVP Adhesive | SP PVPK120

100% 10% 100% 100% 100% 100% 100% Stabl e Cass 3 Methyl

Cel I ul ose 100% 100%

1005 1085RRAE0897 D608 RN T8t2FrRose M50

100% 1009%21688%80100 100% 100% 100% Aqual on Cul mi nal MHPC100

100% 100%4310Q% 100% 100% 100%  100% Court aul ds 1209 100%
100% 100A) 100% 100%: ' 100% Unst abl e .Gl ass 3 Natural Gum
(deconposeBegueEFRg 3Bdlage) Ni ppon StarcH Refing Ki progum

100% 100% 100% - 100% 100% 100% Unst abl e C ass
Sol ubl e Ctg ati onal | nstan
Pureflo . cAcadvi mo L 3 100% WO
96/ 38869 Roquette (Vector xlzo or R140) PCT/ 6896/01318

15 Class 1: Little or no swelling and small changes with tine

Unstable Class 2 Coxn Staxch
Rongam C.‘_EB
Cleargel

Stable Class 3 Gellants

Methyl Celluloge Ethers :—
Tylose MH200K
Tylose MHS0
Culminal MHPCI100
Courtaulds 1209

Polyvinylpyrrolidone
Instant Pureflo
Kiprogum
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Cass 2: Song initial gelling and'increasing sedinent wwth tinme Cass 3:
Rapi d andwapdasssy gel | ing. Stable: no col our change Unst aghrceeeoingr
changed with tine Results stable Class 1 Highly Cross Linked corn Starch
Vul ca 90 Cel ex Roquette 2211 St abl e (Psass 1 Highly Cross Linked Potato
Starch Roquette (Vector R120 or R140) Unstable Cass 2 corn Starch
Rongum CE3 d ear gel Cel l ul ose Ethers: -
Tyl ose MS200K

Stable C as%s Met hyl
0

Cul m nal MHPC100 Courtaul ds 1209
Pol yvi nyl pegtehide st ShaDbE € s Wi | GEA Y a S Sl &, rogum
WO 96/ 38869 ) _ '
16 High Degsitv Conginucus Tests

Separators were made up as described in the Test
Protocols and were tested on both the LDCT and HDCT tests for
4 weeks (4w) and 7 weeks (7w} respectively. In Table 2, an X
indicates the absence of a substance, while the figure
associated with each individual ingredient is the % by weight

of that ingredient in the dry coating preparation.

Separater coating contains components as indicated beiow.
Stable | Stable | Stable |Unstable| Unstable |Unsiable
Class1 | Class3 | Class1 | Class2 | Class3 { Class3
Highly | Methyl | Highly Moderate] Gum | Soluble
Cross [Cellulose! Cross | Cross Starch 4w 7w LDCT]
Linked { Ether | Linked | Linked HDOCT
Com Potato | Com _
Vulea 90| Tylose X X X X 1.6g 21%
$1.3% |MH200K|
8.7% _
Vulea 90, X - X X iKiprogum| :X 1.5g 40%
95.0% §.0% '
X Tylose | Vector X X X 1.9¢ 80%
MH200K| R120
8.7% | 91.3%
Vulca 90; Tylose X [Rongum X X 1.6g 100%
45,7% MH200K CE3
8.7% 45.6%
X Tylose X  |Rongum X X 1.5 100%
MH200K CE3
3.7% 91.3% g
Vulca 90f X X {Cleargel] X |[Instsat| 20g 90%
75.1% : 18.8% : Pirefio
| 6.1% :
X X | Vector |Cleargeli X  |Instant| 2.2g 100%
R120 | 18.8% Puréflo
75.1% 6.1%
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Testing Conbination of Starch and 'Gelant in Low Density and
Hi gh Den¥WN096:3886% i nue Tests Separators were nade PET4BS6Ie38 i bed i'n
the Test Protocols and were tested on both the LDCT and HDCT tests for 4
weeks (4w) and 7 weeks (7w) respectivelyr. In Table 2, an X indicates the
absence of a substance, while the figure associated with each individual
I ngredient is the %by wei ght of that ingredient in the dry coating

preparation. a r. coati C fs as indicated
bel ow Cl ass 26% ass af%qpé assq‘f C?gsggg ﬁ% %é‘% %np%n%% Hi ghly

Met hyl Hingressamersa eraide aSbighliy cz@&@kﬁlsuuﬁe asCrao a3 oxCr 0SS
Starch  ddpor/and Bal thé—'&i‘&eéoaﬁ.ﬂ? Qi‘f@:.ml—' nl@ starches are HDCT
Corn Potat.o Corn Vul ca 90 ose X

