:2933 NANGANESE DIOXIDE—CCNTAINING CATHODE ITS USE AND PREPARATICN Tne W16/
ent?op’ relates to’a’ manganese di ox de .cathode for .use i'n el ectngwg
I's i nvwhi’ ch t he cat hode’ contains heat-treat ed manganese di oxi d
.difctive agent and a bi'nder .and wherei. n the- IIs of the. surface por es -of
s manganese ‘di oxi de are coated with a ‘vapor. dep05| ted organi- c:golvent: so.
._to nmnimze nmoi sture 10- reabsorptlon by. the- rranganese d| oxi. de -when. . .
‘efposed to0.a noisture. env MERGWIESE zimxxariaos@dmm@cﬂﬁi
.also, rel ates to -a ‘method for produci ng the manganese o>2| @ﬁfhwqﬂ%%m“
/el opnent “of high energy- batter?"%}%@!ﬁéoﬂemhames t:tohe m&ﬁﬂésé)ukbii)aeof an -
gkpctrol yt e possessing: (ﬂ:&ﬁhdidibk@rfﬂ eCi4 perties with highly
R Ben tied Frila Fnemntaherene.

récthe anode mat er i al's, such-as |ithium S0 .
effici ent 'use of  hi gh enéPQS}"‘&eﬁQMa}nedtdmd&-eﬁtbarmﬁlg&aes%uﬂbo %ema{‘ nes__e____._-..'_'_,_:.____-‘

bxi de. -~ The use. of aqueg 0 eI ectr I s prectude
}tems si nce the anode na%%irvlga %r &0 Lffgf“geént‘l‘? whereire the waelhtowthh
er- chemcal:ly. - It hasvtfdterpdwseof ttgenmg}pggg§§,_ar rder to.realize
‘thg’ hi-gh energy density ggt abl e through use.. of d%£ ’eisée]! %“ fepeerdadthvae
hdes and hi gh energy domey FeROFEREHErants salverito sohes |:avm,t1h,g§§ |,,Qnsmre._-

”of ‘nonaqueous- el ect r 4byt eeshsotpefond rivg t 0 nonaqueous.
_o'r.'-'ranl c electrolyte systens.. The te?fn noﬁaa %eoﬁe Lél&f”é% ¥h & é&??iﬁ%/lte"al n.

thé prior art refers to '&?F’é!‘éet%imewbitdt & SEGeEPORRIp &% A - al.(gseoliutﬁeq

- exanpl e, asalt or cgmygggé Goup 1-A Goup ?I-A or
ment s. of the o $ %iates to a “'etmd for Prt?ducins the manganese -

dioxide cathode. “-ﬂ

The development of 1igh energy hattery systems l
_.requires the compatibility of an electrolyte possessing
ﬁ_desirable electrochemical ‘properties with highly reactive ::
f}anode materials, such as lithium, sodium and the like,

i and the efficient use of hzgh energy density cathode ?:::"-
imaterials, such as manganese dioxide._ Tﬁe use of equeods B
1_electrolytes is precluded in these systems since the anode

- materials are sufficiently active to react with water
. 'chemically._

It has, therefore, been necessary, in order f’ f'{
.t
o realize the high energy density obteinable through use

of these highly reactive anodes and high energy density

o cathodes, to turn to the investigation of nonaqueous

,.electrolyte systems and more particularly to nonaqueous
__ organic electrolyte 3Y3te-ns.__. R

AR e o e

. The term "nonaqueous organic electrolyte“ in.
t
the prior art refers to an electrolyte which is composed
of a
30 solute, for example, a salt or complex salt of

__Frogp I-A, croup II-A or Group III-A elements of the
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2 er|od|c TabIe dissolved |n -an - approprlate nonaqueous organlc solvent

~ Cerijventi onal: sol .vents-.incl.ude propyl ene carbonate,, ethyl ene car bonate or

[ erfr- -butyrolactone The: term"Perlodlc Tabl.-e" as used herein refers'to the.

Perli odli.c' Tabl-e of: the El ements as set forth :on the inside back .cover - of the

Harldbook of. Cheni stry -and: Phy5| cs,' 48th Ed|t|on the:Chemical Rubber -

Co.lCl evel and, Chi.o, . 1967- 1968." Al t hough manganese di oxide has, been.. -

