1 Fhis invention relates to sealed galvanic cells, such as primry alkline

cells and the like, and particularly relates to sealing and insulating. “
menbers, 5 hereafter referred to as seals for such cells. The ne
constyeyction of a sealed, cylindrical galvanic coll "is”such that i %ﬂ_\_ﬁé\c\%
printi\pal conmponentS, an anode_and a cathode. ace assenbled into a can,

together with the appr oph 1 ) &, and 10 t he

cell is then closed by a seal placed in the open nd of the can. The seal

precl udes el ectrolye | eakage fromthe cell and insul ates the el ectrode
contacts of the cdPiis dowsatidn ceheces £ossanled (dalyentie Aflisal so pernit

hydr ogen gas 15 erqeation . fromth el | .sq a e ce pressure-

bui | 4-Up Wi t hi H“fﬂé@&‘?"%a‘%ﬂﬁfsﬁ)&% AR %H ir*%lgétﬁ&e gain oc | oss,
and oxygen oC ggpfduidicdy 6@1ddvs kb’ féaing BRE {diR1aclhg duadees{urther, the
seal is usually manufactuced with a-nolded-in nmenbrano or thin 20 Qj
section 30 as hecestantc tpfacceadEocas| seRls. $RntsushiEitertain conditions
when high has pressure buildup within the cell may occur and to preclude
rupture of the cell. The prosont invention provides, for use in crinp

seal ed gal vani ¢ cethe.qene2st! cdridtiR@8Clowlataa’bealed, ! Relbndtili c materi al
having from5%to 45% by weight of filler, Werein said thernOplastic
material and sgativénid selices ceusih Shaki b3 Pplineipal CORPARRYLCRAG| yie

I e e

with the appropriate sepacators, electrolyte, etc., and

10 _the cell is then closed by a seal placed in the opea end . ;ﬁ*
ot the can. The seal é:oclugdt electzolye leakage from .
the cell and insulates the electzode contacts of the

cell from each other.

A seal wtil desizably aiso.po:mi: hydrogea qas
15 pecmeation fzom the cell so as to ceduce pressuce
build-up within the cell, and yet alse to iahibit
moistuce gain or loss, and oxygen or carbon dioxide
infiltracion inco the cell. Still tucthec, the seal is
usually manufactuced with a2 molded-in meambtane ot thia .
20 section so.as to ensuze that the cell will vent undec . ﬁFE
cectain conditions when hiqhi’as pressuce buildup wicthia
the cell may occur. and to preclude ruptuze of the cell.
The present ianvention provides, for use in criamp
sealed galvanic cells. 3 seal coaposed of 3
25  thermoplastic material having from S8 to 45% by weight
of fillez, whezein said thecmoplastic material and said
fillez ace each chemically inezt to the o;cc::oxyﬁo
matecial that will be used i{n the sealed cell, Qnd
having a cuptuzable membcane vent area with reduced

30. ctoss-sectional thickaess zelative to the :atckacal'at



30 cross-sectional thickness relative-to the thickness of 2 the
mat eri al surroundi ng said vent areazlrlkeeplng with the present inve on

seal's- are proovided tor use in | i ndrical crlnF é?ﬂ ed colls and ace
nol ded.. i n gener alsbenPeEesidd Eﬂﬂ? 18 M2 RPF U ect col yte-inert

thernﬁplastlc mat eri al, such as pol ypropyl ene, polyethyl ene and nyl on. (aﬂd
particularly for high tenperature applications, polysulfone). and
co-pol ynmers theroot, usucdpiagouisy apyl em'mévi‘ﬁ!)‘#‘r*(?ﬁ'S'f Y3&#py vei ght

of mnocal 10 filler. The mn ra2h¥at

(theoretically. arPﬁyH?%!% £ofgHAE | ’tﬁn?ﬁ'??@%’t?ﬁ F(E\?;rf '?lalllgfufnhgla'r A8ate. or
mca. Depending WPQﬁeqaiﬁu\’\@hﬂbﬂm f6Ededintzbr aizddledt may be
anneal ed or not. en pol ypropyl ene is annealed, it nay be anneal ed at 15

t enper atgur es. of [ @l ttolfru-ipet Ot thacnopbasidicamatesitlei S84SR M opriate for
ot her therympl astic materials such a ol l.%pr opyl ene.

pol yet hyl ene and rﬂﬂﬂ-&ﬁ‘?)?%lf'é?‘ab??/“fﬁiygfng a{q@gié&&oﬂgﬁ Desirably the
anneal i ng can be Sk QEUT f&#ﬂ"t@? ﬁ!iﬁ*%bhﬁﬂiiiﬂﬁﬁga?ﬁﬁfh(ﬂioaﬂ. tunnel .
I n nost |nstances nlnera I'ed pol ypropyl ene, and particularly talc

fil'l ed pol ypropyl epu,y.hasucaenahéuml-ytodybetgamqloe# ary8padd¥f ul . The seal-

has a rupturabl e nenbrane vent area that has a:reduce S al
thbckness rel ati vepalypepgyiens naving trom S% to PRSI §£%‘¥H‘tgﬂ

