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“This invention relates to a novel method for the pro-
duction of flexible anodic coatings on an aluminum sur-
face. More particularly, the invention concerns a method
of anodizing .aluminum strip  of wire in-an anodizing

.-bath containing a metal halide and an organic dicarboxylic
acid. : :

The manufacture of aluminum products suitable. for

-use in the electrical industry, especially for such applica-
tions as motor and transformer windings, requires that
such products possess anodic. insulating coatings with not
only good dielectric_properties, but with a high degree

-of flexibility. Anodically coated aluminum which re-
tains its dielectric properties even under severe. bending
has not as yet been -successfully produced by existing
methods. —

Methods -of - imparting enhanced flexibility to anodic
coatings on aluminum have been -described in the. prior
art. -Thus, U.S. Patent 2,685,563 discloses adding halide
salts of alkali or alkaline earth-metal to a sulfuric acid
anodizing bath for ‘this purpose. Solutions of organic
acids such as oxalic have been suggested as anodizing
baths per se, while oxalic acid and other dibasic acids
have been added to ‘anodizing baths to improve the re-
sults ‘of the anodizing process. -Still ‘other procedures
have involved supplementing conventional anodizing
treatoients ‘with. ‘hot oxalic acid dips to increase the
porosity. of the coating. - In these prior art methods, ex-

~perience has shown that the resultant coatings do not
possess sufficiént porosity and resistance to voltage break-
down to meéet modern electrical standards. -~

. In accordance with the present invention, we have
found surprisingly and unexpectedly that the formation
of a porous and flexible anodic coating on an aluminum
surface . is made possible by carrying out .the anodiza-
tion.in a bath which contains both a metal -halide and
an organic dicarboxylic acid. )

Coatings produced with the use of both. of -these

_additions are extrémely adherent, and the strip or wire
may be bent, for example to radii of between 4 and-5
times its thickness without significantly adversely affecting
the dielectric properties of the coating, By comparison,
the standard anodic-procedures yield coatings which lose
their entire dielectric properties after the product is bent

. through- a radius of 15 times its thickness or less.

Anodic coating in. accordance with our novel process

-may be carried out using either direct or alternating cur-
Tent sources. The use of direct current has been found

_preferable, however, since it is possible to obtain a high

- quality product more consistently than when using alter-
_nating current.

The anodizing baths which may be ehaployed in ac-
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cordance with this invention are of the conventional type
prepared from aqueous solutions of sulfuric, sulfamic,
and chromic acid. A preferred type of bath is that em-
ploying sulfuric in 4 ‘concentration between about 5%
and 70% by weight. ‘ )

In ‘accordance with this invention, there is added to
the anodizing electrolyte a quantity of metal halide Tang-
ing from about 0.1% to 10% by weight. When em-
ploying D.C. current, “the ‘amount of metal halide will
preferably be about 0.5%, while with A.C. current, ‘aboit
1.5% is found more effective.” There is also ‘added to
the anodizing ¢lectrolyte a quatitity of an organic di-
carboxylic acid, ranging from about 0.2% by weight up
to a percentage represented by the limit of solubility of
the acid in the anodizing electrolyte. While aliphatic and
aromatic dicarboxylic acids may be used, such as, for
example, oxalic or maleic acids, it has been found

- preferable to employ for this purpose aliphatic “dicar-~

boxylic acid of between 2 and 5 carbon atoms. Examples
of such acids include oxalic, malonic, succinic, and glu-
taric acids. g v :

Among the metal halides which may be used in ac-
cordance with this ifiveition, fhere are indluded halides
which are soluble in the anodizing soldtion snd which
will ‘disassociate to form halide ions therein. Advanta-
geously there may be employed the chiorides, bromides,
or iodides of the alkali metals or the alkaline earth metals,
such as, for example, sodium chloride, porassium chiloride,
calcium chloride, sodium bromide, potassium 1odide,
calcium iodide, lithium chloride, and the like.

