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This invention relates to electroplating metals
and more particularly to a method of producing
bright, smooth coatings of electroplated tin, cad-
mium, zinc and their alloys.

Electroplated coatings of tin, cadmium, zinc
and alloys of these metals when taken directly
from the electroplating bath ordinarily have a
dull finish and are very susceptible to finger-
staining and to tarnishing. ¥or most purposes
a bright, non-tarnishing finish is desirable. Or-
dinarily such electroplated coating is brightened
by buffing and polishing; this, however, does not
substantially reduce the tendency to tarnish.

Coatings of these metals, having a bright ap-
pearance, also may be obtained by dipping the
metal articles to be coated in a molten bath of
the coating metal.. In order to obtain a smooth,
uniform and bright surface by this method it is
usually necessary to further treat the coated
articles, e. g. by rolling, wiping or other treat-
ment to remove excess metal and smooth the

' coatings. While this. hot dipping method of

o
St

30

35

40

&
[}

coating metals is capable of producing a bright,
smooth surface, it has a number of disadvan-
tages. In the first place, when iron or steel
articles are thus coated, careful and tedious prep-
aration of the metal surface to remove oxide
and other impurities are necessary before the
metal is hot dipped in order to obtain a smooth
adherent coat. These preliminary steps include
pickling operations and annealing. Furthermore,
1;3tals which are coated by hot dipping have a
relatively thin layer of coated metal because of
the fact that the molten metal has a relatively
low viscosity and when the article is removed
from the hot dipping bath excess metal drains
off, leaving a relatively thin coating on the arti-
cle. The thickness of the coating is further re-
duced when a wiping or rolling operation is used.
Hot dipping methods are also in general not
readily applicable to odd shaped or deeply re-
cessed articles. Frequently great difficulty is en-
countered in hot dipping methods because the
metal to be coated tends to dissolve in the coat-
ing metal so that the coating metal bath becomes
rapidly contaminated. ’

In many cases an electroplating process is
preferable for coating metals because less prepa-
ration of the metal prior to plating is required
and a thicker coating may be obtained. How-
ever, heretofore no entirely satisfactory process
has been proposed for producing bright electro-
plated coatings of soft metals such as tin, cad-
mium or zine. While bright electroplated coat-

ings may be obtained. by plating under certain -

carefully controlled conditions or by buffing and
polishing, such plates are very easily tarnished
and finger-stained. While it is possible to obtain
a bright surface on a plated article by buffing
and polishing without undue removal of coated
metal, it is difficult and usually impractical to
obtain a uniform bright coat on articles of irreg-
ular shape because of the difficulty of buffing
and polishing deep depressions and irregular -
surfaces.

An object of the present invention is to pro-
duce smooth, bright, electroplated coatings of
fusible metals such as tin, zinc, cadmium or their
alloys without the use of mechanical polishing
operations, bath addition agents, etc. A further
object is to produce such coatings on iron or
steel. A still further object is to produce electro-
plated coatings of tin, cadmium, zinc or their
alloys on iron or steel which coatings have supe-
rior adherence to the base metal and increased
corrosion resistance. Other objects will appear
from the following description of my invention.

The above objects are accomplished by elec-

troplating metallic articles with metals fusible :

below the melting point of the base and subject~
ing the electroplated articles to a heat treatment
under substantially non-oxidizing conditions at
a temperature above the melting point of the

coated metal. Preferably the coated metal is ¢

heated to a temperature slightly above its melt-
Ing point for a short time, for example 10 to 30
seconds. My invention also comprises a novel
method of pickling iron or steel articles prior to

_electroplating as hereinafter described which re-

sults in a superior electroplated coating. By
these novel methods I have obtained smooth,
bright coatings of zinc, cadmium, tin and their
alloys which are characterized by having a low
degree of porosity. '

I am aware that it has been proposed to im-
prove electroplated cnatings by the application
of heat, However, so far as I am aware, hereto-
fore it has not been proposed to electroplate met-
als and subsequently heat the electroplated sur-.
face to a temperature above the melting point
under substantially non-oxidizing conditions to
obtain the smooth, bright, oxide-free coating
which characterizes my invention.

