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An electrolyte solution for anodizing a metal and a capacitor 
comprising the anodized metal. The electrolyte comprises 
more than about 5%, by Weight, and less than about 30%, by 
Weight, Water; about 0.1 to 20%, by Weight, ionogen and an 
aprotic polar solvent. The ionogen comprises phosphoric 
acid and an alkanol amine in an amount, and ratio, suf?cient 
to maintain a pH of about 4 to about 9. 
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METHOD OF ANODIZING VALVE METAL 
DERIVED ANODE BODIES AND ELECTROLYTE 

THEREFORE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an electrolyte for 
anodizing valve metals and a method utilizing the same. 

[0002] With the introduction of tantalum “Wet slug” 
capacitors in the 1940’s, the use of aqueous phosphoric acid 
anodizing solutions, operated at 80-90° C., rapidly became 
the industry standard. These solutions are particularly suit 
able for anodizing tantalum poWder metallurgy anode bod 
ies, Which are the basis of these capacitors. Phosphoric acid 
anodizing provides superior properties to the dielectric 
?lms. It is knoWn that the presence of phosphate in the 
anodic oxide dielectric, from the anodizing solution, greatly 
reduces the mobility of oxygen through the oxide. The 
decreased mobility minimizes oxygen migration into the 
substrate resulting in a more stable dielectric than that 
achieved in the absence of phosphate. By about 1960, 
aqueous ethylene glycol solutions of dilute phosphoric acid 
containing 10-60% ethylene glycol had replaced aqueous 
phosphoric acid for the anodizing of tantalum poWder met 
allurgy capacitor anode bodies, particularly at higher anod 
izing voltages. Enhancements in dielectric properties are 
obtained With ethylene glycol present in the anodizing 
solution. 

[0003] The action of the ethylene glycol in producing 
superior dielectric quality appears to be quite complex. The 
presence of ethylene glycol may modify the boiling point of 
the electrolyte, the resistivity versus temperature response of 
the electrolyte, as Well as the ultimate sparking voltage of 
the electrolyte. Secondary ion mass spectroscopy (or 
“SIMS” analysis) of anodic oxide ?lms groWn on tantalum 
in aqueous ethylene glycol/dilute phosphoric acid indicates 
the presence of carbon in these ?lms. The dif?culties 
encountered in the analysis of anodic oxide ?lms have so far 
prevented the identi?cation of the carbon species present in 
the glycol/phosphate formed ?lms. The carbon species may 
be present as a glycol phosphate ester, a glycol oxidation 
product such as oxalate, formate or carbonate, or some as yet 
unanticipated species. The great stability of the incorporated 
carbon species during the heat treatment at temperatures of 
from about 250° C. to about 450° C. strongly suggests that 
the incorporated species is carbonate. A more de?nitive 
ansWer aWaits more sensitive methods of oxide ?lm analy 
sis. A second anodizing step typically folloWs the heat 
treatment to further enhance oxide stability. 

[0004] US. Pat. No. 5,716,511 describes a method, and 
electrolyte, for producing anodic ?lms on tantalum and other 
valve metal bodies for the purpose of minimizing the 
number of ?aWs in the resulting dielectric ?lms. These 
electrolytes are usually employed at temperatures beloW 
about 50° C. The minimum Water content of the electrolyte 
is necessary for reasonable uniform anodic oxide formation 
throughout the bulk of tantalum poWder metallurgy com 
pacts of about 30%. This is consistent With the ethylene 
glycol containing electrolytes. BeloW approximately 30% 
Water content, the anodizing is found to take place largely 
near the outer surfaces of the anode bodies With the interiors 
of the anode bodies remaining largely unanodized unless 
extremely long hold times at voltage (+48 hours) are 
employed. 
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[0005] US. Pat. No. 6,480,371 describes the use of anod 
izing solutions containing akanolamines and phosphoric 
acid for the purpose of maximizing the possible anodizing 
voltage and minimizing the deposition of polyphosphates 
Within the anode bodies. The use of alkanolamine/phospho 
ric acid mixtures in combination With the aqueous polyeth 
ylene glycol dimethyl ethers, as described in US. Pat. No. 
5,716,511, has been found to yield particularly stable dielec 
tric ?lms. The electrolytes resulting from the combination of 
the solvents of US. Pat. No. 5,716,511 and the ionogens of 
US. Pat. No. 6,480,371 still require a minimum Water 
content of approximately 30% Water for proper, uniform, 
anodizing Within the bodies of poWder metallurgy anodes. 