A ‘typical -anodizing electrolyte prepared itt-accordance
with: this- invention would be a 17% sulfuric acid 'solu-
tion to which has beén added about 0.5% sodium- ehlo-
ride and 2% oxalic acid. ) - e
The miechanisin by which the ¢ombination of the métal
halide ‘and the organic dicarboxylic acid brings about
the unexpectedly improved results in ‘accordance with
this- invention is not clearly understood. Applicants do
fnot wish to be bound by any particular theory, but a
possible explanation for the improved coatings obtained
with this combiiiition, a5 compared with those with the
metal halide, such as sodium chloride, alone, would be
that where the anodization is conducted with the addi-
tion of sodium chloride alone, nascent chlorine (in active
form) is liberated on the anode. This nascent chlorine,
by reason of its relative high ¢oncentration interferes with
the- formation ‘of an ‘anodic coating of zf adequate de-
gree of flexibility. The further presence of the added
dicarboxylic acid serves to react the acid with excess
chlorine, and thas to bring about a limitation of chlorine
concentration to the level fhost desirable for flexible
anodic-coating formation. At the same time the di-
carboxylic acid, while itself posséssing flexibility-imparting
properties, is partially oxidized by the chlorine. - The net
result is a balance between chlorine and -dicarboxylic
acid functions and a coaction which produces & Hore
flexible coating than is possible with either additive
alone.

In making comparisons of anodic coating quality, the
improvement in flexibility may be determined in terms
of the so-called breakdown voltage ‘test, as.made upon
wire or strip. The numerical indication of this test
corresponds to the applied voltage at which. dielactric
breakdown occurs. SRR

Thus, zero voltage would signify absence of insulating



3 . .
or dielectric value, such as on bare metal or at a break
in the coating. Either D.C. or A.C. current may be used
in this test.

The following tables set forth comparative test data
showing the greatly improved results obtained with the
anodization of 0.06” diameter EC grade aluminum wire
(a high purity alloy known as electric conductor wire),
when anodized in (a) sulfuric acid alone, (b) sulfuric acid
and sodium chloride, (c¢) sulfuric acid, sodium chloride

and oxalic acid, and (d) oxalic acid bath per se.
TABLE 1
A.C. anodizing (salt only added)
Temper-| Current Breakdown of
Electrolyte ature, Density | Anodizing | Wire Bent on
° (amps. per Time 14 inch
sq. ft.) Mandrel
30% HsSO0¢eemmmeen 72 12 | 15 mins.._| Immediate
breakdown;
0 voltage.
1.5% NaCl, 16% 72 100 | 30 secs...- Do.
H180,.
1.5% NaCloooo.... 72 200 | 30 secs....- Do.
1.5% NaCl, 16% 72 1,000 | 30 secs....- 300 Volts.,
2 N
157, NaCl, 16% 72 1,200 | 30 secs.... Do.
2 4
1.5% NaCl, 16% 72 1,400 | 30 secs....- Do.
280 4.
TABLE 2
D.C. anodizing (salt only added)
Temper-| Current Breakdown of
Electrolyte ature, Devsity | Anodizing | Wire Bent on
°F, (amps. per Time 14 inch
sq. ft.) Mandrel
16%, H:S04, 5% 72 12 | 15 mins. __{ Immediate
aClL breakdown.
0 voltage.
169, Ha80y, .5% 72 100 | 30 secs....- Do.
aCl
16% HiS04, 5% 72 200 | 30 secs....- Tmmediate
NaCl. breakdown.
0 voltage
(poor film).
16%; H:804, .6% 72 300 | 30 secs..... Erratic break-
aCl down voltage
witha
crumbling
oxide film
(beginning
at 50 volts).
16;@ H3804, .5% 72 400 | 30 secs....- Do.
‘aClL
16% HaSO0y, 5% 72 600 | 30 S€CSuanen Do.
Bach. o %
TABLE 3
A.C anodizing with salt and oxalic acid in H,S0,
Temper-{ Current Breakdown of
Electrolyte ature, Density | Anodizing | Wire Bent on
°F. (amps. per Time 14 inch
sq. ft.) Mandrel
30% T3S0y, 1.5% 72 12 | 15 mins.__| Immediate
Oxalle, .5% breakdown.
NaCl. 0 volts,
80% H1804, 1.5% 72 100 | 30 secs..... Do.
Ozxalle, 5%
aCl.
80% H2804, 1.5% 72 200 | 30 secs..... 200 volis.
Oxalie, 5%
NaCl.
30% 11:804, 1.5% 72 300 | 80 secs. ...| 300 volts,
Qxa!ic, 5% .
aCl.
309, HsS04, 1.5% 72 400 | 30 secs. ... Do.
Qxalic, 5%
NaCl
309% HoS04, 1.5% 72 500 | 30sees..... Do.
Ox;}lilc. 5%
aCl.
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TABLE 4
D.C. anodizing with salt and oxalic acid in HS0q
Temper-| Current Breakdown of
Electrolyte ature, Density | Anodizing | Wire Bent on
°F. (amps. per Time 1{ inch
sq. ft.) Mandrel
30% H:504, 1.5% 72 12 | 15 mins. _ .| Immediate
xalie, .5% breakdown
NaCl 0 volts.
30% Ha804, 1.5% 72 100 | 30 secs....- Do.
Oxalice, .6%
NaCl,
309, F2804, 1.5% 72 200 | 30 secs ... 300 volts.
Oxalie, .5%
NaCl
30% H2S04, 1.5% 72 300 | 30 secs..... Do.
Oxalie, 5%
NaCl,
30% H2804, 1.5% 72 400 | 30 secs. ... Do.
Oxalice, .5%
NaCL
309% H804, 1.5% 72 500 | 30 secs ... Do.
Oxalie, .5%
NaCl.