1. 6g 72X in ol %‘%“rs‘ﬁzmtm prepagag VUVE%’:I?)O”Q 139‘ hi;ghly X  Ki progum

X 1. Grossl 400eD5 . tHen thesg should cmgg:bie Wanmzo r)iallyg)ZIJ?eQ&O/ 91V§oc/tor
. 0 . 0

le ca 90 1"3’?‘&56" of ‘é&‘h&f?ﬁ C%"ﬁmg prgparaliqfe,  100% 45. 7% MH200K
CE3 8. 7% 45.6% X Tyl ose X Rongum X X
1. 59 100% . MH200K CE3 8. 7% 91. 3% Vul ca 90
X X  Ceargel X | nst ant 2. 0g 90% 75. 1%
18. 8% Pureflo 6.1% X X
Vector Ceargel X. Instant 2. 2g 100% R120 18.8%
Puretflo 75. 1% 6. 1%

EXAMPLE 3

0f

Separators were made as described, and the results of
various tests are shown below in Table 3. The separators
{designated as Sep. 1 ~ 5) were made from:-

Sep. 1. Stable Class 1 Highly cross-linked corn starch Vulca 80

Unstable Class 2 com starch Cleargel
Unstable Class 3 scluble starch Instant Pureflo
Arylsulphonate Nz Toluenesulphionate

Sep.2. . Stable Class 1 Highly cross-linked potatg starch  Veector R120
Stable Class 3 Methyl Cellulose Ether geflant Tylose ME200K

Fluoropolyoxyethylene Ether Forafac 1110D

Sep.3  Stable Class 1 Highly cross-linked corn starch Celex
Unstabie Class 2 com starch Rongum CE3
Unstabie Class 3 gum gellant Kiprogum
Additive free

Sep. 4. Stable Class 1 Highly cross-linked corn starch Vulca 50
Stable Class 3 Methy! Cellulose Ether geﬁant'i'ylose MH200K
Tnmethyl Alkyl Ammonium . Cetrimide

Sep.S.  Stable Class 1 Highly cross-linked ¢or ﬁaﬂh Vulea 50

Stable Class 3 Methy! Cellulose Ether géltant Tylose MEH200K
Coconut Polyoxyethylene Amine Crodamet C20
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WD, 96/ 38896 . ' ' .
PCT/ GB96/ ommsse 17 PCT/GBS60E318he
above Table, it can be seen that it is necessary to provide a highly
crosslinked starch as a major conponent i@ the dry coating preparation. If
starches are used in the coating preparation which are not highly
crosslinked, then these shoul d conpri sEABLES antially | ess than 50% of the

dry coati reparation _ EXAVPLE 3
Separat ors| ver e IMERIDCTS| UDET | Gasking ([ FresIEPéES Ul Rr@stPSCAY PGS firce RfdF ©

shown bel in Table 3.} The spparator|s (designdted as Sepjsuigse(Bo¥%EL.R. Rde
from - ‘11 1.98 D] S60% 2p231% 11 91 100% 055" ||5%§u cor IW% 90

Unst abl e eat-oe Hrst-abt-e
Class 3 s _éja)éélhb a}g% qu/p\cf an]fosélr ofl 0.6A 99/&, \/cul nhnnag e
Na Tol ueng a8 I:QQ,% 217%; ol 99% as< m%hl Vi i 196% | i nked pot At o
Vector 12( Sep.4 1148 [Sti0% el 30%6s 3 98%y| CdIS.TAose Ht B3%gel | ant Tyl ose

MH200K Sep. 5 | 1.7d uok oyosbypxs0% hyllangyEt her |6 3A 108%or af ac 111pD
Sep. 3 Sﬁ'ﬁle_d_a?s T H gny Cross-TTNRed Corn™srarcm—Cerex

Unstable Cass 2 corn starch Rongum CE3 Unst abl e
Cl ass 3 gum gel | ant Ki pr ogum Additive free Sep.

4. Stable O asstd thghdyows ortbld, Nl azatdrsawas tiibBaalOrhe

Stabl e C ass uJ o Et her_.gel | ant Tyl gsge MH200K ‘
Tri net hyl ﬁﬁ(arl‘&%nioh &% the gassing 5: n¥'8§ ge—‘-’%ﬁﬁ?"ﬁ. 1 ¥%ble dass
1 Highly cr@égamamem@cﬁmmmmmawme performanSeabést€l ass 3

Met hyl Cel I ul ose Ether gellant Tyl ose MH200K Coconut

Pol yoxyet hyl ene Am ne Cr odanmet C20
can be seen that, especially in the gassing test,

separators of the invention perform better and that the best
separator incorporatesd a polyoxyethylene amine.