‘mentioned as a cat hode for ceII appl i cati on8s manganese -di oxi de. ‘10
W "“S w%ent |y .contains wrmecrwteblﬂamm 18f anapptopiiaté noﬁiqﬁ&wsabsorbed

ound . (adsorbed) ty which is sufficient to cause anode (lithi-um -

corfrosion al ong wi'th *8%“‘&336%‘[9&Fed WH‘F%@H*‘E\MWH‘% inclgdesPqRydens
corjrosi on that cause ol o |-e el-ls,
‘parjticularly in nini gt S?Oeﬁmt%)%b &tt')‘z?%oéﬁée %EEE ﬁ ?'der&?lour%é?ﬁ?al ‘rilhtg)ver aI 1 _
- batft ery- power ed el ecttleom"d’edéodi@e'!atal&”cosmaeﬂ exefossifere, to the Berdediconic

deii ces .are  usual | y- d wi cavi ties to,acconmpdat e niature .-
“celll s as their ‘power §§t€é’ ttﬁtéﬂﬁ‘&?ﬂ?l 8% sgr foxgh on gﬁ{/& ng‘ AL §¥%hat. a
celfl can .be snugly ‘pe¥ thoRBAABIRT 6f rcn@hvs:ﬁakwg’hgkmt r HEEHC EBOETORGT Wi th
apdropriate .terminal s.within the device. A mgjor potenial _problemin the

usg of cell-powered d@¢iGhemieal {RybRem) £ou s é:l,ege anshs P?“t-hegﬂa's%?/ol ution’: - _j :
cayses ‘the cell to bul ge then I s‘ﬁd he -
.cajity. This..could result in ﬁ%rragéﬁt‘%ngﬁku %egg‘g*emg oggg'f We}‘gié{hregl yte -

| egks from the cell.igs acdttiodafoe ebnagpplimatim\sdenx@nes'htﬁoxide S. -

i mdortant- that ‘the physi cal _di mensions of the Cebl umgq}ﬁrem& n h
. corfstant duri ngt®i scHRRGESRETY ¢IREA1Rg, Ancupqccgptadle W“f‘ﬂ &8k §ﬁ’§
_e_l gctrol yt e int ot he &e’thé?QbB@tm Woﬁﬂd (adsorbed) types, which is-

.g sufficient to cause anode (lithium) corrosion along with

‘its associated hydrogen evolution. This type of corrosion
" that causes gas evolution is a serious problem in sealed
-cells, particularly in miniature type button cells.i In ,fw
H"order to maintain overall battery-powered electronic
t*;devices as compact as possible. the electronic devices R
h'fare usually designed with cavities to accommodate the R t:yfh::f'f;
- miniature cells as their power source. The cavities are - .
'26.~ .:usually made S0 that a cell can be snugly positioned therein
o thus making electronic contact with appropriate terminals
{'-.within the. device.. A major potential problem in the use - -
L f_of cell-powered devices of this- nature s that 1f the =
1 gas evolution causes the cell to bulge then the cell
"could become wedged within the cavity. This could result o
f“; in damsge to the device. Also, if electrolyte 1eaks froum :_.i;“jyjyh
. the cell it could ‘cause damase to the device.  Thus. it :U;fgf?'fl" -
s important that the physical dimensions of the cell's _”
- housing remain constant during discharge and that the cell -

'30"'f'will not lcak any electrolyte into the device being powered




3.9 U S PQtent 4 133 856 dr scl oses a. process for produci ng an [err]
'.el{ectrbd((cat hode) for nonaqueous cel I s whereby.the [err] is: initiall y
hegted-w-thin-a range of [err] to [err]. -so-as to substantially renove both-'
‘t'he.absorbed and bound wat er. and then, -after . bei ng formed. into an
_'-e-I:-:ectrode with a conducti ve agent :and-binder, it ’is further heat ed in a- L
‘rapge-of [err]: to [err] prior toits assenﬁl.y into a cell.” British- Patent-., :
1,199, 426 ‘al so di'scloses the heat ”ﬁ% rr?r};r 195 ds%r ﬁla{dl@séu ra ai'ode%rsrfer ]_0 '

tio [err]. to. substantrally remitreSt ¥ er®"cohpon

apPtfcation Serial No.p#afiddg fdn ado%relbhtﬁhl(bathew |fnrtmamsmslso¢ens -

appl icant’,. A. Kozawa, discloses. cess_whereh neous o
par- ti cul ate manganes¥heFedy ghe Mg ire’ét ipteiaddy %/ﬁ? e?ﬁ"g‘)gg e ,?%rptigg Wi t h‘ R

- anj organi ¢ sol vent tha? ?L&)SE@QUOS\U y,J hk! fo-sUBs At €51 9 rédiArenbanganhee =

~dipxide wi'th.a tayer o he -organi ¢ sol vent which.effectively decreases.the-
affinity or. propen_sr t y ab§orttied mgam@ageoméethm. ?%sb?‘msnﬁmﬁ'ﬁdst ure.

