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10 Cat hode Coating Dispersion FI ELD*OF THE | NVENTI ON Thzm mmwm reI ates’
to one pot high tenperature curable thernoset cathode c si ons.
The formul ati ons contain graphite and/or carbon bl ack, acryl*isissesi n or

but adi ene acrylonitrile or styrene butadi ene or epoxy a 15 epoxy
ester. The coatings are cured with appropriate crosslin %ﬁ@ﬂwm’mjﬂ

mel am ne and/ or phenolic "resin and/or carbodiimde and

These coatjngs are suitable for use in batteries, fuel cellSSOOoozapam tors
and ot her energy storage devices. 20 BACKGROUND OF THE | NVENTI ON Al kal i
battery dry cells are manufactured by pre-form ng a I with a nickel
plating inside the can. The cathode, a conpressed rﬁt?&tﬁ 32%?E%nganese

di oxi de, carb nﬁ'n ‘?:%S' bly other additives is positioned inside the can
in the formog; Qgy! i nder which is in close contact with the can

i nner surface. ter natlvely rings of cathode materials can be forned
out si de thg ceII and then pusegqoaglégatﬁ,g%,%psmme inside of the can is
treated with a conductive dispersion which is placed between the inside
surface of the can and the catg@deorrKEWIeENTIOQr der to i nprove the

el ectrical contact between the can and the cathode m xture and to prevent
corrosion of the nitek@vedtdl Bllateng ohdifot 6ARA tenigertrO Ul eBbRktes. ,, -1 5
In the past various enul sions have been utilized in an attenpt to maxi m ze
el ectrical cositacde cdsthgRIsParEBhs. TIod foMsUlLABnd ddntal dréghit€snd/cFlaeden enul si ons
generally contain graphite and/ or carbon black in conbination with a

bi nder. For eXxaoplaeylicdess orfPataaiahe Moylordtsil8 bOstr@te bitadidnz @s egoxyg Brsdd@r Si on

contai ni ng graphite and/ or carbon black in conbination with a binder- of a)
vinyl acetat e eant eetehyheemfings@rapdurad witplapametia¢ eosstitkers sugh achl ori de, c)
styrene and but adi ene, or d) vinyl acetate, vinyl chloride and ethylene. In
addi tion, ot héﬁ'%'@p@ﬂ@r 1980l g agedn %@@ncaﬁwq"m@e@n@mﬁ eatalishdheiender s of
aromati c pol yuret hane, styrene acryli al i phati c pol yester polyurethane,
vi nyl acet at e °SRiPgY 318 SU'QP'P&HE? 8 5B ’?%é?%ﬂatcép%ﬁ”%’tsﬁ %%th%frf"ﬂeﬁgl/ uor opol yrer .
Al the above dis erS| ons were used as a thernoplast which 15 requires no
crosslinker diPia9§%€i¥Scure. After final cure on nickel plated steel all of
t hese various dispersions exhibited sone formof failure when subjected to
hi gh concentrati ons of potassium hydroxi de. The dispersions in sone cases

showed hi gh el ectri cal re5|%@(&ﬁ§0@5 SpTh?qN%gm.lBﬁst as opposed to before
In

the test and in sone cases ers either becane soft or | ost adhesion

when sprayed on the;20,due ch@é %%n@é&@ed b%ﬂeﬁfé’mﬁ}% B0l EQTwigQ m nut €s and
then i mrersed in 40% KOH sol ution for 72 hours at C. One of the main

reasons for tReksekiinessdd tfe HAE ThOcAWMBT a ddinpr gtk @dMixiuFaBrhirgaReskenper at ur e)
of the binder. Harder coatings which require higher Tg and will not soften
at hi gher tenpexias te@on eddpoesblactheeidaithvddys gositioned inside the can in the

form of a hollow cylinder which is in close contact with the can inner surface.

25  Alternatively, rings of cathode materials can be formed outside the cell and then

pusr;ed into the can. The inside of the can is treated with a conductive dispersion

which is placed between the inside surface of the can and the cathode mixture in

order to improve the electrical contact between the can and the cathode mixture

and to prevent corrosion of the nickel [ayer and the can from the electrolytes.

.
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crosslinking reaction with other resins. 25 The objective of the present
inventi'on is to provide one conponent, heat activated crosslinking
conductive coatings for use in batteries, fuel cell, capacitor or other
energy storage devices. The dispersion is made of graphite and or -2 5
carbon bl ack, binders, crosslinkers and a catalyst. The coatings forma
stable electrically conducting cathode | ayer which in turn inproves the
storage and di scharge properties of the energy device. The inproved
properties of the coatln? al so include the stron% adherence of the coating
wi th the cathode sﬁWF%ﬁ@ %ﬁ@ﬁ5¢?m$@“§aﬁi%ﬁﬁéﬂuﬁe'ﬁBﬁﬁﬁg?dhlhydrOX|de and/ or
el evat ed tenperatures. is a 10 further rovi.de a di spersion

whi ch may be Eﬁ‘?i"F‘iziét?CtB?\a' P?f%a%?'t?o?r%‘fe”bqoéﬁ’%%" até?”?%efheﬁ‘g?rpu'%?n as a current
Il ect f | ectrod d THE
o[ o o5 i AL A LSEOTIL Ay SAMRY TS
| d d dded
ross |i nker sBaie Por kel fion puPouis” Bspa gt o5f @@%ﬂ%é‘mé{g?daig catal yze
e ot adi aEnd bAREhEAN, Féenaam Ol ShRREGAL R yaReidleafs bAGEA al ed by