10 tillec. The mineral is p:ote:ably tale (thco:ntieally.
anhydtous naqnosiun silicatc. Mqastoxocoa)z). calciua

v

é:.\,x | : "' ca:bonacc. o: uxca. Dopondinq on tno pu:pclo tor whieh
. the seal nay be usod. it may be anncllod ot not. .Hhcn
polyp:opylono is annoalod. xt may be annealed at
15 % conpo:a:u:us of 70°C to 155°c (o:no: tempecatuzes bctnq
: app:opziato for o:hc: :nn:noplastic natotials such as
co-polymc:s of polyp:opyleno. polyc:hylono and aylon
..p:etc:nbly for at least one nou: _ Desicably the

. annolltnq can be po:to:ned in an ai:-ci:cula:inq oved o:

o9 . tunnel. I most instances. mineral tilled- -
polypropylene, and particulacly talc filled

polypropylens, has been found to be pacticulacrly useful.

" The seal has a ruptucable membczane veat acea that
2 o has & :cdh;cd crzoss-sectional chickness celative to the
25. :nickn.st of the matecial sucrouading the membzane. The
| p:ccilo_centtqu:aiion-ot-ton'gupcu:ahlo'nonbtanc veat
acea is dcc matecrial to the present iaveation, and the
sealing auﬁ iasulating member may take the kind of
appearance described in our co-pending British patent

30 .  applications 82,36556 and 8316257.

The seal may othetvise bi of any other suitable
design.



25. thi ckness of the aterial surrounding the menbrane., The precise

: conflguratlon of ten rupturable nenbrane vent area ’is hot material’ to the

present i nvention, and the sealing and insul ating nenber may take the Ki nd
of pear ance descr| bed in our co-pending British patent 30

appygcati ons 82, 36556 and 316257. The seal nmay otherw Se be of any ot her
sui tabl e design. 3 A nunber of advantages are realised by using filled

t her iopl astic - for- nol ding sealing and insulating nenbers. The advant ages
that are achi eved jnclude nol ding and ninufacturing economies with a better
product, nechani cal advantages as to the assenbly of the cell and design 5
t ol erances, cheni chlovabdy afitsdvantages are repkizgl by using fiflled kkermonimetici n t he
cell, and phy5|cal advant es t.ha ve rirse to e hanced el | operation and
assi st in t heforcRokding sapli tlfé’%dﬂﬁf'ag@ %878 njection

nol ded pl asti gnpakd Ind1bad .aara@nmeminamm&gc .Aoaaﬁed ..@@J xmemyl ene~#an be
produced substantially wi t hout any sink marks; 10 i.e., surface cavitation
or irregul arigtodwt, mhchahical pdvastages tammmw-mpmt abe ceHesndtdesimeal s are
formed havj ng menbr ape over because the paris can. be ded wi t hou§
Tk e ke CHReTRER et Dt PR At o2 SR PEVENS CheBRn STRPCH B par (5 ar e
nol ded are Ie&.‘ncm phydlcal AdvViniiyed| tnht LAY riss o enfinchdilcr Gratatied M t | Ovier

. molding 15 terrperatures ‘Al'so, a mneral filler such as talc may add

lubricity to @He“smf%vcehtoﬁ“bmqlhmnvéﬂmtqﬂcﬂmﬁer| al, so that |t can act
as an internal rmlfi reI ea agepmII tﬂgﬁ ﬁ“ arpt‘lrtc‘uLhEI.)é‘upful geause

_ loaded polypropylene can be produced substutiauy vif.hout any sink marks; \J
10 i.e., cutfsee cav:.tat:.on or ureguhuues, vh:.ch may be particularly
important when the uall are fomd hnvmg 8 nadauue. lloreovet. because
the parts c_nn_be molded v:._thont unk m:ka, the mldms ﬁolef_enc'et and
conditions vnder which the p;::. 'are molded are less 'etitiea.l.
_ A mineral :Eill.er, such as tale, can penit lover nold:.ng
15 temperatures. Also,-s nue:al ﬁue: such ss talc may add l.ubneaty to
the surface .of the themplust:.e uterul, so that it can ne: as an
internal mold roieui sgent, This is p_'a_rticuhrly' hclpfﬁl because
external mold release agents such as _liiiconu ray contsminate the molded
p;::-, and that contamination in turn can cause g;uiﬁg' with in the cell.
20 The mineral filler (talec, ce,lciuu carbonste or mica) would not cause J
gassing within the cell., Because -":hcre is less shrinkage after iolding,
: especially with higher eqnc_enttatiuu of filler such as talc in the 20X to
40% range, there is greatex eSIurnee that the sealing and insulating
members will be more precisely molded. Finally, the cost per piece of

25 mineral filled plastics may be less than that of unfilled materials.