Thie: di scl ose ‘made © in this Uni Shat. &3 napr tifbitsd e ..

i ncorporated her ei n-by iF"éﬁ’e""l“eﬁi: ?& veﬁtcr%ﬁuglg'lvgtae%&?o &awrrangegﬁese

“di‘oxi-de- cont aini‘ng Catﬂaoskﬁ::ﬁae{- Keaged rlmanea:ugeous 200PEs coomn’rcsrmomeat o
treat ed nmanganese  di oxi d a°’ conduct.i ve agent, an '

i npr ovement wher ei n- thé"v\/ﬁ?# asgeshly fatga Fﬁ’é'su?‘?’efgégpp(ﬁtggt dre QF% 626

‘henganese -di oxi'de- cont b Lhéfife gup‘s;agag,r‘talokmmﬁ atedivi 46 zaovepour o
deposr ted organic sol veadr]ftgbtr%sr%g uce the- gffr ni.ty of th nganese di oxi.de- "~ -

copt ai ni ng. cat hodso f or. uoeém.btmgubstmniaély remove its water: CWPOﬂenC- S
b S . U. S. patent application Serial No. 130241

_filed on March 14, 1980 in the name. of aoplicant A. Kozawa, .
| discloses a process whereby a homogeneous mass of par-. )
'-1ﬁi7ticulate manganese ‘dioxide is heat-treated and then con-
- " tacted with an organic solvent that substantially f‘ 11s .
| the: pores of the manganese dioxide with 2 layer of the R
organic solvent which effectively decreases the sffim.ty
- er propensity of t!*e nanganese dioxide for reabsorbing _

_ E ) moisture. The disclos£ made in this Urited States appli--‘"
20 o cat:l.on is incorporated herein by reference. ' o
L _ The invent:.on relates to a menganese d:.ox:.de- -

contsimng cathode for use :m nonaqu.eous cells compr:.smg
3 ‘theat treated manganese d:r.onde, a conduct:.ve agent and a

A ."binde:." the improvement wherem ‘the walls of at least the -

- surface pores of the manganese d:.ox:l.de—conta:.m.ng cathode R
- - are substantially coated mth a vapour denos:.ted orgem.c .
'solvent to reduce the aff:.n.ity of the manganese d:.onde-

I: I- l- ﬁ _ contaa_u.ng oathode for reabsorbing momture. . -

| According to cne aspect of the 1nvent:r.on there 15 o

30 - pfovided a manganese dionde-contalmng oathode ror use

"D DIBTBIB 30M SEK A/BS .t fn e SR ,w R : RN __mw



rd| Ng- to one aspect o“f the |nvent|on there is 30. p’rovided a
_ 'a se di oxi de- contai ning cathode for -use  in, nonaqueous cells

fwal | s of at |east the surface pores of fhe mangan_ese dir oxi de. . .
ai ning cat hade bei. ng substanti.all y coated with a vapour-dep05| ted

cat ode: for 'reabsor bi-4g HeHaGhEsEs cOLTS @eﬁﬂﬂﬂwh&@bitbeatwaaﬁgmsbhere is
proyided an el ectrochemical ‘cell including a cathode in accordance 10

‘et fod for. produci ng %n%?%hg'&kgﬁ%é?%awﬁ? ﬁé?g?rea%gh&ése in_ -

nonpqueous cel | ‘systers. “conprising eps

fice the noi sture content to-less than 400 parts per nillion; (b) 5
di ng the heat treXepenirdspesided erepaigesolyentyfq I?eéu%ﬁ%cﬁﬂ}élﬁljent
a binderto form I,0 QS! e nd .(c) -
acting 'the- nmanga ng’se OXIé&%ISI’lé%I m%’d&;cn?aﬁ gik%?‘ﬂ?& ffg) wth a -
pur of -an organi’ c &ehb@onbing mdisusaost anti al |y deposit a l-ayer: of t he

oKi de- cont ai ni ng cat hode. - PALSQ B5EPYAIRG: P *é’teefjnﬁﬂtiaﬂd’%?o?%

| ' o _ T oam electrochemcal cell i.neluding a cathode in accordance
10 ..ill'bh the invention. . '

o Furbher accord:.ng to the :mvent:ton there is

: prov:i.ded a method for produc:.ng manganese d:.onde— .

| X 'containins cathodes for use z.n nonagxeous cell systems

__compnsins the steps~ o ' B ) L

(a) heat treat:.ng manganese d:.ox:.de at between '

- sbout 200°G. and abou'l: 430°c. for & period suffie:.ent to
_reduce the mo:Lst-ure content to less than 400 parts per )
'nilhon-' ' : e '. '. o R

" _ (b) blending the heat treated manganese d:.o:n.de'_ o

' 20 '_ with a eondnctive agent and a binder to fom a manganese N

o dioxi.de-eontaining cathode- and - B _: |

| (c) eon'bact:.ng the manganese dlonde—contun:.ng':-"_'.._

_eathode of step (b) with a vapour of an orgam.c solvent.
g0 as to substantially deposit a layer of the organic
_ veolvent on the walls of at least the suzface pores of the o
. mnganese dioxide-concaining cathode. - N '
Preferably after step (b) and before step (c)
the manganese dioxide-containing cathode should be heated '
to remove some or 311 of the moisture it reabsorbed during_ 