usi ng but adi eRe acryl oni e or styrene |ene and epoxy ester which

al so i ncl yge Ehﬁny@pc%\t'a‘?e SR P!oﬂgeerﬁst%gn@é}@ b@%ﬁ@hé’%F@vanUé’cTeB@' a

di spersion may’ al’'so consi st "of epoxy and/or epoxy ester and acid catalysts,

phenolic resi ginaARMAbMe JFELATLRES lﬁ%d&t‘o@sﬁhér@Kﬁér&onsﬂé@@Seéhl’uﬂllzléet systens have
shown excell ent” resistance to al kali at hignher tenperature and generate

good conducti %r{téamweﬁhmlarmtleFonwramléeétyraheadceﬂic stisretic pdyestef or nul at i on
cont ai ni ng but adi ene acrylonitri has al so shown good aci d resistance as

wel | . 25 Consegguesthing, vibyiessate aalicngighatiapolpertsastd usthane @ad hode coating for
energy storage devices such as alkaline batteries that will generate
sui tabl e -3 fluoropolymer. All the above dispersions were used as a thermoplast which
16  requires no crosslinker during the cure. After final cure on nickel plated steel all of
these various dispersions exhibited some form of failure when subjected to high
concentrations of potassium hydroxide. The dispersions in some cases showed
high electrical resistance after the KOH test as opposed to before the test and in
some cases the binders either became soft or lost adhesion when sprayed on the
20 nickei plated panel, dried at 80°C for 20 minutes and then immersed in 40% KOH
solution for 72 hours at 80 °C. One of the main reasons for the softness is due to
lower Tg (glass transition temperature) of the binder. Harder coatings which
require higher Tg and will not soften at higher temperature, can be achieved by a
crosslinking reaction with other resins.
25 The objective of the present invention is to provide one component, heat

activated crosslinking conductive coatings for use in batteries, fuel cell, capacitor

or other energy storage devices. The dispersion 1s made of graphite and or
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5 conductivities as well as an excellent resistance 0 chemcals in the

al kaline batteries, fuel cells and capacitors and o{her ener gy storage

devi ces. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The di spersion of the
present invention is conprised of a graphite and/ or 10 carbon black with
at least two kinds of resins which contain carboxylic functionality for
cross linking reactions. Simlarly, a dispersion of the second kind is
formul ated by using epoxy and phenolic resin and or nelam ne. The hydroxyl
group of epoxy crossllnks wi th nmelam ne and the e x¥ %rou crosslinks with
phenol i ¢ r¥si REPORAK, Riaders, Frﬁﬁ“’ﬁ‘@rsraé‘él@tcﬁ@%t AN&WANGE IR @rﬂt%'eaf ter applying
hi gher 15 te erat re for $1 ss, linkipg reactions
generate a co ftfﬁf W”EHCUP%CEB@F? aty@'s"l’rg éﬁ"’t'@p%ﬂ"?f F‘? W88 hci d envi r onnent
and produces ? ood ele tr| Ga ry nduc h %1 %¥§ . _The I @hlte di spersion
i s specifical FY“G&Vé& lr%’ﬁe'as% eae e REEE A0t e = p Ry 'Eise tof for alkaline
batteries. Thi c?atxﬁj lﬂalc%q er_ls(':t'ro gdheren Sfc?r?é éog?rﬁ; Mth%ecéé'{r{ogggurﬁ%l ector and

prevents the corr S on tI’O corrosive

envi ronment | @ﬁérﬂﬁs%%e ?e'd‘?@iaét&%iu Z@Er% h?§nd/3§@%v§é§@ géﬂaﬁ’fbs. S&E’%{r' f' Ca' ly the

formul ati on contal ni I ene- ry onitrile or epoxy as a binder, is not

only al kakg nefu'?tﬁ@r'oﬁjre@tng tptbvi @ asc@sd'e?s%n%%'ﬂtmaty%e@ﬁﬂzg& n ﬁ@‘tﬂpﬁl@tnmant S.

Consequently, the 25 coating can be used as well in a cell where
hi gher resi stalatca,@omfuéﬂaeu &Lae%%nrtrer@e&lle&srtfg*e@qa&ésm@ed if aﬁlesn red to the
bi pol ar el ectrodes. -4 5 These dispersions are primarily utilized for

coating a cat iegphsbder or battery can. Along the sane |ine these
di spersions are also suitable for application as current collector coatings
on el ectrodes of an ultracapacitor. These coatings formthe connecti-ng
| ayer that inproves the electrical contact between the electrode and the
el ectrolyte, which may be aqueSUNMMARYQNTEEINENTIOM 10 nature. Preferred
graphltes for use in the dispersion are natural or synthetic
The dispersion is a one pot system comprised of styrene acrylic and
epoxy ester in which melamine and/or carbadiimide are added as cross linkers.
The formulation may also contain a blocked acid to catalyze the cross linking
reaction. A similar dispersion is also formulated by using butadiene acrylonitrile or
styrene butadiene and epoxy ester which also include the above cross linkers
20 and catalysts. Further, a dispersion may also consist of epoxy and/or epoxy ester
and acid catalysts, phenolic resin and/or melamine as crosslinkers. These one
pot systems have shown excellent resistance to alkali at higher temperature and
generate good conductivity when applied on a nickel plated steel. The formulation
containing butadiene acrylonitrile has also shown good acid resistance as well.

25 Consequently, these coatings can he used as a cathode coating for energy

storage devices such as alkaline batteries that will generate suitable



graphites of high purity and high crystallinity. In #he dispersion m xture,
the electrically conductive graphite is used in the famount of about 30 -
90% by wei ght of the total solid. To prepare a proper dispersion,

dem neralized water is used as a dispersing nedia. Al so, to obtain problem
free-coatings the followng 15 additives are added. For exanpl e, defoaners,
preservatives, surface agent and/or dispersing agents may be utilized.