[0006] United Kingdom Patent Application No. GB 2,168, 
383 describes a method for anodizing a Wide variety of valve 
metals using polar, aprotic solvent solutions of phosphoric 
acid, or electrolyte and Water-soluble phosphates, containing 
less than 2% Water. For many valve metals, these electro 
lytes give the best results When operated beloW about 30° C. 
and at a current density of about 1 milliampere/cm2 or less. 
US. Pat. No. 5,185,075 extends the Water content of the 
solutions described in GB 2,168,383, and the operating 
temperature to 50° C. or less for the anodizing of 99.997% 
pure titanium. Neither the solvents described in GB 2,168, 
383 or the variation described in US. Pat. No. 5,185,075 are 
generally suited for use in the anodizing of poWder metal 
lurgy anodes. At the loW Water content of the electrolytes of 
these patents the internal portions of the anodes are not 
uniformly anodized by phosphoric acid/aprotic polar solvent 
solutions. 

[0007] It is knoWn that certain polar aprotic solvents have 
a tendency to form complexes With protonated amines. The 
complexes yield non-aqueous solutions Which are more 
electrically conductive than solutions containing the same 
amine and acid but in a non-aqueous solvent Which does not 
form strong complexes With protonated amines. Examples 
of polar, aprotic solvents Which form complexes With pro 
tonated amines include N-alkyl amides, such as dimethyl 
formamide. Examples of polar, aprotic solvents Which have 
a much loWer tendency to form complexes With protonated 
amines include N-methyl-2-pyrrolidone, N-ethyl-2-pyrroli 
done, 4-butylrolactone, propylene carbonate, tetramethyl 
urea, and sulfolane (tetramethylene sulfone). One member 
of the group of solvents Which form complexes With pro 
tonated amines is dimethyl sulfoxide. The tendency of 
dimethyl sulfoxide to form complexes With protonated 
amines is suf?ciently great that dimethyl sulfoxide has been 
employed as a component of Working or ?ll electrolytes for 
electrolytic capacitors. US. Pat. No. 4,812,951 describes the 
effects of substituting 25% dimethyl sulfoxide for an equiva 
lent amount of primary capacitor solvent. The result is a 
reduction in the loW temperature resistivity and a minimi 
zation of the change in resistivity of the electrolyte With 
changing temperatures. 

BRIEF SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to provide an 
electrolyte for anodizing valve metals and a method utilizing 
same. 

[0009] It is another object of the present invention to 
provide an aqueous electrolyte suitable for anodizing a valve 
metal Without minimizing anodization of the anode interior. 
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[0010] A particular feature is the ability to anodiZe at 
higher pH Without decreasing the effectiveness While still 
incorporating phosphate in the oxide layer. 

[0011] Another particular feature is the ability to incorpo 
rate phosphate in the oxide layer Without excessive poly 
phosphate depositions. 
[0012] These and other advantages, as Would be realiZed 
to one of ordinary skill in the art, are provided in an 
electrolyte solution for anodiZing a metal and a capacitor 
comprising the anodiZed metal. The electrolyte comprises 
more than about 5 %, by Weight, and less than about 30%, by 
Weight, Water; about 0.1 to 20%, by Weight, ionogen and an 
aprotic polar solvent. The ionogen comprises phosphoric 
acid and an alkanol amine in an amount, and ratio, suf?cient 
to maintain a pH of about 4 to about 9. 