30 the blending step.. 'rhia_ couedl....l)e a_complished by heati.ng

'ng nanganesen'“:'
ki de at between abeuhtA0R. cathddeeing] sutidtahtialaypesdted #igH iaci ent” to >

i si ng.-heat -t r eat.ed ‘manganese’ di.oxi de; . a conductlve agent’ and a bi nder

ini ¢ solvent to reduce the affinity of the nmanganese -di oxi de- cont ai- ni ng' S

the invention. Fionde a8 cenndnabive agpet isndenthisderhdbe valls ofi ded a

ani ¢ solvent. on the walis of at |east the surface pores of the 9anese o



t he- mang (aese d| oxi de cont .aining cat: hode shoul d be heated. to f enove’ sorre
o] aH‘of t-he ‘moi'stute it reabsorbed duri-ng 30 . the bl endi. ng step. _This.-
~-coul d be. accorrpl i shed by heatrng ' the-cat hode at a terrperature of [err]
‘or}-above’ for a‘sui ‘tabl e amount of ti me. The manganese di oxi.de -containi ng
fﬁf hode ..s0o; treated ‘or forned should be abl e to be exposed to a relatlve
~hujm di ty of- 8% at [err]. for about 30 m nut es. wi t hout havi ng the noi sture :
content "increase to.a total of ‘no. nore tha .about .700 parts :per mllion. and_.".i'
"preferably to & total -of no nore than about” 500 parts per nmillion. By-use
ofi"the. present - invent iuhe & bg one of nore of the
folloing - (i) - a-bi nderiﬁtogtenfvell"l ﬂé’gr“&r t%@di Ce I 8PPNe £8F arguitable |
absorptlon when. expos &forRt zi’frrt)i-l!ﬁt-ure enviroment (for a fixed ti-ne period;
(i) a treatnent for heat-trgated man anese di oxi de cat hode pel l'et s: which °
“decr eases the affinity or prop gﬁ% Ph@%i’ﬁmtﬂbﬁnabmhbdetgcrml sture.. .
“Cifii) a method for pmdmmgzafdmaam ot aini ng cat hode havi.ng

a ireduced propensity Eior <?,Tb$50r i ng Noi stgcrl(eueoégflee ¥6°08 Bcpos ﬂg‘dﬁégé ive. " .
diloxi de sul tabl & for JEBLAEY: A $% ﬁ%e?ﬂ‘ponfuoabmmeomgwwcm&xmn the -

havi ng. a. ngj ori'ty (ovar,i.;?ﬁ,%3 &nte Si zed about 100 m crons or S
lower. This wll effectively rﬁoé?dﬂﬁgﬁé%vgr atl °Itﬁ} 89 MoK € cLhancabout 7007

(usual |y 40 -to 50 [erPiytooper milliltdn tahd ﬁﬁ%ﬂiﬂys%vﬁ'%t{'&;f‘%fbﬁo %%QQSéhfaHe '_ '_

f.or substantlally coa“&g: t he | s of the surface por es 'n
manganese K 3bo!gael per million, o

T o Byllseofthepresent:.nventlontheremaybe
10 provided one or more of the following:- '

R S j (1) _' a b:.nder that w:.ll have a reduced capae:.ty
" for moisture absomt:.on when exposed to a mo:.sture
"enviroment for a fixed time period; o
i e o (i) a ‘treatment for heat-treated manganese - .
; .. o : .dio:d.de cathode pellets which decreases t:he affini ty or ..
g : S ypropens:.ty of the cathode for a'bsorbing m01sture _ :
o ' ' - (41) a method for produc:.ng a menganese _ | L
. -_dioxide—contaimng cathode hav:mg a reduced propensity 0
e _l:tor a‘bsorb:ms moisture T '
20- _ Hanganese dioxide suita.ble for use in :his l_ -- |
invention could be: mnganese diox*'de having a majority : o L
(over 85%) of its particles sized about 100 microns or o
‘ "“_lower. This will effectively provide an overall large
. surface area (usua.uy 40 to 50 m /g) over which the organie
 solvent can be deposited for substantially coating e: ;
" '_least: the walls of the surfaee pores in the manganese .. l' ..
dioxide, By having the mnjority of the walls of the st.tr- .
face pores subs.tantially filled with an organic eolvent, |
- 8 mnganese dioxide-containing eathode can be handled and

transported i.n a moisture-concaining envirmment: for a

Do 'Dd 9367838 30M S&K 4743 ,._'._.::.' F . T ey Lo _..._'\_;:_._..w.é,,_,_.,.._.._.-.._,,.....,__.__-..,,_._....._..u....-' e _'.-'__.'.._ o ﬁ...-..--qw-'