Def oamers which may be utilized include BYK 022, BYK 019, BYK 24

(BYK- Chem e), DF 37, DF-40, DF 120, DF 70, DF-75, DF-58, DF 6 DF- 62, DF
66, DF 574,g DECEYBHIVURS 125 PYES it s PGB MSEIANES 19 fleeiNDY K6 #9068 Nal co
2305, Nalco 2302 (Rohm & Haas Co.), Triton 20 CF-32 (BASF Corp.), L-62
(Wtco), Coat gf"l%e”%%gﬁl f%ﬁ'&‘gﬁpﬁﬁ’tg%ffg%ﬁ eﬂle‘fgéﬂlsméagﬁldéé%eél . Preservatives

whi ch may be utilized include Busan 85, Busan 2024, Busan 1024 (Buckman
Laboratories), Hyam ne 10-X, Hyam ne 2389 (Rohm & Haas Co.), Pronexal X50

(Zeneca), Parnetol DF 1 J et on 886 (Rohm & Haas
Co.) and Nuosept 101 (Q%Eg%\%%’%%gﬁTé@g?jﬁgfﬁ@%’Fg whi ch nay be utilized

i ncl ude, Busperse ; - i - ) , Tanol
850, Tanol SN Rohm%égﬁg'%g@)% ,elp%%%gﬁ’;%ﬁ"gg% cogtAeEl %%,gra@%%jnd{gr?— Daxad 19

(V&R G aceg Co cdrborlCbiakR6withCht 1dbdy thd wdred s ofClesh® lwhibi coRtain SarBdidiid Al r
Products & Chemicals, Inc ), Disperbyk 182, D sperbyk 190 and Di sperbyk 185
( BYK- Chemi e) . iAéfidnbngfon gy sk FabtiomaysimRargrgtisyeesor dieddigeoninesn 20
(Spectrum Quality Products), Ootan and Silwet L-7068 (Wtco). Surfactants
whi ch may be it folmuzgsl byneinddeoxhA, phddiABreshOhbBDRMmelddie, TAOArox04NP and
104PA (Air Products & Chemicals, Inc.), and BYK 333. 10 In a preferred
enbodi ment, t bheuadtiepixy esossiDRP witls enefamdra ardiotie ePoXylgrbwr erbsrlibksSWhof t he t ot al
formul ation weight. In an especially preferred enbodi nent, a wetting agent
may al so be adokedlia @sinhdhercrsulinging reactond @isotogeur onishaiersapiplyiab lhgheesi n

di spersion_the graphite and or carbon black are m xed with acrylic |atex
and epoxy'est &mperpiise e gyaeried ofdimex Thancress ISking reasians 9gberalf @A/t ns styrene
and acrylic or butadiene resin in the polymeric backbone of the binder
system The eWBXY 'Se¥teressiaat ©rallffine Aukach SREPEMS HR PrHCceB? 99900, The
rati o of acrylic,%‘g stnyr%ne or butadiene resin is preferably in the range
of about 0.01%E8"AGEIECIGIEE | arly, a second dispersion is devel oped for
the sane application which contains graphite and or carbon black in

conbi nation 20 with butadiene acrylonitrile and epoxy ester. Al of the
above bi nders cont g Bhoxvljc f. k | r oyl t ossl i ki ng
reaction with nel airth%g&gﬁ% a(gpchS%rn ngg.%cmeﬂgde é{(to‘%el(ajr% %i\%tggdres?grr?ﬁ{ S made with
graphite and/ esicoar BPAKRh@EkiWY. GHis RBERIASLRO%Y 2 2B&InERAXY clBRher . I N
addition, the dispersion also contains nelam ne and phenolic resin as
crosslinkers téneebdid praveRs He@¥Rodirofitie d&tro@NEers tHeWdotrysifeddheinital desi red
application, it is necessary to prepare the mxture with the proper ratio
of graphite andfrotmedribsde bhaclkatre batredes.s Thd-alispess@nplseecificalty tse

formulation containing butadiene-acrylonitrile or epoxy as a binder, is not only
alkaline resistant but also resistant to acidic environments. Consequently, the
25 coating can be used as well In a fuel cell where higher resistance of the current

collector coating is desired to the bipolar electrodes.



with battery cans the proper ratio of graphite and/pr carbon black to
border is in -6 5 the range of about 1 to 6, with'a preferred range of
about 1 to 4. The overall water content of the dispersion is preferably in
t he range of about 30 - 90% by wei ght and the graphite and/or carbon bl ack
m xture is preferably about 10 - 60% by dry nmass weight. A stable

di spersion is forned in the presence of the proper additives and 10 the

bi nders. The viscosity ranges from50 - 1200 nPa-sec. For proper curing the
di spersion_al so contains one or nore crosslinkers and an acid catalyst. The
preferred trossli nEé?SS dzsrpgrsﬁﬁsf £l %'&a”‘é#g%aif?rnﬁoa@,g apﬁaémoglei%(?’dgrr “m xt ur es
thereof. The %iegj %"a'lﬁ a}-\%rswt riwes slajrﬁeeqing Othg%t %IIS grglor]%sh%rer S@gguﬂgblé)%rmen t he
mel am ne and & h5Fderstd A curing ageﬁi naé e utilized conprising a

mel am ne and rB;éoﬁEa‘?iEﬁ‘g.l, Xur%néﬁ%{ln rr%!)aeﬁln%%?rﬁ%%c%{pg%sle@agrﬁlltrggglpggtowr'\&ea hi gher

imno group Préeterred Cros ers partially al kyl at ed

mel am ne. Avaj I I = : - - 1158,
C 323, C 303, técaﬂg%sgff’ mc?’%%wéﬁé@%w@a%l 32&(%%50' T%%QGOUCGEE%?QXL 29SE

