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(57) ABSTRACT

The present invention 1s directed to an electrolyte for an
clectrolytic capacitor. The capacitor has an electrolytic
anode and an electrochemical cathode. The electrolyte has
water, a water soluble organic salt, and a relatively weak
organic acid. This electrolyte 1s chemically compatible to
aluminum and tantalum oxide dielectrics and withstands
higher voltage while maintaining good conductivity. This
makes the electrolyte especially useful for high voltage
applications, such as occur in an implantable cardiac defi-
brillator.

28 Claims, No Drawings
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ELECTROLYTES FOR CAPACITORS

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED [APPLICA-
TION] APPLICATIONS

This application is a reissue of application Ser. No.
10/354,324, filed on Jan. 30, 2003, now U.S. Pat. No.
6,687,117, which claams priority from U.S. provisional
application Ser. No. 60/353,893, filed on Jan. 31, 2002.

BACKGROUND OF THE INVENTION

This invention 1s directed to an electrolyte for electrolytic
capacitors. More particularly, the present invention relates to
an electrolyte for high voltage wet tantulum or aluminum
capacitors.

SUMMARY OF THE INVENTION

The present electrolyte 1s suitable for an electrolytic
capacitor and includes water and an organic solvent having
an ammonium salt of a relatively weak organic acid dis-
solved therein. The organic acid 1s used to achieve an
appropriate pH, conductivity, and breakdown voltage for a
particular capacitor application.

An exemplary capacitor includes an anode of a valve
metal such as aluminum or tantalum provided with an oxide
f1lm on the surface as a dielectric. The oxide film 1s typically
formed by an anodizing process. The anode 1s kept from
contacting a cathode by a separator disposed there between.
The separator 1s impregnated with the present electrolyte.
The electrolyte has a relatively high conductivity and break-
down voltage, which ensures that the capacitor exhibits low
series resistance while withstanding high voltage. As such,
the electrolyte impregnated separator provides the conduc-
tivity between the anode and the cathode while supporting,
the rated voltage. The electrolyte impregnated separator also
helps heal the dielectric oxide film on the anode during
operation.

These and other aspects and advantages of the present
invention will become increasingly more apparent to those
skilled 1n the art by reference to the following description.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

An electrolyte according to the present invention prefer-
ably contains the following constituents, by weight: about
1% to about 80% de-10on1zed water and 0% to about 80% of
an organic solvent along with about 1% to about 80%
1sobutyric acid and about 0.5% to about 50% of concentrated
ammonium salt (28%). The organic solvent includes, but 1s
not limited to, glycols, glycol ethers, polyethylene glycols,
amides, esters, nitriles, linear carbonates, cyclic carbonates,
and mixtures thereof.

Suitable glycols include, but are not limited to, ethylene
glycol, diethylene glycol, propylene glycol, trimethylene
glycol, and mixtures thereof.
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Suitable glycol ethers include, but are not limited to,
cthylene glycol monomethyl ether, ethylene glycol mono-
cthyl ether, propylene glycol methyl ether, diethylene glycol
methyl ether, dipropylene glycol methyl ether, glycol
monobutyl ether, and mixtures thereof.

Suitable amides include formamide, dimethyl formamaide,
diethyl formamide, ethyl formamide, dimethyl acetamide,
methyl acetamide, and mixtures thereof.

Suitable nitriles include acetomitrile, propionitrile, and
mixtures thereof.

Cyclic esters such as y-butyrolactone, y-valerolactone and
N-methyl-2-pyrrolidone are also useful solvents or co-sol-
vents as are carbonates, both linear and cyclic. Suitable
linear and cyclic carbonates include dimethyl carbonate,
diethyl carbonate, ethyl methyl carbonate, dipropyl carbon-
ate, ethyl propyl carbonate, methyl propyl carbonate, pro-
pylene carbonate, ethylene carbonate, butylenes carbonate,
vinylene carbonate, and mixtures thereof.

Isobutyric acid can act as both a solvent and a solute.
While 1sobutyric acid 1s preferred, other relatively weak
organic acids of the general formulaofc, H, O, (where n=2
to 7) are acceptable. Examples are butyric acid, propionic
acid, valeric acid (pentanoic acid), methylbutyric acid, trim-
cthylacetic acid, and mixtures thereof, among others coming
under the purview of the above formula.