external, nold rel ease agents such as silicones may contam nate the nol ded
parts, and that contamination in turn can cause gassing with in the cell.
20 The mineral filler (talc, calciumcarbonate or mca) wuld not c
gassing within the cell. Because there is |ess shrinkage after nol dHg,
especi‘al |y with bigher concentrations of filler such as talc in the 20%to
40% range, there is greater assurance that the sealing and insulating
menbers-wi || be nore precisely nolded. Finally, the cost per piece of 25
mneral filled plastics.may be |l ess than that of. unfilled materials. 4
We have discovered that there are substantigal nechani cal advant ages that
are gained through the use of filled thernoplastic material. These include

the fact that there are Wechavediscouesed shatntheye dre fpbastantindinerPaisads of the
menber. A 'f'/'t’l led t hﬁr{{g%e?:ﬁthg ég'ea l:k%*te&;ﬁ thefnﬁoﬁegﬂﬁ ) flulti@ear

t hermal exmansi on, re closely to the co-efficient of I|inear
t her mal expansi on Glatérigl.Mhade fx2ludelwlle fact YhatdtHeed anes detrist yexliing lnwl cel | .
This results in a better seal, particularly follow ng thernal cling. The

h

filled thernopl ast iveotias chanremiationnd the mebpire %ﬁ’éﬂbf’l‘#ﬁ?&fr‘% hfYeFed

material, res;% ti -”Q:o'-&fi’aigﬁt Pﬁiﬁﬁ@'th&hfxlgzpuugﬁevﬁ&h TR1ates B5de {RBlIy'& IS
en the sea

even nore greatly enhance ing and 1 nsulating nenbers are
anneal ed. The annealhe g-€EEfdiedt af idelr thidrnel sipamsion bf ithe netad| canthatids used

i nsul ati ng nenbers; that is, the physical dinensjons of the particb cgrre‘s
constant and annealfPRgssmBly pEthefekl. 5 'nfﬁ'ggcdﬁ‘n'z’ﬁt&s'é%l’t?féf Hi‘v’have
been caused during Eo'ﬂf‘wEEH £HeREh1PlyR RS S THeOfilled thermobliatid hheh 1ighet - a

a

stress concentrator to ow for the venting or nmenbrane rupture to occur
at \qini mal . menbr anepredefive otieogth thdkan wiillpd sekesind) resnlbingcly &ietten geal at
reli ev | ng any 1rrODI det%_eicr}ifpt.r %‘il_ste%uttgraét isrrgyen more greatly enhanced when the cuii.ng
and insulating members are annealed. . The innealing stabilizes the
dimensions of the sealing and i.nluht-:i.ng members; that is, th§ physical
dimensions of the part becomes cmtafnt." and annealing also :élieyes any
| nolded-in. stresses that may lmveT been caused during the .mlding process.
15 The fillaf ac:.:s as a stress concentrator to sllow for the vél'lting
or membrane rupture to occur at minimal membrane d'qﬂectib_n.’ - When a
. fi.llled-unl. is annealed, thus relieving any molded-in stresses that may
have occurred, the membrane rupture frenure’ increases relatively less
thsn the corresponding increase mparted by amealing an unfilled
N\ 20 material. An aonealed filled material provides greater predictability of
" the rupture strength of a lubrane..

At the same time, the provision of a filled thet-oplaitic reduces

¥

. the hesdroom requirements by assuring that the ruptursble vent will
rupture with less stretching than an unfilled ehémphltié waterial, and
25 without excessive pressure build-up in the cell. Moreover, a thicker
membrane may be molded, thereby 'pmitting wider molding tolerances,

while still remaining within the venting tolerance design.



have occurred, the menbrane rupture pressure I ncreases relatlvely | ess than

“the porrespondlng i ncrease inparted by annealing au‘unfilled-"20

materi gl An annealed filled material provides greater predictability of
t he rﬁ%?ure strength of a menbrane. At the sane tinme, the provision of a
fille

rupturable went will rupture with |less stretching than an unfilled
‘thernoplastic material, and 25 Wi t hout. excessive pressure build-up in
the cell. Moreover, a thicker nenbrane may be nol ded, thereby permtting
wi der nol di ng tolerances while still @naining wi thin the venting

t ol erance design. Al so, because_there is | ess headrqom needed to

pernmit vent rupturi hb‘“t‘ﬁ’é“‘ééé}‘“ﬁaﬁf Ings headroop needed,te PerRifYERE i h the can,
thus permtting gﬁ%@l h oL} %"3 ALt &l ?ga?éﬁegfmaﬁgl \‘g RRderi-al in the

cell. 5 ave als I'scovere ower I ng tenmg;atures
may be possi bl permfdtiighénstalretion OF, a givater S@uit bi ackive anterpdlabt ke | S
injection nolded, its cooling characteristic in the nold is sufficiently
better than th%ﬁlof an unfilled material that the nolding cycle nmay be

reduced while at {0 S3Paisb Fladi0Ad Ubal! dodel hoidtnl dferthrdaiey 5t ANt Of

time duri the 10 nol ding cycle a pin nust ‘be noved'in the nold
t 0 accommopdat epdsaib1av| st nhe odne! time [ Whea mn!ﬂm«etlsmblonm Bedsjsseionhe fill ed
t her mopl astics of the invention permt hydrogen perne fon, the cell in

whi ch the menb®ldsd fﬁfs‘t%?*‘éo‘%‘i’ﬁ'&ﬁl’@ therfiold Fp spfiisiepLly; Pather ERam ¢
sufficient hydgpges wuﬂamaeuuﬁm @h&ew., doldisg tc1e .u;mcmgc.hhﬁm

p055|b|I|ty of venting of the cell by nmenbrane rupture. —
at the same time btoadenxns the "window" of the instant of tmna duting the "o
10 mwolding cycle when a pin must be noved in the mold_to accoumodate the
- molding of the thin membrane section,
Becaule the fillaﬁ thernoplalties'of the inveantion pernit hydrogen
permeation, the cell in which the member is installed may tr:ekle vent,
_Trickle venting pernita suffzcien: hydrogen to escape from a cell, thus
15  reducing the possibility of venting of the cell by membrane rupture, This
.is also important in that the amount of ae:curyleorrolion and gassing
inhibitor constituent that may have to be instilled in the cell,
particularly in alkaline cells, may be reduced quite comsiderably, theredby
- resulting not only in s more envirommentally satisfactory product, but
20 also in better working conditions for assembly of the cell, and N
appreciable cost savings.