(Union Carbi dg) eieclB bEA%H QLrBOEVGRRN IS SALAREYS bE nbliagib@nal i ty and
mel amne is 20 catal yzed by sulfonic acid of various types including

bl ocked s f ORdtGreaPteftired \PERItSPRE iubé GakHeY diédeesihbr8 enatiditor Afynthética- Tol uene
Sul fonic Acid (p-TSA), such as BYKCatal yst 450, BYK-Catal yst 460 ( BYK

Chem e), Nacugmpiitd of agl Nagusre RG0yshiaayr eindBe LkPersioinfigurenehast ri es,
Inc.), or epoxy blocked D nonyl napht hal ene Sul fonic acid, such as Nacure
1419 (Ki ng | ndagticallesordactive ,grdppfeats &@6-i0 tleatabyns tof 2bout GPt-e8)%dy Nacur e
49-110. Preferred phenolic resins include Phenodur PR 308, Phenodur PR 307,
Phenodur VPW %8igi®105 thaLoteiSolidit Tarepard a proper dispersion, demineralized water is
used as a dispersing media. Also, to obtain problem free coatings the following
15 additives are added. For example, defoamers, preservatives, surface agent
and/or dispersing agents may be utilized. Defoamers which may be utilized
include BYK 022, BYK 019, BYK 24 (BYK-Chemie), DF 37, DF-40, DF 120, DF
70, DF-75, DF-58, DF 60, DF-62, DF 66, DF 574, DF 696 (Air Products &
Chemicals, Inc.), Nalco 2300, Nalco 2305, Naico 2302 (Rohm & Haas Co.}, Triton
20 CF-32 (BASF Corp.), L-82 (Witco), Coatsil 1300 (Condea Vista) and Alfol 8
alcohol. Preservatives which may be utilized include Busan 85, Busan 2024,
Busan 1024 (Buckman Laboratories), Hyamine 10-X, Hyamine 2389 (Rohm &
Haas Ca.), Promexal X50 (Zeneca), Parmetol DF 18 (SaM Special Additives),
Kathon 886 (Rohm & Haas Co.) and Nuosept 101 (Creanova). Dispersing agents
25 which may be utilized include, Busperse 229 (Buckman Laboratories), Tamol N,

Tamol 731, Tamol 850, Tamol SN Rohm & Haas Co¢.), Daxad 30-30, Daxad 11,

Daxad 15, Daxad 19 (W&R Grace Co ), CT-136, CT 141, CT 151, CT 161, CT

.
.
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r'"* t 5 Following its preparation, the coating is tten applied to the
surface via pouring, brushing, spraying or dipping and cured at el evated
tenperature. The water may be renoved by allowing it to dry, by warm ng or
by application of a vacuum A preferred curing tenperature is within the
range of about 100 C - to about 250 C. Dependi ng upon the chosen curing
process, the time of curing 10 ranges from 15 seconds to 16 m nutes. The
rate of curing can be controlled by changi ng the anmount of crosslinkers and
the catal ysts. After curing,@a mechani cal ly and chem cally resistant,

o

el ectrol yt@ i Agbl(EbIOBE EcEnamcas | 1A b HeraTy<otf% HESRSTVK al. 2Fhe

S i i
40% KOH solutﬁeﬁqup @p‘ﬂPWoéuﬂﬁ'?5”H§ﬂr§ﬂg?”éﬁdcgg$ﬂg§g§§3ﬁwu§$ coating to
pr ot oot ve {1 1SHETTE aSager 2t hRBy e ef RS APEMITE ebut s - 200

i crons and magybLef 8ARL Y. ABAE om0 GHOBEK oy uni for m Lhi ckness s

obtai ned via the pseudopl astic and thi xotropic properties of the

di sper si ofjg The i NYeQLy AR BRIHREL bR adilIS! 8300 i S 8006 L0 L he

fol |l owi ng exanpl es which are iInten or the purpose of illustration and

are not to be .cansty ik BE hihuidh Weyht! Ind dBecdih @refrRpRnBbdifb&, present
i nventi on. EXAMPLES 25 Two forrmnul ati ons were prepared by the foll ow ng

steps. 1. Load «eHydesnt Ry akd Beshdemicare mittusger sant and cel l uose into ring
mll. Agitate 5-10 mnutes or until dissolved. ,, _g_
In order to form a suitable resin dispersion the graphite and or carbon -
Black are mixed with acrylic latex and epoxy ester. The acrylic latex in this
15  application contains styrene and acrylic or butadiene resin in the polymeric
backbone of the binder system. The epoxy ester preferably has an acid number
of 10 — 100. The ratio of acrylic to styrene or butadiene resin is preferably in the
range of about 0.01 to about 9. Simitarly, a second dispersion is developed for
the same application which contains graphite and or carben black in combination
20 with butadiene acrylonitrile and epoxy ester. All of the above binders contain
carboxylic functionality to provide the crossliking reaction with melamine and or
carbodiimide. A third dispersion 1s made with graphite and/or carbon black which
contains epoxy and epoxy ester. In addition, the dispersion also contains
melamine and phenolic resin as crosslinkers In order to achieve proper
25 conductivity for the desired application, it is necessary to prepare the mixture with

the proper ratio of graphite and/or carbon black to binders. For example, for use

with battery cans the proper ratio of graphite and/or carbon black to binder is in
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~h 5 2. Add defoaner, carbon black and graphite powger 3. Circulate mll
for 5 hours or until mninmm Hegnan of 5.0 is achieved. 4, Mke | etdown as
foll ows: Prem x epoxy ester and DVEA before adding to the batch then let it
m x far 10 minutes. Then add the |atex and nel am ne and or carbodiim de and
let it mx for 15-20 m nutes. Before adding the catalyst, the 10 batch
tenperature is adjusted to about 32 - 35 C and then the catal yst is added.
The viscosity is adjusted with water and PH with DMEA and or ammoni a. The

