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The present invention relates to deposits of metal com-

pounds and particularly to the formation of such depaosits
as films or the like, as well as their application to-articles
to be coated with them.

In the past, considerable difficulty Has béen experienced
with the application of metal compound films such as
oxides and carbonates on supports. These difficulties re-
volve around the fact that the oxides and other such
compournds are not suitable for direct application in ad-
herent form, from a separate body of such oxides. As
a result, it has become necessary to go to considerable
trouble to develop the proper adhésion as by resorting
to electrophoretic deposition or the formation of the
compound in situ from the metal surface of a support.
However, electrophoretic deposition is awkward at best,
and in situ formation has the disadvantage of being rela~
tively non-adherent, particularly where the conversion of
the metal to the metal compound is accompanied by an
appreciable expansion in volume.

Among the objects of the present invention is the pro--
vision of a metal compound applying process which avoids:
the above and related disadvantages. v

Additional objects of the present invention include the
provision of a novel process for applying a film of metal
compound in which theé compound is readily formed in.
situ without regard to the composition of the surface on:
which the coating is formed.

The above as well as further objects of the present in-
vention will be more clearly understood from the fol-
lowing description of several of its exemplifications.

According to thé present invention, a film or coating:
of a metal compound is applied to a support by expesing
the support to the gaseous decomposition of an organic
hydroxy salt of such metal. Suitable orgamic hydroxy
salts are alcoholates and phenolates. Such hydroxy salts:
are made in any suitable manner. As disclosed for ex--
ample in the article by O. Dermer in Chemical Review,
vol. 14, pages 385 to 410 (1934), some metals will di--
rectly react with alcohols to form alcoholates, the presence.
of a small amount of free iodine being usually helpful..
The alcoholates can then be separated out from the reac—
tion mixture as by distilling off the excess alcchol. The
residue can, if desired, be purified by fractiomally dis-
tilling the alccholates, preferably under reduced pressure..
The distillation temperature should be held down to a:
point where no appreciable decomposition will take place.

The alcoholate before or after purification is then used.
to apply the desired coating. For this purpose the sup-
port upon which the coating is to be applied is exposed.
to a stream of the alcoholate vapor maintained at a tem--
perature slightly below, at, or above the temperature of’
decomposition. The surface of the support where the
coating is desired can be kept at a temperature somewhat
higher than the surroundings so that decomposition will
take place there preferentially.

With some metals, such as aluminum, magnesium, and
zine, the decomposition results in the deposition of an
adherent film of metal oxide, With other metals, such as
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baritum and stronfium, the film is a carbonate of the metal;
In either case, however, the film deposits quite rapidly and
can be built up to an appreciable thickness without be-
coming brittle or loose, and makes a highly effectivé di-
electric coating. ,

Phenolates are somewhat easier to form but behave in
substantially the same manner as alcoholates, except that
the deposits formed from the phenolates more frequently
contain organic residues. If desired, such deposits can
be baked at about 250-350° C. to drive off any organic
content. Such baking can, if at a sufficiently high tem-
perature, also convert any carbonate to oxide, but it is
preferred that this type of conversion be effected simul-
taneously with the original decomposition, if the oxide
is desired. ) ,

In general, the organic hydroxy salt of any metal can
be used. However, aluminum, magnesium, zinc, barium,
strontiumi, calcium, titanium, zircomitm and lead are
preferred inasmuch as they make particularly suitable
deposits. Alccholates that are suitable for the present
invention include methylates, ethylates, n-propylates, iso-
propylates, n-butylates, isobutylates, sec-butylates, ter-
butlylates, any of the isomeric amylates, hexylates and
higher alcoholates such as benzylates, as well as salts of
unsaturated alcohols such as allyl alcohol and furfuryl
alcohol, and substituted alcohols such as triethanclamine
and 3-chloropropanol-1. Suitable phenolates are salts of
phenol, o-cresol, m-cresol, p-cresel, any of the isomers of
xyleno!, ethyl-phenol, chlorophenol and aminophenol,
alpha and beta naphthol, and other substiteted phenols.

The decomposition temperatures of the organic hydroxy
salts vary over a considerable range. Thus magnesium
methylate deposits a very good coating at about 80° C.
whereas aluminum iscbutylate has te be heated to about
350° C: before a suitable deposit is formed.” However,
the decomposition of all the above-listed compounds is
readily effected.

As one specific example of the present invention, alu-
minum ethylate is boiled under a pressure of 500 milli-
meters of mercury and the vapors led into a tube through
which a copper wire is passed, using entrance and exit
seals to minimize leakage into the tube from the sur-
roundings. By means of fixed contacts engaging the
moving wire, a sufficient electric current is passed through
the wire to heat it to about 275-285° C. As the ethylate
vapors reach the wire, a film of aluminum oxide deposits
cn it. A dwell of only a few seconds is sufficient to
provide an adherent film of excellent dielectric character-
istics that will withstand an electric potential of 600 volts.

Instead of direct electrical heating, the wire can be
heated by an induction-type heater. Aliernatively, the
wire can be heated by the application of external heat to
the surrounding tube as by means of an encircling oven,
‘but the coating is less efficiently deposited by this method.

The coating need not be effected by a continucus
process. Thus, a batch of wire or foil can be placed in
a closed container with a quantity of aluminum propylate,
and the container then heated to 210-220° C. and evacu-
ated to 20 millimeters of mercury. After a few minutes,
the wire or foil is coated and the container can be
opened and cooled.