-d|o>|de By haV|ng the ﬂBJOFIty of the malls of the- sur-.face pores _'-'-(:éa_'
_ ,*.htlally fi'lled"w th-an organic ‘sol'vent, a nmanganese NS
- di oxi de-contai-ning cathode tan be handl.ed and 30 .. .transported |n ‘a o
noifst ur e~ cont ai-ni ng environment for a Dd 9387838. BONIS&K 4/U3 4 6. - :
inited tinme period whereupon noi.st ur e Teabsorption will be greatly reduced .
dr untreated hmanganese di oxide. This will facilitate the. assenbly -of the
dani ¢ “sol vent.- treat-ed nanganese di oxi @e- cont ai ni ng .cat hode int.o cells:
hout- the need for expensive and cunber sone noi sture- free equi prent. The:*~-

sture in conve tioll abesterngrmbserntiloniwidli s usual |y
ve 15,000 partrs]ﬂpgr@& ﬁQFnédﬁéiQ& o M .

nd can be substanti.all ed heat i ng
it lo ~ to an el Mtgrdatmwedtatedrw%P“ﬁ’ﬂ?@F‘i’dﬂ“&f“ﬁ%{%’%ﬁ cﬂ?‘%t to T
dripe of f the noisture. r ocfugﬁge, pRKGA6B@nt-Oxi.de can be . -
~hegted at betvieen with fa gﬁr‘]‘t?‘;\ g‘k‘r'%ﬁ? a. perlrod bet ween agg%t 3 hours -
- and about” 9 hours E&Jﬁd%ghh&am&oﬂﬁeecmem cachedes g Se2bbut 300 . -

parlts per  ntil.ion: | Yaed B6r bhdivedd® Fangasese mhilakuths can be -
suljj ected. fo .a vacﬂﬁth%pghge eevat edﬂta‘ie,rrperat ure whereupon the noisture:

codl d be W t hdr awn fxmet bquilpeent. recit ed above. It has been observed that.
whgn heat -treated particul a dj &g;;eqad‘mz adeseo@paedMaee
relfati ve hum dity of -87. Eﬁgrﬂqg?még‘g an nut es,: thgr noi sture content:

i ngr eases to above &Qqngeé IdoRBde nlusuamly above 15,000 parts per

" million and can be substantially removed by heating it

| 10 to an.elevated temperature for a period of time sufficient
| ".'to'dtive off the moisture. For example, particulate .
manganese di.oxide can be ‘heated at between about '200° c. o
| and 430°C. for a period between about 3 hours and about
. -‘-:i o 9 hours to reduce its moisture content to less than about
L 300 parts per million.. Alternately, .the particulate
manganese dioxide can be subjected to a vacuum at an
.- elevated temperature whereupon the moisture could be
= withdrawn to the level recited above. . It has been obserued .
- that when heat-treated particulate manganese dioxide is B
) ao  exposed to a relative humidity of 8% at 20°C. for 30 : o
| ninutes, the moisture content increases to. above 1300
" parts per million. ' ' PR ' .
.~ The organic solvent suitable for use in this o
| invention should have a relatively low vapor ‘pressure, - :
g f.., 2 relatively high boiling point such that the solvent.
‘will remain in the capillary spaces or walls of the por_es R
. " fn the manganese dioxide-containing cathode and’ any S
o misture reabsorbed will be restricted to. only the super-
| ficial surface of the cathode. 'rhe organic solvent could
o 30 - ‘be a single solvent such as b/butyrolactone (GBL), = .
o propylene carbonate (PC), dimethoxyethane (DME). tetra-' o




“Thie. organrc solvent sU|tabIe for gse |n th|s |nvent1on should have a .

rgl atively.d ow vapor” pressure, i.e., a relatively hi gh”boi | i ng point - such -/
“that the'solvent wi'll remain in the capil1ary spaces or walls. of the pores~]\;
~.1-in the manganese di oxi de-containi ng cathode and any noisture reabsorbedﬁ“*“’
" willl be restricted to only the super- ficial surface of the cathode: *~The.
orjgani c solvent could 30 be a single sol vent _such as [err] butyrolactone .
;(CBL) pr-opyl ene’ car bonate (PC), dlnethoxyethaze (DMVE), tetra- o e
hiydr furan - (THF), 3-nethyl-2-oxazolidon, (3Me2Cx) or the Fike, or nlxtures -

_ari “cornbi natlons of sohy.m-,tfa,_.an e t ed man anese
diloxi de- cont ai hi ng cat hode is int end’e? PL‘F"Ya At ‘pﬁi’i“?l cmeaﬁx):.elob system

then:it- is: within.t he"@%débeofort alxtureyaiiid esuiRatféast BE U1 é‘,g,!', Wﬂ'ﬂ/ Lo
ect te .

