16 DEC 2005 5 Patent # 1929. EEM Marufur Rahim Surendra Kadakla 10 Cat hode
Coating Dispersion FIELD OF THE I NVENTION This invention relates {@pgpedogt
hi gh tenperature curable thernoset cathode coating di spersions. The
formul ati ons contain graphite and/ or carbon black, acrylic resin or

but adi ene acrylonitrile or styrene butadi ene or epoxy and/or 15 epoxy ester.
The -coatings are cured with appropriate crosslinkers such as nelam ne
-and/ or phenolic resin and/or carbodiimde and acid catal yst. These coatings
are suitable for use in batteries, fuel cells, capacitors and other energy
storage devices. 20 BACKGROUND OF THE | NVENTI ON Al kali battery dry cells are
manuf actured by pre-formng a steel can with a nickel plating inside the
can. The cathode, a conpressed m xture of manganese di oxi de, carbon and
possi bly other additives is positioned inside the can in the formof a

hol  owsyl i nder which is in close contact with the can inner surface. 25
Alternatively, rings of cathode materials can be fornmed outside the cell and
then pushed into the can. The inside of the camtim#t1oeaEed with a
conductive dispersion which is placed between the inside surface of the can
and the cavhade Rehxture in order to inprove the electrical contact between
t he can ansurehdracatifioale m xture

10 Cathode Coating Dispersion
FIELD OF THE INVENTION
This invention relates to one pot high temperature curabie thermoset
cathode coating dispersions. The formulations contain graphite and/or carbon
black, acrylic resin or butadiene acrylonitrile or styrene butadiene or epoxy and/or
15  epoxy ester. The coatings are cured with appropriate crosslinkers such as
melamine and/or phenolic resin and/or carbodiimide and acid catalyst. These
coatings are suitable for use in batteries, fuel cells, capacitors and other energy

storage devices.

20 BACKGROUND OF THE INVENTION
Alkali battery dry cells are manufactured by pre-forming a steel can with a
nickel plating in%ide the can. The cathode, a compressed mixturg of manganese
dioxide, carbon and possibly other additives is positioned 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
pusﬁed 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 ;he cathode mixture in
order to improve the electrical contact between the can and the cathode mixture

and to prevent corrosion of the nickel layer and the can from the electrolytes.

Y
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and to prevent corrosion of the nickel layer and the can fromthe
electrolytes. -1 16 DEC 2005 5 In the past various emul sions have h&BBC 2005
utilized in an attenpt to maxim ze electrical contact and prevent corrosion
in batteries. These enul sions generally contain graphite and/or carbon

bl ack in conmbination with a binder. For exanple, U S. Patent No, 4,810,600
utilizes a dispersion containing graphite and/of carbon black in
.conbination with a binder of a) vinyl acetate and ethy(ene, 10 b) vinyl
acetate and vinyl chloride, c) styrene and butadi ene, or d) vinyl acetate,
vinyl chloride and ethylene. In addition, other dispersions have been
utilized containing binders of aromatic pol yurethane, styrene acrylic,

al i phatic pol yester polyurethane, vinyl acetate acrylic, aliphatic

pol ycar bonat e urethane and fluoropolyner. Al the above di spersions were

used asj a ther ”iPEHe Etv 6%@7]]&%1%995%%@% &ﬁf&r?§§gt‘ €lo duri ng the cure.

After final cure o ni c at ed st e various di spersions

exhi bi ted som8,d &éagmcofcofne;éi éﬁ%%ré@’@ﬁ%oﬁ%n@%a@t@néso Tfaemm&%eent rations of

pot assi um hydroxi d I spersions in sone cases showed high electrica

resi st ance;eafhf cohf nté §r§ﬁor%§rb9rpt99c$&rdcc§n%'r¥£€$mnﬁw dhgadressr and in sone
cases the binders eit becane soft or | ost adhesi on when sprayed on the 20

ni ckel pl ad@edpopans! Pat@l’i’tN@Q,ﬁO,G@@@tﬂfz@é’aZQpéﬂlé}Lﬁoﬁﬁam%@@réph%] imersed in 40%
KOH solution for 72 hours at 80 C. One of the main reasons for the softness