The breakdown voltages were observed on a sample of
the wire bent on a ¥4’* mandrel.

It will be seen from Tables 1 and 2 that the use of a
sulfuric acid anodizing electrolyte without additives re-
sults in a stiff coating with no resistance to bending. The
addition of scodium chloride alone to the anodizing elec-
trolyte produces no improvement at lower current den-
ties, and at higher current densities the film is of poor
quality, with breakdown voltages as low as 50 volts, where
D.C. curent is used. While better results are obtained
when A.C. current is applied (Table 1), it becomes neces-
sary to apply extremely high current densities of 1000 to
1400 amperes per sq. ft. to attain a breakdown voltage
figure of 300 volts.

However, when oxalic acid is added to the sulfuric
acid-salt bath, an immedjate improvement is apparent in
the case of D.C. current (Table 3) applications, while in
the case of the use of A.C. current (Table 4) the current
densities may be drastically reduced to the range of 200
to 500 amperes per sq. ft.

TABLE 5
Oxalic Acid Bath

Current Breakdown,
Conrentration of Density Anodizing Bend around
Bath, percent (amps./sq. ft.) Time, sec. 14’’ mandre),
volts
200 30 0
400 30 0
500 30 0

Where oxalic acid alone was used as the anodizing
electrolyte, as shown in Table 5, material bent around a
14’* mandrel showed zero breakdown voltage.

Tables 1 to 4 inclusive provide typical examples of
the ranges of concentration of sulfuric acid in the anodiz-
ing electrolytes to be used in our process. The con-
centration is preferably maintained between about 10%
and 30%. While various concentrations of metal halide,
such as sodium chloride, and of dicarboxylic acid, such
as oxalic acid, may be added to the bath, as indicated
previously, the limited solubility of oxalic acid, for ex-
ample, in the presence of sulfuric acid, results in con-
fining the concentration for practical purposes to the
point of complete solubility at the temperature employed.

It has been found that generally, higher current densi-
ties are needed to obtain adequately flexible coatings
when A.C. current is used than is the case with D.C.
current. In the case of D.C. current, current densities
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above. 200 .amperes per sq. ft. are preferred to produce
flexible coatings, ranging up to about 500 amperes. per
sq. ft. 'In the case of A.C. current, currént demnsities
may range from about 400 or 500 up to 1000 or 1200
amperes per sq. ft. .

The temperature of the electrolyte is not critical, and
in general, a temperature range of about 65° to 95° F.
will ‘produce good results. Anodizing time is generally
of the order of 30 seconds. The most important. varia-
bles are therefore the concentration of the additives
and the current density used.