Ammonium hydroxide 1s added to react with the acid to
form an ammonium salt in situ that provides electrical
conductivity. Electrolyte pH and conductivity can be
adjusted by the amount of ammonium hydroxide. Ammo-
nium hydroxide can be substituted by an ammonium salt of
the corresponding acid constituent. Examples of these salts
are ammonium 1sobutyrate, ammonium butyrate, ammo-
nium propionate, ammomum valerate, ammonium methyl-
butyrate, ammonium trimethylacetate, and mixtures thereof.

The electrolytes of the present invention are useful for not
only conventional electrolytic capacitors, but also those of
the electrolytic/electrochemical hybrid type. Capacitor cath-
odes commonly used i1n electrolytic capacitors include
ctched aluminum foil 1n aluminum electrolytic capacitors,
and those commonly used 1n wet tantalum capacitors such as
of silver, sintered valve metal powders, platinum black, and
carbon. The cathode of hybrid capacitors include a pseudo-
capacitive coating of a transition metal oxide, nitride, car-
bide or carbon nitride, the transition metal being selected
from the group consisting of ruthenium, cobalt, manganese,
molybdenum, tungsten, tantalum, 1ron, niobium, iridium,
titanium, zirconium, hafniuvm, rhodium, vanadium, osmium,
palladium, platinum, and nickel. The pseudocapacitive coat-
ing 1s deposited on a conductive substrate such as of titanium
or tantalum. The electrolytic/electrochemical hybrid capaci-
tor has high energy density and 1s particularly useful for
implantable medical devices such as a cardiac defibrillator.

The anode 1s of a valve metal consisting of the group
vanadium, niobium, tantalum, aluminum, titanium, Zzirco-
nium and hafnium. The anode can be a foil, etched {oil,
sintered powder, or any other form of porous substrate of
these metals.

A preferred chemistry for a hybrid capacitor comprises a
cathode electrode of a porous ruthenium oxide film provided
on a titanium substrate coupled with an anode of a sintered
tantalum powder pressed ito a pellet. The cathode and
anode electrodes are segregated from each other by a suit-
able separator material impregnated with the present work-
ing electrolyte. Such a capacitor 1s described 1n U.S. Pat.
Nos. 5,894,403, 5,920,455 and 5,926,632. These patents are
assigned to the assignee of the present invention and incor-
porated herein by reference.
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Electrolytes of present invention may also contain phos- EXAMPLE II
phoric acid, an 1norganic phosphate or an organic phosphate
ds dll additive {0 impI‘OVB ElIlOde Stablllty The examp]es Of Another exemplary electrolyte according to the presen‘[
organic phosphates are trimethylphosphate, triethylphos- invention consists of the constituents listed in Table 3.
phate, truisopropylphosphate, and mxtures thereof. d
Finally, electrolytes of present invention may contain a TABLE 3
111‘[1*0311:01113‘[1(: Flepolal'{zer to prewrent cathodic gassing during Components Wt o Aot
operation. Suitable nitroaromatic compounds include, but
are not limited to 2-nitrophenol, 3-nitrophenol, 4-nitrophe- |, ethylene glycol 39.71 359.4 (ml)
: : : : : . : deionized water 55.6 560.0 (ml)
nol, 2-mitrobenzonic acid, 3-nitrobenzonic acid, 4-nitroben- sobutyric acid 3.0 31.6 (ml)
zonic acid, 2-nitroace tophenone, 3-nitroacetophenone, 4-ni- ammonium hydroxide (28%) 1.3 14.0 (ml)
troacetophenone, 2-nitroanisole, 3-nitroanisole, phosphoric acid (85%) 0.06 0.36 (ml)
p-nitrophenol 0.4 4.0 (g)

4-nitroamisole, 2-nitrobenzaldehyde, 3-nitrobenzaldehyde,
4-nitrobenzaldehyde, 2-mitrobenzyl alcohol, 3-nitrobenzyl 15

alcohol, 4-nitrobenzyl alcohol, 2-nitrophthalic acid, 3-ni- It was determined that the above electrolyte had the
trophthalic acid, 4-nitrophthalic acid, and mixtures thereof. physical characteristics listed in Table 4.