i's due to anbi@Wedrbohidcg lirfssnbinaBdnSiithiahdeesTREVIRY HEetdte 0dd dthgerdi nder . Har der
coatings which require higher Tg and will not soften at higher tenperature,
can betoachi)emadcdteand Gh@ssibiidekt)Rgraneaat baadisde! r Dtihgacstes) ns.
vinyl chloride and ethylene. In addition, other dispersions have been utilized
containing binders of aromatic polyurethane, styrene acrylic, aliphatic polyester
polyurethane, vinyl acetate acrylic, aliphatic polycarbonate urethane and
ﬁuoropolymer. All the above dispersions were used as a thermoplast which
15 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 nickel 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 te
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 is made of graphite and or

Lo



25 The objective of the present invention is to provide one conponent, heat
activated crosslinking conductive coatings for use in batteries, fm@tny§§¢05
capacitor or other energy storage devices. The dispersion is made of
graphite and or -2 16 DEC 2005 5 carbon bl ack, binders, crosslinkers and a
catal yst. The coatings forma stable electrically conducting cat hode | ayer
which in turn inproves-the storage and discharge¢ properties of the energy
.device. The inproved properties of the coating al'so include the strong
adherence of the coating with the cathode surface when it is subjected to
potassi um hydr oxi de and/ or el evated tenperatures. It is a 10 further

obj ective to provide a dispersion which may be utilized on the bipolar

pl ates of a fuel cell or as a current collector for electrodes used in an
ultracapacitor. SUMVARY OF THE | NVENTI ON 15 The di spersion is a one pot

syst em.conpyicaed ol SLYT S8, ACkYLLC A0f.. BROXYBLeh Jdbophi ch el ani ne

and/ or car rimd as Cross fornulatlon may al so

contain a i %lg,ﬁﬂcoﬁ@ %ﬁ%m%aé ASAR IR AR A LB eact [ on. A sl | ar

di spersion is a ated sin i ene acry onitrile or styrene

but adi ene a&ﬂa@we&ser@g&ﬁhe@abgpdé\J.c%onmpmgd SB5-ARQY & LToss |inkers 20 and

catal ysts. Further, a dispersiion may also consist of epoxy and/ or epoxy

ester andco@@r!g%ls%@ﬁ@dﬁ%{e%tror@“%g eh& 6f‘ih%' RaRHiR BRI Dfrgs Crosslinkers.
These one pot systens have shown excel |l ent resistance to al kali at higher

t enper at urgheAnds s BRBRE & tA00M HG@BIUCEHdvd: v abeBmadBluiad tens a ni ckel pl at ed
steel. The fornul ation
10 further objective to provide a dispersion which may be utilized on the bipolar

plates of a fuel cell or as a current collector for electrodes used in an

ultracapaciter.

SUMMARY OF THE INVENTION
15 The dispersion is a one pot system comprised of styrene acrylic and
epoxy ester in which melamine and/or carbodiimide 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 alsc 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 be used as a cathode coating for energy

storage devices such as alkaline batteries that will generate suitable



cont ai ni ng butadi ene acrylonitrile has al so showm good acid resistance as
wel | . 25 Consequently, these coatings can be used as a cathode coafé pgd fios
energy storage devices such as alkaline batteries that will generate
suitable -3 16 DEC 2005 5 conductivities as well as an excellent resistance
to chemcals in the alkaline batteries, fuel cells and capacitors and ot her
ener.gy storage devices. DETAILED DESCRIPTICN OF fHE | NVENTI ON The di spersion
.of the present invention is conprised of a graphite and/ or 10 carbon bl ack
with at | east two kinds of resins which contain carboxylic functionality
fer 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 crosslinks with nmelam ne and the epoxy group crosslinks with
phenolic resin. The cross linking reactions also occur only after applying

hi gher 515 Joﬁm?:ﬁw‘?ésuésewglpés an ReLdog ng;s(EMEEtO c-HaﬁxxC%l'éQ§sthé ia[Rki-ag reactions

generate a coating which is very resistant to al kaline and acid environnent

and pr oduoc%ﬁer@sgfegqeus%@@&aabfo@é Ly rndmGty a&a%@y@rces The graphite dispersion
is specifically devel oped as a cat hode curren 20 col l ector for alkaline

