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Technical Field

This invention relates generally to capacitors and energy
storage devices, and more particularly to an electrode for use in
supercapacitors.

Background

The history of electrochemical energy storage devices,
especially capacitors and batteries, has involved attempts to
reduce the size, including both weight and volume, and to increase
the electrical energy storage capacity while at the same time
increasing the voltage required for dielectric breakdown. Recent
advances in battery design have included improvements in life,
efficiency and energy density by making improved lead-acid,
nickel-cadmium, nickel-zinc and various primary cells. However,
although many of the devices embracing the recent technological
advances have filled a need, there continues to be a requirement
for efficient high power density devices which withstand the
rigors of continuous use and virtually unlimited cycling in
electrical circuits.

The occurrence, under certain conditions, of large
electrochemical capacitance, including pseudocapacitance, is
well established. Recent technological advances in capacitors
have included aluminum electrolytic capacitors, tantalum
capacitors, ceramic capacitors and supercapacitors.

' The)supercapacuor is an electrochemical cell or
combination of cells consisting of two electrodes, an electrolyte
and a container. The electrodes are composed of one or more
oxides of ruthenium, tantalum, rhodium, iridium, cobalt, nickel, "
molybdenum, tungsten or vanadium deposited on a metal foil. The -
electrolyte may be acidic, basic or neutral, such as sulfuric acid,
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membranes have been used as separators, the particular
configuration depending upon the application of the battery.
Current-collector grids or meshes are also employed in the
electrode assembly, if desired.

A prior art electrode as taught by Craig in Canadian Patent
1,196,683 is made by dipping a sheet of a conductive metal such
as titanium into a solution of the metal oxide in order to deposit
the metal oxide onto the surface of the metal sheet. The coated
metal sheet is then dried, and the dipping and drying process is
repeated to build another thin oxide layer. This process is
continued until the oxide layer is of a sufficient thickness to
function as an electrode. Fabricating a supercapaéitor electrode
by depositing oxide layers onto a metal substrate as described in
the prior art is costly and very lengthy, requiring repeated
dipping of the electrode in order to build up an coating of
sufficient thickness. _

Clearly, the present method of forming an active electrode
for supercapacitors is slow and laborious, requiring much time,
and is not a method that can be relied upon to achieve high
quality, due to the need for repeated dipping of the electrode. A
need exists for an improved electrode composition that is easier
and faster to fabricate. '

Summary of the Inventio

Briefly, according to the invention, there is provided an
electrode for use in supercapacitors, comprising a sheet of a
first active electrode comprising oxides, chlorides, bromides,
sulfates, nitrates, sulfides, hydrides, nitrides, phosphides, or
selenides of ruthenium, tantalum, rhodium, iridium, cobalt,
nickel, molybdenum, tungsten or vanadium coated onto porous
carbon particles. The coated carbon particles are bound together
in a matrix of a fluorocarbon resin. The first electrode is
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2 potassi um hydroxi de or sodium sul fate. The supercapacitor is made by

| am.nating a el ectrodes onto a separator. Supercapacitors typically enpl oy
stacks of |am nated el ectrodes consisting of a separator between the
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as described i providing an aqueous solution of metal salts selected from the
group consisting of chlorides, bromides, sulfates, nitrates,
sulfides, hydrides, nitrides, phosphides, or selenides of
ruthenium, tantalum, rhodium, iridium, cobalt, nickel,

10 molybdenum, tungsten or vanadium. Porous carbon particles are
added to the solution and mixed to form a slurry, the metal salts
adsorbing onto the porous carbon particles. The metal salts are
converted to equivalent metal hydroxides or complex oxides, and
the solution is decanted. An emulsion of a fluorocarbon polymer

15 is added to the decanted solution and kneaded until the
fluorocarbon polymer is fibrilated. The kneaded admixture is
formed into a sheet and dried in an oven. The sheet is then
laminated to one or both sides of a separator.