The present electrolyte 1s useful for capacitors having an

operating range of about 175 volts to about 400 volts while TABLE 4
maintaining high conductivity. The preferred ruthenium < oIl 5 4
oxide/tantalum hybrid capacitor provides high energy den- Conductivity 6.9 mS/em
sity at voltages of at least about 175 volts, such as 1s required Anode Breakdown 400 volts

in an implantable medical device, for example, a cardiac

defibrillator. For this reason, it 1s important that the electro-
lyte have a high breakdown wvoltage, high conductivity,
suitable pH and good chemical stability over the operating
life of the device.

The present electrolyte 1s chemically compatible over
time with the other capacitor components and capacitor 30
materials, even at temperatures of about 105° C. This means

EXAMPLE III

Another exemplary electrolyte according to the present
invention consists of the constituents listed in Table 3.

that the electrolyte does not generate gas or promote corro- 1ABLE 5
sion of the other capacitor components at that temperature. Components Wt 04 Armount
The following examples describe the manner and process o otven 25 18.0 (ml)
. . . . c v i {w cO . . Il
of a capacitor according to the present invention, and they 3° deiznizedgiater 01 10.0 (ml)
set forth the best mode contemplated by the inventors of isobutyric acid 64.5 74.7 (ml)
carrying out the invention, but they are not to be construed ammonium hydroxide (28%) 8.2 10.0 (ml)
phosphoric acid (85%) 0.09 0.06 (ml)

as limiting.

40
It was determined that the above electrolyte had the

physical characteristics listed 1n Table 6.

EXAMPL.

L1
—

One exemplary electrolyte according to the present inven-

tion consists of the constituents listed 1n Table 1. The anode 1IABLE 6
breakdown voltage measurements set forth i the below 45 pH 59
tables were conducted using a tantalum anode at room Conductivity 7.9 mS/cm
temperature. Anode Breakdown 388 volts
TABLE 1
50 |
Components Wt. % Amount EXAMPLE IV
ethylene glycol 39.17 89.8 (ml) .
deionized water 52.88 135.0 (ml) Another exemplary electrolyte according to the present
isobutyric acid 6.0 16.1 (ml) invention consists of the constituents listed in Table 7.
ammonium hydroxide (28%) 1.5 4.3 (ml) 55
phosphoric acid (85%) 0.06 0.09 (ml)
p-nitrophenol 0.4 1.0 (g) TABLE 7
Components Wt. % Amount
It was determmefl th:at thft% above electrolyte had the deionived water A4 88 100.0 (ml)
physical characteristics listed 1n Table 2. 60 isobutyric acid 13.5 31.6 (ml)
ammonium hydroxide (28%) 3.2 8.0 (ml)
phosphoric acid (85%) 0.04 0.06 (ml)
1ABLE 2 ethylene glycol 38.2 91.4 (ml)
pH 40 monomethyl ether
Conductivity 7.1 mS/cm
Anode Breakdown 395 volts 65

It was determined that the above electrolyte had the
physical characteristics listed 1n Table 8.
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TABLES SHYeESTE T“T““:_T-; r ;.-_:_______ e ;- . e