[0013] Another embodiment is provided in a method for 
anodiZing an anode comprising the steps of: 

[0014] a) providing a valve metal; 

[0015] b) placing the valve metal in an electrolyte 
comprising: 

[0016] more than about 5%, by Weight, and less than 
about 30%, by Weight, Water; 

[0017] about 0.1 to 20%, by Weight, ionogen com 
prising: 

[0018] phosphoric acid; and 

[0019] an alkanol amine Wherein the amount of iono 
gen is suf?cient to maintain a pH of about 4 to about 
9; and 

[0020] an aprotic polar solvent; and 

[0021] c) subjecting the valve metal to an anodiZing 
voltage. 

[0022] Yet another embodiment is provided in A capacitor 
formed by the process of: 

[0023] 
[0024] b) placing the valve metal in an electrolyte 

comprising: 
[0025] more than about 5%, by Weight, and less 

than about 30%, by Weight, Water; 

a) providing a valve metal; 

[0026] about 0.1 to 20%, by Weight, ionogen com 
prising: 

[0027] phosphoric acid; and 
[0028] an alkanol amine Wherein the amount of 

ionogen is suf?cient to maintain a pH of about 4 
to about 9; and 

[0029] 
[0030] c) subjecting the valve metal to an anodiZing 

voltage to form an anodiZed anode; and 

[0031] d) forming a capacitor With the anodiZed 
anode. 

an aprotic polar solvent; 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] The inventors of the present application have 
developed, through diligent research, an aqueous anodiZing 
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solution suitable for use at a pH of 4-9 comprising alkanol 
amine and an aprotic polar solvent. The inventors have also 
developed an improved method for anodiZing an anode 
utiliZing the inventive anodiZing solution. 

[0033] For certain anodiZing applications it is desirable to 
employ anodiZing solutions having a Water content beloW 
approximately 30%. This is particularly the case With higher 
voltage anodiZing of niobium or niobium suboxide poWder 
metallurgy anodes or the higher voltage anodiZing of poW 
der metallurgy tantalum anodes fabricated from very ?ne 
tantalum poWders. The higher Water amount is required for 
uniform anodic oxide groWth Within the interstices of poW 
der metallurgy anodes With the traditional organic solvents 
used in anodiZing electrolytes, such as ethylene glycol, 
diethylene glycol, polyethylene glycol 300, tetraethylene 
glycol dimethyl ether, etc. For the anodiZing applications 
mentioned above, it is generally desirable to conduct the 
anodiZing at temperatures beloW about 50° C. in order to 
minimiZe reactivity and ?aW initiation in the anodic oxide 
?lms. As stated above, it is very dif?cult to obtain uniform 
anodic oxide groWth Within poWder metallurgy anode bodies 
With an electrolyte Water content beloW about 30% Water, 
this tendency to form non-uniform anodic oxide ?lms Within 
poWder metallurgy anode bodies is greatly aggravated at 
loWer anodiZing temperatures. The undesirable deposition of 
polyphosphates Within the interstices of poWder metallurgy 
anode bodies is also Worsened by the use of loW Water 
content electrolytes containing phosphoric acid as the iono 
gen and operated at temperatures beloW about 80° C. 

[0034] We have found that organic solvent solutions of 
phosphoric acid may be adjusted to higher pH, i.e. the more 
nearly neutral pH range of 4-9 Which is useful for anodiZing 
acid-sensitive substrates, via the addition of certain amines 
to the solution of phosphoric acid in organic solvents With 
out precipitation of the amine phosphate salts. More pref 
erably the pH is about 6 to about 8. 

[0035] The alkanol amines Which We have found to give 
the best results include monoethanol amine, diethanol 
amine, triethanol amine, ethyl diethanolamine, diethyl etha 
nolamine, dimethyl ethanolamine and dimethyl ethoxy etha 
nolamine (dimethyl amino ethoxy ethanol). These solvents 
provide resistance to precipitation at high concentrations 
With phosphoric acid in organic solvent solutions. Most 
preferred are dimethyl ethanolamine and dimethyl ethoxy 
ethanolamine. 