20 Brief Description of the Drawings
' FIG. 1 is a process flow diagram of the method of

manufacturing a supercapacitor electrode in accordance with the
invention.
FIG. 2 is a magnified cross-sectional view of an active
25 electrode in accordance with the invention.
FIG. 3 is a cross-sectional view of a laminated electrode in
accordance with the invention.

Detailed Description of the Preferred Embodiment
30 This invention fabricates a supercapacitor electrode by

adsorbing metal oxides onto a high surface area material such as
graphite, activated carbon, or a sponge metal matrix such as
nickel, titanium or other conductive material.
Referring to FIG. 1, soluble metal salts are mixed into an
35 aqueous solution 10 in concentrations up to their solubility
product. Suitable compounds are materials such as the chlorides,




the pricor art is costly and very lengthy, requiring repeated di pping of the
el ectrode in order to build up an coating of 20 sufficient thickness.
Clearly, the present nethod of form ng an active el ectrode for
supercapacitors is slow and | aborious, requiring nuch tine, and is not a
met hod that can be relied upon to achieve high quality, due to the need for
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the Invention Brorfides, asulfatés)gnitvalds; isolfidds,ohydrides; indtrides;i ded an 30

ol cctrode corptTBeRNaE.oE BaRNIGUS of “Hatgls" slEn"a, WilheBlur thbpuft’ ' @
sul fi des, hydr irbedium; tiriditms, qqhaibhnmkel onolyboenuans t@mgsmeemdm
E/gg;g: 321] cgh?gWﬁﬁtdmmSm%Sé;mags dyd:léglr‘tl wt&ﬂ coat edS(%ar onVB
particles &dé c}?lllg ‘Hi(ﬁﬁog thﬁt @PEOQTC %or '&ﬁr%ﬁlﬁsegﬂbonrhe first
el ectrode iS particles (m the form of high surface area activated carbon) or
other porous metals are added and mixed into the solution 11 to
form a thick slurry having an extremely high surface area.
Suitable porous carbon particles are materials such as 100%
10 Compressed Shawinaginan Black #N13F0193 from Sinclair
Koppers Inc. of Pittsburgh PA, or Pittsburgh Activated Carbon
from Carbon PWA Granular Inc of Pittsburgh PA. During the
mixing, the metal salts are adsorbed onto the surface and
absorbed into the pores of the conductive matrix 12. Once this is
15 complete, the salts are chemically converted to the oxides 13 by
adding an appropriate amount of potassium or sodium hydroxide in
order to react the metal salts to the metal hydroxides. The
reaction products are left in solution to serve as the electrolyte
for the supercapacitor. The slurry is partially dewatered by a
20 decanting step 14. The residual cake is then transferred to a co-
kneader 15 where a 1% solution of a fluorocarbon emulsion such
as Teflon® TFE Fluorocarbon Resin Dispersion Product Type 30
(61% solids) from the DuPont Company of Wilmington Delaware is
added to the mix. Concentrations as low as 0.1% and as high as
25 5% may also be used, depending on the electrode activity. The
resulting slurry is kneaded 16 until the fluorocarbon resin has
been totally fibrilated. The resulting dough consisting of coated
carbon particles entrapped in a matrix of fluorocarbon resin is
now converted into sheet form to comprise an active electrode by
30 extruding or rolling 17 into sheets of suitable thickness. The
thickness of the sheets is dependant on the desired final
capacitance of the supercapacitor. The sheets are dried 18 by
passing through an in-line or batch convection oven at about
110°C. Depending on the type of oven employed, temperatures as
35 low as about 80°C or as high as about 125°C may also be
employed. The sheets are then laminated 19 onto a suitable