pH 5.7 : L a—oaleatie oo ; C S o o
Conductivity 11.5 mS/cm - ____ T S o T
Anode Breakdown 380 volts o s =1 O M
5  sdepe—slreol—prepidene—elreot < sfre—ereat—ane
mpecares—thereet
P PR e ~ -y PR A PP o o —~ —~
EXAMPLE V i e el ane aluac
Another exemplary electrolyte according to the present 0 e N ' et il B ,' o :' et A
ivention consists of the constituents listed in Table 9. A AT AT AT Y L
- w WA WA '-. 7 w - '-. k. w . J LY "
apd-maares—tHrereot
TABLE 9 re—aloatpelte—e : : o e
Components Wt. % Amount SoTeR -: OTE Rk s S T TOTITEHITTOCS e
15 Tofraiirere—aie = . re—¢ = . Cre—€ -
delonized water 4.69 10.0 (ml) ROt EhO—tre ROEHERTHEhE—EHE e Spaa
isobutyric acid 37.5 84.2 (ml) R T o Y, o o T
ammonium hydroxide (2%%) 10.6 25.0 (ml) . . i -
phosphoric acid (85%) 0.05 0.06 (ml) A~ s arotp—vo > Dt y TOTaCTOTICS TCTOTE
ethylene glycol 46.9 107.5 (ml) Sire; .y . SO Taie e —uwe
monomethyl ether 20 d—The—elcatratite—ai—alatr—O—wlereti—the—attethe
-y g vl v oS rot-ee =T rOCTOT oy PLOpPToT
It was determined that the above electrolyte had the tteand-mpkinres-thereot
. . . s . PP PR s - PR ] —~ n ~ —~ ~
physical characteristics listed 1n Table 10. - = SEIN L o
TABILE 10 25 & ““f Sttt aret Yy reatrehate Sy ey e atner
cre—remnvayesnvae ~esmvivssreinramn sy vinwiw sarootraTes —iwy
pH 6.7 viRwIER T TreTTaTE winwiw L T A N e vl vy D WA e A
Conductivity 10.8 mS/cm _ . T j i} SR P j e - i} j
Anode Breakdown 370 volts et Atk Atk ’
Hhereot
_ | | | ‘ 30 —Hhre-eleetrebte-ofelatS—wheret-the-oreaite-aetd—s
It 1s appreciated that various modifications to the present seleeted e O HIEE ofrsobrtrre-netd—Put

inventive concepts described herein may be apparent to

those of ordinary skill 1n the art without departing from the |

spirit and scope of the present invention as defined by the —Fhe-cleetrotrte-ofelatmr-S-whererr-the-ammontanrse
herein appended claims. 15 se=selected=from=the—crein—e st RO