Various additives were tested in combination with

various separators <¢oated with various starches and gellants
in both the LDCT and the HDCT tests.- The results are shown
in Table 4. '

It can clearly be seen from the results that highly
cross-linked starches and methylcellulose ether are
preferable as coatings in these tests, while polyoxyethylene
amines are preferable to the compounds of the art. The
tallow compounds preferably have polyoxyethylene side chains
which are at least 10 units long, and preferably at least 40
units long, on average. :
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WO, 96/ 388649 . . PCT/ GB96/ 01318
18 TABLE 3 HDCT LDCT Gassing Fresh
Perf. Fr as0 988869 Per f or mance after PCT/GB96/01318 ;
13w/ 45C/ 50%r.h. Sep. 1 1.9¢g 60% 231% 100% 6. 2A 190/0
Sep. 2 2.69 78% 100% 103% 6. BA 99% Sep. 3 4.2g 100%
217% 99% 7. 0A 106% Sep. 4 1.4g 30% 140% 99% 5.7A
93% Sep.5 1.2g {[TO% 9oy I0Z% LSS /Y I TOS? n the
above Tabl e, Separfator 2 jwas t.edggrg t e staadard (0100% in thelgassing
test, and Separatdr 1 was 1gtklﬁlhb3§8 8t alnld q,gj,qo%w,@e pef f or mance
tests. It dan be sle¢®: that, especia est,
separators of the inventiogg%«’r#&mwﬁer al@ that the best sepgrator
i ncor poratesd a pqdlyoxvetih 3§rﬁh5° Conparison Testind of
Conbi nations of Addijives and Various additiveg ypere tested
I n conbi nation w tjh &arj qu$ & g £§§§oa§ej with various stanches and
gellants in both tthg LECT and tHhe "HDCT tests| Eheere s-ul-g% r#hpwnm
Tabl e 4. | t n&:lear% érom h€‘?§‘suf"t‘§ na Moply
cross-linked starghes @d pe gésgg@ e Kjtner are preferabl efap coatings
in these tests, wjida follybxySHYITERE
_ o | BERERERE g
3.8 | 777 | Ezaszs3e2 3
53- s o .
R - * i
333 | "EESREERE 3 ||
B, | [ERE B g
2z . ES 2 = 3
2
¢ | SBEERRESE ¢
g . 25303393 3
3 £3 o 2
I 30| azgsgsges §
¥ 2EERELELE &
g “EIIEss2En 2
g‘ N e = 0y -~ -
i BESEEEEEE ¢
ga:é pe) ngaﬁ g
%iééé- 8,.3z058 § ggﬁégggg :
£33 8,.28558 32304 =
| s | Fe
2E29Y | 332332 2 Eoec®
83339 | < £FEO2 ZYLEE
§3§§§ £efit 1%5%
Ss8¥° FEL . 2 5832
=$23%° 3 3 LE ;& et
gygsﬂ. o § é = 2 g ggsg
3 &k : 5 if £ E E=Sgp
£ 29 |18 £ ¢ £ 5 £ £ fEs22
- = 3 [ ‘5".,"
“ 3l 18 il L)
> [Bg £ 3 B3E P E.gEis
3 fpdee e 3 sRqfEE
§° 3§ 935ii37 |88 BgSBiiii
3y jE13d408 |35 i5i3sils
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am nes .are preferable to the conpounds of the art. The tallow conpounds

pr ef er abl wihssmssgsol yoxyet hyl ene side chains which are at |m393ﬁlﬂﬁl ts
| ong, and preferably at ‘| east 40 units | ong, on average.

96/ 38869 20

PCT/ GB96/ 01318 19 [err] WD 96/ 38869

PCT/ GB96/ 01318 20

Test Protocols Preparation of SW The first step in the

preparation of a separator is to prepare the paste to be used for the
coati ng ofptémaraik d ons used in the present Exarrpl es were as

foll ows:

Mg e
Organi ¢ Additive f:(rs: s%&éﬁn&h%eparatidﬁ 8% 2 sepa@F?ﬁn{.s Lo
(e.g. Tyl REepapoorie pasts tiobe usedSifancithe coating of ¢Begpapertca 90)

32. 1% The AdtREI IELdds, Ned q,p@ﬂgm?r%ﬁgggl fg*g_g?%gg ‘g%g?ngoup the paste.