3 lam pated to a dielectric separator, and a second active el ectrode
simlar in composition to the first is [amnated to the other side of the
dielectric separator. In another enbodiment, there is provided a method of
5 manufacturing the el ectrode of the invention, conprising; providing an
aqueous solution of netal salts selected fgomthe group consisting of

chl orides, brom des, sulfates, nitrates, sulfides, hydrides, nitrides,
phosphldes or sel eni des of ruthenlun1 tantalun1 r hodi um |r|d|un1 cobal t,
nickel, 1 0 nsé adﬁonrsud:hJraﬁtabsmbenhr}mlypropyhneusnl@aop@mqmlga%$.es are
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decanted. An eydihbas 6f lanfihdfihgCie Wttivel ¥idttrodes to the separator are
5 common, and should be obvious to those skilled in the art.
In order to better understand the composition of the
active electrode sheet, | refer now to a magnified view of a
portion of the sheet in FIG. 2. The carbon particles 20 are coated
with metal oxides 22. In practice the coating on the activated

10 carbon particles is very thin, and penetrates a distance into the
pores of the activated carbon 20. After the fluorocarbon resin
emulsion is fibrilated into the slurry and formed into a sheet, the
fluorocarbon resin 24 surrounds the coated carbon particles to
entrap and bind them to form a solid sheet.

15 Referring now to FIG. 3, the sheet of active electrode is
laminated to the separator 32. If desired, an additional sheet of
active electrode 30 can be laminated to the opposite side of the
separator 32 to form a sandwich. The laminated sheets of

~ electrodes are then cut into the desired size and assembled to

20 form a supercapacitor by creating a stack comprising a laminated
electrode 34, an additional separator (not shown), another
laminated electrode 34, another separator (not shown), another
laminated electrode 34, and so on, until the desired capacitance
is achieved. The stack is then suitably connected to leads or

25 terminals and placed into a suitable container. The
supercapacitor is then activated by adding a liquid electrolyte,
such as water, dilute acids (sulfuric or sulfamic acid),or dilute
bases (potassium hydroxide or sodium hydroxide). The
concentrations of the acids or bases may range from about 0.1

30 molar to about 5 molar. A cover is then sealed on the container to
complete the supercapacitor. It can be seen that fabricating an
electrode as described in the invention results in an electrode
that can be made in large quantities, and in a continuous process
if desired. The elimination of the stepwise method used in the

35 prior art results in an electrode that is more uniform and has the
ability to be more efficient.



15 is added to the decanted solution and kneaded until the fluorocarbon
polymer is fibrilated. The kneaded adm xture is forned into a sheet and
dried in an oven. The sheet is then lam nated to one or both sides of a
separator. 20 Brief Description of the Drawings FIG 1 is a process flow
di agram of the method of nenufacturing a sgpercapacitor electrode in
accordance with the invention. FIG 2 is a magnified cross-sectional view
of an active 25 electrode in accordance with the invention. FIG 3 is a
cross-sectional vi eyapfatiorisarihnthedcahstcuctiole oh thec supancapacitor t he
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35 agueous solution 10 in concentrations up to their sol ubil.ity-—product.
Sui tabl e conpounds are materials such as the chlori des, 4 brom des,

sul fates, nitrates, sulfides, hydrides, nitrides, phos{ ?“"q ¢ % des
of netals such as ruthenium tantalum rhodium iridiu I 'i “ el ,
nol ybdenum tungsten and vanadi um These mefals and ot hpgklliE ed

fromGoups VB, 5 VIB, VIIB and VIIIB of the Periodic Table. The porous
carbon particles (in the formof high surface area activated carbon) or
ot her porous n@klima e added and mixed into the solution 11 to forma
thick slurry having an extrenely high surface area. Suitable porous carbon
particles are materials such as 100% 10 Conpressed Shaw nagi nan_ Bl ack
#N13F0193 from Si ncllai rARoglestodendor srsepin isipergapagitors; ¢ompsisingta
Activated Carbegnfinate GGf:bon PWA Granular Inc of Pittsburgh PA During the
5 a dielectric separator; and
first and second active electrodes comprising metal oxides,
chiorides, bromides, sulfates, nitrates, sulfides, hydrides,
nitrides, phosphides, or selenides coated onto porous carbon
particles, the coated carbon particles being bound together in a
10 matrix of fluorocarbon resin; the first and second active
electrodes being bonded to opposite sides of the dielectric

separator.

