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This application is a continuation-in-part of our earher
filed application, Serial No. 381,733, filed September 22,
1953, now abandoned, and assigned to the same assngnee
as the present invention which application in turn is a con-
tinuation-in-part of our application, Serial No. 295 352
filed June 24, 1952, now abandoned.

The present invention relates to a method of electro-
plating aluminum. More particularly it is concerned with
a method of providing an aluminum article with an ad-
herent coating of another metal such as silver.
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More specifically, the invention relates to an improved
method of providing an aluminum article with a non- -

porous, intermediate zinc coating whereby good adherence
between a subsequently applied metal plate and the sur-
face of the aluminum article is obtained. While the in-
vention is particularly concerned with the application of
electro-deposited silver coatings, it is not necessarily re-
stricted thereto and can be employed for the applica-
tion of plates of copper, cadmium, tin, or multiple plates
of copper and silver, cadmium and tin, etc.

Several plating processes are known for the deposition
of a metal plate, such as silver plate, upen aluminum. In
one of these the aluminum is first anodically cleaned in a
solution of phosphoric acid after which a coating of silver
is applied or electroplated thereon. While the oxide coat-
ing on the aluminum base resulting from the anodic treat-
ment in the acid bath results in an improved adherence
of the silver plate, the resultant product is not particularly
useful for electrical applications due to the high electrical
resistance of the intermediate oxide film. Another known
method for applying silver to an aluminum article com-
prises the preplating of the aluminum with a layer of zinc
from a suitable zincate plating bath. “The zinc coating, as
a base for the ultimate silver plate, has been found to be

a necessity if proper adhesion is to be obtained. How- *

ever, the known zincate pretreatments have not been com-
pletely satisfactory in being both cumbersome and ‘in
many cases quite unreliable. In many of the known
zincate pretreatments, as many as 8 or 10 individual steps
are involved before actually depositing the silver coating.
These processes include one or more pickling steps em-
ploying strong hot acid solutions. Furthermore, the zinc
coatings applied by the previously known zincate methods
are inherently porous and spongy, making it difficult, if
not impossible, to completely rinse away all traces of the
alkaline zincate solution. The residual alkali along with
the natural galvanic action between silver, zinc and
aluminum - cause the silver plate to blistef, particularly
when the plated articles are subjected to elevated tem-
peratures or used in electrical ‘applications where a cur-
rent flows between the aluminum base and the sxlver
coating.

In accordance with the present invention, there has
been provided an improved and effective method: of pre-
treating the aluminum article in a modified zincate type
‘bath whereby there is obtained a ron-porous coating of
zinc of such a character that a subsequently applied silver
plate is of high quality and adheres to the underlying sur-

-face without blistering at all temperatures up to the melt-

ing point of the aluminum base. In addition, the bond

- between the silver plate and the aluminum base is char-

acterized by an electrical resistance substantially lower
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than the electrical resistance of bonds obtained by pre-
viously known zincate pretreatments.

These and other advantageous results are obtained in
accordance with present invention by employmg a novel
zincate pretreatment essentially comprising the steps of
first anodically polishing the aluminum article in a bath
comprising zinc cyanide, an alkali cyanide and an alkali
hydroxide and thereafter while the article is still im-
mersed in this treating solution, depositing on the article
a’‘non-porous coating of zinc. The zinc coated article is
then rinsed free of all traces of the zincate bath and is
silver plated in a suitable plating bath. Preferably the
silver plate is of the dense or hard type.

In general, the zincate pretreating bath-is a compara-
tively low viscosity bath containing the equivalent of
from 13 to 20 ounces per gallon of sodium hydroxide,
4 to 20 ounces per gallon of sodium cyanide and 4 to 30
ounces per gallon of zinc cyanide. Various additional
agents may also be present as will become apparent from
the various examples given hereinafter. It is essential that
the zincate bath be held at an elevated temperature of
about 90° F. to 180° F. and preferably about 120° F. to
180° F. although the anodic film temperature may be
somewhat higher and approaching 200-210° F. during
the anodic treatment. It is also essential that the cur-
rent density and treating times be carefully controlled to
raise the temperature of at least the surface of the alumi-
‘num article above the bath temperature during the anodic
treatment, and, in this respect, it has been found that the
current -density should range from 2 to 60 amperes per

~ square inch and the processing range from 60 to 2000
- ampere seconds.