These were S, fol |l ows: Paste Met hod rs of the
Exanpl es) followsyq the organic additive and gellant to water and m x,
usi ng a hi gh sheptegn xer, such as a Silversen type mxer (Sghvegsen I\/achi ne

M xer Emul sifier Mdel : Placetheresultlng mxture in a

paddl e mi xer, a“f%tf'&r i xe‘re GadGTPRBMEE F3R) and ni%-3Wtil a

snoot h paste i sellant (e.g. Tylose MH200K) 3.1%
Starch (e.g. Vulca 50) 32.1%

PRI RN GRS

Three methqu were commonly emp}.‘byed for making up the
paste. These were as follows:

Baste Mathod 1 (Used for the separators of the Examples).
1. Add the organic additive and gellant to water and mix,

using a high shear mixer, such as a Silversen type mixer
{Silversen Machine Mixer Emulsifier Model L2R, UK).

2. Place the resulting mixture in a paddle mixer, such as a
Hobart mixer, add the starch, and mix unril a smooth paste is
cbtained.

Raste Method 2

1. Add the gellant to the water and mix in a paddle mixer,
such as a VMI mixer (Rayneri Model RE001, France).

2. Add the starch and continue mixing.

3. Add the organic additive and continue mixing until a
smooth paste is obtained.

Baste Method 3

1. Mix the powders together. .

2. Add the mixed, dry powders to cﬁe water and stir in a
paddle mixer. | '

3. Add organic additive and continue mixing until a smooth
paste is formed.
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obt ai ned. Paste Method 2 1. Add the gellant to the water and mx in a
paddl e m %M'l as a VM mxer (Rayneri nodel R6001, Fpgpesbenidis Add -

t he starch and continue m xing. 3. Add the organic additive and continue
m xi ng until asrmoth paste is obtained Paste Method 3 1. M x the
powders together. 2. Add the m xed, d‘ﬂ/ powders to the water and stir in

a paddie mxer Tgﬁr%g\dgrga@@m o iy e Bhdag ORLL WE-II AP N1 @

snoot h paste is
PCT/ BGO6/ 0id¢Btical, .and any method is suitable2l The end products of
these nethods are virtually identical, and any nethod is suitable.

The separator paste is then coated onto t he paper. The techni que used in
the above ExanpFag $EPIFRRRM RARSL I é&eﬁaﬁéﬁtS&%‘é‘h the Paeers TR apart

3% a gr edegrﬁémf@ﬂel | Ot Sé@NExe u{e Qikidste 1@4 gzasdefth@ 9% ¢lpsl @Méc?g wei ght
en dry er ers are su set so e n in opppsite
di rect i onsE2RF% ?P?'ﬁ‘ﬁe?’%r%‘? or?ﬁlq%r sﬁfnﬁpﬁﬁga%gtﬁsgre#j@ ’d%? coati ng
machi ne i sdimt@dw ﬁhxmrde:( &mmﬂdeoth%dasﬂgem&mMgHﬁWhéﬁK) .
The dry cogiing ur rlL.( it e; gsmare 40
(for D cel ;3 %for cel s%ﬁ_(#%&%”%%ﬁ; %ﬁ\ ggg} 5’%& ﬁm he coated
paper in t¢ppadbve @;xngﬁxpns;twwﬁh(nheeaoawanérro@1GWerunn$ngmﬁaatQ§x}-14oc
and/or by £t£ak&1d"coaring machine is made by Dixons (Dixons Pilot
Coating Machine Model 160, UK). :
The dry coating weight is measured in gn~2 (gsm).
Suitable gsm are 40 (for D cells), 30 (for C cells) and 20
(for AA cells).

The c¢oated paper in the above Examples is then dried

either by oven-drying at 100-140°C and/or by steam drum-
drying at 100-150°C.

1. Cell is manufactured as above. "I‘.’he bottom cover is
added but no gvertube.
2. 3.9Q resistors are soldered between the cover and the

top of the can adjacent the cover. Cells are weighed (w1}
3. Overtubes are weighed {(w3)

4. The overtube is pushed on cell but NOT spun in. The
cell is weighed (w3).

S. The HDCT cells are stored at 20°C for 4w. The noxmal
discharge life for D on a 3.90Q test ig ~-6h. 4w represents
an abuse test to simulate a consumer ieaving equipment
switched on.

6. At weekly intervals {lw, 2w, 3w & 4w) 1/4 of the
original cells are removed and measurements are taken. The
complete dischaxged cell is weighed (w4).