batteries. This dispersion serves as a coating on a current collector and
prevents the corrosion of the electrode fromthe corrosive chem cal

envi ronnment i nside thersudmbEsErbAMANOF €8E INVENTIDS per si on, specifically the
formul ati on cont ai ni ng but adi ene-acrylonitrile or epoxy as a binder, is not

only al kal i ne ThesiispéraiBh ofxhd pra$ S0 inl@sibs lsabinplised @4 giaphiermwbdr@nment s.
Consequently, the
10 carbon bilack with at least two kinds of resins which contain carboxylic
functionality for cross linking reactions. Similarly, a dispersion of the second kind
is formulated by using epoxy and phenolic resin and or melamine. The hydroxyl
group of epoxy crosslinks with melamine and the epoxy group crosslinks with
bhenolic resin. The cross linking reactions also occur only after applying higher
15  temperature for a period of time. The cross linking reactions generate a coating

which is very resistant to alkaline and acid environment and produces a good

electrically conducting layer.

The graphite dispersion is specifically developed as a cathode current

20 collectof for alkaline batteries. This dispersion serves as a coating on a current
collector and prevents the corrosion of the electrode from the corrosive chemical
environment inside the alkaline batteries. The dispersion, specifically the
formulation containing butadiene-acrylonitrile or epoxy as a binder, is not only
atkaline 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.
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25 coating can be used as well in a fuel cell where higher resistance of the
current collector coating is desired to the bipolar el ectrodes. -{gbg

2005 5 These dispersions are primarily utilized for coating a cathode hol der
or battery can. Along the sanme line these dispersions are also suitable for
application as current collector coatings on el ectrodes of an

ul tracapacitor. These coatings formthe connecting |ayer that inproves the
el ectrical contact between the electrode and the electrolyte, which nay be
aqueous or non-aqueous in 10 nature. Preferred graphites for use in the
di-spersion are natural or synthetic graphites of high purity and high
crystallinity. In the dispersion mxture, the electrically conductive
graphite is used in the anount of about 30 - 90% by weight of the total
solid. To prepare a proper dispersion, dem neralized water is used as a

di spersj ng medi gnesflagBersbifs %tp@hﬁmpru@lt%legmrfcro%gCaon,aettﬂo@g%olh@r‘:»‘orf ol owi ng 15
addi tives are added. For exanple, defoamers, preservatives, surface agent

and/ or di sm&g Bgh. ageR %erraymebemytthégezegperwsoarréeélso Woitgde n@y be utilized
i ncl ude BYK 022, BYK 019, BYK 24 (BYK-Chenmie), DF 37, DF-40, DF 120, DF 70,

DF- 75, DF- &ﬁ:hca% &curlhtBlactoPbofifgs d?‘%l&?rédes%ar@&ﬁac(aﬁéd’toPWﬁéBéCt s &
Chem cals, Inc.), Nalco 2300, Nalco 2305, Nalco 2302 (Rohm & Haas Co.),

Triton 20 &ktid@ fGrBASE coatepting, lajer Giat (MFdve® the danatcai donthaitidsandea Vi sta) and
Al fol 8 alcohol. Preservatives which may be utilized include Busan 85,
Busan 2024the cdBusade 400D dkhe(dBeckinmnwhiaboragt or b@edys blyam-aped@- X, Hyam ne 2389
(Rohm & Haas Co.), Pronexal X50 (Zeneca), Parnetol DF 18 (S&M Speci a
Addi t i Wes)nature. Preferred graphites for use in the dispersion are natural or synthetic
graphites of high purity and high crystallinity. In the dispersion mixture, the
electrically conductive graphite is used in the amount of about 30 — 90% by
weight of the total solid. To prepare 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, Nalco 2302 (Rohm & Haas Co.), Triton
20 CF-32 (BASF Corp.), L-62 (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 Co.), Promegal X50 (Zeneca), Parmetol DF 18 (S&M 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