2. The electrode of claim 1, wherein the metal oxide,

15 sulfide, hydride, nitride, phosphide, or selenide is selected from
the group consisting of compounds of ruthenium, tantalum,
rhodium, iridium, cobalt, nickel, molybdenum, tungsten and
vanadium.

20 3. The electrode of claim 1, wherein the separator is
plastic, microporous glass, paper, felt or cellulose.

4. The electrode of claim 1, wherein the porous carbon
particles comprise activated carbon.
25 -
5. The electrode of claim 1, wherein the fluorocarbon resin
is polytetrafluoroethylene.
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m xi ng, the netal salts are adsorbed onto the surface and absorbed into the
pores of the conductive matrix 12. Once this is 15 conplete, the salts are
chem cally converted to the oxides 13 by addi ng an appropriate anmount of
pot assi um or sodi um hydroxide in order to react the nmetal salts to the
metal hydroxides. The reaction products arg left in solution to serve as
the el ectrolyte for the supercapacitor. The slurry is partially dewatered
by a 20 decanting step 14. The residual cake is then transferred to a co-
kneader 15 where a 6% shlsupemap’acaofIejectrodlebou:ompnlsmgin such as
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active electrode being adjacent to the first side of the plastic
separator, and the second active electrode being adjacent to the

10 second side of the plastic separator.

7. The electrode of claim 1, wherein the metal oxides,
chlorides, bromides, sulfates, nitrates, sulfides, hydrides,
nitrides, phosphides, or selenides are selected from the group

15 consisting of oxides, sulfides, hydrides, nitrides, phosphides, or
selenides of ruthenium, tantalum, rhodium, iridium, cobalt,
nickel, molybdenum, tungsten and vanadium.
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t hi ckness of the sheets is dependant on the desired final capacitance of

t he supercapacitor. The sheets are dried 18 by passing through an in-line
or batch convection oven at about 1100C. Dependi ng on the type of oven

enpl oyed, tenperatures as 35 |ow as about [err] or as high as about [err]
may al so be enpl oyed. The sheets are then pami nated 19 onto a suitable 5
separator such as absorbent pol ypropyl ene, m croporous gl ass, paper, felt
or cellulose. If desired, a second sheet of active electrode is |aninated
onto the remaini ng 8i dA ahethad sofpavamufactuving) @ supercapaciton electnedect i ve

ki 11 ed in tnetAMPH L s ok o Under ot and the conposition of the.
active el ectrode shaptprovidisged 8eparalolr magnified view of a portion of the
sheet in FIG 2. Thg) Girohiingaahi a4660d8 slatiehabkdnetal salts selected
5 from the group consisting of chlorides, bromides, sulfates,
nitrates, sulfides, hydrides, nitrides, phosphides, or selenides of
ruthenium, tantalum, rhodium, iridium, cobalt, nickel,
molybdenum, tungsten or vanadium;
c) adding porous carbon particles to the solution and mixing
10 to form a slurry, the metal salts adsorbing onto the porous carbon
particles;
d) converting the metal salts to equivalent metal
hydroxides;
e) decanting the solution;
15 f) adding an emulsion of a fluorocarbon polymer to the
decanted solution;
g) kneading the admixture of fluorocarbon polymer and
decanted solution until the fluorocarbon polymer is fibrilated;
h) forming the kneaded admixture into a sheet;
20 i) drying the kneaded admixture; and
j) laminating the sheet to the separator.

9. The method of claim 8, comprising a further step of
laminating a second sheet of the rolled kneaded admixture to the
25 separator to form a structure having the separator laminated
between the sheets.

10. The method of claim 8, wherein the amount of
fluorocarbon polymer is greater than about 0.1 weight percent and
30 less than about 5 weight percent.

11. The method of claim 8, wherein the step of drying the
admixture comprises drying in an oven between about 95°C and
about 125°C.