1 . 15 E LE 1
gmgzegf Zéﬁg t@%ﬂé%&%ﬁ 'ﬁ@n&%ﬁ errted (r)ange of about%rrg 4eThe O%Q%II water 5 BEXAWP

N Cel | ul 0se0. h 0, 312 . 16Di i
Agent 0. 77ber 80 a1 48 Gararag SOSTHUNLLF e SoRTLI0 BaPGP Lo 30
wder ) 25 Ch 010- 04532 470 | A 66217, 2 234,63
%49- 1100, 25100" gﬁhangsa (i e e TR S S o

(Vul can XC-72 pe gtg% CeI | ul ose D| rret hyl et hanol am ne Def oaner Di spersion
Agent Dem neral I ze ter Synthetic Gaphite (graphite 39 powder)

A stable dispersion is formed in the presence of the proper additives and
10 the binders. The viscosity ranges from 50 - 1200 mPa-sec. For proper curing the
dispersion also contains one or more crosslinkers and an acid catalyst. The
preferred crosslinkers are melamine, carbodiimide, phenolic or mixtures thereof.
The acid catalyst is used to catalyze the reaction between the melamine and the
Elnders. A curing agent may be utilized comprising a melamine and preferably a
15 partially alkylated melamine with a higher imino group
Preferred crosslinkers include fully or partially aikylated melamine.
Available crosslinkers include C-327, C-324, C-325, C-1158, C-323, C-303, C-
350, C-370, C-385, C-1123 (CYTEC) and Ucarlink XL 29SE (Union Carbide) .
The reaction between the carboxylic functionality and melamine s
20 catalyzed by sulfonic acid of various types including blocked sulfonic acids. More
specifically the amine salt of para-Toluene Sulfonic Acid (p-TSA), such as BYK-
Catalyst 450, BYK-Catalyst 460 ( BYK Chemie), Nacure 2107 and Nacure 2500,
Nacure 49-110, (King Industries, Inc.), or epoxy blocked Dinonyinaphthalene
Sulfonic acid, such as Nacure 1419 (King Industries Inc.), CyCat 296-9 catalyst
25 (Cytec) or Nacure 49-110.
Preferred phenolic resins include Phenodur_ PR 308, Phenodur PR 307,

Phenodur VPW 1942/52WA (Solutia).
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Chenpol 010-0453 Tylac 97767 Cynel 323 Nacure X49-116 XL 29SE 3. 030 grans
0.69 0 25 0.16 0.77 45.64 20.63 2.470 22.74 3.86 0.25 1.23 100 grams ;. -10
.. , f 5 EXAMPLE 3 Carbon black 3 030 grans (Vul can XC-72 pellets)

Cel lul.ose 0.69 10 Di net hyl et hanol am ne 0.48 Def oaner 0.16 Di spersion Agent
0.77.Dem neralized Water 53.07 Synthetic G aphite 20.63 15 (graphite 39
powder) Chenpol 010-0453 2.470 Phenodur VPW 1942/52WA 13.82 Cynel 323 4.63
Nacure X49-110 0.25 20 100 g The resulting coatings from Exanples 1 and 2

were sprayed on ni | pl at ed panel s, _and cured at 15 for .3 mnutes or 1
mnute at 205 C. T%Jéﬁjépﬂgt'fsﬁde‘%%'ﬂq'é?eaﬁ%&l“@g55 t\%\%nr 3p%%q2té’§h%$ UHSE B for 3

m nutes. The nickel-plated 25 pane| . t I i % sol ution
for 72 hours ?Urggfgﬁng’ ;s)%%@dgormﬁépe%ta ngn&?%n%veegg??#nbpfeﬁéemgoﬁugﬂ on, washed

Wi th runni ng gaiernd LARRLY Athid M1a9VE EingdD ol piceRrddy HOC. A tape

test was perforned wherein ch brand tape was firmy pressed onto each

sanpl e and t hgge3hOVH pefefEPU ARy RinparaBift AREAIRheABHr 2Btk €0d &L adhesi on was
shown by each sanple in that none of the 30 coating was renoved via the

tape test. ,. anddk 250 °C. Depending upon the chosen curing process, the time of curing
10 ranges from 15 seconds to 16 minutes. The rate of curing can be controlled by
changing the amount of crosslinkers and the catalysts. After curing, a
mechanically and chemically resistant, electrolyte insoluble protective film
remains on the surface. The resistivity of the resulting coating is about 5 — 100
ohm per square. The resistance of the protective coating formed by the
15  dispersion is not more than twice the nitial value after the coating has been
exposed to a 40% KOH solution for a period of 72 hours at 80 °C. The amount of
coating to be applied is selected so that the film thickness of the resulting
protective film after evaporation of the water is preferably about 5 — 200 microns
and most preferably about 20 — 100 microns. A uniform thickness is obtained via

20 the pseudoplastic and thixotropic properties of the dispersion.

The invention may be better understood by reference to the following
examples which are intended for the purpose of illustration and are not to be
construed as in any way limiting the scope of the present invention.

