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- This invention relates to improvements in the
art of plating on the surfaces of objects made
of aluminum and alloys thereof and is also ap-
blicable to the treatment of castings from zinc-
base alloys. The invention ig particularly di-
rected to a plating process in which the use of
dangerous and poisonous acid pickles and etch-
ing solutions is eliminated, and the surfaces to
be treated are provided with the uniform, ad-
herent coating or plating which will not develop
the incipient blistering which characterizes prior
attempts to plate aluminum and aluminum al-
loys in extruded, drawn or cast form. The in-
vention also contemplates the use of a novel
strike solution which results in the formation of
& tenaciously adherent, fine grained alloy plat-
ing which forms a base for subsequent electro-
plating with copper, nickle and other metals.
The process of this invention is applicable not
only to commercially pure aluminum but is also
applicable to castings, die castings, wrought al-
loys, ete. These various aluminum alloys may
contain silicon, copper, magnesium, manganese
and chromium, either alone or in combination.
In the past, the same solutions for etch-
ing, brightening, ete. could not be used on pure
aluminum and on the wrought or cast aluminum
objects containing alloying components. The so-
called zine-immersion process (Patent No.
1,627,900) has been used to some extent in the
past but this process is complicated, requires
separate handling for various types of alloys and
is not satisfactory, plated objects exhibiting pit-
ting and latent blistering; that is, the plated
pbart which apears to be free of blisters when
first plated begins to develop small blisters with-
in a few weeks, these blisters continuing to grow
in size and making the part useless for outdoor
exposure applications or wherever perfect finish
is desired. It is to be remembered that prlating
is not only of value in changing the color or
appearance of the articls, imparting higher
brightness and reflectivity thereto, but is also
of considerable value in increasing the resist-
ance of the object to abrasion or wear, eliminat~
ing a tendency toward “smudging” which is com-
mon to many aluminum alloys, and is also of
value in facilitating soft solder joining, improv-
ing electrical contacts or conductivity, and in-
creasing resistance to corrosion.
stances final coating with brass is extremely de-
sirable in order to allow vulcanization and ad-
herence of rubber to the plated aluminum part.
The zinc-immersion process is not only sub-

Ject to a very high percentage of rejects due to !
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the pitting and latent blistering mentioned here-
inabove but is also troublesome in that it is dif-
dcult to obtain uniform blating on large or ir-
regularly shaped articles. In addition, the proc-
ess contemplates the use of mixed acid solutions,
such as solutions of nitric and hydrofiuoric acids
or cf mixtures of chromic acid and sulfuric acid.
These pickles, etches and solutions are hazard-
ous, toxie, poisonous and in many instances ean
only be successfully retained in costly carbon
brick-lined and lead tanks, and in addition, re-
Quire very efficient ventilating facilities in order
to reduce the hazards of use.

The present invention is directed to a method
of procedure with solutions to be described here-
inafter in greater detail, the procedure being
much more simple than any of the procedures
contemplated and recommended heretofore. Sub-
stantially the same steps are employed, in ac-
cordance with the present brocess, on objects
made from substantially pure aluminum and on
objects made from aluminum alloys high in sil-
icon, copper, manganese, etc. For example, the
etching solutions employed differ but slightly
in concentration and tempersture of use; the
remaining solutions including the strike solution
are identical, some variation in temperature of
utilization of the activating solution being the
only difference between the treatment of obh-
jects made of virtually pure aluminum and those
made from aluminum alloys. In all instances
standard black iron or steel tanks may be used
for the etching solutions, activating solutions and
strike solutions.

The invention contemplates the control of pH
and surface tension of many of the solutions
employed in the process and g strike solution
containing cyanides of copper, silver, gold, zine
and indium, whereby an alloy containing silver
or gold. is deposited upon the surface of the
object, the resulting alloy film being charac-
terized by a fine grained structure which is sub-
stantially non-porous.

An object of the present invention therefore
is to disclose and provide g simple and econom-
ical process of plating objects of aluminum and
aluminum alloys.

A further object of the invention is to disclose
and provide an improved process of plating alu-
minum, said process eliminating the necessity of
using dangerous or toxic mixtures of nitric and
hydrofluoric acid or mixtures of chromic and
sulphuric aecid.