I have discovered that when heavy base metals
such as iron, copper or brass are electroplated
with metals having a melting point lower than
the base metal, such as zine, cadmium, tin or
their alloys and the electroplated article is sub-
sequently heated under substantially non-oxi-
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dizing conditions to a temperature above the
melting point of the base metal, a bright smooth
plate is obtained which has a low degree .of
porosity. Such plate is similar in appearance to
that obtained by the best methods of hot dip-
ping or hot galvanizing and may be made of g
much greater thickness. I have further dis-
covered that such base metals, especially iron or
steel may be plated with improved results if
prior to plating the metal is treated with a
strong acid to such extent that a distinct and
uniform etching corrosion of the surface is ob-
tained, followed by an alkaline treatment. With
such pretreatment, the sdherence of the plated
coating is improved and the porosity of the plate
is materially decreased. I have further found
that when such pretreated metal is plated with
tin, cadmium, zine or their alloys and the plated
coating is heat treated to a temperature abhove its
melting point as described above, the resulting
plate is smocther and more uniform than is the
case when the base metal is not so etched and
alkali treated prior to plating.

The above-mentioned etching prior to electro-
plating is especially useful in obtaining adherent,
non-porous coatings of tin or the rust-resisting
metals on cold-rolled sheet steel. Cold-rolled
steel ordinarily has .a bright, smooth surface.
When bright, cold-rolled steel is electroplated for

‘example with tin, the plated metal has relatively

poor adherence and corrosion resistance. How-
ever, if the steel is previously treated with acid
and alkali as described above, the electroplated
tin has good adherence to the base and the cor-
rosion resistance is markedly improved, without
increasing the depth of the electroplated layer.
These improved results are especially marked
when the electroplated coating is in the neigh-
borhood of 0.0001 inch thick or heavier.

One method of practicing my invention wiil be
illustrated by reference to the production of a
smooth, bright coating of tin or tin alloy on
steel. The surface of the steel after suitably
cleaning to remove grease and dirt, is first
treated by immersion in a strong acid solution
preferably at an elevated temperature, e. g.
100-200° F., until the surface of the metal is dis-
tinctly etched so that a uniformly etched or cor-
roded surface is plainly visible to the unaided
eye. The steel is then treated with an alkaline
solution, preferably by making the steel the
anode in an alkaline cyanide bath and applying a
moderate electric current for a minute or two.
The treated steel is electroplated with tin or tin
alloy by any suitable method to produce a tin
layer of the described thickness. I prefer to elec-
troplate from an alkaline solution, especially by
the methods described in U, S. Patents 1,841,978
and 1,919,000, These or similar methods may be
used for plating tin or tin alloys on the treated
iron or steel.

After the desired thickness of tin or tin alloy
has been placed on the steel, the article is
heated under substantially non-oxidizing con-
ditions to a temperature above t.v: melting point
of the tin or tin alloy coating. If the coating is
of substantially pure tin (which melts at about
450° F.), heating may be to a temperature of
about 460 to 500° F. for a period of ten to thitty
seconds.

Various known means of heating under non-
oxidizing conditions may be utilized in order to
carry out my invention. - For some work and with
relatively low melting coatings I have found a
bath of molten tallow to be suitable; for other
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pieces and especially for -continuous operation,
or high melting coatings, a muffle furnace hav-
ing an atmosphere of a non-oxidizing gas such as
hydrogen or nitrogen or a furnace having small
openings for the entrance of the articles to be
heated and provided with means for continuous-
ly maintaining a substantially non-oxidizing at-
mosphere of such non-oxidizing gas may be
utilized.

My invention will be further illustrated by the
following examples.

-Ezxample 1

Samples of cold rolled sheet steel (automobile
body stock) were first freed from grease and
dirt by cleaning in an alkaline electrolytic clean-
er confaining:

Oz./gal
Sodium cyanide_ 2
Caustic 8008 e ————— 2
Trisodium phosphate. ... __________ 4

Temperature of solution—160°~180° F., making
it cathode and anode alternately, until entirely
free from grease and dirt.

The samples then were pickled in a sulfuric
acid solution containing 15% by volume of sul-
furic acid (66° Bé.) at a temperature of 70°-90°
C. for a period of 4 minutes. Aside from the re-
moval of oxide or scale, the pickling was contin-
ued until the rolled surface layer was removed
and a distinct etching was visible to the naked
eye.

The samples then were water rinsed and fur-
ther treated electrolytically in a sodium cyanide
solution containing 4 oz./gal. of NaCN at 140°~
160° F'., by making it the anode at 100 A/SF for
1 minute. After this treatment the samples
again were water rinsed and then tin plated in
an adlkaline tin solution containing:

Oz./gal
Sodium stannate _______ . __ . _______ 12
Caustic s0da oo 1
Sodium acetate 2
Hydrogen peroxide (100 vol.) ... _____ Ya

Data

ANode o Straits tin
Ratio of anode to cathode area_________. 3to1l

BEMP " 4.0 to 6.0 volts
Temperature of solution....__.____ 60° to 80° C.
Time of plating____________.__ 3 to 20 minutes

Thicknesses of 0.00005’’ to 0.0004’’ of tin were
produced.