[0036] The phosphoric acid and alkanol amine are taken 
together to represent the ionogen. The ratio of phosphoric 
acid amount to alkanol amine amount is determined based 
on the pH to be achieved. The amount of alkanol amine is 
preferably increased for loWer resistivity Within the con 
straints of pH. Preferably, the total amount of ionogen 
represents at least about 0.1 to about 20%, by Weight, of the 
total electrolyte. Preferably, the ionogen represents about 0.1 
to about 15%, by Weight, of the total electrolyte. In a 
particularly preferred embodiment the phosphoric acid is 
present in an amount of about 0.5 to about 5%, by Weight, 
based on the total electrolyte. In a particularly preferred 
embodiment the alkanol amine is present in an amount of 
about 0.5 to about 7%, by Weight, based on the total 
electrolyte. 

[0037] Unfortunately, solutions of phosphoric acid and 
alkanol amines, such as dimethyl ethanolamine or dimethyl 
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ethoxy ethanolamine, in most organic solvents are not useful 
for anodizing powder metallurgy anode compacts unless a 
minimum of about 30% Water is present in the solution. 
BeloW about 30% Water concentration non-uniform oxide 
groWth occurs. 

[0038] We have found that polar aprotic solvents Which 
have a strong tendency to form complexes With protonated 
amines, for example, loWer N-alkyl amides (such as dim 
ethyl formamide), and especially dimethyl sulfoxide, may be 
used as the solvent portion of anodiZing electrolytes con 
taining phosphoric acid in combination With alkanol amines 
as the ionogen. The ionogens are more ioniZed in these 
electrolytes. Increased ioniZation results in greater conduc 
tivity Within the interstices of poWder metallurgy anodes. 
This greater ioniZation of the amine/phosphoric acid iono 
gen Within the interstices of poWder metallurgy, or other 
porous anode bodies, anodiZed in the electrolyte of the 
present invention makes possible a reduction in the Water 
content of the electrolyte to levels beloW the 30% minimum 
necessary With conventional anodiZing solvents, such as 
ethylene glycol. We have found that the Water content of the 
electrolyte should be greater than about 5% in order to insure 
uniform oxide formation Within the interstices of porous 
anode bodies such as poWder metallurgy anode bodies. 

[0039] For the purpose of the present invention, the Water 
content of the electrolyte refers to the free or uncombined 
Water, not to the combined Water content of the phosphoric 
acid content of the electrolyte. Phosphoric acid may be 
considered to be a chemical combination of phosphorous 
oxide and Water. By Way of example, one equivalent of P205 
may be combined With 3 equivalents of Water to yield 2 
equivalents of phosphoric acid, H3PO4. The Water contained 
in the phosphoric acid molecules is not considered as 
solution Water for the purposes of this invention. 

[0040] The anode is a valve metal preferably chosen from 
titanium, tungsten, chromium, aluminium, Zirconium, 
hafnium, Zinc, vanadium, niobium, tantalum, bismuth, anti 
mony and mixtures, alloys and metallic glass compositions 
thereof. Tantalum is the most preferred anode. 

[0041] The cathode is a conductive metal provided With a 
semiconductive or pseudoconductive coating. The coating 
can be an oxide, nitride, carbide or carbon nitride. Suitable 
cathode metals include tantalum, titanium, nickel, iridium, 
platinum, palladium, gold, silver, cobalt, molybdenum, 
ruthenium, manganese, tungsten, iron, Zirconium, hafnium, 
rhodium, vanadium, osmium and niobium. A particularly 
preferred cathode electrode comprises a porous ruthenium 
oxide ?lm provided on a titanium substrate. 

EXAMPLE 

[0042] An electrolyte solution Was prepared containing: 
180 grams of dimethyl sulfoxide; 30 grams of de-ioniZed 
Water; 10 grams of 85% phosphoric acid comprising 1.5 
grams of Water and 10 grams of dimethyl ethanolamine. The 
pH Was measured With Hydrion paper to be about 6-7. The 
resistivity, at 1 kHZ, Was measured to be about 1,090 
ohm-cm @ 29° C. and the Water content Was determined to 
be about 13.7%, by Weight. 