What 1s claimed 1s: HeR-ralerateamentR-methytbutrrate Mot

S ofrte—for— : sr—torae—dertee: cthrytacctate—and-mectares—thereot:
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dipreprtefe—slreot—ae csther—etyeol—meoneobuty—ethers 5 elyeolpropyene-styeoh stene-sdreot—ane e
/ e N — — — — - & — — s . — — | — - —.
rectamrde—methy-aeetanrrde—ane e SHeE 10 Sbpee - ather—dte Se—S e e sther—dtpre
SRT-HRe—SrerP—eoRstHHe—e aprretaete terets metares—thereet
ofre: etk g '::-; S—a eI "; $0—hermrethod-otelany Hrefaare-seleete-the-arrrere
velectedfronrthe-srotupr-eons s—of-peetontirte—propte 15 arde—diethvl—formanrde—ethvlformmamide—dtne Hee
ot ] : e b et ] c
—he—eapaettor—eot—els o—lrear—aie H—the-method-otelans srehadire—seleetine—the-este
rre—atpreny—earbonate— ciavys prPenate—aTe 20 —Hre-methed-otelats rere-seleetre—the-attrte
strlenes—earbonate; fre—eathoRate—ate s PP en— et
Hhereot $3—the-method-ofels retiro-seleetto-the-tnes
Sreeteer—Te SO - =Gt te —raiaaitiy 25 earPoRateTaie O Rate St < SHEpORate—atPe
tres—thereot rORAte—PrroPvrefre-eateroRate—c SHE-C AP ORAtC T TEITe
2 e AR HO-Ote1E . - 21 < 212 ':'.'.:‘: - S =R e jj e e “:
leeted—fre B P HHI—CE s—orrthentt—eobalt 44. An electrolyvte for a capacitor comprising a tantalum
RaRsaRese—elrbdent—tanesten—tantalam—ren—ate— 30 anode, the electrolyte consisting of:
S TeH e —HaRr—Freonm—hatton—rhodianr a) water,
FR e oS P aHadt T plats yrelel—ate b) an organic acid and an ammonium salt of the organic
tares—thereot acid, wherein the ammonium salt and its corrvesponding
—he-eapaettor-of-elatmrt8—wheret-the-eathode—ts—e acid are selected from the group consisting of: ammo-
rthentim-oswrde-and-the-arede—ty-ottanatitm: 35 nium isobutyrate and isobutyric acid, ammonium
—tHre—eapaetteor—eof—elarmr—S—whereti—the—eleetrelste butyrate and butyric acid, ammonium propionate and
retes-atteastone-—eofthe-eroup-econsisine—eotphosphe propionic acid, ammonium valerate and valeric acid,
rere—trrrethydphosphate—trte shesphate—and—trisopre ammonium methylbutyrate and methylbutyric acid, and
voinheosphate- ammonium trimethylacetate and trimethylacetic acid;
—Hre—eapaerior—eot—etatr—S—wherermr—the—eleetrelyte 40 and
Hretrdes-a-Rrirearematte-eompotd-seleeted—fre =S HOTH c) a nitroarvomatic compound selected from the group
BORIHFHIE—E rrenhenel—2-astrenhenet— ophenet consisting of 2-nitrophenol, 3-nitrophenol, 4-nitrophe-
HirebenFente-aerd—2-preobenrente-netd—d-ntrobenren nol, 2-nitrobenzonic acid, 3-nitrobenzonic acid, 4-ni-
retd—2=-fpitroaeetonhenofre—3-nreoacctophenone— S trobenzonic acid, 2-nitroacetophenone, 3-nitroaceto-
stophenofe—2-fRtroantsote—~aitroatntsete—d-nireantsele—== 45 phenone, 4-nitroacetophenone, 2-nitroanisole,
rHrobenratdehyde—23-nttrebenzaldelyde—d-nirebenzalde 3-nitroanisole, 4-nitroanisole, 2-nitrobenzaldehyde,
rrde—=-pitrobenrri—aleohel—3-nitrebenri—atechel—d-n1 3-nitrobenzaldehyvde, 4-nitrobenzaldehyde, 2-nitroben-
sobenrr-aleohol—2-niirephihatie-nrerd—=—nttrophthatte-aetd: zvl alcohol, 3-nitrobenzyl alcohol, 4-nitrobenzy! alco-
d-nrirenhthalre-aerd—and—mveares—thereet hol, 2-nitrophthalic acid, 3-nitrophthalic acid, 4-ni-
—A—prethod—for—providine—an—eleetrelrte—ee g 50 trophthalic acid, and mixtures theveof,
essentraty—oi—the-steps—ot d) wherein the electrolyvte has:
A-prOvrete—vrater 1) a conductivity in the range of 6.9 to 11.5 mS/cm;
b prerdire-arorentre—ferd—atd ii) a pH in the range of 4.9 to 6.7,
ST S RTO R HISaH—e SrSARte—feTre ii1) an anode breakdown voltage in the range of 370 to
—he—method—et—elaty tetudire—seteettne—te 55 400 volts when the electrolyte is at room temperature
Srsate-getd-Heom—the-—sroup—eonstsine—of-1sebut ek and the breakdown voltage is measured using a
s e—aetd—RreRtoRte—aerd—ralere—aerd—nretvHoutrs tantalum anode; and
aere—trrethviaccte-perd—ard-mocares—thereot iv) does not generate gas at 105° C.
—he-methed-otfelatm33-treladtreprovrdire—amarot 45. The electrolyvte of claim 44, wherein the water is
HaRrRrdrextde-thererrto—provrde—the-ammentanr—se 60 present in a range of, by weight, about 1% to about 50%.
—the—mretheod—et—elans retdtre—setectre—tae 46. The electrolyte of claim 44, wherein the acid is present
RO RTHHIT—Sal—freom—the—sroup—eonstyte——of—amments in a range of, by weight, about 1% to about §0%.
O R e— AR O IR A e RO R PO RO Ha e 47. The electrolyte of claim 44, wherein the ammonium
RO Rt —raterate—ammentam—mettbatrrate—amme salt is present in a range of, by weight, 0.5% to about 50%.
arear-termrethylacctate—and-mpcares—therceot 65  48. The electrolvte of claim 44, whervein the ammonium
—Hhre-methed-etelatsr Hther-theladire-an-orea salt and its corresponding acid ave ammonium isobutyrate
slrent-seteeted-fre SR HI-CE s-ai-adeals—adree and isobutyric acid; and
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wherein the electrolyvte having a pH of 4.9 and an anode

breakdown voltage of 395 volts when the electrolyte is

at room temperature and the breakdown voltage is

measured using a tantalum anode.