Metal foil coated in the above manner makes very good
capacitors for high voltage-high temperature use when
laminated or wound with other coated or uncoated foils.
The coated foils need not be of film-forming metal but
can be copper, zinc, lead or the like. However, film-
forming foils such as aluminum can be used with coating
«of a compound of the same or different metal deposited
in accordance with the present invention,

In addition to the above so-called “electrostatic” type
.of capacitor, electrolytic capacitors can also be made with
the above dielectrics either by themselves or in combina=



tion with the prior art dielectric films of film-forming met-
al. Thus a porous oxide coating can be electrolytically
formed on aluminum using a standard sulfuric or oxalic
acid electrolyte, and instead of using a subsequent coxida-
tion to form dense oxide to complete the dielectric coat-
ing, the porous oxide can be very effectively covered with
a layer of an oxide or carbonate deposited in accordance
with the present invention. Furthermore, since the de-
posit does not work its way into points of contact be-
tween different objects, even a mass of metal wool can be
coated with it to provide a suitable anode construction
for an electrolytic capacitor. ‘The wool portions are well
interconnected electrically and make a very low resistance
anode. Such an anode is then combined with 2 cooperat-
ing electrode and an electrolyte to complete the electro-
Iytic capacitor. .

Both polarized (D. C.) and unpolarized or symmetri-
cal (A. C.) electrolytic capacitors can be made with the
electrodes coated by organic hydroxy salt decomposi-
tion.

The wire foils or wool coated as above are highly suit-
ed for use where the dielectric coating is subjected to high
temperatures, as in high temperature capacitors and wire-
wound electrical resistors or heating coils, using wires of
suitable composition such as nickel-chrominm alloys or
the like.

According to a further phase of the present invention,
the organic hydroxy salts can be decomposed to give self-
supporting particles of oxides or other dielectric material.
To this end these salis are decomposed under conditions
in which they do not vaporize significantly and the solid
decomposition products are particulate in form. By start-
ing with salt masses of specific sizes, as by spray drying
solutions of the salt under standard conditions, and then
screening the dried products, the resulting masses after
decomposition are stable dielectric particles of predeter-
mined and reproducible sizes. Such particles are suitable
for incorporation into resinous binders and subsequent
fabrication into thin dielectric films, sealing structures and
composition resistance units. These particles are used in
wire coating processes to form refractory coatings which
can then be coated with an exterior film of resincus ma-
terial when desired. Resinous materials which can be
used in connection with these particles are natural and
synthetic resins such as the acrylic acid derivatives rep-
resented by polymerized methyl methacrylate, polyvinyl al-
cohol derivatives represented by polyvinyl carbazele and
the resin sold under the trade name “Formvar,” glyptal
resins, silicones, rubber latex, synthetic rubbers generally,
halogenated rubbers, melamine-formaldehyde resins, poly-
vinyl resins, such as polypentachlorostyrene and poly-
styrene, polyesters, such as the linear type obtained by the
condensation of terephthalic acid and ethylene glycol,
polytetrahaloethylene resins, phenol-formaldehyde resins,
polyparaxylene, polyamides, polyacrylonitrile alkyd resins,
including the styrene and long chain types, urea resins,
the sulfone resins, and the epoxy resins such as the con-
densation products of epichlorohydrin with di-hydroxy
compounds of aromatic and aliphatic nature.

According to another phase of the present invention,
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the organic hydroxy salts are decomposed upon support-
ing structures primarily by hydrolysis rather than thermal-
ly. As the carbon chain length of the organic compo-
nent of the salt increases the more stabile the salt is
against hydrolysis. :

As an example of this phase of my invention, an alumi-
num foil having a porous oxide film such as formed by
electrolytic oxidation in oxalic acid was impregnated by
molten aluminum isopropoxide. After completing the im-
pregnation in a water-free atmosphere, steam was infro-
duced to hydrolyze the compound, leaving aluminum hy-
droxide in the pores. The coated foil was then heated at
600° C. to form a unitary dielectric of « aluminum oxide.

A further means of procuring a high voltage oxide
film for aluminum is to form the foil in an electrolytic
solution containing colloidal particles of aluminum iso-
propoxide. It was found that maximum formation in a
boric acid electrolyte containing the colloidal aluminum
salt was in excess of 1000 volts as contrasted to a maxi-
mum formation of 500 to 600 volts in an electrolyte not
containing the colloidal aluminum salt. The methoxy
and ethoxy salts of aluminum were found not as satisfac-
tory because of their case of hydrolysis. ‘It is to be real-

. ized that the other valve forming metals are equally suit-
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able for use. Furthermore, the oxide film does not have
to be that of the conductor but is useful in depositing a
thin dielectric film e. g. aluminum oxide, upon a metal
as zirconium, which is not readily susceptible to forma-
tion or does not have an coxide with such desirable elec-
trical characteristics.

As many apparently widely different embodiments of
this invention may be made without departing from the
spirit and scope thereof, it is understood that the inven-
tion is not limited to the above specific embodiments ex-
cept as defined in the appended claims.

What is claimed is:

1. A process for applying to a surface a dielectric film
of a metal compound, said process including the steps of
directing onto the surface a stream of the vapors of an
organic hydroxy salt of said metal, and heating the sur-
face to a temperature that causes the impinging vapors to
decompose into a solid compound of said metal that ad-
heres to and covers the surface.

2. The process of claim 1 in which the metal is se-
lected from the class consisting of aluminum, magnesium,
zinc, barium, strontium, calcium, titanium, zirconium and
lead.

3. The process of claim 1 in which the organic hydroxy
salt is an alcoholate.

4. The process of claim 1 in which the organic hy-
droxy salt is a phenolate.
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