. . . An advantage that arises from the present invention when compared
to glass filled nylon, when used for cell seals, is that the-fiilsd
thermoplastic is much less subjeci to leaching vhen it is exposed to

25  electrolyte such as 40X potassium hydroxide solution. That is, tale,
calcium carbonate or mica filled polypropylene will not decompose, even
vﬁen~expoaed for long periods of time say four weeks at 71°C to KOH, such

s the glass filled nylon does.

-her nopl asti c reduces the headroom requi renents by assuring that the



s also .nportant i-n-that the anmount of nercury corr.osion and gassing

i'nhi bitor -constituent ‘that may have to be installed in the cell,
particularly.in alkaline cells, may be reduced quite considerably, /;-s- £€by
resulting not only in a nore environnental |y satisfactory product, 20
also in better working conditions for assenbly of the cell, and o!’:-g abl e
cost sawvings. An advantage that arises fromthe present invention when
conpared.to glass filled nylon, when used for cell seals, is that the
filled thernmoplastic is much | ess subject to |'eaching when it is exposed to
25 el ectrol yte such as 40% pot assi um hydgoxi de solution. That is, talc,
cal cium carbonate or mca filled pol ypropylene will not deconpose, even

when exposed for |ong Fﬁ&if‘ii‘ﬁdthe%ﬁﬁs&@nft%h“@ﬁlﬁsuatcoﬁﬂﬁgedtﬂr&QH;m&PCh
as the glass filled nylon does. he filled thernoplastic nmateri als t hat

are consi dered hemneitale,secbimscarbingte 0nmidaufiltar, bianglaetiviesndd frdni 37 &y 452 n
guantities of from5%tq. 45% and_usual I‘yi 15%to 40% the_ filler material is

very finely gr oundh psyally, 135 ko 80%, the £} Ltrematatisl iig) vern fipely sZURA FHi% ® when
it is withinthe mldpdeiulste ddtEFIPPLAS1d GuchClat VHle? 26 1b RiLH1R enR holdREDET ,

thére is substantially no surface exposure of the filler material in the
mol ded part. 3 n t lvhermpplgetrid, sephing iand)|insulyting menbees phere isosubstantiadlyoho t al c

oot LS ! PSS b PSSR B bl e o B
noted, annealing Regitidgsred&i1haly viehl\3iYetdes thY ub&bE Q10 dNBt11M, ARt N
stresses that may have occurred, and stabilising the physical dinensions of
the nol ded seal i ngrefietredrthat avhrorimatain 20X, butt upre#0F ftaichcmaychel used as a :
qna@-eal ed, super ifg_{hg.egr ricu th &VEJ'I,%%,}&QLJ.' | ed product of -
10 : As noted, amealiﬁ# pmides. certain advantages by relieving .any
‘molded-in stresses that uy have occurred, and ltibilizing the physical
. di“n'nnl‘io-n's. of the nolde.d-l;aling and mlulat:.ng Imember; but even if the
seal is mﬁnea‘léa;. auﬁeri&r.p.érfomnén. over an unfilled --'pioduct'of'
gsimilar dﬁlign can be achi;ud. j'l:!lin is because tﬁere :.sa wider
15 tolerance in fhe prodnctioﬁ of the-'meﬁiinne portion of the member, so that _
it can be molded thicker, with betﬁer_ i)rediction as 't.o the rupture
pren’ure, and in any event so as to aé;omodue somevhat ﬁigher rupture
pressures without approaching the preiiufe at which the cathode can would
decrimp caiuing release of the whole ieinﬁer and thus Tupture of the cell.
20 A typical analysis of talc-filled polypropyleme follows:
The polypropylene resin, unfilihd. way have a melt index of 10 to

L]

15. After filling, the melt index vill have been reduced to about 6 to
10. ' '



simlar design can be achieved. This is because there is a wder 15
‘tolerance in the production of the nenbrane portion ‘of the menber, 'so that
it can be nolded thicker, with better prediction as to the rupture

press , and in any event so as to accommpdat e sonewhat hi gher rupture
press s Wit hout approaching the pressure at which the cathode can would
decri-np causing rel ease of the whole nenber and thus rupture of the cel