EXAMPLES
25 Two formulations were prepared by the following steps.
1. Load 90% demineralized water, dispersant and celluose into ring mill. Agitate

5-10 minutes or until dissolved.

.
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t Wile the invention has been described with particutar reference to

certain enbodinents thereof, it will be understood that changes and
nodi fications may be made by those of ordinary skill within the scope and
spir4-t of the followi ng clainms. -12 ,._.. t, S5 WHAT IS CLAIMED I S: 1. A

coating dispersion for coating an energy storage device conprised of
graphite, carbon black or a m xture thereof, a binder, and one or nore
crosslinking agents, wherein the coating dispersion is applied as a
honmbgenous_aqueous, dj spersion which forns a protective filmon the energy
storage 10° de¢i ¢&d dﬁt?a 8‘?*%‘?%”'?%@”%9?1%‘??0‘%’1‘?% sel ected fromthe group
conprising styrene acrylic, butadi ne.acr%}onitr' ut adi ene styrene,
epoxy and epoﬁy §§¥@Ff%gkr%ﬂ%”%ﬁéWﬁﬁﬁm@F@ SP@?%ﬂ%%*Séfgﬂ 1, wherein the
cross-1linking,a rj 0 i~y A 10l.i¢ _and acid
catal yst, or ﬁi3@%%§§&gﬁé%zgéwgﬁgg§}e&ﬁéggég%ﬁﬁ%ﬂ%ggﬁgggﬁﬁﬁhgﬁwcIain11,

wherein the rat it%tcﬂfthetnh&fitgﬁig%Mé ﬁwinu?e@!"ﬁ%ﬂ ami %Kat@b[ ar{Ei rﬁél%jﬁiﬁe Tak@ére()f to
about 1 to 6 I

binder is in the range o . 4. The coatli ng spersion of claim

3, wherein the r@ldo@indde dla8etH AR 1520 FAURAN BBbACAIIRAE tHE Atlse tHeher eof to
binder is in the range of about 1 to 4. 5. The coating dispersion of claim

3, whereimthe daaReEH)PNURIS aduid Blabdf 3g0NEENt sheineR &k et s30 to about
90/a by weight. 6. The coating dispersion of claimb5, wherein the graphite,
carbon bl ack or dated. uhe lifeesi9oE RBlee MithCaérabdasPR wlihyDREASaraeseen about
10 - 60% by weight. 7. The coating dispersion of claim3, wherein the

di spersi on addi tamemalal y 25 contai ns one or nore defoaners, preservatives,
di spersing agents, wetting agents, surfactants or m xtures thereof -13 5
8. The coating dihsgensinents of each frmultion ateesebput intfremeled aod 2nor e def oarrer s,
preservatives, dispersing agents, wetting agents, surfactants or m xtures
t hereof conprise between about 0.05 to about 5% by weight. 9. The coating
di spersion of claim@8, wherein the dispersion contains about 0.05 to about
5% by wei Ght of EAAMBLEilng agent .

Carbon black 3.030 grams
(Vulcan XC-72 pellets)
Cellulose 0.69
Dimethylethanolamine 0.31

20 Defoamer 0.16
Dispersion Agent 0.77
Demineralized Water 49.92
Synthetic Graphite 20.63

{(graphite 39 powder)

25 Chempol 010-0453 2.470
Neocryl A-662 17.28
Cymel 323 4.63
Nacure X49-110 0.25
100 grams



10 10. The coating dispersion of claim7, wherein tH& dispersion contains
about 0.05 to about 5% of a surfactant. 11. The coating dispersion of claim
6, wherein the curing agent is a partially al kylated nelam ne with higher

i mno.group. 12. The coating dispersion of claim10 conprising from about O
to about 5% by 15 weight of second cross-linking agent. 13. The coating

di spersion of claim 12, wherein the second cross-linking agent is

carbodii mde. 14. The coating dispersion of claim1l further conprising a
catal yst sglected fromthe group consisting of am ne salt of para-Tol uene
Sul fonic ACid, epoxy 20 bl ocked Di nonyl napht hal ene Sul fonic acid, or

m xtures ther &RMPLE2 The coating dispersion of claim 14, wherein the

di spersi on has a vi i of between about 50 t 1200 cps. 16. The
coating dispersionc%ﬁ%§F%¥%115, wherein the bindgpgggﬁbgins an epoxy ester
of acid nunber of 1QEOXC-2Dellers) The coating di spersion of claim 15,
wherein the dispergif,seontai ns styrene and acryligg having a
styrene/acrylic ratio in the range of about 0.01 to about 9. -14 ~nH 5
18. The co8ting di Sestilediengemerai m 15, wherein ©O%é di spersion contains
styrene but adi ene me&ameand acrylic having a stymnese/ butadiene ratio in the
range of about 0.1 to about 9. 19. The coating di% ersion of claim15
wherein the di sper SBAEBAPHI ns but adi ene acryloRi?riIe having a ratio in

t he range of about Dembkrdizedabmert 9. 10 20. The ceaB#ng di spersion mclaim
13 is cured at tenmperature rangi ng fromabout 10 to about 250 C for
about 15 seconds ?%yg@%ﬁngﬁ%ﬁinutes. 21. The cogtgag di spersion of claim
1, wherein5the di speeditons povdes a protective filmhaving a conductivity in
the range of about 5 to 100 ohm per square. .. 22. The coating di spersion
of claim1, whereihemeo PE&sP4Bance of a protecti ¢¢7film 15 forned by the
coati ng dispersionTygcgﬂ%ynDre than twice the inibpiyal val ue after exposure
of the conductive filmto a 40% KOH solution for _a _period of 72 hours at
80C. 23. The coati y™8i%Bersion of claim1, wherdi°f the energy storage
device is a batterWaciraghs-cel | or capacitor. 20 245 An energy storage

devi ce COQBaining §Ezgg§ctrically conducti ve progggtive filmdeposited from
the coatiig di spersion of claim1l, wherein the conductive protective film
is in the range of about 5 to about 200 m crons tibd gkms25. An al kal i ne
battery containing an electrically conductive protective filmdeposited
fromthe coating dispersion of claiml1, wherein the conductive 25
protective filmis in the range of about 20 to about 100 m crons thick.