ellectrol yte solution a§ ?nglnl c solvent. Thus an organt
: cdul d be ‘enplioyed. to su stan ganese (doxidgcontaining carhbéeaspor es of .,

the manganese .di oxi de- dtended lfgraabhnda 2rrcad ure-reduced 10
cations.. d Gener{'!lllic%'ﬁg'nJéJ &%t eaAty

cat hode ‘f or - nonaqueous t%elvithai%p
nanganese di oxide will ‘have a b %sﬂéi’%l"cfyﬂeffs ébwtti&n&oguw&haearﬁ,@éc

centinmeter or |ess. Thiedectrgsee sd1di for nrrg%l llended with a suitable -
‘bi;ndér and conductive. a ent and after belggg&%o ‘é’?&d“ vent.  Thus @no a - .

pellet, it can be treafb®Ry %Hl%ﬁtrelmncoumlbeempmy@@rﬁu??; LhEr li| k. -
densi | noreases to sl cf 430y m%%rasﬁé{iiréa'e%‘éﬂmiii aram
' suff|C| ent to pernit t Héoxidetcontalipiig akvﬁcﬂetgoq,q.gg@‘agi 89 goL:nr ough the -
sture-re uced o
el;ect rode Pr e o a“ Yeddidk' IPclirS Pzgxgaq?xlegucg rc(:(ig applications. Generally the -

P heat treated manganese dioxide will have a bulk density

| of about 1.5 grams per cubic’ centimeter or less.. This
.-.&vi : menganese dioxide can be blended with a suitable
. binder and conductive agent and after being compacted
.into a pellet, it can be- treated with an’ organic' '
solvent, whereupon the bulk density increases
~ to about 35 to 50 grams per cubic inch (2.1 to 3.1 grans
. per cubic ceptimeter) while insuring that the" porosity.
o ~ 1s sufficient to permit the cell's: electrolyte to permeate - :"'.
- 20 through the electrode, Prefetably the finished electrode i
- should have a Porosity with between about 20 end 40 per
B cent interconnected voids for providing increased access :
for the electrolyte. - '
N . The conductive agent to be employed could comprise -l“ﬂ"
-'cerbon and/or graphite. -To impart cohesive characteristics o
-to the electrode, a suitable binder material, with or .
. without plasticizers and with or without stabilizers has :t-“:;t""
! to be added.: ‘Suitable binder materials may include Portland :
- CGement, or resins such as polyvinyl, polyethylene, polypropylene, tl.
39 polyacrylics, polyatyrene, polyiaobntylene and the like"'
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' Should have a porosity with between dbout 20 and 40 per: cent. .
&re‘onnect ed voids for providing i ncr eased access for the electrol yte s/

€onduct i ve agent to be errpl oyed coul d .conpri sé” carbon. and/or- gr aphi te.
mpar.t cohesive characteristics to:the el ectrode,  a suitable binder S
brial, with or.without plasticizers-and with or. w thout .Stabili zers, has

pe added Sui't abl e bi hder material's- may i ncl ude Portl and cenment, or-

.res

ns such. as ponV|nyI polyethylene pol ypropyl ene’ 30 polyacryllcs

-pal ystyreéne, pelyi sobutyl ene ‘and the |ike $d 9387838 30M S&K 4/83 -~ 8'with
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etrafi uoroet hylene being the preferred. Preferably the-.binder can-

- het ween about w} 8841 870 | of the finished el ectrode. * -
manganese di oxi dgﬁgﬁn?al ni trflgly cta’tgﬁb\\';ﬁ‘“g%‘fimgsq‘h\?é’ﬁf?mdeari’!‘séerﬂbly -

f'_abll cated by heat ithe hiadErmdnav&yrmamsebwgon dgh?%gi bjr Ps% for 8‘ '

S to reduce its sture cqontent to |l ess than
iron. . Thereaft é'f'”q?fef %%ﬁh’ﬁr%céd%nganese dioxide- is mxed:with a

:iuctlve agent - (carbon) ariql,eamgdeQg;e 19 ox i B i%ﬁ.ﬁ fé‘ ‘pee%ged to about e
rea _

] for 30 minutes to renove noisture that nmay have- or bed by
manganese di-oxi H&is Wﬁ*ﬁngﬁmbefdbwdeﬁbwmﬁbg rpdeficﬁilxterre D

conpact ed . and t Nggig q g N ; an| c sol - vent Wmch "
coat at least the&&vvg+ hﬂn s%srafg {'bB ESP Tt ELENRE body. .

sol vent - t r eat editmttm cartiene eoTegANYER £HRE] sim papéfpakng cat hode -

br oduced Wil | bemfﬂT rabI,rY, suited for nonaqueous cell systenms. - The-

an|(: vapor ereafter the heat-treated manganege dioxide '

| is mixed with a conductive agent (carbon) and a binder

10 and preferably reheated to about 70"c. for 30 minutes "

B /'j to remove moisture that may have been reabsorbed by the

'j.manganese dioxide, - The manganese dioxide/carbon/binder mixture' o

] is compacted and then contacted with a vapor of an organic sol-

vent which will coat at least the walls of the surface pores of |
the compacted body. The solvent treated moisture-reduced
'manganese dioxide-containing cathode s0 produced will be