7. The overtube is removed and weighed (ws).
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drying .at 100-150[err]C. HDCT (H' gh Drain Continuous Test) 1. Cell is
manuf act ur Wé %&88ove. The bottom cover is added but no ov@CTGRISODBIE
3.9[err] resistors are sol dered between the cover and the top of the can
adj acent the cover. Cells are wei ghed (whkd 3. overtubes are weighed (w2)
4. The overtube is pushed on cell but NOT spun in. The cell is weighed

(W3). S 3he HpRE restlsingecelDrefirtisdidddd Celsdordy stheinenBle

di schar ge I& w%?é %%oq a,3.9[err] test is -6h. 4w represents an abuse test
to simulate*8 ﬁ F8l Vi ng equi pnent switched on. 6. At weekly
intervals (3w, 2The3#D&T4lpakadeocistwe orwyi nal -cells are renoved and
nmeasurenents are taken. The conpl ete discharged cell is weighed (Wv). 7.
The overtube is renoved and wei ghed (w5h). WO 96/ 38869

PCT/ GB96/ 01318 22 8. The

resulting c ' S i iy i ntact I's wei ghed (we6).

9. The HDQI | ea agﬁ LS W6 -_Wwl. (Low Drain Continuous Test)
1. Cell is nanugﬁ u?%dmégugiiﬁ¥53¢kﬁslﬁ??PQWD Fert SRFEoer bottom; gougged
and No overisibgdded and.NO SO&f€ld. resi stors are sol dered betmeen t he
cover and t (o] o t cover S are
noni tored a weei??/hl At g%ﬁ% £s QP aggigggpgan#a ween %uf’&vﬁé P‘ﬁ’geﬁ
lifetime fotom ©fcthe oanaadﬁﬁﬁent]thexnover. This test is a S|nulat|on of

a cell being use@eg saa$éwﬁbnltor§hﬁ 'éﬁkgl e%§§@ai§ gpckgc fveghl?hls

failure is mhen oratron or
woul d al | oWe% ¢h?% the remmat ?ﬁ}mﬁ f°¢bﬁeﬁh9&ié P&lﬁuﬁeoﬂhéﬁsén a |l ong

duration teshis test is a simulation of a cell being used on a long
duration test such as a clock.
4. A failure is when perforation or splitting of the can is
cbserved. This would allow O2 into the cell causing
premature failure when on a long duration test.

SCA_Test

The cell is shorted and the current passed is measured
on zero (very low) impedance meter. The resulting
measurement is the SCA (Short Circuit Current) of the cell.

LEC Discharge Pexformance Tasts

These are Industrial Standard tests which are measured
on Fresh cells (1 - 2 weeks at 20°C) and Aged cells (13weeks
@ 45°C and 50% r.h.).

Gassing Test

Cells are not fitted with a sealant or closure, allowing
gas generated in the cell to escape. Cells are sealed in a
glass container ficted with a stopper and a glass tube. The
containers are immersed in a water bath at the required
temperature. The open end of the glass tube is placed in a
watey bath and a water-filled graduated gas tube is
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SCA Test i The cell is shorted and the current passed is neasured
on zero (VWOPSR8RE | npedance neter. The resulting me aBCF/GCBENI3NSS t he -
SCA (Short Circuit Current) of the cell. | EC Di scharge Performance
Test s These are industrial Stangard tests which are nmeasured

on Fresh cells (1 - 2 weeks at 20[err]C) and Aged cells (13weeks [err]

45[err] C ange g9 bnéa) ro collecékﬁﬁy'ﬁl'T%§bm the tuber|+ﬁ%2& *HE detted

with a sealant or closu enerated int

escape. Cel §85,geneEa} ??1%Pas“r%ﬂz£¥$zbéﬁt He&r fitted with a stopper and
a gl ass tube. The containers are immersed in a water bath at the
required tenperature. The open end of the glass tube is placed in a

wat er bath and a water-filled graduated gas tube is WO 96/ 38869
PCT/GBQG/OEGQBIQEiﬁ&J!&E: positioned to coll ect

any gas from theytibeeaydle #6140 & m%stsngig{e °0ni Sr A Bk oyt 30

days. Cbrr05|on t al ner zinc chloride

sol ution CW&?WWOO o&% AL 2 ptentiial inhibitor. SFwrips 3f harwexy
zinc alloy g{fci#DEspeshré Nl Uln AhedBe1hBEoK0RLAT 0I6E c&i@&ﬁ% 0