S
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Kat hon 886 (Rohm & Haas Co.) and Nuosept 101 (Creanova). Dispersing agents
25 which may be utilized include, Busperse 229 (Buckman Labor atori ¢spbrclagml
N, Tanmol 731, Tanol 850, Tanol SN Rohm & Haas Co.), Gaxad 30-30, Daxad 11,
Daxad 15, Daxad 19 (W&R G ace Co.), CT-136, CT 141, CT 151, CT 161, CT -5 16
DEC 2005 5 171 (Air Products & Chemicals, Inc.), Disperbyk 182, D sperbyk
190 and Disperbyk 185 (BYK-Chenmie). Wetting agerts which may be enpl oyed
‘include Tween 20 (Spectrum Quality Products), Crotan and Silwet L-7068
(Wtco). Surfactants which may be utilized include 104A, 1048, 104DPM
104E, 104H, 104NP and 104PA (Air Products & Chemcals, Inc.), and BYK 333.
10 In a preferred enbodi nent, the additives conprise fromabout 0.01 to
about 5% of the total fornulation weight. In an especially preferred

enbodi mrent, a wetting agent nmay al so be added to the mxture. In order to

forma sui tablg besid. & SRELRLAN dhe Ll ARl Laoand o caghony bl ack are mi xed

with acrylic latex and epoxy ester rylic lTatex inthis 15

appl i cat i OBis&eQmaﬁ!aegeefy&-tn&m@).ang iﬁgcg%elnls%r%h s @éjier%&@yégﬁ%% el N the polyneric

backbone of the binder system T%e epoxy ester’ preferably has an acid number
of 10 - 10%cchh [ Ghbrlonfl Vbbh.cks Sheals AfiAuLIdEnfdEsi N 1S

preferably in the Trange of about O. to about 9. Simlarly, a second

di sper si onsifcARY GrRRERf QY it AL inSAdE 18RP1beRt i0eppwhl 64k, oMt ai ns graphite
and or carbon black in conbination 20 with butadi ene acrylonitrile and epoxy

ester. Alli@lpthe 1@dpaVRir btdadas & chemicalNnc CardOxybdac functionality to provide
the crossliking reaction with nelam ne and or
10 In a preferred embodiment, the additives comprise from about 0.01 to
about 5% of the total formulation weight. In an especially preferred embodiment,
a wetting agent may also be added to the mixture.
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. Similarly, a second dispersion is developed for
the same application which contains graphite and or carbon black in combination
20  with butadiene acrylonitrile and epoxy ester. All of the above binders contain
carboxylic functionality to providle the crossliking reaction with melamine and or
carbodiimide. A third dispersion is made with graphite and/or carbon black which
contains epoxyv 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



carbodiimde. Athird dispersion is nade with graphite and/or carbon bl ack
whi ch contai ns epoxy and epoxy ester. In addition, the dispersion@bsgo 2005
contains nelanm ne and phenolic resin as crosslinkers. In order to achieve
proper 25 conductivity for the desired application, it is necessary to
prepare the mxture with the proper ratio of graphite and/or carbon bl ack
to binders. For exanple, for use wth battery cans the proper ratio of
-graphite and/ or carbon black to binder is in -6 16 DEC 2005 5 the range of
about 1 to 6, with a preferred range of about | to 4. The overall water
content of the dispersion is preferably in the range of about 30 - 90% by
wei ght and the graphite and/or carbon black m xture is preferably about 10
- 60% by dry nass weight. A stable dispersion is fornmed in the presence of
the proper additives and 10 the binders. The viscosity ranges from50 -

1200 nPa- sefe.rade@lof RERPEH eCWitd Neretehed rbs Praubsitano al ®e el akis one or nore
crosslinkers and an acid catalyst. The preferred crosslinkers are nel am ne,

car bodi i m denterpBENOIdisEersibn Ripdistae$ it the Fgé of abbbescac ok, eatwalgist is used to
catal yze the reaction between the nelam ne and the binders. A curing agent

may be uti bh@®ed gepRR dngiongartonrdcaminge andefpiapl @babhy -&0%y dpar ti al |y
al kyl ated nelam ne with a higher imno group Preferred crosslinkers include
ful ly or paftass abigte. al kyl ated el ami ne.  Avail abl e crosslinkers include
C 327, C 324, C 325, CG1158, G323, G303, G 350, G370, G385 C 1123
(CYTEC) and Ucamrlstavle ddpe298Es fotdmdom theqrdsietke)of theTineper edditiveoandet ween t he
carboxylic functionality and nelamne is
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
binders. 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 alkylated melamine.
Available crossiinkers 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 is
20  catalyzed by sulfonic acid of various types including bilocked 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 Dinonylnaphthalene
Sulfenic 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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20 catal yzed by sulfonic acid of various types including blocked sul fonic
acids. More specifically the amne salt of para-Tol uene Sul fonic A¢DEC 2005
(p-TSA), such as BYK- Catal yst 450, BYK-Catal yst 460 ( BYK Chenie), Nacure
2107 and Nacure 2500, Nacure 49-110, (King Industries, Inc.), or epoxy