‘admirably suited for nonaqueocus cell systems. The organic'vaoor B

"ﬁ.d can be deposi:ed on the walls of at least the surface pores
and cavities of the manganese dioxide-containing cathode:

. 29.' preferably at elevated temperatures (50°C. to 80°C.).
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be’ deposrted on the waI I s of at Ieast the surface. pores and cavrtres of
hle. menganese di oxi de- contai ni-ng cat hode 20 preferabl y at .elevat ed
_'terrperatures ([err] to 80C )" 9. CLALMS.1. ‘A manganese-

-difoxi de-cont ai ni ng cat hode f or use in- nonaqueo&o cells conprising - Doas
" hefat - treat ed manganese’ di oxi de, a. conductive eg&rﬁ,lsand a bi nder, the vvaI s

2

of’. 5. - 1 east the surface por es of the nang-a-nes-e- d| oxi de- cont ai ni'ng :
catbode ber ng subst anyy alyg W%aﬂ\é o
“t'g reduce the affini ty *of .the nanganese di oxr ar Nl ng)cd%#tﬁ%ieéfio¥§%se

r éabsorbi ng nwi sture.. wgo#%%ﬁzﬁgﬁﬂgﬁggﬂb%ﬁﬁ b 't"'r&i? %g&ﬁese E

cliai med in- clarml wher e"I'S expose toare at' v

huni dity of” 8% at [eriﬂzb:ﬁ‘de x?@ugtﬂ’%e hite a0at ROYR n‘ﬂi# h@Y@ ﬁg\lls o.f.'

t. et al of no nmore than out /DO par per m on nol sture
_rranganese di oxi desconiga Nidyy e%g@fg =
-ca‘t hode wi | | havesa total of ‘lﬁ?ﬁ%?ﬁu?ﬁgﬁba out 5 parts %{%}h&de :

moi sture. 4. . A MENg¥RRtRiHing % ma'ﬁétﬂgghtg;ta&gaﬁtaay%%ﬁ 3 tRNE

of the precedi ng clains, wherein e organic rom -

‘the group consisting Wapdiidepodibad ObREAATE. SBIYRAHERD &@;}dgf&l’é‘t&e arfimt-y' "

dimet hoxyet hane, . 't et rahydi r of ar an, and 3-net hyI 2- oxazol i

- matnganese di oxi de- conio#i WH&MZ%M@sésdibﬁ&Edcbﬁt@ﬂhlﬁ% c‘ﬁthﬁut Fon Fob tO

'3 wher ei n the organr c solvent is an organic el ectrol
L rea‘osor'b:.ns moisture.

10 2. A mengenese d:.o:m.de—conta:ming' cathode .:as' claimed:,
. in claim 1, where:r.n, when the cathode is exposed to a
| rela.t:.ve humidity of 87’ at 20°C. for about 30 mnutes, '
. | .- the cathode will have a total of. no more tha.n about -
L " 900 parts per. million moisture. | )
S .. o -.15'_- 3 A manganese d:.o:cr.de-conta.ming cathode as cla:a.med
[ ~dn claim 2, wherein the cathode will have a total of no'i
| | " ;_;'mo:ce than about 500 parts per million moisture. / '
1 L ,_4.- A manganese d:.ox:l.de-con"a:.m.ng cathode as cla:uned'
| in an;y one of the preced:.ng cla:uns, where:r.n the orgam.c |
20 solvent is selected from the group cons:.st:.ng of
X -butyrolactone, propylene carbonate, d:r.metho:qyethane,
| _'-tetrahydrofuran, and S-methyl-a-oxa.zola.done. |
__‘.5 A manganese d:.ox:z.de-conta:tmng cathode as c.la:uned
in any one of cla:uns 1 to 3, where:r.n the orgam.c solvent
e 25 is an organic electrolyte solut:.on. .__' | '_ _- .
. 6.\.\ A manganese dlom.de-contalmng cathode as clalmed

o % ¢ L o moos o
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fS&k ?83 . 710, in any one of. the” precedlng cl ai ns, ~wher.ei n the- COHdUCtIV@“

heat
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l,\ A nanganese d|0X|de contalnlng cathode as. clalned Dd 9387838 30M (E%ﬂ

d. in any-one of the precedlng c) ai m5A0wherein’ the binder 5 s

I CS, _ ren

' d f h
ected from thegg %ene po?[yacr ré’eéa cm@ gﬁé&z{'

t-hyl ene, pol ypr ylsoﬁﬁtylene andff;':

h:etrafluoroetgb MRS v %Pﬁflfgeeafggﬂegbcg&g?ﬁh% Conpri st g an

an- 10 organlc e ectro te and a ranganes oXi de- contalnlng

de as clalne in any o LB “*f?f}
rochem caI ?I as C al nme eéé" a| mgd \/\/Eerg% anct)@gilsa? ? ?%nr%?%r

iJum 10, " An ehacluachenE Gt ﬂf‘é' é&fhﬁeglhﬁm%' Pkl the tinddr -

ei n the vapour.. de si t-ed organlc so vent "i rganlc el ectr ;f{
cel I 11.. pA. gg %@lefdife@rﬂbiﬁ't!ﬂe”FLE‘EﬁgeéSnﬁb.%thﬁ% %%z‘t%&a&&ﬂéﬁt T
use-i /nonaqueous. cel | systens conpr t he steps AR