Amnodic coatings made by the process of this inven-
tion are very flexible and can be bent over a radjus of
4 to 5 times the thickness of the strip or wire without
appreciable loss in dielectric properties. This quality
is confirmed by microscopic examination of the coatings,
whereby it is possible to distinguish flexible coatings from
the inflexible coatings after the same has been bent.
While flexible coatings exhibit many cracks randomly
on the surface, the inflexible coatings exhibit few but
wide cracks running parallel to each other.

The prior art methods using sulfuric acid alone or
oxalic acid alone furnish films with no flexibility. The
addition of sodium chloride alone or of oxalic acid alone
to a sulfuric acid bath will provide films with some
flexibility, : but with inadequate dielectric properties, in
that when bent to a radius no gréater than 10 to 15
times the thickness of the strip or wire, they exhibit
complete voltage breakdown due to crack formation. In
contrast thereto, the .coatings” of this invention made
with, for example, sulfuric acid electrolyte to which
both sodium chloride and oxalic acid have been added,
may be bent to radii 4 to 5 times the thickness of the
sample, with full retention of dielectric strength of the
article.

The practice of our invention may be illustrated by
the following examples, but it.is to be understood that
the invention is not limited thereto.

EXAMPLE 1
0.06"” EC aluminum alloy wire was anodized for 30
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seconds at 80° F. in an anodizing bath having the fol- '

lowing composition:

Percent
Sulfuric acid — 30
Sodium chloride 1

Oxalic acid oo 2.5

with D.C. current at a current density of 400 amperes per
sq. ft. A light grey coating was obtained which exhibited
breakdown_voltages of 300 to 350 volts when bent over
rollers of 0.25”, 0.5, and 1" diameter, respectively.

EXAMPLE 2

The same type of wire was anodized for 30 seconds at
72° F. in an anodizing bath having the composition:

Percent
Sulfuric acid - 30
Oxalic acid ._._._ _— - 1.5

with D.C. current at a current density of 400 amperes
per sq. ft. The resulting anodic coating exhibited. a
breakdown voltage of 300 volts when bent to a radius

of 0.25",
EXAMPLE 3

The same type of ‘wire was anodized for 30 seconds
at 85° F. in an anodizing bath of the following composi-
tion:

Percent
Sulfuric ‘acid .- e et e e 16
Sodium chloride oo 1.5
Oxalic acid ool 2.5

with A.C. current at a current density of 1400 amperes
per sq. ft. A dark grey coating was -obtained, which
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showed breakdown voltages of 300 volts when “bent
around rollers of 0.25”, 0.5”, and 1.0” diameter, re-
spectively.

EXAMPLE 4

The same wire and bath and temperature were applied
as in Example 2, but using A.C. at a current density of
400 amperes per sq. ft. - A breakdown voltage of 300
volts was shown by the sample when bent to a radius
of 0.25”.

While we have illustrated and described present pre-
ferred embodiments of the invention, it will be recognized
that the invention may be otherwise variously embodied
and practiced within the scope of the following claims.

T claim:

1. The method of forming an anodic coating of high
flexibility and dielectric strength upon an aluminum sur-
face which comprises immersing the aluminum as anode
in an aqueous acid anodizing electrolyte consisting es-
sentially of a mineral acid and from about 0.1% to
about 10% by weight of an alkali metal halide and from
about 0.2% by weight to a percentage represented by
the limit of its solubility therein of an aliphatic di-
carboxylic acid of from 2 to 5 carbon atoms, and pass-
ing a current through said electrolyte at a current density
above about 200 amperes per square foot.

2. The method of forming an anodic coating of high
flexibility and dielectric strength upon an aluminum sur-
face which comprises. immersing the aluminum as anode
in an aqueous sulfuric acid anodizing electrolyte con-
sisting essentially of said acid and from about 0.1%
to about 10%. by weight of sodium chloride and about
0.2% by weight to a percentage represented by the limit
of its solubility therein of oxalic acid, and passing a cur-
rent through said electrolyte at a current density above
about 200 amperes per square foot.

3. The method of forming an anodic coating of high
flexibility "and dielectric strength upon an. aluminum
surface which comprises immersing the aluminum as
anode in an aqueous sulfuric acid anodizing electrolyte
consisting essentially of said acid and from about 0.1%
to about 10% by weight of sodium chloride and about
0:2% by weight to a percentage represented by the
limit of its solubility therein of malonic acid, and pass-
ing a current through said electrolyte at a current density
above about 200 amperes per square foot.