20 : A typical analysis of talc-filled pol ypropyl ene foll ows: The
pol ypropylene resin, unfilled, may. have7 a nel-t index of 10 to 15. After
filling, the nmelt index will have been feduced to about 6 to 10. 7 The

talc is a platy or platelet-Iike dusty white powder substance, having no
ashest os constit uerfee talfdinaRiaty oF EFFéﬂ’éa’r*&r‘f&!‘?s‘r‘%‘! H%!F‘WWH! n the

fol lowing ranggs, QQ\LSR,%FQ%"& tflentl,]lnd havmé’ﬁXthillqﬂlyii% ‘ﬂ‘@/"‘é&@

MO
9-30% A1203  within the fouw:mg rabges: 4% [err] 0.2-4% 10

LO : 8-202 ILA (Loss On I'gnition). represents the
per cent age of carbon di oxi ade on heati %%-E"—’tﬁéé talc.] A typical

mesh-si ze §I| stribution of Parti cl,,gom ze may be w g@bﬁthe fol | owi ng ranges:
15 . MESH SI ZE PASSED % BY VEI GHT
8io02 _ 16-46% .
Ca0 . 9-30%
A1203 C O 0us-ag
| 0.2-42 | _ N

0 - 101 | 8202
.. II.OI (Lou On Ignition) reprelents the percentage of carbon
dioxiode releued on heating of tha ulc.] '
A typical nelh-u:e dutr:.butxon of Partzcle size may be within the

following. rangec. o
15 MESH SIZR PASSED - 2_BY VEICHT

4 microns 100%

30 microns : T

20 microns o 15-90%

10 microns _ 46-602. | _

20 5 microns N 18-322 __ N

4 microns | . N 16=24% _ ‘ .
- | 3 microns | 9-17%

2 microns ' 5~10%

1 micron ) b= 4%



44 m crons . 100% 30 m crons

94-'97% 20 -mi crons : ! 75-902 10 m crons

40-60% 20 .. 5 m crons 18-32% 4,

m crons 14-24% 3 m crons @2&-B@62
m crons ~ 5-10% 1 mcron 4- 4% .

8 Typicak dry brightness is 84-94; tapped density is 60-80 | bs/cu.ft.;

| oose density is 24-55 |Ibs./cu.ft.; specific gravity is 2.8-2.9; oi
absorption g/100 g tale is 20-35; pH is 9-10.5; Hegman fineness is 1-3.5;
100% wi I'l pass 200 nmesh and 98-99.9% w || pass 325 5 nesh. simlar ground
calcite (cal cium carbonate) would exhibit the follow ng characteristics:

CONSTI TUENT - % vehbles GBCER3 -an 95- 98% 10

T 94; tapped d t 60-80
[err] = o Tpica] ﬁgtyiﬁghzw' spped demslty 8520 22 [err]
0.0l -0. 2%"[;9? ] lbllcu.ft.. loou density. iis- 2435 NP/ cu.ft.; specific gravity is  (01% 15
Copper 2 8~2.9; o:l.l. gsotzstcxgne%/ IsSttkl{ceu 20~35; pE is 9-10.5; eg%lgn/o

f:.neneu is 1-3.5. 100Z will pass 200 mesh and 98-99.9% will plll 325
5  mesh. N
t ' ' | A similar ground cilci_te (calcium carbonate) would exhibit the

following characteristics:

~ CONSTITUENT ' Z_BY WEIGHT
o | e s
10 - weo3 . 1=
Aljo3 © 0.05-0.2%
Fe0 T 0.01-0.22 -
. 3591 .. 0id-12
¥n0 _ o 012
15 - Copper "~ npot detected <
Noisture |  -0.25%
Organic ‘Coating : "0.5-2%

(€ypically silane)
_ Typical particle size is 100% less than 15 microms (sp_h'eri.cal
20 particles); with 95-99% less than 10 microms; 75-85% less than 5 microns;
40—60_i less than 2.5 microns; and _2_0-403 less than 1 micron. The mean

49

particle size may be in the o:#er of 2.5 microns; with a. specific gravity

of about 2.7 and a8 refractive index of ‘approximately 1.55.



-Organlc Coati ng 0. 5- 20/‘ (typically [err]) Typ| cal particle size is

" 100%1 ese than 15 microns (spherical 20 particl es)! w'th 95-99%1| ess than . -

10 @ grons; 75-85%1 ess than 5 m crons; 40-60% 1| ess than 2.5 m cerons; and.”

20- less than 1 micron. The nean particle size may be in the order of
25 mcrons; with a specific gravity ofg about 2.7 and a‘refractive index of
approxi mately 1.55. Several exanpl es foll ow EXAMPLE 1: A nunber of AL
si zed seal s (tops% F m nyI on, unfilled polypropyl ene, and

pol ypropyl ene havPie % fo32P " Hal f of such of 5 t he

pol ypr opyl e were anneal ed, and the other half were not. Al of the
tops were f ’tal l ed in cel I s, except that the outer jacket was not

placed on the cal kdmﬂnﬂﬁr VRS EL %E&P'ﬂﬁnﬂ (t&‘ﬂiaﬂﬁa“ﬁéﬁ-ﬁ\a/fg‘;op %ﬁ fo‘%&gued

vari ous storage an e tests. Leakage observations re or~exanpl e,
that after bojpefyldde, lddd peNyPrifydind habisgh20 B AL FLVLer. WML oo eiN QL
week of roomtenperature stabilization, the anneal ed tops and the. nyl on
tops shegwed thalpilgptapyléne eepnaheresuuﬂcﬁprndlnht otheryhalfdvern ot UALL of
respectively), with higher failure of the [err] tops. Qther tops were.
stored at atbertepmcwereofwlly installed) fa él‘éhapt eTeapEthatathn outdrojackat weascks,