Another object of the invention is to disclose
and provide a plating brocess, particularly appli-
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cable to aluminum and its alloys, which virtually
eliminates the necessity for expensive tanks and
ventilation equipment.

A still further and important object of the
present invention is to disclose and provide a
process of plating aluminum and its alloys, said
process insuring uniformity, homogeneity, fine
grain structure practically free from porosity and
tenacious adherence to the surface of the alu-
minum object.

An object is to disclose and provide a plating
process whereby a ternary alloy is electrodepos-
ited upon the surface of aluminum objects, said
alloy including silver in diffused form through-
out such ternary alloy.

A still further object of the invention is to
disclose and provide a method of plating zinc-
base die-casting alloys with a ternary alloy strike
solution in order to increase the corrosion re-
gistance of the die-casting alloys. Furthermore,
it will be apparent from the following descrip-
tion, an object of the invention is to disclose and
provide stable solutions and the use of solutions
inhibited for excessive solubility of copper and
gilicon therein.

These and various objects, uses and advantages
of the present invention will become apparent, to
those familiar with the practice recommended
in the art heretofore, from a contemplation of
the description given hereinafter. In order to fa-
cilitate understanaing reference will be held to
the appended chart or diagram illustrating the
sequence of operations which is preferably fol-
Jowed in the plating of aluminum and aluminum
alloys.

As will be readily seen from the contemplation
of the appended diagram, the objects to be plated
are first degreased, as indicated at 18, and then
passed to an etching bath. Etching baths are
indicated at 1tA and LB, since the temperature
and conceniration of these etching solutions
varies somewhat as to whether relatively pure
aluminum objects are being treated or objects
made from alloys. The path of relatively pure
aluminum objects is indicated by the heavy line
whereas the path of the objects composed of
aluminum alloys containing silicon, manganese,
copper, ete. is indicated by the lighter line pass-
ing through [1B. After the etching operation,
both types of objects are rinsed at 12, then
bleached at 13, rinsed at 14 and then passed
through an activating solution at I5A and (5B.
Although the activating solution is the same in
both instances certain differences.in temperature
of immersion are preferably followed as will be-
come apparent from the subsequent description.
During such activation a thin adherent film of
zine is formed on the bleached surface of the ob-
jeets. The objects are then rinsed at i6 and are
subjected to an alloy strike at 11, whereby an
alloy characterized by fine grain and lack of
porosity is formed on the surface of the objects.
The objects are then rinsed, as indicated at 18,
and may then pass to a relatively normal copper
plating step, as indicated at 19, or if desired, to
9 subsequent plating indicated: at 20, whereby
nickel, chromium, cadmium, silver, gold, etc. may
be plated upon the objects by any standard proc-
ess. Steps 19 and 20 are indicated in dash. lines
since they do not form & part of the present in-
vention. The degreasing operation is also indi-
cated in dash lines at 10 for the same reason.

Although vapor degreasing with tetrachlaro-
ethylene is recommended; the use of inhibited
alkaline cleaners incapable of exerting an etch-
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ing effect upon the aluminum is not prohibited.
Marking inks and other identification marks
should be removed. Tetrachloroethylene is rec-
ommended as & solvent for degreasing aluminum
gince it is more stable than other chlorinated
solvents. The acidity of the solvent should be
checked at regular intervals and a degreaser
should be thoroughly cleaned out periodically in
accordance with careful plant. practice.

In accordance with the present process, the
etching solutions employed at {1{A and {{B are
relatively mild solutions containing the alkali-
hydroxides and alkali-fluorides. Either sodium
or potassium hydroxide and fluoride may be used.
Purified grades of these chemicals are preferred

" and technical or commercial grades are not rec-
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ommended.

It may be noted at this time that in order
to insure freedom from blisters, pinholes and
other defects, it is very desirable that ali of the
solutiens, including the ebching solution, bleach-
ing solution, activating solution and strike solu-
tion be made with either distilled water or deion-
ized water which may be obtained by treatment
of ordinary tap water with base exchange resins
as is well known in the art.