49. The electrolyte of claim 48, having a conductivity of 5
7.1 mS/cm.

50. The electrolyte of claim 44, wherein the ammonium
salt and its corresponding acid arve ammonium isobutyrate
and isobutyric acid; and

wherein the electrolyte having a pH of 5.4 and an anode 10

breakdown voltage of 400 volts when the electrolyte is

at room temperature and the breakdown voltage is

measured using a tantalum anode.

51. The electrolyte of claim 47, having a conductivity of
6.9 mS/cm. 15
52. The electrolyte of claim 44, wherein the ammonium
salt and its corresponding acid are ammonium isobutyrate

and isobutyric acid; and

whevrein the electrolyte having a pH of 5.2 and an anode

breakdown voltage of 388 volts when the electrolyte is 20

at room temperature and the breakdown voltage is

measured using a tantalum anode.

53. The electrolyte of claim 52, having a conductivity of
7.9 mS/cm.

54. The electrolyte of claim 44, wherein the ammonium 25
salt and its corresponding acid are ammonium isobutyrate
and isobutyric acid; and

wherein the electrolyvte having a pH of 5.7 and ar anode

breakdown voltage of 380 volts when the electrolyte is

at room temperature and the breakdown voltage is 30

measured using a tantalum anode.

55. The electrolyte of claim 54, having a conductivity of
11.5 mS/cm.

56. The electrolyte of claim 45, wherein the ammonium
salt and its corresponding acid are ammonium isobutyrate 35
and isobutyric acid; and

wherein the electrolyte having a pH of 6.7 and an anode

breakdown voltage of 370 volts when the electrolyte is

at room temperature and the breakdown voltage is

measured using a tantalum anode. 40

57. The electrolyte of claim 56, having a conductivity of
10.8 mS/cm.

58. An electrolyte for a capacitor comprising a tantalum
anode, the electrolvte consisting of:

a) water; 45

b) an organic solvent selected from the group consisting

of glvcols, glvcol ethers, polvethviene glyvcols, amides,

esters, nitriles, linear carbonates, cyclic carbonates,
and mixturves therveof, wherein.

1) the glycol is selected from the group consisting of 50
ethvlene glycol, diethyvlene glyvcol, propvlene glvcol,
trimethylene glvcol, and mixtures thereof;

ii) the glvcol ether is selected from the group consisting
of ethylene glycol monomethy! ether, ethylene glycol
monoethyl ether, propyvlene glycol methyl ether, 55
diethvilene glycol methyl ether, dipropviene glycol
methyl ether, glyvcol monobuty! ether, and mixtures
thereof;

ii1) the amide is selected from the group comnsisting of
Jormamide, dimethyl formamide, diethyl formamide, 60
ethyl formamide, dimethyl acetamide, methyl acet-
amide, and mixtures therveof;

Iv) the ester is selected from the group cownsisting of
v-butyrolactone, vy-valerolactone, N-methyl-2-pyr-
rolidone, and mixtures thereof; 65

v) the nitrile is selected from the group comsisting of
acetonitrile, propionitrile, and mixtures thereof,; and
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vi) the linear and cyclic carbonates are selected from
the group consisting of dimethyl carbonate, diethy!
carbonate, ethyl methyl carbonate, dipropyl carbon-
ate, ethyl propyl carbonate, methyl propyl carbon-
ate, propyvlene carbonate, ethvlene carbonate, buty-
lene carbonate, vinvlene carbonate, and mixtures
thereof; and

c) an organic acid and an ammonium salt of the orvganic
acid, wherein the ammonium salt and its corrvesponding
acid are selected from the group consisting of: ammo-
nium isobutyrate and isobutyric acid, ammonium
butyrate and butyric acid, ammonium propionate and
propionic acid, ammonium valerate and valeric acid,
ammonium methylbutyrate and methylbutyric acid, and
ammonium trimethylacetate and trimethylacetic acid;
and