-treatlng MeNgeN$Se nP 10X gLy t1Rpl 8861 ﬁslgbr%?ﬁgka%%%ﬁBlyéh%?iié@

icient' t@.reduce.the. nnlsture content "to | parts

i.on; "(b) blenﬁbmygﬂyréﬁet 6I§E§§bﬁﬁﬁﬂéﬁésﬁnﬂ'9619%e¥§aﬂﬁﬁbﬁbeth~;:.r_.h

uctive- agent and- a nder: to fornta nanganese d|0X|de contalnlng -

ode and 'ylene. N . . _ : S _ C
8 An eleccrochem:.cal cell compr:.s:mg an anode,

.'10;'organ1c electrolyte and a.manganese dloxlde-contalnlng o

o ca"hcde as cle:x.med in any one of. the preceding cla:uns.' S

- .-9. An elcctrochemzcal cell as cla:.med in cla:un 8,

s wherein the sticde 15 lith:.um or sodium. e

_ 10, M electrochem::.cal cell as clamed in. cla:un 8 or
15 _5_9, where:.n the vapour depos:.ted orgam.c solvent is the
'”e.organlc electrolyte of the cell. '__ ,'_ . :
':ff111. A.method for produclns'manga:ese dlox1de~conta1n1ngf;

. o cathodes for use :.n nonaqueous cell systems compr:.sn.ng o

_. the steps° S '_ S T |
fff_éo lh (a) heat-treat1ng manganese leX1de at between R
"1 sbout 200°C. and sbews 430°C. for a period sufficient =
f'to reduce the mozsture content to less than 400 parts ;h;hnt

. perm.llion, L e R

| | (b) blendlng the heat-treated manganese dlc'xzde : |
i;thééc.wlth a conductive agent and a blnder to form a.manganesei-t.
L _"diom.de-conta:m:.ng cathode- and | | |

e Ll o~ (c) contaet:mg th’e manganese dlonde-contaln:.ng B
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[ is carbon or- graphlte 7. A nanganese di oxi-de-cont ai ni ng cat hode as _-.f



( contactlng the nanganese d|0X|de contalnlng cat hode . of . step (b)*' -
f“h’ a rvapor of an ‘organi ¢, sol-vent. so as to. substantial Iy deposit" - i
f

Clayer! ‘t he ‘organi c 'sol vent on the malls of at 'l east -the surface pores of
t hle nanganese di-oxi de- contalnlng cathode .12, . A nethod as cl ai ned .#

| ai m.11, mhereln after .step:-.(b). and ugfore step “(c) .the nanganese _f.

'deBglde-.-'; R contalnlng cat hode i s reheat ed t'o ‘about “70C. : for -

_ahgteast 30 ntnutegathhde oﬂ\sméﬂodbaswﬁknlaedqp@ﬁﬂdyraﬂtbr éﬁlézsolvent

o rei-n" 10 . :.in step  (a) ‘the nmanganese 'di oxi de I's heated at. about 350C.:

“fdr 8- hour s: . The sextasoftd raa:memfiamyoaebaellteen lra?lefroweﬁhé’%rganlc E

'_pHotocopylng ‘the dpplicants original ‘typescript. It .may contain a fe =

'aqendnents whi ch- aseldiefift el tthe wabls of TAe Qeiagithdhe surface pores of o
_typescrlpt cont ai ni-ng theae nendnents nay be inspeoted on the prentses of .
-the Patent ‘Office Daeggemmﬂdammeacontainmg cathode. L

+ R -sj' ﬂ'sfttlz;’. A method ‘as clalmed in clalm 11, whereln afterli.

.-(

:ti'f-7"'”f: ﬂj:.step (b) and before step (c) ‘the manganese dloxlde-h"
;hcontainlng cathode is reheated to about 70° c for at

-least 30 mlnutes.

313; A method as claimed in clalm 11, or 12 whereln
 :;0' 1n step (a) the manganese dloxide is heated at about

a{h350 C for 8 hours._' :.e'.:f'f_ '; f;:'

1'he text of the apeoiﬁcation has been reproduced by photoccpying the a.pplioanta original .
- ':, typesoript, It may contain a few amendments which are difficult to read. The original -
j ta'pescript conta:l.ning thesa anendmenta m be inspected on the preniaaa of the Pa.tent Oﬁ‘ice_ S
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