The following table indicates the composition
of the etching solutions used at {1A and tiB.
It will be noted that for commercially pure alu~
minimum or aluminum alloys with a low content
of alloying components from 3}, of an ounce to 2
ounces of sodium fluoride is used per gallon of-the
etching solution. The figure in parentheses'indi-_
cates the preferred proportion of sodium fluoride.

o U ns
omﬁgﬁiusfm Aluminum Adloys-
Sodium Hydrexide ... RV /.5) I—— oz./gal.
Sodium Fluoride. . —.---- 3% _(1)—2 0z./gal-._ 2.0 (2.6)~4 oz./gal.

Although the etching solution is made of the
same components the preferred temperature ab
which such solution is kept during ‘immersion
varies and the time of immersion of the object in
such. solution varies. In tank ffA the solution is
preferably kept at a temperature of 130° I and
the objects are immersed 15 to 45 seconds: In
etching operation {iB the etching solution is
maintained at an operating temperature of about

140° F. and the objects are immersed for-a period
After such immervsion under
the objects are subjected to
a thorough rinse, as indicated at 12.

It may be noted at this point that the etching
solutions will attack the surface of the objects
without attacking the underlying grain structure.
A slightly, mat finish is observed.

The objects then pass through a bleaching
path, indicated at 18: The primary purpose of
the bleaching bath is to brighten the surface of
the objects and remove any copper which may
have been precipitated. During etching, alloys
low in copper content will not be effected appre~
ciably but alloys containing appreciable amounts
of copper and magnesium will acquire- a film
which is dark and this must be fairly and com-
pletely bleached off in the nitric acid solution.
The bleaching solution consists of a nitric acid
solution preferably maintained at a temperature
of apout 110° F. or 120° F. Commercial nitric
acid may be diluted with distilled or deionized
water, the concentration of the nitric acid solu-
tion not being critical. One, two or even three
velumes of nitric acid may be added to one part

of 45 to 60 seconds.
the conditions stated
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of water. All of the objects being treated should
be dipped in this solution for g period of not less
than 15 seconds. Ordinarily the relatively pure
aluminum objects may be dipped into the solu-
tion for a period of 15 to 45 seconds, this solu-
tion being maintained at temperatures of between
about 80° F. and 90° F. Aluminum alloys high
in copper or silicon may be dipped for a period
of from 45 to as long as 60 seconds and the solu-
tion is preferably maintained at a temperature
of between about 95° ¥, and 105° F. Every trace
of nitric acid must be rinsed off before proceeding
to the next step and such rinsing is indicated
at 4.

The thoroughly clean surface of the objects
being treated is then subjected to activation as
indicated at {5A and (5B. Such activation is
attained by treating the surface with an aque-
ous alkaline solution of potassium zincate. Pref-
erably this solution contains a surface tension
reducing agent or depressant of the alkaline type
whereby the surface tension of the solution is
reduced to below 50 dynes per square centimeter
and preferably to a range of between about 40
and 45 dynes. Moreover, the activating solu-
tion preferably contains an agent adapted to
suppress the sclution of silicon and copper and
zine sulphate heptahydrate, potassium selenate,
potassium tellurate and zine phosphate are ex-
amples of agents which may be suceessiully used.

The potassium zincate contained in this solu-
tion may be prepared in various manners, for
example, by the reaction of purified zine oxide
or other zinc compound with molten potassium
hydroxide or potassium monoxide; by the dissoluy-
tion of pure electrolytic zine in agqueous solu-
tions of potassium hydroxide; by the electro-
chemieal dissolution of zinc in potassium hydrox-
ide employing an alternating current of fre-
quency of 50 to 60 cycles across the electrodes
of electrolytic zine, or in the following manner:
in 82 ounces of potassium hydroxide, dissolved
in a minimum quantity of water, there is dissolved
10 ounces of zinc oxide. Separately 6 ounces of

zinc sulphate heptahydrate is dissolved in a min- 5

imum quantity of hot water to which there has
besn added 6 cunces of potassium hydroxide in
the form of a saturated solution. The two solu-
tions are then mixed together and diluted to one
gallon with distilled water. The surface ten-
sion depressant is now added and the prepared
solution is filtered before use. The mixing of
the solution repressing agent in caustic potash
solution with the solution of potassium zincate,
followed by filtration is the preferred procedure.