Following the plating, the samples were rinsed
in cold and hot water and dried. The dry
samples were immersed for 10 to 20 seconds in
a molten tallow bath at a temperature of 240°—
260° C. This treatment produced bright, smooth
coatings of tin similar in appearance and hard-
ness to that produced by hot tinning processes.

Example 2

Samples of cold rolled sheet steel were cleaned
and then treated with acid and cyanide solution
as described in Example 1. The treated samples
were placed in an acid tin solution made up as
follows:

Oz./gal.
Sodium stannate ..o ____________ 6
Sulfuric acid oo _____ 16
Cresylic acid . ____ 1
GlUE e e Ya

10 to 50 A/SF
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Data , ~ ' Example 7
ANOAES e e = Straits tin : -
X samples of sheet brass and copper were first
Ratio of anode to cathode area._-—-.--- 3tol , <

Cathode current Qensity————----- & to 60 A/SF cleaned by making them cathodes for 3 to 5
B M. P 2.0 to 4.0 volts

Termperature of .
solution - cccee—ao normal room temperature
Time of plating - ——cenommwmm 3.0 to 20 minutes
“Thickness of coatings.__—-- 0.00005’* to 0.0004"’

Following the plating, the samples were heated

“in a tallow bath as described in Example 1, with

substantially identical results.

Example 3

Cold rolled sheet steel samples were _treated,
plated and heat treated as described in Ex-
ample 1, except that the following acid solu-

tion was used to etch the steel:

= (o) O 1 part by volume
Water e o cmm e mm e 1 part by volume
Temperature of solution. - cccmee- 70° to 90° C.
Time of iMMmersion_ _.o-cccm--- 2 to 5 minutes
Example ¢ '

The procedure of Example 3 was repeated ex-
cept that the following acid solution was used
to etch the steel:

HNO3 (CONC.) moocommmmm ==
sulfuric (CONC.) ——eomeem oo

1 part by volume
1 part by volume

Water oo m == 4 parts by volume
Temperature_ - —---- normal room temperature

Time of immersion..—.-- 30 seconds to 2 minutes -

Example 5

Samples of hot rolled steel were first: freed

from grease and dirt by cleaning at 160° to 180°
F. in an alkaline electrolytic cleaner containing:

: " Qz./gal.
Sodium cyanide o -oomeommmmmsmmomim o 2
Caustic 50da —-om—mommmmmmmmmmmmmmm T o 2
Trisodium phosphate —------m--em-omomoommo 4

The work was made cathode and anode alter-
nately until entirely free from grease and dirt.

The samples were then pickled in a sulfuric
acid solution containing 15% by volume of sul-
furic acid (66° Bé) at a temperature of 70° to
90° for a period of 1 to 3 minutes so that all
fire scale was removed and etching was plainly
visible to the naked eye.

The samples were then water rinsed and fur-
ther treated in a warm sodium cyanide solution
containing 8 oz./gal. of NaCN at 140° to 160° F.,
by making them anodes -at a current density of
50 to 100 A/SF for 1 minute. After this treat-
ment, the samples were plated and heat treated
as in- Example 1, with substantially the same re-
sults.

Example 6

In place of the anodic cyanide treatment -

" mentioned in the foregoing examples, sheet

steel samples, after pbeing etched in various acid
solutions, were subjected to anodic treatment at
about 70° C. in a solution containing:

Oz./gal.
Sodium hydroxide --—-—-mm-mmoommemmmmmmooo 2
Sodium carbonate ----o----emommsommmmmmmT 4

The anodic treatment was continued for 1 to 2
minutes at a current density of 50 to 100 A/SF.
The samples were then plated and heat treated
as in Example 1, with the same results.