The time is lengthened for low current
density and conversely shortened for high current density.
The preferred conditions are 7 to 15 amperes per square
inch of surface within a processing range of 400 to 2000
ampere seconds.

 Pure -and relatively pure aluminum can be processed
within the extreme ranges given. Some alloys respond
more satisfactorily when treated at the maximum solu-
. After the anodic treatment and while
the aluminum article is still immersed in the zincate bath

‘and at the elevated temperature resulting from the anodic

treatment zinc is immediately deposited upon the alumi-
num surface. The time allowed for this zinc plating step

is at least one second and may range up to about ninety

seconds or even longer in certain cases. The zinc may
be deposited either galvanically merely by opening the
electric circuit, or alternatively, by reversing the direct
current flow and reducing the current density so that dur-
ing the plating period, the aluminum article is a cathode at
a current density preferably not exceeding about 1.0 am-
pere per square inch.

- For a better understanding of how the present inven-
tion may be carried into effect, the following illustrative
examples are given:

Example 1

An aluminum article was preliminarily cleaned for
the removal of all grease and oil from the surface. One
cleaning procedure found to be effective involved the
immersion of the article in petroleum spirits or other
suitable solvent. The article was then immersed in a
zinc electrolyte bath of the following composition:

Optimum Concentration Preferred Range
(Ounces per gallon) (Ounces per gallon)

Zinc Cyanide..._____ 20 4-30
Sodium Cyanide._.___ 9 -4-20
Sodium Hydroxide.... 18 13-20
Sodium Carbonate.... 2 0.1-6°
Potassium Fluoride___ 1.5 -2
Silver Cyanide..____. 0.06 0.04-0.1
Sodium : Sulphide. ... 0.05 0.01-0.07
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The bath was.Operated at a temperature between 130
and 140° F. The aluminum article was made the anode
in this bath while employing any suitable cathode ma-
terial such as mild steel or zinc. The anodic pretreat-
ment of the aluminum article at a current density of
from 7 to 10 amperes per square inch for a period of
time between 20 and 30 seconds resulted in a further
cleamng and electropolishing of the aluminum. Dur-
ing this step the article became heated well above the
temperature of the bath. At the end of this time, the
circuit was opened and zinc immediately deposited upon
the aluminum by galvanic displacement. The time al-
lowed for this reaction was about fifty seconds although
times ranging from one to nmety seconds. are Suitable
dépending on how thick a zinc plate is desired. There-
after the zinc-coated dluminum article was removed from
the é&lectrolyte and washed under clean rumning water
in preparation .for silver platmg A silver strike is
recommended if the aluminum is to be plated in a still
tank although the strike is not required when the work
is plated by the se of a high speed plating machine. A
suitable typical silver plating solution for depositing a
hard, dense silver plate by the tank method comprises
15 ounces silver cyanide, 12 ounces potassium cyanide
and from 0.05 to 0.1 ounce sodinm thiosulfate per gal-
lon of solution with the solution operated at a tem-
perature in the neighborhood of 100° F. Proper physi-
cal characteristics of the silver are best obtained at
current densities of 0.50 to 0.80 amp. per square inch.
Adequate solution agitation and filtration should be sup-
plied. ‘If a high speed plating method is employed, the
silver plating solution employed may typically be one
containing about 10 ounces of silver cyanide, 8 ounces
potassium cyanide and about 20 ounces potassium nitrate
per gallon of solution with an operating temperature of
the solution from 80° F. to 120° F. and a current density
range of from 0.1 to 4.5 amps. per square inch, The
silver-plated products were characterized by a hard dense
bright silver plate which was relatively non-pourous and
which adhered to the aluminum article at all tempera-
tures up to the melting point of aluminum. MNo blister-
ing was noted in the plate at elevated temperatures. The
silver plate applied over the above-deéscribed zinc coat-
ing withstood the passage of electric currents of high
amperage. For example, two %" x 47 aluminum bus
bars having their ends zinc coated and silver-plated in
accordance with the present invention were bolted in
overlapping relationship with an overlapplng area. of
about eight square inches. A current in excess of 200,000
amps, was passed through the bars for one-half second
with no apparent effect on the silver plate or ihe elec-
trical resistance of the joint.
Example 2

