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1 Claim.
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This invention relates to a process for the elec~

trodeposition of aluminum on dissimilar metals.

In a co-pending application Serial No. 522,375
filed February 14, 1944, Hurley has disclosed that
aluminum can be advantageously deposited from
and electrolyte comprising (1) an aluminum
halide such as aluminum chloride or aluminum
bromide and (2) various lower aliphatic pyridin-
ium halides such as N-ethyl pyridinium chloride
at temperatures generally above 100° C. In an-
other co-pending application of Wier and Hurley,
Serial No. 524,486, filed February 29, 1944, it has
been disclosed that gluminum can also be de-
posited on dissimilar metals at room temperature
by utilizing a bath including certain aromatic
compounds in addition to the aluminum chloride
and the mono-pyridinium mono-halides. The
plates secured by utilizing these baths with direct

current are brittle and tend to crack, break or

flake away from the base, particularly if the
article is repeatedly flexed. When using the
above mentioned baths, I have discovered that by
superimposing a, suitable alternating current on
the direct current, adherence of the plate to the

base metal is increased with the result that the

articles can thereafter be worked and bent to
shape. Further, the plate secured is more uni-

form and, in addition, its thickness can be in-

~ creased. Also, by superimposing a suitable alter-
nating current on the direct current, at the same
direct current density the voltage required is
lowered somewhat. In addition, higher cathode
direct current densities can be used to obtain
plates of the same general type as with direct
current only. These advantages are obtained
without any decrease in cathode current efficiency.

In the experiments whose results are described
herein, the magnitude of the alternating current
was an approximately sinusoidal function of time
and the frequency was about sixty cycles per
second. A current of this character is usually
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most conveniently obtained. However, higher or

lower frequencies or other alternating current
wave shapes can be used.

I'rom my observations on actual operations, I
have found that the best results are obtained
when the root-mean-square value of the glter-
nating current is 2 to 3 times the value of the
direct current. At lower ratios, the improvement
in gdherence diminishes until, at a ratio of about
1 to 1, the effect is very smaill. If, however, the
ratio is too high, the plates become burned. The
most desirable ratio of altermating current to
direct current depends somewhat on the design
of the cel], the direct current density employed,
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and the type of plate desired. When it is desired

‘to employ high direct current densities, the ratio

of alternating current to direct current should
be increased. Likewise, when thick, non-brittle
deposits are to be cobtained, the ratio should be
increased. The exact value of the ratio is usually
not highly critical and can readily be determined
for g given set of conditions. The direct current
and alternating current voltages employed are
usually low (of the order of a few volts, usually
less than ten volts) and depend upon the several
factors mentioned gbove.

X-ray examination of plates made m accord-
ance with the present invention shows that when
direct current alone is employed, the plates con-
sist of partly oriented, small crystals, whereas
when the alternating current is imposed in addi-
tion, the plate is composed of larger crystals
which are not oriented. It is believed that the
improved adherence and other properties of the
plates are accounted for in this way.

The following example is set forth by way of
further illustration of the practice of the present
invention, and not by way of limitation:

A plating mixture was prepared by mixing 2
mols of aluminum chloride (taken as AICI:) and
1 mol of fused ethyl pridinium bromide. After
cooling the mixture it was saturated with ben-
zene, About 50 cc. of this gsolution together with
sufficient excess benzene to provide a protective
benzene layer about 0.0 cm. in depth was then
placed in a cylindrical glass electrolysis cell.
This cell was 4.9 cm. in diameter and about 10
cm. high. It was fitted with a cover designed to
exclude moisture. The anode was g circular sheet
of aluminum fitting against the wall of the cell.
The cathodes consisted of suitably cleaned strips
of brass 1.34 cm. wide and about 15 cm. long:
these were immersed to a depth of 3.55 e¢m. in
the bath. The source of direct current was con-
nected across the electrodes and the source o:
alternating current was connected in parallel
with the direct current. 'The circuits were so
arrangedq as to permit separate variation of the
alternating current and of the direct current.
The magnitude of the current passing through
the cell was an approximately sinusoidal function
of time and was symmetrical about a value rep-
resented by the direct current. The frequency
of the alternating current was approximately 60-
cycles per second,

In a series of plating tests, varying amounts of
alternating current were superimposed on a con-
stant amount of direct current. The density of

direct current at the cathode was 1.20 amps./dm.2.




3

The direct current voltage was between 0.7 and
0.8 volt. The time of electrolysis was 10 minutes
in each Instance. The effect of variation in the
root-mean-square value of the alternating cur-
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(1) about two mols of sluminum chioride and

(2) about one mol of ethyl pyridinium chloride,
to plate aluminum onto said article: the root

mean square value of the alternating current

rent with respect to the direct current on the g being about two to three times the value of the

types of plate is shown in the following table-
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direct current.
THOMAS P. WIER, Jn.

. C. Type of Plat |
A.C. R M. 8D C. | e REFERENCES CITED
s N e Ungogglﬁ,sshin? plate with smallbrown 10 'The following references are of record. in the
; I S A]ij_ﬂ;t tl;? sa&me a.ts plate EECIHEd when ﬁle Of tms pa’tent'
' P;%imé:n;sh}?; partly white. Not UNITED STATES PATENTS
much apparent physieal change, but
no brown coloration. Number Name Date
e Uliform  white, somewhat Sstiny 38 1,567,791 Duhme —..e__...____ Dec, 29, 1925
X | I Uniform white deposit, not much 1,785,389 Plersol w e Dec. 18, 1930
change from 2.0 type. 1,011,122 Keyesetal, . ______ May 23, 1933
—_——— 1,939.397 Keyesetal, ....._.... Dec. 12, 1933
Satisfactory p]ates on other metals such as iron 2,170,375 Mathersetal, _______ Aug. 22, 1939

and copper were also made, using this process.

I claim:

In a process of electroplating with a.lummum
the step of subjecting an article of a metal from
the group consisting of brass, copper and iron,
serving as a cathode, simultaneously to an alter-
nating current and a direct current, passed be-
tween sald cathode and an aluminum anode and
through a fused, anhydrous bath consisting of

OTHER REFERENCES

Journal of Physical Chemistry, vol. 35 (1931),
p. 2289.

Chemical Abstracts, vol. 32, No. 18, Sept. 20,

o5 1938, Col. 6956.

Elektrochemie Nichtwassriger Losungen by
Paul Walden, pp. 194, 200, 239.
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