[0043] This electrolyte solution Was placed in a 250 ml 
stainless steel beaker, Which served as the cathode connec 
tion. 
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[0044] An anode Was fabricated from H. C. Starck QR-12 
tantalum poWder, Weighing 1.91 grams and from a group of 
anodes having a CV product of 4,200 microcoulombs (i.e., 
microfarad-volts) after anodiZing to 150 volts in dilute 
phosphoric acid at 80° C., Was anodiZed to 50 volts in the 
above solution at approximately 25° C., at a current of 20 
milliamperes. The anode Was held at voltage for about 7.5 
hours. The anode Was then rinsed, dried and the capacitance 
Was measured in an aqueous dibasic potassium phosphate 
solution. 

[0045] The capacitance Was found to be 100.5 microfar 
ads. One may calculate the 80° C. equivalent of the 50 volt 
anodiZing voltage at 25° C. using the Torrisi relation V1T1= 
V2T2, Wherein V is the anodiZing voltage and T is the 
temperature (Kelvin) of the anodiZing electrolyte. Thus for 
the present example, 50 volts at 25° C. is equivalent to 42 
volts at 80° C. 

[0046] The CV for the anode after anodiZing in an elec 
trolyte of the present invention is then calculated as 42 volts 
multiplied by 101.5 microfarads the product of Which is 
4263 microfarad-volts. This is in close agreement With the 
4,200 CV found for this lot of anodes via phosphoric acid 
anodiZation. The anode Was uniformily anodiZed internally. 

EXAMPLE 2 

[0047] An additional anode from the same lot used in 
Example 1 Was anodiZed in the same electrolyte as in 
Example 1. In this case, the anode Was anodiZed to 125 volts 
at 20 milliamperes and at 25° C. The anode Was held at 
voltage for about 19 hours. The anode Was then rinsed, dried, 
and the capacitance Was measured as in Example 1. The 
capacitance Was found to be 38.95 microfarads. 

[0048] Again, using the Torrisi relation, 125 volts at 25° C. 
is equivalent to 105.9 volts at 80° C. The CV product is then 
calculated to be the multiplicative product of 38.95 micro 
farads and 105.9 volts Which is 4125 CV. This is in good 
agreement With the 4,200 CV found for this anode lot 
formed in dilute phosphoric acid. The anode Was uniformly 
anodiZed internally. 

EXAMPLE 3 

[0049] A higher voltage capability electrolyte Was formu 
lated as folloWs: 900 ml dimethyl sulfoxide; 100 ml deion 
iZed Water; 13.0 grams of 85% phosphoric acid comprising 
2 grams of Water; and 10.5 grams of dimethyl ethanolamine. 
The pH Was measured to be about 6 With Hydrion paper. The 
resistivity, at 1 kHZ, Was determined to be about 2,400 
ohm-cm @ 23° C. and the Water content Was about 10%, by 
Weight. 

[0050] An anode from the same lot as used in Examples 1 
and 2 Was anodiZed to 240 volts at 25° C. The anode Was 
then held at voltage for approximately 21 hours. The anode 
Was then rinsed, and the capacitance Was found to be 20.2 
microfarads. Again, using the Torrisi relation, 240 volts at 
25° C. is equivalent to about 203.4 volts. 

[0051] The CV is then found as the multiplicative product 
of 20.2 microfarads and 203.4 volts to be about 4,109 
microfarad-volts. This is in excellent agreement With the 
4,200 CV for this anode lot With dilute, 80° C. phosphoric 
acid anodiZed to 150 volts. 
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[0052] The CV products at various voltages for Examples 
1-3 are provided in Table 1. 

TABLE 1 

80° C. Voltage Equivalent Capacitance CV Product 

42 volts 101.5 ,uF 4,263 ,uF-V 
105.9 volts 38.95 ,uF 4,125 ,uF-V 
203.4 volts 20.2 ,uF 4,109 ,uF-V 

EXAMPLE 4 

[0053] To illustrate the utility of the loWer N-alkyl amides 
an electrolyte Was prepared comprising 180 grams of dim 
ethyl formamide; 20 grams of de-ioniZed Water, 10 grams of 
85% phosphoric acid comprising 1.5 grams of Water; and 
13.3 grams of dimethyl ethoXy ethanolamine. The pH Was 
measured at about 6-7 With Hydrion paper. The resistivity, at 
1 kHZ, Was about 1,250 ohm-cm @ 32° C. and the Water 
content Was about 9.6%, by Weight. 