-10-



-15 f.5 26. A fuel cel|--containing an electrically™tonductive protective
filmdeposited fromthe coating dispersion of claim1l, wherein the
conductive protective filmis in the range of about 5 to 200 m crons thick.
27. A-fuel cell containing an electrically conductwe protective film
deposited fromthe coating dispersion of claiml1, wherein the conductive
protective filmis in 10 the range of about 20 to about 100 m crons thick.
28. A capacitor containing an electrically conductive protective film
deposited fromthe coating dispersion of claiml, wherein the conductive
protective filmis in the range of about 5 to about 200 m crons thick.
29. A capacitor [_59%] igy ng an electrically conductive protective film
deposited 15 fromthe coating dispersion of claim1, wherein the conductive
protective filmisd.ptbew ange of about 20 to abeyg (LRQ m crons thick. -16
CAVY. A LA Y. AN AuY. AN AN. ANF% AuF. AH % A3% A" 3. A9. AN. A9. AFN : oUKR. c¢cN
@ V] “<| wr mhc"Y] ca] C&lleearéalece]'dt] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] eajsskcal ca] c<al] c<a] c<a! 5(z] d'omy% - x?
& }xsnid_Z]]ca]ca]ca]ca]calca]ca]ca]ca]ca]ca]cal %éca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ¢ ]ca]ca]&ﬁ@%ﬁ%%+@3 @ﬁ]ca!&!vH'”Lfo##éz $$"%d&& C((((F))))?**+,N
., & | -.}xsni d_Z] ] cabeatca] ca] ca] ca] ca] ca] ca] ca] eapca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]calca] ca] calcalcalcalcalcalca]cal../5/ <[ CL//{00111F222334" 44446555
5556778<9}xrnhcAY]gﬁ+8§%@§%%g]caLﬂca]ca]ca]ca]cafC ] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] caPea|reslized]Véagrcal ca] ca] ca! <9>9ESBPTOROUOX999: E:e::::::i >l >
t >v>>7?" 2h?p?y ?2?? UARQDEG 2Y] ca] ca] ca] caj ca] ca 5_§{nca] cal] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cd] ca] ca] ca] ca] ca] ca] ca] cal] ca! G J| JIJK5Kj NN5SP=P?PP
PQe QQQRRSASSSUADDF@rentyitié® nqweslca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢a] ca] ca
]ca]ca]ca]ca]ca]ca%ga]cakc?&fa]ca]ca]ca]caLﬂca]ca]ca:oMGA<!N'!lo%hh&f()-S
=)

10%8& ()-!t" 10%b&CH§THY 109%& () -! YE) 10%*%° b& () - VUt HKOPzY: /
Phenodur VPW 1942/52WA 13.82
Cymel 323 4.63
Nacure X49-110 0.25
20 100 g

The resulting coatings from Examples 1 and 2 were sprayed on nickel-
plated panels and cured at 150 °C for 3 minutes or 1 minute at 205 °C. The
coating from Example 3 were baked at 205° C for 3 minutes. The nickel-plated

25  panel was then placed in a 40% KOH solution for 72 hours at 80°C. The panels
were then removed from the solution, washed with running water and then dried
in an oven for 30 rﬁlnutes at 60°C. A tape test was performed wherein Scotch
brand tape was firmly pressed onto each sample and then slowly removed at a 90
degree angle. Excellent adhesion was shown by each sample in that none of the

30 coating was removed via the tape test.
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aqueous dispersion which forms a protectlve film on the energy storage

10 device, and wherein the binders are selected from the group comprising
styrene acrylic, butadiene acrylonitrile, butadiene styrene, epoxy and epoxy
ester.

2, The coating dispersion of claim 1, wherein the cross-linking agent comprises
melamine, carbodiimide, phenolic and acid catalyst, or mixtures thereof.

15 3. The coating dispersion of claim 1, wherein the ratio of the graphite, carbon
black or mixture thereof to binder is in the range of about 1 to 6.

4. The coating dispersion of claim 3, wherein the ratio of the graphite, carbon
black or mixture thereof to binder is in the range of about 1 to 4.

5. The coating dispersion of claim 3, wherein the dispersion has a water

20 content between about 30 to about 80% by weight.

6. The coating dispersion of claim 5, wherein the graphite, carbon black or
mixture thereof content contains a dry mass between about 10 — 60% by
welght.