foll owed by a further week of room& erature stabilization, with one

nyl on and of@t Riered o8 Ex!fp"?léﬁ'l S Liehdd a0y

t ops under went stora}%e at %ﬂ.terrperature for one week, followed by
r oom t enper AAFFRISPEAEABE 2 % not her week, with nuch better

performance for aﬂ%?@bﬁh“ﬁ@oﬁpﬂﬁvm% %xtmw tRit after storage for
10 one week at high temperature, and a further week of room tempersture o
stabilization, the muled tops and the aylou tops choved substantially
equal rzsults (ore in thJ.rty and no failue mpecuuelv), with higher failure of the
u1sreakxluxs. Other tops were stored st a somevhat lower, but atill
elevated temperature, for two weeks, fono'ved'by a further week of room
15 temperature stabilization, with one nylon and one unfilled top failing,
vhile no filléd top failed. |
Still other toﬁs undervent storage at very lov tempersture for one
week, followed by room temperature stabilization for another week, with
much better perfomnce for annealed f:.llcd tops (one of thirty) for
20 example, than the nylom tops of which 20 of' 30 failed.
- Likewise, temperature cyél:’.ns' of another batch from low tempersture
to & relatively high t‘upira:ﬁre followved bi room Emouture ctibili-
zation ehoved failure of cnly two of thirty ennealed filled tops, vhile 15

of the thirty nylon tops failed.

9% (leakage wene taken fadloyingy: hei

'] "



20 example, than the nylon tops of which 20 of 30 failed. Likew se,
t enperature cycliing of another batch fromlow tenperature to a relatively
high tenperature followed by roomtenperature stabili- zation sr@ it
failure of only two of thirty annealed filled tops, while 15 of thifrty
nyl on” tops fail ed. 1 0 Oher sanples were stored at roomtenperature for
one day,-~after which they were subjected to a 1.5 anpere charge, and all
cells vented. However, other tops were stored at high tenperature for
several days and then given a 1.5 anpere charge; and three of three filled
anneal ed poly- 5 propyl ene tops venteW, whereas one of three of the
cells having a nylon top had a nmuch nore violent rupture. EXAMPLE 2: A
nunber of AA, C and D cell tops were nolded, all having rupturable vent
menbr anes pol ded in t h@RbaTasPrRIet MPRoKHOIYAt Spom Yemparptire (FOT o1g day, affep 005

S G g LS e i S kg,

had 20% talc filler and sone al¢ ops Were

chosen as contr ol Sowedéx] sthEr tépdt wer8T¥Céree Chti High Qbmdesdturd Pordicvsialcdsyoland | ON;
wher eas ot her gr-oggj‘f of tops _were immersed in potassium hydroxi de sol ution

~at“room tenperatu Biver fol -RAATRETE hpreg; pnd threg; of thrae fillad gpresied polyp
ks, oa” y B fder reel. 'ha -Ofy162! !
WEEKS, Oor a vgry QL&;?%J&@R?I até;/ﬁ%ﬁl@[] %Pﬁn%@ BEeLEAELRE b %‘:&% Of 7168

vent testing vas peftorned, of the tops that had been stored
whi'l e i mMmersed i ntéObhds ROwech nezatviolpnt esptute t hat were quite consi stent

wi th the control groug that had not been exposed to or imersed in KOH In
ot her words, all . Sanpl es were 20 chemcally resistant to the KOH

sol uti on. _' A number of AA, C and D cell tops were molded, all having
| \'/'_ rupturable vent membranes mld?d in them having :thicknes_se_l of from 0.0035
10 to 0.005 inch; and of the molded .uqilu. some were molded vitihont tale
filler, some' had 202 talc filler and some had 40X tale fil],er.-';
A ntmbez; of _tbpn were chosen as controls, and were nbt ;.metsed in
potassium hydroxide solution; whereas other groups of ‘téi:-'. were izmersed
in potiu:’.um hydfoxide solution at room temperature for :vo've'eks. or a
15 'high temperature for two veekl,' or a veiy high temperature £or'j.tvo weeks.,
Theresfter, out-_of-éeu vent ':te_sting vas performed, by which ;11 of the
topn that had bcan lgor;d while immersed in xon_ showed venting results
that were quite consistent .vith _thc ;oﬁtrol group that had not been
exposed to 6: imérud '_in KOH. 1n other words, all of the samples were
20 chemically resiltant. to the KOH lﬁluti_.on.
. An important conclusion that can be drawn from these venting tests
_ is that the membrane or vemt pressure ._':..'.el:i.af po:t_ionl -of the filled poly~
i propyleﬁé ltops are not affected by alkaline elee_ttolyte at hisﬁ
 temperature; and that the nenb_ranu. vill rupture so that the cells vill
25 vent at the same pressure both before and after long storage at elevated
temperatures, The same conclusion can be drawm with Tespect to the other

£filled th‘moplaqtié materials discussed hereinm.