4. The method of forming an anodic coating of high
flexibility and dielectric strength upon an aluminum sur-
face which comprises immersing the aluminum as anode
in an aqueous sulfuric acid anodizing electrolyte consist-
ing essentially of said acid and from about 0.1% to
about 10% by weight of sodium chloride and about
0.2% by weight to a percentage represented by the limit
of its solubility therein of succinic acid, and passing a
current through said electrolyte at a current density
above about 200 amperes per square foot.

5. The method of forming an anodic coating of high
flexibility and dielectric strength upon an aluminum sur-
face which comprises immersing the aluminum as anode
in an aqueous acid anodizing electrolyte consisting essen-
tially of a mineral acid and from about 0.1% to about
10% by weight of a metal halide selected from the group
consisting of alkali metal and alkaline earth metal halides,
and from about 0.2% by weight to a percentage repre- -
sented by the limit of its solubility therein of an aliphatic
dicarboxylic acid of from 2 to 5 carbon atoms, and pass-
ing a direct current through said electrolyte at a current
density above about 200 amperes per square foot.

6. The method of forming an anodic coating of high
flexibility and dielectric strength upon an aluminum sur-
face which comprises immersing the aluminum as anode
in an aqueous acid anodizing electrolyte consisting essen-
tially of a mineral acid and from about 0.1% to about
10% by weight of a metal halide selected from the group
consisting of alkali metal and alkaline earth metal halides,
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and from about 0.2% by weight to a percentage repre-
sented by the limit of its solubility therein of an aliphatic
dicarboxylic acid of from 2 to 5 carbon atoms, and pass-
ing an alternating current through said electrolyte at a
current density above about 200 amperes per square foot.

7. An anodizing electrolyte consisting essentially of
an aqueous solution of about 5% to about 70% sulfuric
acid and from about 0.1% to about 10% by weight of an
alkali metal halide and about 0.2% by weight to a per-
centage represented by the limit of its solubility therein
of an aliphatic dicarboxylic acid of from 2 to 5 carbon
atoms.

8. An anodizing. bath consisting essentially of an
aqueous solution of about 10% to about 30% sulfuric
acid and about 0.5% to about 1.5% by weight of sodium
chloride and about 0.2% to about 2.5% by weight of
oxalic acid.

9. The method of forming an anodic coating of high
flexibility and dielectric strength upon an aluminum sur-
face which comprises immersing the aluminum as anode
in an aqueous acid anodizing electrolyte consisting es-
sentially of a mineral acid and from about 0.1% to about
10% by weight of a metal halide selected from the
group consisting of alkali metal and alkaline earth metal
halides and from about 0.2% by weight to a percenfage
represented by the limit of its solubility therein of an
aliphatic dicarboxylic acid of from 2 to S carbon atoms,
and passing a current through said electrolyte at a cur-
rent density above about 200 amperes per square foot.

10. Aluminum strip or wire carrying upon its surface
an anodic coating of high flexibility and dielectric
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strength, produced by the method which comprises im-
mersing the aluminum as anode in an aqueous sulfuric
acid anodizing electrolyte consisting essentially of said
acid and from about 0.1% to about 10% by weight of
sodium chloride and about 0.2% by weight to a percent-
age represented by the limit of its solubility therein of
oxalic acid, and passing a current through said electro-
Iyte at a current density above about 200 amperes per
square foot.

11. Aluminum strip or wire carrying upon its surface
an anodic coating of high flexibility and dielectric strength,
produced by the method which comprises immersing the
aluminum as anode in an aqueous acid anodizing electro-
lyte consisting essentially of a mineral acid and from
about 0.1% to about 10% by weight of a metal halide
selected from the group consisting of alkali metal and
alkaline earth metal halides, and from about 0.2% by
weight to a percentage represented by the limit of its
solubility therein of an aliphatic dicarboxylic acid of
from 2 to 5 carbon atoms, and passing a current through
said electrolyte at a current density above about 200
amperes per square foot.
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