bl ocked O nonyl napht hal ene Sul fonic acid, such as_ Nacure 1419 (King
Industries Inc.), CyCat 296-9 catalyst 25 (Cyted) or Nacure 49-110.
Preferred phenolic resins include Phenodur PR 308, Phenodur PR 307,

Phenodur VPW 1942/52WA (Solutia). 16 DEC 2005 5 Following its preparation,
ttre coating is then applied to the surface via pouring, brushing, spraying
or dipping and cured at elevated 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 Bg upon FhRwiR0s BRektibMNanPEORRS S thtBpdibd® B sGHddenga 10 ranges from
15 seconds to 16 mnutes. The rate of curing can be controlled by changing

t he amount pedringr B6SHidgnk@Een@atddiddne &at @raasitSelevAlet @émgadstildgTheéd  mMechani cal |y
and chemcally resistant, electrolyte insoluble protective film remains on

t he surf aceatelhay besersdviel ibl Wil@find e GBSty Wamthgcoalyi apgiidasoraliout 5 - 100 ohm
per square. The resistance of the protective coating formed by the 15
di sper si onvacsumotA meEeeed duamny tempeatutdie within theabngeadf aeoudfi0®tC + e coat i ng has
been exposed to a 40% KOH solution for a period of 72 hours at 80 C. The
anount of aowAREMGC.tRedoadimpmbdnette icsoseelatgerosmsst hattimehd duridgn t hi ckness of
the resulting protective filmafter evaporation of the water is preferably
about %0 - ZO@exiran dlseconds 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 fiim
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 initial 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 fiim thickness of the resuiting
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.



and nost preferably about 20 - 100 mcrons. A uniformthickness is obtained
via 20 the pseudoplastic and thixotropic properties of the dispergiprc 8
invention may be better understood by reference to the follow ng exanples
whi ch are intended for the purpose of illustration and are not to be
construed as in any way limting the scope of the present invention.
EXAMPLES 25 Two fornul ati ons were prepared by the following steps. 1. Load
90% dem neral i zed water, dispersant and celluose into ring mll. Agitate
5-10 minutes or until dissolved. -8 16 DEC 2005 5 2. Add defoaner, carbon
bi-ack and graphite powder 3. Circulate mll for 5 hours or until m nimum
Hegnman of 5.0 is achieved. 4. Make | etdown as follows: Prem x epoxy ester
and DVEA before adding to the batch then let it mx for 10 m nutes. Then
add the latex and nelam ne and or carbodiimde and let it mx for 15-20

m nut es; nggﬁgdggghggmhgﬁb%@g§4Ef&mn;ggwgp batch tenperature is adjusted to
about 32 - and then the catalyst Is added. The viscosity is adjusted

Wi th wat er3 angcdih Wit sPMEA R 06k %ﬂnnm@ﬂﬁ@@ha% of §es &ompanent s of each
formul ation are set out in Exanple | and 2. 15 EXAMPLE | Carbon bl ack 3.030
grams  (Vul cankeetdéden BEloli@tsS Premix epoxy ester and DMEA before adding to the
batch then let it mix for 10 minutes. Then add the latex and melamine and or
carbodiimide and let it mix for 15-20 minutes. Before adding the catalyst, the
10 batch temperature is adjusted to about 32 °- 35 °C and then the catalyst is
added. The viscosity is adjusted with water and PH with DMEA and or

ammonia.

The components of each formulation are set out in Example 1 and 2.