exclude air.,The. test men, i s ored at 45
exani nat i oncbPS ?‘ﬁe‘%t?’?‘%‘e‘f‘g& fife af &’1? WESEI §p¥ﬂﬁ$vﬁ SEORPL 13T pégabaﬁ'e
assessed by 4 criteria: ) General attack;
Visual examination of the stxip is made at 3-weekly
intervals and strips are assessed by 4 criteria:
1, General attack;
2 Small pits (<0.1lmm);
3. Large pits (>0.1mm);
4 Uniformity of corrosion. _
Each criterion is measured on a scale of 1 (low) to S
(high}. The scores are totalled, and the overall score is
the corrosion index (CI). Controls are performed using no
potential inhibitors.
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2. Small pits (<0.1nmm; 3. Large pits (>0.1mm; 4. Uniformty of
corrosi on.WOS6/3886Fach criterion is neasured on a scale of fCticBgoI3E 5
(high). The scores are totalled, and the overall score is the corrosion
index (Cl). Controls are perfoned using ng potential inhibitors. WO
96/ 38869 ’ PCT/ GB96/ 01318
24 Caimseiaiks A coated paper separator for el ectrochenical cells,
characterised in that the coating conprises a highly crosslinked starch
and an etherified cellulose derivative as a gelling agent. 2. A

coated papel.separ azbatedcsapdingeb@rsted NFdr éﬁéﬂﬁid&hémyéalokehh% starch

and t he geII are.su al | stable over ti t he presence
of an aqueouéggaggggﬁfgﬁlag géﬁ?uﬁ* gst COMRTFSEEd 2p epar at or
accordi ng toroBalunkedrsZarchhanélmntémhéwxﬁﬂed(ﬁétaﬂlb@h66m&h&%¢hvbsas
sel ected er"bEEiz grggg Eon5|st|ng of corn, wheat and potato starches.

4. A coat ed” paper separaf or accordlng to cIa|n13 wherein the highly
crosslinked starch is corn starch. : A coated paper separ at or

according tg. clahnbéaggdZPapgpeg gggirgégq gﬁ;%iitagﬁggei nCorn

starch sel ecte fro Vul ca 90, a 84
coat ed papeP® EgpaFaF staorhi ¢ tEP%IQR#ﬁ%PQNaﬂEnt ﬁﬁ@réﬁhsﬁﬁéthﬁéﬂvy

crossl|nkedssahkehovﬁrpeiﬂéoxﬁtﬁhéfpréééﬁﬁé(Ei'&hpﬁhMQQEQrzBﬁéocﬁﬂérYEQtor
R120.
solution.

3. A coated paper separator according to claim 1 or 2,
wherein the highly crosslinked starch is selected from the
group consisting of corn, wheat and potato starches.

4. A coated paper separator according to claim 3, wherein
the highly ¢rosslinked starch is corn starch.

5. A coated paper separator according to claim 1 or 2.
wherein the highly crosslinked stareh is corn starch selected
from Vulca 80, Vulca 84, Celex angd Lab 2211.

6. A coated paper separator according to claim 1 or 2,
wherein the highly crosslinked starch is potate starch
selected £rom Veetor R140 and Vector R120.

7. A coated paper separator according to ¢laim 1 or 2,
wherein the highly c¢rosslinked starch is Lab 2214 wheat
starch.

8. A coated paper separator of any preceding claim, wherein
the etherified cellulose derivatives are selected from Tylose
MHZ00K, Tylese MHS50, Culminal MEPC100 and Courtaulds DP 1209.

9. A coated paper separator ¢of any preceding claim, wherein
a 2% w/v aqueous solution of the ¢coating at 20°C has a
viscosity of less than 3000 cP.
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7. A coat ed paper. separator according-to claim1 or 2, wherein the

hi ghly cr | starch is Lab 2214 wheat starch. 8.. A paper
separ at or%ééggﬁéggrecedi ng claim wherein the etherified %(ﬁﬁﬁ%é’z 8
derivatives are selected from Tyl ose MJ200K, Tylose M50, Cul m nal MHC100

and Courtaul ds DP 1209. 9. A coat ec?spaper ‘separator of any preceding

claim whergin _.a 2% w Vv aqueous solution_of the coating at 20[err]C has a
viscosity df1eds ctormd:g@@gegp_separac% 36/ FWggFeceding claim, wherein

PCT/ GB96/ 0313 w/v aqueous solution of the etkdriflilhad AeQQatiegepaper

separ at or recedi i wherein, . a 2%.w v aqueous sqglutiqn of the
et herifi ed(gceé% utg%% gger%i%\;,?t ?\7‘? &t vﬁﬁ?%?ﬁ{‘ sbeac"(ﬁ | gP en
about 20 ardouthd@®O IFQ CcP. 11. A coated paper separator of any
preceding claim wherein a 2% w v aqueous solution of the etherified
cellulose _derivative at 20[err]C has a viscosity of between about 50 and
100 cP. il> A coated paper separater of any preseddnggcdrimm whesednn

the etheri g&l Wkl WeaeoudcBbuative bf ERL R {TIAE celyteshst Tyl ose H
echst, Tyl ose ydr oxve cellul ose echst Tyl ose
50 Hoechsfieélvggé”ﬁl—lafogoogﬁgéﬁs? ‘fﬁ‘c')%%i“}il Q%G@“ﬁ%‘c uty FEs82FH 300
100 cp.