“mersed for 3 minutes at 140°

minutes at 160° to 180° F. in an alkaline solution
containing:

: : Oz./gal.
Sodium cyanide - —--eeepmmmmmmmmmmm e m = 2
Trisodium phosphate_ . - ccemmammmmmmamm- 2
Caustic 5048 -ccccmmmmmimmmmmm o mmmm 4

The cathode current density was 50 to 100 A/SF.
After water rinsing, the samples were pickled at
140° to 160° F. for 2 to 4 minutes in a solution

containing:

Part by volume
WALET oo mmmmm e e 1
Muriatic 8cid -om e m e 1

rinsed and im-
. in a solution
contain’ng 4 oz./gal. of sodium cyanide. The
treated samples then were plated and heat treat-
ed as in Example 1. )

The samples then were water

Example 8

. Samples of sheet brass and copper, cleaned as
described in Example 7, were treated in the fol-

‘lowing solution:

Cc./Li
Sulfuric acid 66° Bé. o omecemememem oo 530
Nitric acid 42° Béo - —cmmmmm = 160
Hydrochloric acid 24° Bbe e 0.75
TWALEr oo ooeem e mmmmmmm e 320

After the acid treatment, the samples were
jimmersed in a sodium cyanide solution contain-
ing 4 oz./gal. of sodium cyanide for 3 minutes at
a temperature of 140° C. The samples then were
plated and heat treated as described in Example
1, with similar results.

Ezxample 9

Pieces of cold-rolled sheet steel were first
cleaned to remove grease and dirt as in Example
1. 'They were then plated without previous acid
etching or alkali treatment in a tin solution simi-
lar to that of Example 1 to which had been add-
ed about % oz./gal. of cadmium oxide dissolved
in sodium cyanide solution. The plated coatings
had a thickness of 0.0001’ to 0.0004’’. After
plating, the coatings were treated in molten tal-
low at about 260° C. Evidence of the presence
of cadmium in the coating was presented by the
fact that the coatings melted below 231° C., the
melting point of tin.

Bright deposits of cadmium-tin alloys were
produced in all cases by the heat treatment.
However, the coatings were lumpy, due to the
omission of the acid etch and alkali treatment.

Example 10

Pieces of cold-rolled sheet steel were degreased
as in Example 1. They were then etched for 3
to 5 .minutes in a 15% solution of H2S04 at a
temperature of 70° to 90° C. After the acid
treatment, the pieces were water rinsed and then
treated anodically in a sodium cyanide solution
(6 o0z./gal.) at 140°-to 160° F., using a current
density of 50 to 100 A/SF for 1 minute. After
water rinsing the pieces were then plated in the
tin-cadmium bath described in Example 9.
Upon heat treatment in tallow as described in
Example 9, adherent,. bright coatings of cad-
mium-tin alloy were obtained. These coatings
were smooth and entirely free from lumps.
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Example 11

Pieces of cold-rolled sheet steel were degreased
as described in Example 1. They were then acid
etched as described in Example 13. Following
this the same anodie treatment as in Example 13
was used.

The pieces were then plated with tin as de-
scribed in Example 1 to g thickness of 0.0001'" to
0.0003"*. Following this, they were plated with

cadmium from a solution containing:

Oz./gal
Cadmium-oxide.________________ ™7 4
Sodium eyanide ___________ 77T 10
Sedium hydroxide..__._______ T 1

Data
Anmodes .______________ Cadmium
Cathode current density._______ 20 to 30 H/SF
Temperature________ Normal room temperature

Coatings of cadmium 0.0001"’ to 0.0003"’: thick
were applied to the previously plated tin coating
so that the total thickness of the coatings varied
between 0.0002’* and 0.00006’’. 'These coatings
were then heat treated in tallow at 200° to
300° C.

Adherent bright coatings of tin-cadmium al-
loy, free from lumps or runs were obtained.

Example 12

Pieces of cold-rolled steel were prepared and
plated with 0.0001’’ to 0.0003’’ of tin as described
in Example 11, Following the tin plating, the
samples were zinc plated in a solution contain-
ing:

Oz./gal

Zinc cyanide_._.._____________ " -5

Sodium eyanide..._________TTTTTTTTTTTTC 3

Sodium hydroxide..._.__________ """ 4
Data

Anmodes _____________ Zinc

Cathode current density___.____ 20 to 30 H/SF

Temperature_________ """ 40° to 50° (.

The tin plated pieces were zinc plated with
0.0001"" to 0.0002"" of zine.

Upon being heat treated in tallow at 200° C.

" to 300° C., adherent, bright coatings of tin-zing
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alloy were obtained. The coatings were Iree
from lumps and other imperfections.