15 EXAMPLE 1
Carbon black 3.030 grams
(Vulcan XC-72 pellets)
Cellulose 0.69
Dimethylethanolamine 0.31

20 Defocamer 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



Cel lul ose 0.69 Dinethyl ethanol am ne 0.31 20 Defoaner 0.16 Di spersion Agent
0.77 Demneralized Water 49.92 Synthetic Gaphite 20.63 (graphi 1€D32 2005
powder) 25 Chenpol 010-0453 2.470 Neocryl A-662 17.28 Cynel 323 4.63
Nacure X49-1 10 0.25 100 grams -9 16 DEC 2005 5 EXAMPLE 2 Carbon bl ack 3.030
grams (Vul can XC-72 pellets) Cellulose 0.69 10.Di nethyl et hanol am ne 0. 25
Def oaner 0.16 Dispersion Agent 0.77 Demineralized Water 45.64

5
EXAMPLE 2

Carbon black 3.030 grams
(Vulcan XC-72 pellets)
Celiulose 0.69

10 Dimethylethanolamine 0.25
Defoamer 0.16
Dispersion Agent ' 0.77
Demineralized Water 45.64
Synthetic Graphite 20.63

15 (graphite 39 powder)
Chempol 010-0453 2.470
Tylac 97767 22.74
Cymel 323 3.86
Nacure X49-110 0.25

20 XL 29SE 1.23

100 grams
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Synthetic G aphite 20.63 15 (graphite 39 powder) Chenpol 010-0453 2.470
Tylac 97767 22.74 Cynel 323 3.86 Nacure X49-110 0.25 20 XL 29SE 1t DBCDDO5
grans 16 DEC 2005 5 EXAMPLE 3 Carbon black 3.030 grans (Vulcan XC- 72
pellets) Cellulose 0.69 10 D nethyl et hanol am ne 0.48 Defoaner 0.16

Di spersion Agent 0.77 Demneralized Water 53.07 _Synthetic G aphite 20.63
15 (graphite 39 powder) Chenpol 010-0453 2.470 Phenodur VPW 1942152WA 13. 82
Cynel 323 4.63 _ ’

— -

5
EXAMPLE 3
Carbon black 3.030 grams
(Vulcan XC-72 peliets)
Cellulose 0.69
10 Dimethylethanclamine 0.48
Defoamer 0.16
Dispersion Agent 0.77
Demineralized Water 53.07
Synthetic Graphite 20.63
15 (graphite 39 powder)
Chempol 010-0453 2470
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-piated

25 panel was then placed in a 40% KCQOH 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 rﬁinutes at 60°C. A tape test was performed wherein Scotch
braﬁd 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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Nacure X49-1 10 0.25 20 100 g The resulting coatings from Exanples | and 2
were sprayed on nickel - plated panels and cured at 150 C for 3 m nig BEC@003%
mnute at 205 C. The coating from Exanple 3 were baked at 205 C for 3

m nutes. The nickel -plated 25 panel was then placed in a 40% KOH sol ution
for 72 hours at 80C. The panels were then renoved. fromthe solution, washed
Wi th running water and then dried in an oven fof 30 m nutes at 60C. A tape
test was perforned wherein Scotch brand tape was firmy pressed onto each
sanple and then slowy renbved at a 90 degree angle. Excellent adhesion was
shown by each sanple in that none of the 30 coating was renoved via the
tape test. -11 16 DEC 2005 5 Wiile the invention has been described with
particular reference to certain enbodinents thereof, it will be understood
t hat changes and nodifications nay be nade by those of ordinary skil

wi thin ghe scopenddithes pivEdtbn Ofas tdeen fRke-@ue NGt Sdrlum® refd@nddEC 2005 t WHAT IS
CLAIMED I'S: 1. An electrically conductive coating dispersion for coating an
energy st ora@e dheiotieRnts G, iitS@iIdoOindgisapMtHaEshaf@dsken rakaedtosy a m xture -

t hereof, a binder, and one or nore cross- |inking agents, wherein the

coating di srEbSMatke bySthaqedf bethadSskil WROINBIGEIIOMES arRiCHR0 bsthél ioSefigsi on

claims.
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which fornms a protective filmon the energy storage device, and wherein the
binders are selected fromthe group conprising styrene acrylic, b6tRECa0es
acrylonitrile, butadiene styrene, epoxy and epoxy ester, and wherein the
crosés-1inking agent conprises nelam ne, carbodiimde, phenolic and acid
catal yst, or mxtures thereof, and wherein the graphite, carbon black or