An inportant conclusion that can be drawn fromthese venti'ng tests is that
“the penbrane or vent pressure relief portions of the fi'lled poly- propyl ene
‘tops are not affected by alkaline electrolyte at high tenmperaturé; and that
t he fngdr anes wi Il rupture so that the cells wll 25 vent at the sane
press both before and after long storage at el evated tenperatures. The
sane. concl usion can be drawn with respect to the other filled thernoplastic
mat eri al s di scussed herein. EXAPLE 3: Ot her venting tests were carried
out, wherein tops having vent nenbranes of a thickness of 0.0055 inch -

nol ded therein were tested in the presence of various height clearances
above the nenbrane. Unfilled poly- 5 . propylene tops failed to vent or
vented at very BEAMPRE 3sessures with | ow cl earances, whereas 20%talc filled

tops vented at reasopable pressures. At _0.Q91 inch ¢l earanc an unfilled
and unanneal ed pol ypqxg'ﬁfy]'?ﬁé“‘t S ha e °n%'t"§/°gn°_t"t__at'§'a"|’cc‘)"r g sfﬁ‘?_'g ve3heensi
whereas a si-m | @hdafld $0¥ iRk QeskdSE 00035 CAcBUOANACLHéLITL AdralitestBD iR The

Unanneal ed 20%talc filled polypropyl ene 10 tops vented at 480 psi wth
the | owest cl earasraee pHiverionhbeight giesrences dbpvpdtihe peptivanedre Unfijhedspoly-

cl ear ance;. wher eas .anneal 2Q% talc filled pol r.Q- | ene_tops,vent ed at'
420 psi with t Wﬂ’&%‘sf”&Iefgé’f%gnt(‘:’e"é'nc?tfdbf‘gs#_YM r%“f‘hg’y‘ﬁ?‘aﬁ%é' B'c Car ance.

EXAVMPLE 4: 15 clearances, whé&tleas 20¥ tdicesiina! Q_@l veidell | deCfbainbbiR gRioddueiae, 20% x
talc filled polypro- pylene and 402 talc filled pol ypropyl-ene tops were

nol ded, after it @89k Aesh cheprancs,oropntillef and junsngealet polaperyleng tep|did

Pt LI, TR T B B e s PARLAPE MR Sy ot s oo

cal ci um | eacheck1bérdiide vented st 280 psi. Unannealed 20% talc filled polypropyleme /

10 tops venﬁed at 480 psi with .t.:he léwelﬁ clearance noted a__bove, and at 280

' p‘bi vith'- the highéit clearaﬁcé; vhereas annealed 20% talc filled polypro—~

pylene tops vented at 420 ;p!i with the lovest clesrance and 400 psi with
the highest clearance, | |
AL & |

15 Glass filled nylon, unfilled polypropylene, 20% tale filled polypro-
pylene and 40% taic filled pc'lypz'.ol':yiene' tops were molded, after vhich
they were stored at 71°C fof one month in..KOE electrolyte, The solution
following the storage was 'aci.d.ified-;nﬁ analyzed for traces of metallic
elements. Except for a lligﬁtly hiéhez reﬁling of calcium leached from

20 ‘the 20% tale f£illed polyprﬁpylene- tops, none of the polypropylene tops
showed any significant leaching of nickel, cadniui. a_trqntiun. cobalt,
titenium, molybdenum, lud; coépei, ﬁon, vumiiuu,. chromium, aluminum,
silicon or cilcim. Thé zi;n £illed nylon, on the of.her- hand, showed
that sisnif'icant ‘l.lﬂllnt“l of titanium, copper, irom, vnﬁdim,_ aluminum,

25 silicon snd calcium had been leached.



20 the 20%talc filled polypropyl ene tops, none of the pol ypropyl ene
tops shqwed any. signi-ficant |eaching of nickel, cadmum strontium cobalt,
titanium nolybdenum | ead, copper, iron, vanadlun1 chrom um al um num
silicon or calcium The glass filled nylon .on the other hand, showed tGZB
si gnificant amounts of titanium copper, iron, vanadium alun1nun1 25
silicon .gnd cal cium had been | eached. = 12 The use of filled thernoplastic
materials, notably but not exclusively mineral filled polypropylene and.
particularly talc filled pol ypropyl ene, as a material for injection nolding
of seals or tops for cells has been discusskd above. In sone respects, the
action of filled 5 and unfilled pol ypropyl ene have been observed to be
substantially the saneTherasr efi$illed thérerplamipasterisls) @otdly dut oi: rrat erials

such as filled pol ypropyl ene (wth 20%to 40%of talc in the te
specifica ‘F’é‘y 1 ef effedupiveiy Bizerel Silled RedrRreRyleses, 434 PaEticuiaviy tﬂﬁfq‘I”r‘éd
yI%€ne,

pol yprop angl 19y fohy U, thU}ﬁEeﬁﬁi 26d ﬂdﬁgﬁﬁn QLE%E% bk lsbXd QVER. fo;.r hat

i nprovenent has been 1 particularly noted.in res of predictable
venting pressure eslds \hentbm:gdupmad isboveDy 1n wpdeUresp@its ] ki madin afiEilladd an

akility to wt stadte urec cIin Mor.eover, considerapl e ot her
advant ages ar e obf ?’fgd"ﬁg ¥ ’T’F‘é’(!lé\ﬁ SPTA ehaTRA LR Reotbasmbially Bbf i | | eq