d) a nitroaromatic compound selected from the group
consisting of 2-nitrophenol, 3-nitrophenol, 4-nitrophe-
nol, 2-nitrobenzonic acid, 3-nitrobenzonic acid, 4-ni-
trobenzonic acid, 2-nitroacetophenone, 3-nitroaceto-
phenone, 4-nitroacetophenone, 2-nitroanisole,
3-nitroanisole, 4-nitroanisole, 2-nitrobenzaldehyde,
3-nitrobenzaldehvde, 4-nitrobenzaldehyde, 2-nitroben-
zvl alcohol, 3-nitrobenzy! alcohol, 4-nitrobenzyl alco-
hol, 2-nitrophthalic acid, 3-nitrophthalic acid, 4-ni-
trophthalic acid, and mixtures thereof,

e) wherein the electrolyte has:

1) a conductivity in the range of 6.9 to 11.5 mS/cm;

ii) a pH in the vange of 4.9 to 6.7;

ii1) an anode breakdown voltage in the range of 370 to
400 volts when the electrolyte is at rvoom temperature
and the breakdown voltage is measured using a
tantalum anode; and

iv) does not generate gas at 105° C.

59. A capacitor, which comprises.

a) an anode of tantalum;

b) an electrochemical cathode of ruthenium oxide; and

c) an electrolyte for the anode and the cathode, the
electrolyte consisting of:

1) water;

i) an organic solvent selected from the group consist-
ing of glvcols, glvcol ethers, polyvethylene glycols,
amides, esters, nitriles, linear carbonates, cyclic
carbonates, and mixtures therveof, wherein.

A) the glycol is selected from the group consisting of
ethylene glvcol, diethvlene glvcol, propviene gly-
col, trimethylene glvcol, and mixtures thereof,

B) the glvcol ether is selected from the group con-
sisting of ethylene glvcol monomethy! ether, eth-
viene glycol monoethyl ether, propvlene glycol
methyl ether, diethviene glvcol methyl ether, dipro-
pvlene glvcol methy! ether, glycol monobutyl ether,
and mixtures therveof;

C) the amide is selected from the group consisting of
formamide, dimethyl formamide, diethyl forma-
mide, ethyl formamide, dimethyl acetamide,
methyvl acetamide, and mixtures thereof,

D) the ester is selected from the group consisting of
v-butyrolactone, y-valervolactone, N-methy!-2-pyr-
rolidone, and mixtures thereof;

E) the nitrile is selected from the group consisting of
acetonitrile, propionitrile, and mixtures therveof;
and

F) the linear and cyclic carbonates are selected from
the group comsisting of dimethyl carbonate,
diethyl carbonate, ethy! methyl carbonate, dipro-
pvl carbonate, ethyl propyl carbonate, methyl
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propyl carbonate, propyvlene carbonate, ethylene
carbonate, butylene carbonate, vinylene carvbon-

ate, and mixtures thereof; and

iii) an organic acid and an ammonium salt of the
organic acid, wherein the ammonium salt and its
corresponding acid ave selected from the group
consisting of: ammonium isobutyrate and isobutyric
acid, ammonium butyvrate and butyric acid, ammo-
nium propionate and propionic acid, ammonium
valerate and valevic acid, ammonium methylbutyrate
and methylbutyric acid, and ammonium trimethy!-
acetate and trimethylacetic acid,;

Iv) a nitroaromatic compound selected from the group
consisting of 2-nitrophenol, 3-nitrophenol, 4-nitrop-
henol, 2-nitrobenzonic acid, 3-nitrobenzonic acid,
4-nitrobenzonic acid, 2-nitroacetophenone, 3-ni-
troacetophenone, 4-nitroacetophenone, 2-nitroani-
sole, 3-nitroanisole, 4-nitroanisole, 2-nitrobenzalde-
hvde, 3-nitrobenzaldehyde, 4-nitrobenzaldehyde,
2-nitrobenzyl alcohol, 3-nitrobenzyl alcohol, 4-ni-
trobenzyl alcohol, 2-nitrophthalic acid, 3-nitroph-
thalic acid, 4-nitrophthalic acid, and mixtures

thereof,

v) an additive selected from the group comnsisting of

phosphoric acid, trimethyviphosphate, triethylphos-
phate, and triisopropyiphosphate; and
vi) wherein the electrolyte has:

A) a conductivity in the range of 6.9 to 11.5 mS/cm;

B) a pH in the range of 4.9 to 6.7,

C) an anode breakdown voltage in the range of 370
to 400 volts when the electrolyte is at voom tem-
perature and the breakdown voltage is measurved
using a tantalum anode; and

D) does not generate gas at 105° C.