m xt ur e t h&HadfISCagMESeS: bet ween about 10 - 60 % by wei ght of the

di spersion. 2. The coating dispersion of claiml, wherein the ratio of the
graphite, carbon black or mxture thereof to binder is in the range of
about 1 to 6. 3l Arhdeatioeaily sgndiickysetogiingndigfersidnaforregating/ae ea¢ray staeage devies of t he
graphite, carbon black or mxture thereof to binder is in the range of
about 1 torompriged ofpganhiet aRRpndilacket 1 BHUBE thereef.m bindegnaidepis erHEogic&YseT si on
has a water content between about 30 to about 90% by weight. 5. The coating
di sper si onMSMEAEEH I DT EF SPHIDE HEPEFIEP & WPHH AR IIBARAUP PIEHT HFRTE ' Bne  or

def , ti , di i ts, ti : S,
Cur act ant Sn0 HPRIAPBEC T BPLAr. b crerhb NeBRt 1SR i Cper ST h Lot DBl At
wh inth def oar vat i dj i Ng.. t
wetting agBtes i PoErARFLmBI iR SrtieEp e eiene sipplon e uRaR ShEBt 0. 05
t bout 5%Db I ght . i | i . i 2in th
o spor i orereniRR i and Ve st RBERRO Tuflofd A M SSUELDE T 5

The coati egtili%pﬁ'a .cﬁn'czﬂz{ly ,l &J mx%ures\é\ﬁgflgﬁt And %eféims g}%g%hrﬁﬂc,c&% ilﬂ Ckaa‘out

0.05 to about 5%of a surfactant. e coating ersion of claiml,
wher ei n t NG;xGME ihBGoBYRIBEisds De@veBPAtoliBlol Y5084 Kyhabads iRld@EteenW th hi gher im no

roup.
° i 2. 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.

3. The coating dispersion of claim 2, wherein the ratio of the graphite, carbon black or
mixture thereof to binder is in the range of about 1 to 4.

4. The coating dispersion of claim 2, wherein the dispersion has a water content
between about 30 to about 90% by weight.

5. The coating dispersion of claim 2, wherein the dispersion additionally contains one
or more defoamers, preservatives, dispersing agents, wetting agents, surfactants or mixtures
thereof.

6. The coating dispersion of claim 5, wherein the one or more defoamers, preservatives,
dispersing agents, wetting agents, surfactants or mixtures thereof comprise between about 0.05
to about 5% by weight.

7. The coating dispersion of claim 6, wherein the dispersion contains about 0.05 to
about 5% by weight of a wetting agent.

8. The coating dispersion of claim 5, wherein the dispersion contains about 0.05 to

about 5% of a surfactant.

9. The coating dispersion of claim 1, wherein the curing agent is a partially alkylated

melamine with higher imino group.
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16 DEC 2005 10. The coating dispersion of claim8 conprising fromabout 0 to
about 5% by wei ght of second cross-linking agent. 11. The coati nd6 DEC 2005
di spersion of claim 10, wherein the second cross-linking agent is

carbodii mde. 12. The coating dispersion of claim9 further conprising a
catal yst selected fromthe group consisting of am ne salt of para-Tol uene
Sul fonic Acid, epoxy bl ocked D nonyl naphthal ene Sul fonic acid, or m xtures
t hereof. 13. Thi. Thatdatigg dsspemgif olaino® cahmismg fRdm ablerkiopbotté %diyspeghti on has
a viscosity of between about 50 to about 1200 cps. 14. The coating

di sper si orefggcopd grosprliinggetei n t he bi nder contains an epoxy ester of acid
nunber of 10-100. 15. The coatln di spersion of claim 13, wherein the

di sper si on cont di h&e cop{jpgdispersign o a@wf@e’v ﬁrawh@seaor?tWéﬂem%?%ﬁmlé ratio in
the range of 8 é 0.01 to about 9. 16. The coating di spersion of claim 13,
wher ei n t H&™R fsion contains styrene butadiene resin and acrylic havi ng