An aluminum article was preliminarily cleaned for
the removal of all grease and oil from the surface. One
cleanmg procedure found to be effective mvolved ‘the
immersion of the article in petroleum spirits or other
snitable solvents. The article was then immersed in a
zinc electrolyte bath of the following composition:

Optimum Concentration .Preferred Range
{Ounces per gallon) (Ounces per galion)

Zinc Cyamde ________ 20 4--30
Sodium Cyanide_.____ 9 4-20
Sodium Hydroxide_.... 18 13-20
Sodium Carbonate._.. 2 0i1-6
Potassium Fluoride___ 1.5 1-2
Silver Cyanide_.__._. 0.06 0.04-0.1
Sodium - Sulphide_.___ 0.05 0.01-0.07

The bath was operated at a temperature of between 130
and 140° F. The aluminum article was made the anode
in this bath while employing any suitable cathode ma-
terial such as mild steel or zinc. The anodic: pretreat-
ment of the aluminum article at a current density of from
7 to 10 amperes per square inch for a period of time

ot

10

20

25

30

40

45

50

55

60

85

70

5.

4
between 20 and 30 seconds resulted in a further clean-
ing and eléétropolishing of the aluminum. During this
step the article became heated well above the tempera-
ture of the bath. At the end of this time, the circuit
was opened and zinc immediately deposited upon the
aluminum by displacement. The time allowed for this
reaction was about ninety seconds although times rang-
ing from one to ninety seconds are suitable depending
on how thick a zinc plate is desired. Thereafter the zinc-
coated aluminum article was removed from the eleciro-
lyte and washed under clean running water in prepara-
tion for silver plating. A silver strike is recommended
if the aluminum is to be plated in a still tank although
the strike is not required when the work is plated by
the use of a high speed plating machine. A suitible
silver plating solution for deposmng a hard, densé silver
plate by the tank method ¢comprises typlcally 15 ouncés
silver cyanide, 12 ounces pofassium cyamde and from
0.05 1o 0.1 ounce sodium thiosulfate per gallon of solu-
tion with the solution operated at a temperaturé in the
neighborhood of 100° ¥. Proper physical character-
istics of the silver are best obtained at current densities
of 0.50 to 0.80 amp. per square inch. Adequaté solu-
tion agitation and filtration should be supplied. If a
high speed plating method is employed, the silver plat-
ing solution employed may typically be one containing
about 10 ounces of silver cyanide, 8 ounces potassium cya-
nide and about 20 ounces potassium nitrate per gallon so-
Iution with an operating temperature of the solution from
80° F. to 120° F. and a current density range of from
0.1 to 4.5 amps. per square inch. The silver-plated
products were characterized by a hard dense bright silver
plate which was relatively non-porous and which ad-
hered to the aluminum article at all temperatures up
to the melting point of aluminum, No blistering was
noted in the plate at elevated temperature's The silver
plate apphed over the above-described zinc coating with-
stood the passage of electric currents of high amperage.
For example, two 44" x 4” aluminum bus bars having
their ends zinc coated and silver plated in accordance with
the present invention were bolted in overlapping rela-
tionship with an overlapping area of about eight square
inches. A current in excess of 200,000 amps. was
passed through the bars for one-half second with no
apparent effect on the silver plate or the electrical re-
sistance of the joint.
Example 3
In this éxample the article was pre-cleaned as above
and thé zinc electrolyte employed in processing the
aluminum article had the following composition:
Optimum Concentration Preferred Range
{Ounces per gallon) (QOunces per gallon)

Zinc Cyanide. o~ 20 4-30
Sodium Cyahide__.._. 9 4-20
Sodium Hydroxide____ 18 13-20
Sodium_ TThiosulfate... 2 0.1-8
Sitver ‘Cyanide. .- 0.03 0.01-0.07
Sodinum ‘Sulfide______- 0.05 0.01-0.07
‘Sodium Carbonate__.-.. 2 0.1-6