7. The coating dispersion of claim 3, wherein the dispersion additionally

25 contains one or more defoamers, preservatives, dispersing agents, wetting

agents, surfactants or mixtures thereof

-13-



10%08& () - 5366k7778WX9bCLOYTE () - o

10908 ()-! Fs109%& ()-! Fs10%T& ()-!>Y10%& ()-M Y10% /'& () - MB8! 8" 898: 8:
8E8V"?Cy1090& () -tyl0%a& ()-yl0Wd& ()-tyl0Wd& ()-yl0%a& () - E8J8KS" 8e8f 8r 8w
XAy 10908 () - y109F&' ()-tylov@a& ()-yl0vda& ()-tylovda& ()-wex8888888} ~AFCt y10%
T& ()-yl09@&' ()-tyl0vda& ()-ylovda& ()-t88888888zbCCy109T& () -tyl0%aa& ()-yl0%
T& ()-t&109F& ()-)yl09%T& () - 88899

999x 20y 109a& () - y109aT& ()-ty1l09%& ()-y1l09a& ()-tyl09%& ()-99)9. 9/ 909: 9;

) AFQLYLONE 6) A0WE, () by IO () Y1008, (o .57 RRRRANP o)\ 1 10%

4109& 10%T&' h9o \; % 09 -
109&’ (§) V: 10% & g%e)ge“’ 5% égs‘(’?grs‘%%lc?gﬁ']é Y&%QQ%%EQ% é’“}s\g @6& ® ()L - fF10%

B! 10% X & () 01D A5 PSRN ‘fﬁf"basl% P e O 109 & () d
T evobUs S0 8eda 0% 6 s i o8 b s s

0.05 to about 5% by weight of a wetting agent.
10 10. The coating dispersion of claim 7, wherein the dispersion contains about
0.05 to about 5% of a surfactant.
11. The coating dispersion of claim 6, wherein the curing agent is a partially
alkylated melamine with higher imino group.
12. The coating dispersion of claim 10 comprising from about 0 to about 5% by
15 weight of second cross-linking agent.
13. The coating dispersion of claim 12, wherein the second cross-linking agent is
carbodiimide.
14, The coating dispersion of claim 11 further comprising a catalyst selected
from the group consisting of amine salt of para-Toluene Sulfonic Acid, epoxy
20 blocked Dinonylnaphthalene Sulfonic acid, or mixtures thereof.
15. The coating dispersion of claim 14, wherein the dispersion has a viscosity of
between about 50 to about 1200 cps.
16. The coating dispersion of claim 15, wherein the binder contains an epoxy
ester of acid number of 10-100.
25 17. The coating dispersion of claim 15, wherein the dispersion contains styrene
and acrylic having a styrene/acrylic ratio in the range of about 0.01 to about

9.
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about 0.1 to about 9.
19. The coating dispersion of claim 15 wherein the dispersion contains butadiene
acrylonitrile having a ratio in the range of about 0.01 to about 9.

10 20. The coating dispersion in claim 13 is cured at temperature ranging from
about 100 °C to about 250 °C for about 15 seconds to about 16 minutes.

21. The coating dispersion of claim 1, wherein the dispersion forms a protective
film having a conductivity in the range of about 5 to 100 ohm per square.
22. The coating dispersion of claim 1, wherein the resistance of a protective film

15 formed by the coating dispersion is not more than twice the inttial value after
exposure of the conductive film to a 40% KOH solution for a period of 72
hours at 80°C.

23. The coating dispersion of claim 1, wherein the energy storage device is a
battery, fuel cell or capacitor.

20 24. An energy storage device containing an electrically conductive protective film
deposited from the coating dispersion of claim 1, wherein the conductive
protective film is in the range of about 5 to about 200 microns thick.

25. An alkaline battery containing an electrically conductive protective film
deposited from the coating dispersion of claim 1, wherein the conductive

25 protective film is in the range of about 20 to about 100 microns thick.

-15-



:110% & ()-5KK_LLPMV N[ [: VU410 d,'!10%& ()- (,'!'10%& ()- ,'!110% & ()-
V1109 ()- -, " T10%KR ()- m 1109 () -] NNPGBP: P; P<P=P?P| obU410

410%'{"f& ()-10 10 10 4mO0% & ()- X& 10%& ()-] & 10%& ()-] $}10%

& ()—?2PPPQeQQ [: bU410 10% ~#f& ()- 10%~#f& ()- 9 10% ~#f & ()-

0@O¥ ~#f & ()- F 1098 ~#f & ()- |f10% ~#f & ()- QRRSASSS| [ : bU410

4ml0% ~#f & ()- @10% ~#f& ()- Ls10% ~#f& ()- 91 310% ~#f & () -

gli)% ~#f & ()- HM310%#& ()- Nornmal" "Heading 13]c" "Heading 23]c" "Heading
3] c" "Headi ngz43]:Col e ' Sl e ive a " "Headin

83]c" " Heatgzlji ngs'gg]fc ! Y ”%g Qﬂ?ta égﬂg{?gcga}lg%%q%%g? %\%%E%e,ﬂgemaﬁ%) ;Q&d?r%}nC )

0<A{ GRMPTVXZ\ " bfﬂufeiabéct%ﬁfds%' eSO ol 17 WMRF&h WeRo) dciveIASESGFSWRAS S 9C0%e: : ;
t >n?UADG 5Kj N?PQS@AB FG&I JKLMNOPQRSTUVWKYZ[ \ ]~ " abcdef ghi j kI n6Ti nes New

RomanAr i al Cour i efheNewe i 520t 5 5206 MdInd Bagunment f
| " #$9& ()*+, -./0123456789: ;

<=>7? @A\BCDEFGHb3 K MNPRIRSAMWK YA Eledthicalpbsrdedtgd piotdemaipn deposited from
the coating dispersion of claim 1, wherein the conductive protective film is in
10 the range of about 20 to about 100 microns thick.

28. A capacitor containing an electrically conductive protective film deposited
from the coating dispersion of claim 1, wherein the conductive protective film
is in the range of about 5 to about 200 microns thick.

20. A capacitor containing an electrically conductive protective film deposited

15 from the coating dispersion of claim 1, wherein the conductive protective film

is in the range of about 20 to about 100 microns thick.
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