35
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with netal oxides 22. In practice the coating on the activated 10 carbon
particles is very thin, and penetrates a distance into the pores of the
activated carbon 20. After the fluorocarbon resin enulsion is fibrilated
into the slurry and formed into a sheet, the fluorocarbon resin 24
surrounds the coated carbon particles to rap and bind themto forma
solid sheet. 15 Referring now to Fl 3, the sheet of active
electrode is lamnated to the separator 32. If desired, an additional sheet
of active el ectrode13D cThebméthodnat ethitro & heherginsihee steéplofotonverting

separator 32 tg f | I#é%l ' e I Sqlkaf
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by creating a bBydwxxideaprising a | aninated el ectrode 34, an additiona
separator (not shown), another |am nated el ectrode 34, another separator

(not shown), another |anjpated electyode 34, and so .on, until £he.desired
capacitanc® i s achi é@ed%%ﬁe"ﬁtae ‘Pécgr\@nés enqiny tﬁﬁnﬁéﬂ o f%’fﬁ'l"gi or
25 terminals gndeplctraprises cextradingaidreralting atheeknetideds @umidpessi t or i s
then activated by adding a liquid electrolyte,
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such as water, dilute acids (sulfuric or sulfamc acid),or dilute bases
(potassi um hydroxi de or sodi um hydroxi de). The concentrations of the acids
or bases may range fromabout 0.1 30 nolar to about 5 nolar. A cover is
then sealed on the container to conplete tthe supercapacitor. It can be seen
that fabricating an el ectrode as describedqjn the invention results in an
el ectrode that can be nade in large quantities, and in a continuous process
if desired. The elimnation of the stepwi se nethod used in the 35 prior
art results in an elldct rAdeeleciticals emergy ustoragen devicepcarhprising iaty to be
nore efficient a [ UG citor
el ectrode and (i:%ap%tm §r re:"i%étdéa)(g%sr %&ﬁe&ﬁaﬁ&é C&r'd’ q{or{c}gg'cé:rfbe |Célf;rﬁfl’deta |,
will be obvi ouyvhefenmo%feleasthoaedﬂlmtw@m¢¢mpnlsese art, and should not be

construed as being Qeidkkdthe §é|9@|%t9f‘, 205

5 first and second active electrodes comprising oxides,
chlorides, bromides, sulfates, nitrates, sulfides, hydrides,
nitrides, phosphides, or selenides of ruthenium, tantalum,
rhodium, iridium, cobalt, nickel, molybdenum, tungsten or
vanadium coated onto porous carbon particles, the coated carbon

10 particles being bound together in a matrix of fluorocarbon resin,
the first and second active electrodes being bonded to opposite
sides of the dielectric separator.
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5 invention. What is clained is: 5 What is clained is: 1. An
el ectrode for use in supercapacitors, conprising a lamnate of: a
dielectric separator, and first and second active el ectrodes conprising
met al oxi des, chlorides, 10 brom des, sulfates, nitrates, sulfides,
hydrides, nitrides, phosphides, or selenidﬁ coated onto porous carbon
particles, the coated carbon particles bei 8 bound together in a matrix of
fluorocarbon resin; the first and second active el ectrodes bei ng bonded to

2pp3;i te si ?ﬁs OfttPGsUPaERcmﬁcmw ELECTRODE ANWM?HQ\D?F of claim
, erein e netal oxide, su . phosphi de, or
selenide is selected fromthe grggé%@g?@ﬁnﬁhggﬁ%ounds of ruthenium
tantal um rhodium iridium cobalt, nickel,

Abstract of the Disclosure

5 .

An electrode (34) for use in supercapacitors is provided,
comprising a sheet of a first active electrode (30) comprising
metal oxides, chlorides, bromides, sulfates, nitrates, sulfides,
hydrides, nitrides, phosphides, or selenides (22) coated onto

10 porous carbon particles (20). The coated carbon particles are
bound together in a matrix (24) of a fluorocarbon resin. The first
electrode (30) is laminated to a dielectric separator (32), and a
second active electrode (30) similar in composition to the first
is laminated to the other side of the dielectric separator(32).