Ezxample 13

Pieces of hot-rolled sheet steel were degreased
in an alkaline electrolytic cleaner and then acid-
pickled to remove rust and fire scale unti] g
clean surface wag .obtained. Following the pick-
ling, the pieces were Immersed in a NaCN solu-
tion (6 oz./gal.) and cleaned anodically for 1
minute using 50 to 100 A/SP,

The samples were then plated as described in
Example 11 with 0.0002"’ to 0.0003"’ of cadmium.
The cadmium plated pieces were then plated in
& zine solution as described in Example 12 with
0.0001"" to 0.0002"’ of zinc. The double plated
pieces were then treated in tallow at 260° to
300° C. Adherent bright coatings of cadmium-
zinc alloy were obtained free from lumps and
other imperfections.

As mentioned above, in practicing my process
I prefer to treat the metal to be plated, especia]l-
ly iron or steel, first with a strong acid under
such conditions and for such length of time that
a decided visible etching corrosion of the metal
Is obtained and then to treat the metal with
an alkaline solution. This method of pre-treat-

-If desired, the

2,078,869

ment of iron and steel markedly decreases the
porosity of the electroplated coating and hence
increases the corrosion resistance of the plate.
This effect is not limited to the low-melting met-
als such as tin, zine or cadmium; for example,
I have found: that the corrosion resistance of
nickel plate is improved by this pre-treatment.
Furthermore, when it Is desired to subsequently
heat treat the electroplated coating by the here-
in described method, this preliminary etching
and alkaline treatment assists in producing a
smooth coating of the final product, especially
when the electroplated coating is relatively thick.
If such relatively thick coatings are heat treat-
ed subsequent to plating without ‘this prelim-
inary treatment, the final coating sometimes has
certain irregularities or lumpiness, apparently
caused by an uneven flow of the molten electro-
plated coating during the heat treatment and/or
a failure of the plated metal to adhere well to
the base metal, Also, if the meta] is thus etched
but the alkaline treatment ig omitted, the de-

However, it
etching ang
improve the

quality of the plate in any case.

The extent to Wwhich the base metal should be .

acid etched during the breliminary treatment
may vary, depending on the nature of the base
metal. That is, in some cases, the minimum
etching may pe sufficient for the best results.
The proper minimum time for treatment in the
etching acid may be readily det rmined by sim-
ple trials, but usually the etching {

drochlorie acid,
acids may be utilized. I prefer
acid in concentrations of 15 to 3
acid may be useq
and the article to be etched made
an eclectrolytic system. However,
lytic method of etching ordinarily

as electrolyte
the anode in
this electro-
offers little

wide range,
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to produce the required etching effect. I prefer
to use a strong acid solution, that is about 2 nor-
mal to 6 normal strength and carry out the
etching operation at an elévated temperature,
for example 100 to 200° F.

The time required to etch the metal with acid
and/or the {ype of acid or acid mixture required
may vary, depending on the nature of the metal.
The kind of acid required to corrode a given
metal will be apparent to one having a knowledge
of chemistry. We have found that different sam-
ples of cold-rolled steel require different acid
treatments in order to-obtain a satisfactory etch-
ing. These differences apparently depend partly
upon the constitution of the steel and partly on
the heat treatment and mechanical working to
which it has been subjected. The best method
of etching a given sample may easily be deter-
mined by simple trials with various acids or mix-
tures at.various temperatures. When it is de-
sired to produce a mirror-like plate by the herein
described heat treatment after plating, the steel
should not be etched too drastically. However,
even when the steel is drastically etched, the heat
treatment subsequent to plating produces a dis-
tinet brightening and a smooth, dense plate.

. Various alkaline aqueous solutions are suitable

for the alkali treatment following the above de-

scribed etching operation. I have found that in
general the best results.are obtained when the al-
xaline bath contains substantial amounts of an al-
kali metal cyanide; if desired, a solution of alkali
metal cyanide alone may be used or sodium hy-
droxide or other alkaline materials may be added.
I prefer to use a cyanide solution containing 2 to
10 oz. per gal. of sodium cyanide as an electrolytic
cleaning bath, wherein the work to be treated is
preferably made the anode and using an anode
current density of up to around 100 amps. per
sq. ft. The best results generally are secured by
keeping the bath hot, e. g. at a temperature of
140° to 160° F. and using an anode current den-
sity of 50 to 80 amps. per sq. ft. Various other
alkaline solutions may be used for such electro-
Iytic treatment. The time of treatment may be
varied widely; ordinarily ' to 3 minutes is suf-
ficient when the electrolytic method is used. If
the alkaline bath is used without the aid of the
electric current, a somewhat longer time of treat-
ment usually will be required, e. g. up to arcund

- 30 minutes.