In the anodic cleaning step, the aluminum piece was
made the enode at 2 current density of between 7 and
10 amperes per square inch for about 25 seconds. At
‘this point, the circuit was instantly reversed so that
the aluminum article became the cathode and the cur-
rent density was reduced to between 0.2 and 0.5 ampere
per square inch. These conditions were maintained for
a period of about 3 seconds during which time a non-
porous deposit of zinc was electroplated on the alumi-
fam article although timés ranging from one to ninety
seconds and longer were found to be suitable. After

‘_rmsmg, the zinc coated article was coated with an

eIectrodcposued silver plate,
While various illustrative ¢xamples have been given
of baths which can be employed for the anode ‘treat-

"




ment of the aluminum, it is to be understood that the
invention is not limited to these specific baths. Baths
having the same -effective -compositions can be pre-
pared by other means. For example, a suitable aqueous
bath can be prepared from sodium cyanide, 28 ounces
per gallon sodium hydroxide, 9 ounces per gallon and
metallic zinc, 14 ounces per gallon.

The term “aluminum” as used herein and in the ap-
pended claims is intended to cover not only pure or
commercially pure aluminum but also various alumi-
num alloys. Examples of aluminum alloys which have
been successfully processed in accordance with the pres-
ent invention include alloy 3S containing 1.2%
manganese; and alloy 61S containing about 1% mag-
nesium, 0.6% silicon, 0.25% copper and 0.25%
chromium,

What we claim as new and desire to secure by Let-
ters Patent of the United States is:

1. The method of preparing an aluminum base arti-
cle for the application of an electroplated coating which
comprises immersing said aluminum base article in a
hot electrolyte bath comprising an aqueous solution of
zinc cyanide, an alkali cyanide and an alkali hydrox-
ide, anodically treating the immersed article by pass-
ing a direct current through said article as the anode
at a current density of about 2-60 amperes per square
inch, thereafter discontinuing the anodic treatment and
while said article is still immersed in said bath, deposit-
ing on said article a non-porous coating of zinc from

said bath for at least one second and subsequently elec- 3

trodepositing a metal coating on the zinc-coated article.

2. The method of claim 1 in which the anodic treat-
ment is continued for a time such that the total ampere-
seconds is from 60 to 2000.

3. The method of claim 2 wherein the electrolytic
bath contains from 4 to 30 ounces zinc cyanide, from
4 to 20 ounces sodium cyanide and from 13 to 20
ounces sodium hydroxide per gallon electrolyte.

4. The method of claim 3 wherein the zinc coating
is galvanically deposited on said aluminum article for
from one second to about ninety seconds.

5. The method of claim 3 in which the electrolyte
also contains from 1 to 2 ounces per gallon potassium
fluoride.

6. The method of claim 3 in which the electrolyte
also contains from 0.1 to 8 ounces sodium thiosulfate.

7. The method of claim 4 in which the electrolyte
also contains from 1 to 2 ounces per gallon potassium
fluoride.

8. The method of claim 4 in which the electrolyte
also contains from 0.1 to 8 ounces sodium thiosulfate.

9. The method of silver plating an aluminum article
which comprises immersing said article in a hot elec-
trolyte comprising an aqueous solution containing from
4 to 30 ounces zinc cyanide, 4 to 20 ounces sodium
cyanide, 13 to 20 ounces sodium hydroxide, 0.01 to
0.07 sodium sulfide and 0.1 to 6 ounces sodium carbonate
per gallon of solution, anodically treating the immersed
article by passing a direct current through said article
at a current density of from about 7 to 15 amperes per
square inch for from 20 to 30 seconds, discontinning
the anodic treatment -and, while said article is still im-
mersed in said solution depositing a non-porous coat-
ing of zinc on said article for at least one second and
subsequently electrodepositing a silver plate over said
zinc coating from a silver plating bath comprising an
aqueous solution of silver cyanide and sodium cyanide.

10. The method of claim 9 in which the zinc coating
is galvanically deposited on said aluminum article for
from one second to about ninety seconds.