pol ypropyl ene, . i NgiudglivBerels ik %&hé&..mwl PEb 6dt2526¢ Bhieid1E Sudd ab 2¥Blea
md di ng terrperatures better sealing: characteristics, and permtting w der

design and nol di ng’lmdoeﬂancéslthl 30RItd 48% ofittslc ihahé |th4tedlpp€!lf§q;r1q)y¢ferpdt ops
that vere Spoci {1 g8l bite! SSheShfke bS] RSLUREIE Ml Srobyiil, CO0TReg
_\\/} : " such other materials as glass filled nylon, That improvement has been
10 pa:ticulatli noted in respect of prediétnblé venting preusufe nnd'venting
operation by rupture of the membrane, and an ability.to withstand
temperature cycling. ' .
_ Moreover, cdnsiderable other advantages are obéiined'by filled
' polypropylene when compitqd to unfilled polypropyleme, including better
15  molding characteristics at lower noldigg temperatures, better iealing
charaﬁterilticl; and permitting wider design and molding tolerances.

In all evﬁnts..the £illed polyptoéylene tops that were
specifically tested also showed better results than commercial ﬁylon or
glass filled nylon. tops. '

N, 20 ' The configuration of filled thermoplastic seals according to the '
: i present invemtion is dependent upondéelign considerations that are beyond
- . the scope hereof; but the designer may permit wider tolerances in molding,
_ and he iny design for thicker rupturable veﬁt membranes with the assurance
that cell performance will be as expected when the cells are in the
25 field.
The appended claims, hnvever, defzne the anbxt of the p:elent

invention, as herein set forth,



.20 . The configuration of filled thernoplastic seals according to
the present invention is dependent upon design considerations-that are
‘beyo t he scope hereof; but the designer may permt w der tol erances in
nol.di\#g, and he may design for thicker rupturabl é vent nenbranes with the
assurance that cell performance will be as expected when the cells are in
-the 25 field. The appended claim however,_define the anbit of the present
i nvention, as herein set forth. 13'CLAIMB: 1. For use in crinp seal ed
galvanic cells, a seal conposed of a thernoplastic material having from 5%
to 45% by weight of filler, wherein said thernoplastic material and said
filler are each chemcally inert to 5 the electrolyte material that wll
be used in the sealed cell, and having a rupturabl e nmenbrane vent area with
reduced cross, i.qnal thickness. relative to the thickness of the.materi al
surroundi ng séi%gygﬁt area. 2. The seal. of claiml, in which sai Q..
t hernopl astic 10 material is chosen from pol ypropyl ene, " pol yet hyl ene, and
co-polynmers thereof; and said filler is chosen fromtalc, calcium
carbonate, and.m Far dseTha eedmpobealladnyilvahte callesfroans¢esl ypropyl ene
“having talc filler. 15 4. The seal of. claim3. when talc is present in *
t he amobunt of cbmfols@d4@¥% a thermoplastic material having from 5% to

45% by weight of filler, wherein said thermoplastic
material and:said filler are each chemically inert to

5 the eléctrolyte'materiai that ﬁill be used in the sealed

C

R tonl :
cell, and having a rupturable membg:Lvent area with
reduced cross-sectional thickness relative to the

thickness of the material surrounding said vent area.

2. The seal of claim 1, in which said thermoplastic

10 material is chosen from polypropylene, polyethylene, and
co-polymers thereof; and said filler is chosen from
talc, calcium carbonate, and mica.

3. The seal of claim 2, when made from polypropylene L

having talc filler. ' _ S s

15 4. The seal of claim 3, when talc is present'in the

amount of 15% to 40%.

5. The seal of claim 4, wherein said talc has a
particle size less than 44 microns maximum dimension,

with at least 2% by weight greater than 1 micron, at

L



5. .The seal of claim4, wherein said talc has a particle size |ess than 44
m crans: +naxi num di mensi of, “wi-th at | east 2% by wei ght greater than 1 :
mcron, at .. 14 least 18%greater than 5 nicrons and at |east 40%t-er
than 10 microns. 6. The seal of any preceding claim when anneal ed. The
seal of claim4 or 5 when annealed at a tenperature from[err] to [err].
8. The -seal of claim4 or 5. when anneal ed for at least 1 hour at a
tenperature of from[err] to [err]. 9. A sél for crinp-seal ed gal vani c
cells, as clained in claim1l and substantially as herein described. 10

10. A gal vani ¢ cet92sorify GLRFtecoMeR Semigrons aad ag \}\Fé‘ﬁttﬁﬁ*seal of

any of clains | té}é%ter than 10 microns.

Y .
6. The seal of any preceding claim, when annealed.
2 7. The seal of claim 4 or S, when annealed at a
5
LA 5 temperature from 70°C to 15q:c.

s 8. The seal of claim 4 or 5, when annealed for at least

U |
o 1 hour at a temperature of from 70°C to 155°C.
9. A seal for crimp-sealed galvanic cells, as claimed
in claim 1 and substantially as herein described.
10 10. A galvanic cell comprising a container crimp sealed
with the seal of any of claims 1 to 9.
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