[0054] An anode from the same lot as used for EXamples 
1-3 Was anodiZed at 50 volts at a current of 20 milliamperes 
and at a temperature of 21° C. The anode Was held at voltage 
for a period of nearly 5 hours. The anode Was then rinsed in 
de-ioniZed Water, dried and the capacitance Was measured in 
aqueous dibasic potassium phosphate solution. The mea 
sured capacitance value Was 100.3 microfarads. Using the 
Torrisi relation, 50 volts at 21° C. is equivalent to about 41.6 
volts at 80° C. The CV is then found to be the multiplicative 
product of 100.3 microfarads and 41.6 volts or about 4,172 
microfarad-volts. Again, this is in close agreement With the 
4,200 pF-V per anode CV value for this lot as determined by 
anodiZing 150 volts at 80° C. in dilute phosphoric acid. 

[0055] Thus the inventors have found that the strong 
tendency of loWer N-alkyl amides and dimethyl sulfoXide to 
form complexes With protonated amines may be eXploited to 
prepare anodiZing electrolytes containing above about 5% 
Water and beloW about 30% Water, useful for the anodiZing 
of porous anode bodies, at temperatures beloW about 50° C. 

[0056] The invention has been described With particular 
emphasis on the preferred embodiments. It Would be real 
iZed from the teachings herein that other embodiments, 
alterations, and con?gurations could be employed Without 
departing from the scope of the invention Which is more 
speci?cally set forth in the claims Which are appended 
hereto. 

Claimed is: 
1. An electrolyte solution for anodiZing a metal compris 

ing: 

more than about 5%, by Weight, and less than about 30%, 
by Weight, Water; 

about 0.1 to 20%, by Weight, ionogen comprising: 

phosphoric acid; and 

an alkanol amine Wherein the amount of ionogen is 
sufficient to maintain a pH of about 4 to about 9; and 

an aprotic polar solvent. 
2. The electrolyte of claim 1 Wherein said alkanol amine 

is selected from monoethanol amine, diethanol amine, tri 
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ethanol amine, ethyl diethanolamine, diethyl ethanolamine, 
dimethyl ethanolamine and dimethyl ethoXy ethanolamine. 

3. The electrolyte of claim 2 Wherein said alkanol amine 
is selected from dimethyl ethanolamine and dimethyl ethoXy 
ethanolamine. 

4. The electrolyte of claim 1 Wherein said aprotic polar 
solvent comprises an N-alkyl amide. 

5. The electrolyte of claim 4 Wherein said N-alkyl amide 
is selected from dimethyl formamide and dimethyl aceta 
mide. 

6. The electrolyte of claim 1 Wherein said aprotic polar 
solvent comprises dimethyl sulfoXide. 

7. The electrolyte of claim I comprising about 0.1 to about 
15%, by Weight, said ionogen. 

8. The electrolyte of claim 7 comprising about 0.5 to 
about 5%, by Weight, phosphoric acid. 

9. The electrolyte of claim 7 comprising about 0.5 to 
about 7%, by Weight, alkanol amine. 

10. An anode anodiZed by the electrolyte of claim 1. 
11. An anode of claim 10 comprising a valve metal 

selected from titanium, tungsten, chromium, aluminium, 
Zirconium, hafnium, Zinc, vanadium, niobium, tantalum, 
bismuth, antimony and miXtures, alloys and metallic glass 
compositions thereof. 

12. The anode of claim 11 Wherein said anode comprises 
tantalum. 

13. A capacitor comprising the anode of claim 12. 
14. Amethod for anodiZing an anode comprising the steps 

of: 

providing a valve metal; 

placing said valve metal in an electrolyte comprising: 

more than about 5%, by Weight, and less than about 
30%, by Weight, Water; 

about 0.1 to 20%, by Weight, ionogen comprising: 

phosphoric acid; and 

an alkanol amine Wherein the amount of ionogen is 
sufficient to maintain a pH of about 4 to about 9; and 

an aprotic polar solvent; and 

subjecting said valve metal to an anodiZing voltage. 
15. The method for anodiZing an anode of claim 14 

Wherein said alkanol amine is selected from monoethanol 
amine, diethanol amine, triethanol amine, ethyl diethanola 
mine, diethyl ethanolamine, dimethyl ethanolamine and 
dimethyl ethoXy ethanolamine. 