Preferably, the activating solution contains
85-90 oz. of KOH and 9-11 oz. of ZnO per gallon.
Caustic soda and sodium zineate is not recom-
mended since pinholes, incomplete films and oc-
clusions which form blisters follow the use of
sodium compounds. It is believed that since
sodium carbonate is readily formed and is rela-
tively insoluble in the caustic solution, such car-
bonates precipitate and act as nucles, which en-
gender blisters. Potassium carbonate, even if
formed, is five times as soluble, and it has been
found that the recommendeq solutions do not
leave microscopically small particles nor bare
spots on the activated surface.

It may be noted that the activating solution
should be free from chlorides and nitrates since
it has been found that these elements are highly
detrimental. Furthermore, attention is again
called to the preferred temperature ranges since
the combination of optimum reaction tempera-
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ture, low surface tension and presence of the
solubility depressing agent insures instantaneous
wetting of the article to be plated and instan-
taneous coverage with zine. Not only is the cov-
erage with zinc rapid but it is uniform and homo-
geneous, thereby insuring proper and uniform,
blister-free adherence of the subsequently applied
ternary alloy strike.

After the operations described hereinabove,
the object, composed essentially of aluminum, is
rinsed at 16 and subjected to the action of an
alloy strike solution at 7. Heretofore, after
the normal zinec-immersion in a sodium zincate
solution, the object was subjected to a Rochelle
type copper cyanide strike. The present process
distinguishes therefrom in excluding sodium
compounds from the step preceding a strike, and
in employing a strike solution containing zine,
copper and a metal from the group consisting
of silver, gold and indium (preferably in the
form of cyanides), under conditions which in-
sure the rapid electrodeposition of g ternary
alloy on the surface of the object. The ternary
alloy strike solution of the present invention is
distinctive not only because of the presehce of
three compatible metals which form an alloy,
but also by reason of the fact that the solution
is stabilized, buffered, has a pH of between 9 and
10 and a low surface tension. The pH range is
critical; if the pH is below 9, there is 5 tendency
to decompose the cyanides present; if the pH
is above 10, there is a decided tendency to dis-
solve zine. Solutions adjusted to this desired
range (by the controlled addition of tartarie
acid or potassium hydroxide) are extremely
stable and have changed but 0.2 pPH in a year.
The surface tension of the solution is preferably
adjusted to below about 40 dynes per square
centimeter by the use of a surface tension de-
pressant of the alkaline type.

During a strike, large guantities of hydrogen
are evolved, and the low surface tension of the
strike of this invention results in immediate
liberation of such hydrogen, perfect wetting of
the surface, and the formation of a continuous,
homogeneous and uniform flm of alloy over the
entire surface, even though the object is large
and has irregularly shaped surfaces. Effective
surface tension reducing agents can be selected
from those which are primarily aliphatic alco-
hols, and are stable in aikaline solutions: cyelic
animes or betaines containing one non-cyclic
hydrocarbon radical of 10 to 20 carbon atoms,
are examples of satisfactory agents.

The use of ammonia ag a brightener has heen
eliminated and, instead, monocethanolamine or
thiethanolamine is preferably employed, these
materials having a concurrent surface tension
reducing effect.

A typical ternary alloy strike solution, pre-
bared in accordance with this invention, com-
prises:

Potassium cuprocyanide, 4 oz. per gal.

Silver cyanide, 0.12-(0.25)-0.35 oz, per gal.

Zn cyanide (in equivalent combining quantity
of KCN), 0.8-(1.5)-1.8 oz. per gal. )

Monoethanolamine, 25—(38)-45 mj. per gal.

Surface tension depressant, 5-(10)—15 ml. per
gal,

After the above illustrative components are
dissolved in warm water, a saturated solution of
tartaric acid may be slowly added to adjust the
DPH to the range of between 9 and 10 (preferably
between 9.2 and 9.8) and the solution filtered,
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pH’ should’ be- determined: by: a- glass: electrode:.