15

Fig. 2 accompanies this abstract.



nmol ybdenum tungsten and vanadi um 20 3.
I's plastic,

The el ectrode of claim1l, wherein the porous carbon
conprise activated carbon. 5.
wherein the fluorocarbon resin is polytetrafl uoroethyl ene.
el ectrode of claim1, wherein the netal
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7. A supercapacitor electrode, conprising: first and second active

el ectrodes conprising netal oxides, chlorides, brom des, sulfates,

nitrates, sulfides, hydrides, nitrides, phosphides, or selenides coated
onto activated carbon particles, the coated carbon 10 particles being
bound together in a tetrafluoroethylene resin matrix and forned into a
sheet; and a plastic separator having first and second sides; the first
active el ectrode being adjacent to the first side of the plastic separator,
and the second active el ectrode being adjacent to the second side of the 15
pl astic separator. 8. A met hod of manuf afuring a supercapacitor

el ectrode, conprising the step of: a) providing a separator; 20 b)
provi di ng an aqueous sol ution of neta %

consi sting of chlorides, brom des
nitrides, phosphides, or 22| eni
I ridium cobalt, nickel

24
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_ 160 1 637-3 1V,
25 .sl.ur{y, the nmetal salts adsorbing onto the porous carbon particles; d‘f_

converting th bnt nmetal hydroxi des; e) decanting the
Porf T T RERLAGR)ENT -a fl urocarbon polyner to the decanted

sol uti onf B®escription :g’ﬁg%eli‘ ‘adm xture of fluorocarbon polynmer and

decant ed| spitikdn) urttpaged _t?! Fbetron pblymer is fibrilated; h) forning

the knea{lqg mewing()r epaged 630 INEEL i )} drying the kneaded admi xture; and

9 j) lamnatdpgathe stuged ..E.00tHAE° ep‘aﬂator. 5 9. The met hod of claim8,

conprisihg a further step of |3am nati ngCAAIM®Nd of the roll ed kneaded
adm xtur¢ (o the seps mwr....t.‘.d!}?ﬁf.m a structure having the separator
| am nat ed_BEtweesn streets.

5 What is claimed is:

1. An electrode for use in supercapacitors, comprising a laminate of:
a dielectric separator; and '
first and second active electrodes comprising metal oxides, chlorides,
10 bromides, sulfates, nitrates, sulfides, hydrides, nitrides, phosphides, or
selenides coated onto porous carbon particles, the coated carbon particles
being bound together in a matrix of fluorocarbon resin; the first and
second active electrodes being bonded to opposite sides of the dielectric

separator.

15
2. The electrode of claim 1, wherein the metal oxide, sulfide, hydride,
nitride, phosphide, or selenide is selected from the group consisting of
compounds of ruthenium, tantalum, rhodium, iridium, cobalt, nickel,
molybdenum, tungsten and vanadium.

20

3. The electrode of claim 1, wherein the separator is plastic,
microporous glass, paper, felt or cellulose.

4, The electrode of claim 1, wherein the porous carbon patrticles
25 comprise activated carbon. |

5. The electrode of claim 1, wherein the quorocarbon resin is
polytetrafluoroethylene.
'30 6. The electrode of claim 1, wherein the metal oxides, chlorides,

bromides, sulfates, nitrates, sulfides, hydrides, nitrides, phosphides, or
selenides are selected from the group consisting of oxides, sulfides,
hydrides, nitrides, phosphides, or selenides of ruthenium, tantalum,
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10 10. The nethod of claim8, wherein the anmount of fluorocarbon pol yner
Is greater than about 0.1 weight percent and | ess than about 5 wei ght
percent. 11. The nethod of claim8, wherein the step of drying the

adm xture 15 conprises drying in an oven between about 95.degree. C. and
about 125.degree. C. 12. The nmethod of cl@ m 8, wherein the step of
converting the netal salts conprises reacting the netal salts with an

al kali hydroxide. 20 13. The nethod of claim8, wherein the step of
form ng a sheet conprises extruding or rolling the kneaded adm xture. 14.
An el ectrical energy storage device, conprising at |east two 25