16. The method for anodiZing an anode of claim 15 
Wherein said alkanol amine is selected from dimethyl etha 
nolamine and dimethyl ethoXy ethanolamine. 

17. The method for anodiZing an anode of claim 14 
Wherein said aprotic polar solvent comprises an N-alkyl 
amide. 

18. The method for anodiZing an anode of claim 17 
Wherein said N-alkyl amide is selected from a group con 
sisting of dimethyl formamide and dimethyl acetamide. 

19. The method for anodiZing an anode of claim 14 
Wherein said aprotic polar solvent comprises dimethyl sul 
foXide. 

20. The method for anodiZing an anode of claim 14 
comprising about 0.1 to about 15%, by Weight, said ionogen. 
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21. The method for anodizing an anode of claim 20 
comprising about 0.5 to about 5%, by Weight, said phos 
phoric acid. 

22. The method for anodizing an anode of claim 20 
comprising about 0.5 to about 7%, by Weight, said alkanol 
amine. 

23. An anode anodiZed by the method of claim 14. 
24. The anode of claim 23 Wherein said valve metal is 

selected from titanium, tungsten, chromium, aluminium, 
Zirconium, ha?ium, Zinc, vanadium, niobium, tantalum, 
bismuth, antimony and miXtures, alloys and metallic glass 
compositions thereof. 

25. The anode of claim 24 Wherein said valve metal 
comprises tantalum. 

26. A capacitor comprising the anode of claim 25 . 
27. A capacitor formed by the process of: 

providing a valve metal; 

placing said valve metal in an electrolyte comprising: 

more than about 5%, by Weight, and less than about 
30%, by Weight, Water; 

about 0.1 to 20%, by Weight, ionogen comprising: 

phosphoric acid; and 

an alkanol amine Wherein the amount of ionogen is 
sufficient to maintain a pH of about 4 to about 9; and 

an aprotic polar solvent; and 

subjecting said valve metal to an anodiZing voltage to 
form an anodiZed anode; 

forming a capacitor With said anodiZed anode. 
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28. The capacitor of claim 27 Wherein said alkanol amine 
is selected from monoethanol amine, diethanol amine, tri 
ethanol amine, ethyl diethanolamine, diethyl ethanolamine, 
dimethyl ethanolamine and dimethyl ethoXy ethanolamine. 

29. The capacitor of claim 28 Wherein said alkanol amine 
is selected from dimethyl ethanolamine and dimethyl ethoXy 
ethanolamine. 

30. The capacitor of claim 27 Wherein said aprotic polar 
solvent comprises an N-alkyl amide. 

31. The capacitor of claim 30 Wherein said N-alkyl amide 
is selected from dimethyl formamide and dimethyl aceta 
mide. 

32. The capacitor of claim 31 Wherein said aprotic polar 
solvent comprises dimethyl sulfoXide. 

33. The capacitor of claim 27 Wherein said electrolyte 
comprises about 0.1 to about 15%, by Weight, ionogen. 

34. The capacitor of claim 33 Wherein said electrolyte 
comprises about 0.5 to about 5%, by Weight, phosphoric 
acid. 

35. The capacitor of claim 33 Wherein said electrolyte 
comprises about 0.5 to about 7%, by Weight, said alkanol 
amine. 

36. The capacitor of claim 27 Wherein said valve metal is 
selected from titanium, tungsten, chromium, aluminium, 
Zirconium, hafnium, Zinc, vanadium, niobium, tantalum, 
bismuth, antimony and miXtures, alloys and metallic glasses 
thereof. 

37. The capacitor of claim 36 Wherein said valve metal 
comprises tantalum. 