t / but d th bout. .0.
Coat1ng di sper si’on &S é*'réél'?ﬂ%i%m?%éﬁg?ﬁfﬁ?@?@ﬁ@%?sﬁﬁx%ﬁ@aﬁ“‘r?g g ane
| tril h t bout 9. 18. Th
gg;%/l (r)ISI dlr%r Lg’rcsolgs\cl%ér%l gO?a 13? Pﬁ‘ tﬁ%ar'gh@tljureggglgfon{c %g?xﬁrbgoc}( aagg?nguf rom about ©
100C to abﬁlﬂgﬁgh&alg&r u%gg%m&’v%%gﬁ&ggﬁﬁt o about 16 mnutes. 19. The

coat i ng dispersi erein the dispersion forns a protective

film having a ﬁomm{ﬁ/é 31§ﬂae¥slﬂmtcﬂ @1%@@ %h@lfelnatpé)aigpegsl(;n%a}99159&{8/ Qﬁr square.

20. The coating di spersion of clai wherein resi stance
prot ect i VepehddeMabout 50 to about 1200 cps.

14. The coating dispersion of claim 13, wherein the binder contains an epoxy ester of
acid number of 10-100.

15. The coating dispersion of claim 13, wherein the dispersion contains styrene and
acrylic having a styrene/acrylic ratio in the range of about 0.01 to about 9.

16. The coating dispersion of claim 13, wherein the dispersion contains styrene
butadiene resin and acrylic having a styrene/butadiene ratio in the range of about 0.1 to about 9.

17. The coating dispersion of claim 13 wherein the dispersion contains butadiene
acrylonitrile having a ratio in the range of about 0.01 to about 9.

18. The coating dispersion in claim 11 is cured at temperature ranging from about
100°C to about 250 °C for about 15 seconds to about 16 minutes.

19. 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.

20. The coating dispersion of claim 1, wherein the resistance of a protective film
formed by the coating dispersion is not more than twice the initial value after exposure of the
conductive film to a 40% KOH solution for a period of 72 hours at 80°C.

21. The coating dispersion of claim 1, wherein the energy storage device is a battery,

fuel cell or capacitor.
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formed by the coating dispersion is not nore than twice the initial value
after exposure of the conductive filmto a 40% KOH sol ution for a§BECRIOST
72 hours at 80 C. 21. The coating dispersion of claim1l1, wherein the energy
storage device is a battery, fuel cell or capacitor. 16 DEC 2005 22. An
energy storage device containing an electrically conductive protective film
deposited fromthe coating dispersion of claim1l, wherein the conductive
protective fil n?2 sAn anergyhetoragnglevied cattouing Bntefecaivallt c@Bctmecprotestivehfilok. 23.
An al kaline battery containing an electrically conductive protective film
deposi t ed deppsied fiiem the aedting dpepen of daino}, veimihe condvetivs protepieveddmdaint i ve
protective filmis in the range of about 20 to about 100 m crons thick. 24.
A fuel celthe goat 2fiahpyg tapbeut && mickoas thickconduct i ve protective fil m deposited
fromthe coating di ?ltpgfr sion of claim1, wherein the conductive protective
filmis in the %ﬁﬁ@ i BYLSTY SPnANOHOCIFRTETaEN Sordur e Protsctiva fitm depqsied
containing.an _electrically conductive protective film.deposited fromthe
Coat ing di BHRMEGHINSHISFSOROR Ay et e COURRIE PTOURSUES Birblsed e 78 f i s i n
t he range %f ut%qut 2910to. 911310% 100 m crons thick. 26. A capacitor

cont ai ni ng*°SA &AM EM TRy RUlict i ve protective fil m deposited fromthe
coating dispersj im.1. i . uct j t I ilymis in
t he range of abio‘ﬁ%A @El %g%g%glé{ng%gfe%@?] ngm(ﬁﬁlgg?&%%&%eﬁ{ lfc?‘a%ﬁ%%‘t (gfrr)llgoﬂﬁlgt ai ni ng
an electri 1y Clel r tive. fi i f. i

di sper si on&gug\éﬁhiﬁ%ﬂ% va?%agl?gi ﬁh‘?ﬁ% tH(;eocr(l) %‘Jgﬁ %%B%?%‘{egg?ilégl%lé Fﬁg? gpal%hﬁttqﬁe
range of apoyh milonsti@c@bout 100 m crons thick.

25. A fuel cell 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 20
to about 100 microns thick.

26. 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.

27. 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 20

to about 100 microns thick.
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