As mentioned above, my process is suitable for
coating metals with alloys of tin, cadmium, or
zinc as well as the pure metals. Various other
relatively fusible metals or alloys, e. g. lead or lead
alloys, may be utilized in my -invention. "The
alloy coatings may be obtained by electro-
plating the alloy from electrolytes containing
salts of alloy constituents. An alloy coating also
may be obtained in accordance with my invention
by plating out the metals to be alloyed in two or
more separate layers and. then subjecting the
electroplated article to the-above described heat
treatment under: non-oxidizing conditions. For
cxample, an article may be plated with a layer of
tin and then with a layer of cadmium or the tin
may be deposited on the cadmium plate and the
article thus double plated subjected to a heat
treatment under non-oxidizing conditions at a
temperature slightly above the melting point of
the resulting tin-cadmium alloy. Likewise, other

metuls may be alloyed by this method with tin,

cadmium or zinc; for example, & tin-copper alloy
may be made by first plating the article with tin
and then with a light copper plate and subject-

5

ing the electropléted articles to the ahove de-

scribed heat treatment. In this case, in order to

produce a tin-copper alloy at the surface, it is
essential that the copper be plated over the tin.
If the tin is plated over the copper, I have found
thdt complete alloying of the copper and tin can-
not be obtained without the use of a heat treat-
ment at a temperature far above the melting
point of tin. Such high temperatures are in
many cases impracticable to use because of the
effect they may have on the base metal. Hence,
in general when it is desired to produce an alloy
¢f tin. cadmium, or zinc with another metal such
as copper or silver, which has a markedly higher
melting point, by means of the multiple plating
method, I prefer to plate the higher meiting
metal as the exterior coat prior to heat treating.

Various known methods of heat treating under
non-oxidizing atmosphere may be used; I prefer
to use a bath of hot tallow, or other high boiling
liquids, fused salts or the like, or a furnace which
is continuously provided with an atmosphere of
oxygen-free hydrogen. Obviously these preferred
methods may be modified by using other suitable
non-oxidizing liquid or gaseous media.

An advantage of my herein described inven-
tion is that it results in a smooth, bright plated
coating which has superior corrosion resistant
properties. The coating has the density, hard-

ness, low degree of porosity and bright appear-

ance which are characteristic of hot dipped coat-
ings and furthermore, my coatings may be made
of greater thickness than by hot dipping methods.
Also, the step of heat treating subsequent to plat-
ing in accordance with my invention simplifies the
electroplating operation, since it eliminates the
need of originally obtaining plates having the
best color and general -appearance. The heat
treatment brightens the dullest plates substan-
tially as well as the brighter ones. Hence it is

necessary only to regulate the electroplating bath -

to obtain plating suitable for heat treatment.
Furthermore, my improved method of freating
metal prior to plating is advantageous not only

-in producing superior coatings by heat treating

subsequent to plating, but also improves the elec-
troplate itself as regards adherence and corrosion

. resistance. Hence, improved results may be ob-

tained by this method without heat treating sub-
sequent to plating.
I claim:
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1. A process for producing an alloy coating on -

a ferrous metal comprising treating said ferrous
metal with an acid until the surface thereof is
visibly etched, then treating said metal with an
alkaline solution for a period of at least 3 min-
utes, electroplating the treated metal with a plu-
rality of different metals applied in successive
layers and finally heating the electroplated sur-
face under substantially non-oxidizing conditions
to a temperature sufficiently high to cause the said
electroplated layers to substantially completely
fuse together to form an alloy coating.

2. A process for producing an alloy coating on
a ferrous metal comprising treating said fer-

_rous metal with an acid until the surface thereof

is visibly etched, then subjecting said metal to
anodic treatment in an alkaline solution, electro-
plating the treated metal with a plurality of dif-
ferent metals applied in- successive layers and
finally heating the electroplated surface under
substantially non-oxidizing conditions to a tem-
perature sufficiently high to cause the said elec-
troplated layers to substantially completely fuse

_together to form an alloy coating.
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3. A process for producing an alloy coating on
a ferrous metal comprising treating said ferrous

metal with an acld until the surface thereof is -

visibly etched, then subjecting said metal to
anodic treatment in an alkaline solution, elec-
troplating the treated metal first with o layer of
tin and then with a relatively thin layer of cop-

per and finally heating the electroplated surface
to a sufficiently elevated temperature to cause
said copper layer to substantially completely al-
loy with said tin layer, whereby a tin-copper
alloy surface is obtained.

FLOYD F. OPLINGER.
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