el ectrodes, an rkbdiah, didium, cobaltanickell aolgidarium cfungstenhand vanadiuheast one
el ectrode conprises: a dielectric separator; and first and second active
el ectrodes &onprising oxides, chlorides, brom des, sulfates, nitrates,

pulTi oo, Iyt tls: J0bfafabaoR BB cobprng el o des of ruthenium
first and second active electrodes comprising metal oxides, chlorides,
bromides, sulfates, nitrates, sulfides, hydrides, nitrides, phosphides, or
selenides coated onto activated carbon particles, the coated carbon
10 particles being bound together in a tetrafluoroethylene resin matrix and
formed into a sheet; and |
a plastic separator having first and second sides; the first active
electrode being adjacent to the first side of the plastic separator, and
the second active electrode being adjacent to the second side of the

15 plastic separator.

8. A method of manufacturing a supercapacitor electrode, comprising
the step of:
a) providing a separator;

20 b) providing an aqueous solution of metal salts selected from the
group consisting of chlorides, bromides, sulfates, nitrates, sulfides, hydrides,
nitrides, phosphides, or selenides of ruthenium, tantalum, rhodium,
iridium, cobalt, nickel, molybdenum, tungsten or vanadium;

¢) adding porous carbon particles to the solution and mixing to form a

25 slurry, the metal salts adsorbing onto the porous carbon patticles;

d) converting the metal salts to equivalent metal hydroxides;

e) decanting the solution;

f) adding an emulsion of a flurocarbon polymer to the decanted
solution;

30 g) kneading the admixture of fluorocarbon polymer and decanted

' solution until the fluorocarbon polymer is fibrilated;

h) forming the kneaded admixture into a sheet;
i) drying the kneaded admixiure; and

"« ¢ L M S5 %
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nol ybdenum tungsten or vanadi um coated onto porous carbon particles, the
coated carbon particles being bound together in a matrix of fluorocarbon
10 resin, the first and second active el ectrodes bei ng bonded to opposite
sides 5 of the dielectric separator. 14. An electrical energy storage
device, conprising at |least two electrodgs, an electrolyte, and a container
therefor, wherein at |east one el ectrode conprises: a dielectric separator;
and 5 first and second active el ectrodes conprising oxides,

chl orides, brom des, sulfates, nitrates, sulfides, hydrides, nitrides,
phosphi des, or selenides of ruthenium tantalum

j) laminating the sheet to the separator.

9. The method of claim 8, comprising a further step of laminating a
second of the rolled kneaded admixture to the separator to form a structure
having the separator laminated between the sheets.

10 10.  The method of claim 8, wherein the amount of fluorocarbon polymer
is greater than about 0.1 weight percent and less than about 5 weight
percent. .

11.  The method of claim 8, wherein the step.of drying the admixture
- 15 comprises drying in an oven between about 95.degree. C. and about
125.degree. C.

12.  The method of claim 8, wherein the step of converting the metal salts
comprises reacting the metal salts with an alkali hydroxide.

20 |
13. The method of claim 8, wherein the step of forming a sheet comprises
extruding or rolling the kneaded admixture.

14.  An electrical energy storage device, comprising at least two
25 electrodes, an electrolyte, and a container therefor, wherein at least one
electrode comprises:
a dielectric separator; and
first and second active electrodes comprising oxides, chlorides,
bromides, sulfates, nitrates, sulfides, hydrides, nitrides, phosphides, or
30 selenides of ruthenium, tantalum, rhodium, iridium, cobalt, nickel
molybdenum, tungsten or vanadium coated onto porous carbon particles,
the coated carbon patticles being bound together in a matrix of fluorocarbon

- — | ' | This is the replacement sheet
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rhodjum iridium cobalt, nickel, nolybdenum tungsten or vanadi um coated
onto porous carbon particles, the coated carbon 1 0O particles being bound
togethrer in a matri x of fluorocarbon resin, the first and second active

el ectrodes bei ng bonded to opposite sides of the dielectric separator. This
Sheet Has Been Repl aced 10

resin, the first and second active electrodes being bonded to opposite sides
5 of the dielectric separator.
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