11, The method of silver plating an aluminum article
which comprises immersing said article in a hot electrolyte
comprising an aqueous solution containing from 4 to
30 ounces zinc cyanide, 4 to 20 ounces sodium cyanide,
15 to 20 ounces sodium hydroxide, 0.01 to 0.07 ounce
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‘silver -cyanide, 0.01 to 0.07 ouncée sodium suifide” and

0.1 to 6 ounces Sodium carbonate per gallon of electrolyte
solution, anodically treating the immersed article by pass-
ing a direct current through said article at a current den-
sity of from about 7 to 15 amperes per square inch for
from 20 to 30- seconds, discontinuing the anodic treat-
ment, and, while said article is still immersed in said solu-
tion passing .a direct current th:ough ‘said arucle as a
cathode at a current density of from 0.2 to 0.5 ampere
per square inch for at least one second to deposit a non-
porous coating of zinc on said article and subsequently
electrodepositing a silver plate over said zinc coating from
a plating bath essentially composed of silver cyanide and
sodium cyanide.

12. The method of claim 11 in which the zinc coating
is galvanically deposited on said aluminum article for
from one to ninety seconds.

13. The method of silver plating an aluminum article
which comprises immersing said article in a hot electrolyte
comprising an aqueous solution containing from 4 to 30
ounces of zinc cyanide, 4 to 20 ounces of sodium cyanide,
13 to 20 ounces sodium hydroxide, 0.1 to 6 ounces sodium
carbonate, 1 to 2 ounces potassium fluoride, 0.04 to 0.1
ounce silver cyanide and 0.01 to 0.07 ounce sodium sul-
fide per gallon of solution and anodically ireating the
immersed article by passing a direct current through said
article at a current density of about 7 to 15 amperes per
square inch for from 20 to 30 seconds, discontinuing the
anodic treatment and, while said article is still immersed
in said solution depositing a non-porous coating of zinc
on said article for at least one second and subsequently
electrodepositing a silver plate over said zinc coating
from a silver plating bath essentially composed of an
aqueous solution of silver cyanide and sodium cyanide.

14. The method of claim 13, wherein the zinc coating
is galvanically deposited on said aluminum article for
from one to about ninety seconds.

15. The method of silver plating an aluminum article
which comprises immersing said article in hot electrolyte
comprising an aqueous solution containing from 4 to 30
ounces of zinc cyanide, 4 to 20 ounces of sodium cyanide,
13 to 19 ounces sodium hydroxide, 0.1 to 8 ounces sodinm
thiosulfate, 0.1 to 0.7 sodium sulfide and 0.1 to 6 ounces
sodium carbonate per gallon of solution, anodically
treating the immersed article by passing a direct current
through said article at a current density of about 7 to 15
amperes per square inch for from 20 to 30 seconds, dis-
continuing the anodic treatment and, while said article is
still immersed in said solution depositing a non-porous
coating of zinc on said article for at least one second
and subsequently electrodepositing a silver plate of said
zinc coating from a silver plate bath essentially composed
of an aqueous solution of silver cyanide and sodium
cyanide.

16, The method of claim 15 wherein the zinc coating is
galvanically deposited on said aluminum article for from
one to about ninety seconds.

17. The method of silver plating an luminum article
which comprises immersing said article in a hot electrolyte
comprising an aqueous solution containing from 4 to 30
ounces of zinc cyanide, 4 to 20 ounces of sodium cyanide,
13 to 20 ounces sodium hydroxide, 0.1 to 8 ounces sodium
thiosulfate, 0.01 to 0.07 ounce silver cyanide, 0.01 to 0.07
ounce sodium sulfide and 0.1 to 6 ounces sodium carbonate
per gallon of solution, anodically treating the immersed
article by passing a direct current through said article at
a current density of about 7 to 15 amperes per square inch
for from 20 to 30 seconds, discontinuing the anodic treat-
ment, and, while said article is still immersed in said
solution depositing a non-porous coating of zinc on said
article for at least one second and subsequently electro-
depositing a silver plate of said zinc coating from a silver
plating bath essentially composed of an aqueous solu-
tion of silver cyanide and sodium cyanide.
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18. The method of claim 17 wherein the zinc coating 1,627,900  Hewitson o—ene_. ~mmeem May 10, 1927
is .galvanically depasited -on :said aluminum article for 1,645927  Pierce e e Oct. 18, 1927
from one to about ninety seconds. 2,277,664 Holl . ____ R Mar. 31, 1942
2,451,341 Jernstedt o ___ Oct. 12, 1948
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