This- ternary- strike solution: can: be used. in:
plack iron or steel tanks; the tanks.acting -as the.
anode. The solution should:be at a temperature:
of about 105° F. (=5°) when at work:. Strike
the work with current on. before. submerging the:
work. Immersion times may: Vary from:. 30 secs-
onds to as long as 90 seconds; depending: upon
the ‘morphology ‘of the. work Yeing plated. Cur-
rent densities on the order: of: those: usnally’ em=--
ployed in a. strike (say 24- gmp. per sg. It.):-can
e used initially and then rediiced. Some cir-
culation or agitation of the:solution is:«desirable;.
and the solution: should be: filtered regularly:in-
order to insure:s homogeneous, non-porous:plate:.

Generally. stated, the molecular ratios: of. the:
metals in this strike: should be. meintained. at
between about 3; to5-Ciurand: 0:15+0:3-:.Ag:to; 1. of
7n.. When indiuny is substituted: for silver-only:
0.1-0.2 Inneed beused:.

Attention is again called to the: fact that. no:
sodium compounds, chlorides. or nitrates should:
be in.the strike..

The film, resulting from. the use of: the: novel:
strike. solution. above described, is perfeetly
pbonded. to the surface of: the object and is.of
very fine grain structure, the: silver;. gold or
indium being: diffiised: throughont the. grain.
boundaries:

After the strike and. plating with: a, ternary
alloy as described,.the: ohject may: be: plated with:
any other metal in accordance with known:proec-
esses. For example, if: it is. desired to: copper
plate, as indicated at §8; the inventors prefer: to:
plate with a hot, strongly' alkaline. high . speed:
copper: solution, using temperatures: of: 180° E.,.
since. no injury- to the.aluminum: ebject results:
Potassium cuprocyanide: solutions: are. desirable;.
with the use. of® periodic cyclic: Teverse: current,
flow, since speed, consistency,. perfect: covering:
and high. corrosion resistance are -attained..

As previously stated, the ternary. strike solu~--
tion may be used on zine=hase-castings;with great
sucecess because the controlled pH precludes: solu-r
tion or attack of the zinc and: the -combination:
of components and: properties.:resultS;inz»arhighly,
effective protective: coating: of: exceptional den--
sity.
By the use of the process; conditions-and. ma--
terials disclosed herein, objects. composed: essenr-

tially of aluminum (this phrase: including both:

relatively pure aluminum. and: its: alloys) can:be:
plated. effectively. with. less than 2%: or 5%: off
rejects. Objects plated by this invention: have:
not shown blistering with age: and have.success-
fully withstood 72. hours of an acecelerated: salt.
spray test.

All changes; adaptations, uses: and: modifica~
tions coming within the scope of the- appended.
claims are embraced: thereby:

We claim:

1. A method of providing objects, composed:
essentially of aluminum, with a tenaciously ad-
herent, fine grained alloy plating, comprising:
etching the degreased surface of- objects com=-
posed essentially of aluminum- with an ‘agueous
solution of alkali hydroxide and alkali: fluoride
and rinsing the etched surface; then treating:
the surface with diluted nitric acid-and ripsing
the surface; then forming a thin, adherent film
of zine-on such treated surface;. rinsing the acti-
vated surface and electroplating the: activated.
surface with an agueous strike solution contain=-
ing cyanides of copper, zine: and:-a:-metal from:
the-group-consisting: of silver, -gold: and indium,
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while: imposing an: electrical: current: upon: the-
objects;.said: strike:solution: having. a. pH: of be=
tween 9:and.10 and: a surface tension. below: 45
dynes per sguare centimeter.

9. A method of the character stated-in claim 1.
wherein. the:strike: solution is:virtually. free. from:
sodinm’ compounds; chlorides. and nitrates.

3. A.method of the character stated in claim X
wherein: the: strike:solution: is at a temperature:
of between about.100° F. and 1107 F.

4; A methodof the character: stated in claim 1
wherein the strike solution is virtually free from
sodium compounds; chlorides. and: nitrates and
is at a temperature of between about 100° F..and.