12. A cocated paper separator of any preceding claim, wherein
the etherified cellulose derivative is selected from:
Hydroxyethylcellulose

Hoechst Tylose H 20

Hoechst Tylose H 300

Methylihydroxvethylcellulose

Hoechst Tylose MH 50
Hoechst Tylose MH 200
Hoechst Tylose MH 200K
Hoechst Tylose MH 300
Berol Modocoll E 20

Bercl Modocoll E 100

Na Cagboxvmethylcellulose
Hoechst Tylose C 30
Hoechst Tylose C 300

Methvihydroxvpropylcellulose R e
Aqualon Culminal MEPCS0 ““ |j||l|ﬂ[lﬂ||lﬂs| “ l“l
Agualon Culminal MEPCL00D

Dow Methocel R4M (200)

Courtaulds HPM 100 DS

Courtaulds DP 1208 (100)

Courtaulds DP 1209 (50)

Methvicellulose
Aqualon Culminal MC25 S
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Berol Mddocoll ,E 20 Berol Modocoll E 100 Hoechst Tyl ose C 30 _Hoechst
Tyl ose C WW96/3836% hyl hydr oxypr opyl cel | ul ose Aqual on Cul MEFENaRHE0
Aqual on Cul mi nal MHPCL100 Dow Met hocel K4M (200) Courtaulds HPM 100 DS
Courtaul ds DP 1208 (100) Courtaul ds DP 26209 (50) Met hyl cel | ul ose

Aqual on Cul minal MZ225 S WD 96/ 38869

PCT/ GB96/ Oha&lon Culmnal MCAO 26  Aqual on Cul m nal M40
Aqual on Cul m n: (3 § t ocel A4AM (200) and Courtaul ds MWROP.

13. A coat @‘(?ur? pé‘r sep ﬂator any preceding claim wherein the coating

conpri ses @mmmdainﬁééﬂ d@toéd #pdm Vulca 90" with Tyl ose MH200K, Vul ca
90 with TylQsgvaMIH: ol ca 90 with Courtaul ds DP 1209. 14. A coated
paper separator of any preceding claim wherein the proportion of highly

crosslinked starch to gelling agent is from35 : 35 to 100 : 35 by weight.

15. A coatag ,paperco%ﬂw mm@epadhngrtofcbaynpﬁdcem etXmim hevipgopiort i on
of Nighly QS YU Yele¥loled 9°LbhBEnd0ebh sbfedddd BRI WicSD40 S
with Tylose MH200K, Vulca 90 with Tylose MHS0 and Vulca 90
with Courtaulds DP 1209.

14. A coated paper separator of any'preceding claim, wherein
the proportion of highly crosslinked starch to gelling agent
is from 35 : 35 to 100 : 35 by weight.

15. A coated paper separator according to claim 14, wherein
the proportion of highly c¢rosslinked starch to gelling agent
is from about 20 : 35 to § : 1.

16. A coated paper separator according to claim 14, wherein
the proportion of highly crosslinked starch to gelling agent
is about 10.5 : 1.

17. A coated paper separator of any preceding c¢laim, wherein
the paper is selected from Enso 80, Amatfors 57, Sibille
Dalle 64, PDE 100 and PDE 70.

18. A test for a starch or a gelling agent used in the
manufacture of separators for electrochemical cells,
comprising addition of the starch or gelling agent to an
aqueous solution of zinc chloride and ¢bserving the condition
of the starch or gelling agent over time.

19. A test according to claim 18, wherein the agueous
solution of zinc chloride is at a ¢oncentration of 25%.

20. A test according to claim 18, wherein the agueous
solution of zinc chloride is at a concentration of 46%.
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16. A coated ,paper separator according to claim 14, wherein the

propoftionwgb@ﬂgghly crosslinked starch to gelling agent perepswizk0. 5

1 17. A coated paper separator of any preceding claim wherein the
paper is selected fromEnso 80, Amatforssp7, Sibille Dalle 64, PDE 100 and
PDE 70. 18. Atest for a starch or a gelli'ng agent used in the

manuf act ure29f sgp8est Oa&cdPRind € rAEINIG! 19ebkS20, COREE&Hh NEn@ddi tion

of the starch or gell%ng.a en% to an a%a ous sglution of zinc chloride and
obser ving { AESEBHA| FPOHEAER ¢ her S R Gerfi REPEGBR A CHEPPETAEITS S0, A
test accor dah¥f tduming ks testsr ei n t he aqueous. solution of zinc chloride
Is at a concentration of 25% 20. A test according to claim 18, wherein
t he agueous solution of zinc chloride is at a concentration of 46%