60. The capacitor of claim 59, wherein the ammonium salt
and its corrvesponding acid for the electrolyte are ammonium
isobutyrate and isobutyric acid; and

wherein the electrolyte has a pH of 4.9 and an anode

breakdown voltage of 395 volts when the electrolyte is
at room temperature and the breakdown voltage is
measured using a tantalum anode.

61. The capacitor of claim 60, wherein the electrolyte has
a conductivity of 7.1 mS/cm.

62. The capacitor of claim 59, wherein the ammonium salt
and its corresponding acid of the electrolyte are ammonium
isobutyrate and isobutyric acid; and

wherein the electrolyte has a pH of 5.4 and an anode

breakdown voltage of 400 volts when the electrolyte is
at room temperature and the breakdown voltage is
measured using a tantalum anode.

63. The capacitor of claim 62, wherein the electrolyte has
a conductivity of 6.9 mS/cm.

64. The capacitor of claim 59, wherein the ammonium salt
and its corresponding acid of the electrolyvte ave ammonium
isobutyrate and isobutyric acid; and
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wherein the electrolyte has a pH of 5.2 and an anode
breakdown voltage of 388 volts when the electrolyte is
at voom temperature and the breakdown voltage is
measured using a tantalum anode.

65. The capacitor of claim 64, wherein the electrolyte has
a conductivity of 7.9 mS/cm.

66. The capacitor of claim 59, wherein the ammonium salt
and its corresponding acid of the electrolyte ave ammonium
isobutyrate and isobutyric acid; and

wherein the electrolyte has a pH of 5.7 and an anode

breakdown voltage of 380 volts when the electrolyte is
at room temperature and the breakdown voltage is
measured using a tantalum anode.

67/. The capacitor of claim 66, wherein the electrolyte has
a conductivity of 11.5 mS/cm.

68. The capacitor of claim 59, wherein the ammonium salt
and its corresponding acid of the electrolyte ave ammonium
isobutyrate and isobutyric acid; and

wherein the electrolyvte has a pH of 6.7 and an anode

breakdown voltage of 370 volts when the electrolyte is
at room temperature and the breakdown voltage is
measured using a tantalum anode.

69. The capacitor of claim 68, wherein the electrolyte has
a conductivity of 10.8 mS/cm.

70. An electrolyte for a capacitor comprising a tantalum
anode, the electrolyte consisting of:

a) water;

b) ammonium isobutyrate and isobutyric acid; and

c) 4-nitrophenol (p-nitrophenol),

d) wherein the electrolyvte has:

1) a conductivity in the range of 6.9 to 11.5 mS/cm;
ii) a pH in the range of 4.9 to 6.7;
ii1) an anode breakdown voltage in the range of 370 to

400 volts when the electrolyte is at room temperature

and the breakdown voltage is measured using a

tantalum anode; and

iv) does not generate gas at 105° C.

71. A capacitor, which comprises.:

a) an anode of tantalum;

b) an electrochemical cathode of ruthenium oxide; and

c) an electrolyte for the anode and the cathode, the

electrolyte consisting of:

1) water,

i) an ovganic solvent;

1i1) ammonium isobutyrate and isobutyric acid; and
iv) 4-nitrophenol (p-nitrophenol),

v) wherein the electrolyte has:

A) a conductivity in the vange of 6.9 to 11.5 mS/cm;

B) a pH in the range of 4.9 to 6.7;

C) an anode breakdown voltage in the range of 370
to 400 volts when the electrolyte is at room tem-
perature and the breakdown voltage is measured
using a tantalum anode; and

D) does not generate gas at 105° C.
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