110 F

5. A method of providing: objeets;. composed:
essentially: of aluminum, with-a. tenaciously ad=-
herent, fine: grained. alloy- plating; comprising:
etching  the: degreased’ surface. of’ cbjeets: com-
posed:-essentially of: aluminum with: an aqueous.
solution of alkali hydroxide and alkali fluoride
at 9 temperature of: between: about 125° 7. and
145° B, said-solution containing from about-0.75
oz. to: 4.0z of sodium fluoride per gallon, and:

5 rinsing- the etched- surface;: then treating the:

surface-with dituted: nitric acid- and rinsing the:
surface;: then forming & thin, adherent film: of
zine -on such treated surface by immersion in an:
aqueous, alkaline solution. of potassium zincate:
containing a- solution. depressant for -silicon and:
copper;. and. & surface: tension- depressant, at a
temperature-of about:80° T. and'105° F.; rinsing;
the-activated surface-and-electroplating the-acti-
vated.surface in an. agueous sfrike solution con-
taining: cyanides. of. copper;. zinc. -and . a. metal
from: the. group- consisting: of’ silver; gold. and:
indinm; said strike solution: having a. pH of be-
tween 9: and 10- and a.surface tension below. 45
dynes per-square centimeter..

8. A method of the-character stated in. claim-5
wherein . the strike-solution-is virtually-free: from-
sodium compounds, chlorides- and nitrates:

7. A.method of the-character stated in: claim 5:
wherein the -strike: solution ‘is.at a: temperature:
of between about 100° P. and:110° F.

8. A method of the-character-stated in.claim 5:
wherein. the strike-selution. is: virtually free from:
sodium. compounds; chlorides- and nitrates. and:
is-ab.a temperature-of between gbout.100° F. and:
110° E.

0. A. method: of. the: character: stated. in. claim.
5.wherein.the solution depressant. for sjlicon and
copper. is zine, sulphate. :

10.. A method of. the character stated:in claim 5.
wherein the agueous, alkaline solution of potas~
sium: zineate. is virtually. free. from sodium com-
pounds, chlorides and nitrates, and has a surface.
tension below 50: dynes per square. centimeter.

11.. In the plating of -objects-consisting-essen--
tially. of aluminum provided with a zinc surface.
film: .and. zine-base: castings, the. formation of
an-alloy strike-depesitupon the:surfaces: of such:
objects and-castings from. an ‘aqueous strike so=
lution having . pH of between 9 and 10 and &
surface. tension: of below. 45 dynes per square.

centimeter; while imposing an. electrical current

upon. the. objects, said solution containing cy=
anides. of copper, zine: and. a. metal from the.
group consisting of: silver, gold-and indium.

12. A process. of: the «character stated in claim
11, wherein-thestrike solution-contains potassium:
cyanide and potassium:hydroxide and is virtually
free from sodium compounds, chlorides -and
nitrates..

. 13:. A process.of the character stated in claim
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11 wherein the strike solution is maintained at
a temperature of between about 100° F. and
110° .

14. A process of the character stated in claim
11 wherein the solution contains monoethanol-
amine as a brightener.

15. A method of providing objects, composed
essentially of aluminum, with a tenaciously ad-
herent, fine grained alloy plating, comprising:
etching the degreased surface of objects composed
essentially of aluminum with an aqueous solu-
tion of alkali and alkali fluoride and rinsing the
etched surface; then treating the surface with
diluted nitrie acid and rinsing the surface; then
forming a thin adherent film of zinc on such
treated surface by immersion in an agueous po-
tassium zincate bath virtually free from sodium
compounds; rinsing the activated surface and
electroplating the activated surface in an aqueous
strike solution containing cyanides of copper,
zinc and & metal from the group consisting of
silver, gold and indium, said strike solution hav-
ing a pH of between 9 and 10 and being virtually
free from sodium compounds, chlorides and
nitrates.

16. A method of the character stated in claim
1 wherein the etch solution contains sodium hy-
droxide and from about .75 oz. to 4.0 oz. sodium
fluoride per gallon.

] EDWIN R. CALDERON.
GEORGE W. SLOMIN.
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