WO 96/ 3886922 . A test according to any of claimspiff/ BRo%loIwherein the

27 21, A §eehr86806£ll fiRe t oSt i gN1IB webks0r 20, wherein the aqueous
solution of zinc chloride is kept at a tenperature of 45[err]C during the

test. 22. A test according to any of clains 18 to 21, wherein the
duration of23he Aeléwidrdinvesksinuous?tesh foy dnaebegcerbimemital eséllor an

el ectrocheny¢al L. C | sed i _that n..s I ft
uncover ed, n%ﬁgﬁ?éﬁLFﬁgg‘g%%céféés S‘sel%aec lfrraéxd *Be %ﬂggﬁata}ﬁ‘éé p%%ﬁé %?cc?ﬁ%r%% 1% so
as to conplbigharesistance aigl seruxasd betwegpntherpdles ¢H the cell so

as to complete a circuit, and the cell is monitored as to its

condition.

24. A test according to claim 23, wherein the high
resistance is selected from the group consisting of 300 Q
for a D size cell, 500 Q for .a C-size cell and 810 Q for an

AX gize cell.

25. A test according to claim 23 or 24, carried out at 20°C.

26. A high drain continuous test for an electrochemical
cell, a low resistance being secured between the top cover
and a point on the can wall proximal to the top cover and,
thereafter, sliding an overtube onto the can so as to cover
substantially as much of the can as possible without
dislodging the resistance, weighing the resulting assembly,
storing the cell at ambient temperature, weighing the cell at
intervals during storage if desired, and determining the
amount of electrolyte lost during storage by weighing to
establish leakage.

27. A test according to claim 26, wherein the cell is fitted
with a bottom cover.

28. A test according to claim 26 or 27, wherein the test is

| AR
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condi tion. , 24. A test according to claim23, wherein the high
resi st ancwoiss/sges®ect ed fromthe group consisting of 300 [ #cricesémrsig D size
cell, 500 [err] for a Csize cell and 810 [err] for an AA size cell. 25.
A test according to claim23 or 24, carpged out at 20[err]C 26. A high
drain continuous test for an electrochemcal «cell, a |low resistance being

secured bepgeem ! best 08cE6¥@Lng XYl P U c1alinls26CaR7VBL! 281 O¥hRL; kO the
top cover agd, theéeagtei,_slldlng an overtube onto the can so as to cover
subst ant i aF?y FEOPRERCH SLRECEANER IRatsidnrdng skogagedis| deserpinee

resi st anceby vei giimar i benr petivédn L 10s Wdlignt ofSkhel Boekbabecbksateaghizent

t enper at ur i 'pg he cell at intervals during storage if desired, and
deterniningf%%g g%%nu “of electrolyte |lost during storage by weighing to

est abl i sh | eakage. 27. A test according to claim26, wherein the cell is

fitted wi ’ . ikng..t gocCl A 7,
wher o 1 {1 ook %%wf%%%%%%g 5 25 o 13968 F(o 200 RhRLERRkn
PCT/ GB96/ (¥aaght oboelectralywr dnsh Mipnisigasroshgel dsndepermitedr besa

wher ei n t heomp@réo® bt weds Obnd GrdiQte G ithe $24aQgchdudetaLm ned by a

conpari son_between t he weight of the overtube before and after storage.
30. A test°‘é%"c¥\}§%? rﬂef%r%ngﬂ%fa F FECFX®%€o 29, wherein the anount of

el ectrolyte lost during storage is determ ned by a
31. A test according to any of claims 26 to 30, wherein the
amount of electrolyte lost during storage is determined by a
comparison between the weight of the overtube before and
afver storage gnd by a comparison between the weight of the
cell without the overtube before and after storage.

32. A test according to any of claims 26 to 31, wherein the
resistance is selected from the group comsisting of 3.9 Q
for a D size cell S Q for an A2 size cell.

33. A coating composition for a coated paper separator as
defined in any of claims 1 to 17, comprising a mixture of the
highly crosslinked starch and the etherified cellulose
derivative.

34. An elecrtrochemical cell comprising a separator according
to any of claims 1 to 17.

35. an electrochemical cell comprising a separator according
to any of claims 1 to 17 and a polyoxyalkylene additive.

Lt
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