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2 Claims.
1

The invention relates to the provision of an
alloy coating or ply on suitable base metal ma-
terial, such as strip, sheet, wire, or articles, and
more particularly to a new and improved pro-
cedure for providing an alloy coating on con-
tinuous strip; and this application is a continua-
tion in part of my co-pending application, Serial
No. 311,930, filed December 30, 1939, and entitled
Production of alloy coating on base metal mate-
rial, and of my prior applications, Serial No.
55,917, flled December 23, 1935, and Serial No.
127,776, filed February 25, 1937, now Patent No.
2,266,330, granted December 16, 1941, of which the
aforesaid application, Serial No. 311,930, was a
continuation-in-part. Applications Serial Nos.
55,917 and 311,930 are now abandoned.

In one aspect, the invention deals with the pro-
duction of an alloy coating or coatings on base
metal material having improved characteristics.

I have determined that a number of factors and
limitatfons hinder the provision of a satisfactory
type of alloy coating. In the first place, the
provision of an alloy coating by direct electro-
plating has not been entirely satisfactory from a
commercial standpoint. Taking brass as an ex-
ample I will consider some factors involved in
plating it as an alloy on a suitable base metal.

An alkaline bath contalning the two metals,
namely, copper and zinc cyanide, is employed.
Such a bath can only operate at low current den-
sities and also at low cathodic efficiency. As a
result, the operation takes an extremely long time
for coating an ordinary thickness of brass and
even then the characteristics of the coating are
far from satisfactory.

I am aware that the Rubin Patent No.
2,115,749 discloses electroplating separate coat-
ings of desired metals on a ferrous article and sub-
sequently heat treating the coated article in a
reducing atmosphere to alloy the coated metals,
but said patent teaches heat treating a copper-
zinc coating at temperatures anywhere between
700° F. to 1500° F. for a period of about 10 to 30
minutes.

I have determined that heat treating such a
coating by starting at a temperature within the
given range, say, at 850° F., and maintaining
that temperature for 10 to 30 minutes, produces
a rough and unsatisfactory surface because the
outer layer of zinc starts to melt before alloying
can take place. Moreover, I have determined that
if the proportions of copper and zine are such
that the final alloy contains more than 60% zine,
as the heat treating temperature approaches
1500° F., the coating will melt on the surface of
. the base metal and produce a rough surface.

I am likewise aware that the Rubin Patent No.
2,304,709 discloses electroplating separate coat-
ings of copper and tin on & ferrous article and
then heat treating to alloy the coating metals, but
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said patent teaches that the heat treating can
be started and maintained at a temperature any-
where from 400° F. to 2000° F. I have deter-
mined that heat treating a copper-tin coating at
temperatures anything like 2000° F., according to
the teaching of this latter patent, will produce &
rough coating due to the melting of the outer
coating layer of tin.

Since neither of these Rubin patents mentions
obtaining a smooth coating, and the heat treat-
ing temperatures given obviously cause melting of
the coating, it is apparent that the said Rubin
patents were not concerned with the production
of a smooth alloy coating.

It is an object of the present invention to pro-
vide an improved method of producing alloy coat-
Ings which are smooth, homogenous, and ad-
herent.

When the heat treatment is carried out over
too long a time period, or at too high tempera-
tures, or both, the inner copper layer of a copper
alloy coating forms a copper-iron alloy with the
base metal, and this lessens the effective thick-
ness of the base metal and reduces the ability of
the coated metal base to withstand subsequent
working or drawing operations.

Therefore, another subject of the present in-
vention is to provide an improved method of pro-
ducing alloy coatings on ferrous material with-
out reducing the effective thickness of the base
metal or disadvantageously affecting its charac-
teristics. :

I have discovered that in order to produce sat-
isfactory, smooth, homogenous alloy coatings from
separate layers, it is absolutely necessary to pro-
vide proper proportions of the alloying metals, to
correlate the thickness of the layers and the
time of heat treatment, and to correlate the heat
treating temperatures, patricularly starting tem-
peratures, to the melting point of the lowest melt-
ing point coating metal, and to the lowest melt-
ing point of the alloy being formed in the coating.

Furthermore, I discovered that under such time
conditions, the intermediate or inner layer of
coating forms a copper-iron alloy which thus
lessens the effective thickness of the base metal
material and further destroys desired character-
istics of the product in that this additional alloy
layer has its own distinct characteristics. An
important point is that the thickness of the base
metal which must withstand the strain during
the after-working or drawing operation is mate-
rially lessened and weakened. The time period
involved tends to increase the size of the crystal

- structure of the base metal,

Accordingly, it is another object of the present
invention to provide an improved method where-
by two or more layers of two or more metals can
be completely diffused to form a smooth and high-
ly satisfactory alloy coating on g ferrous metal
base material or strip.
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Another object has been to solve the problems
involved in the art relative to the provision of a
suitable ailoy coating on ferrous strip material.

A further object has been to provide a proc-
ess for providing slloy coatings which can be car-
ried out on a commercial basis, and more particu-
larly in a continucus line operation.

These and many other objects will appear to
those skilled in the art from the description here-
in, the drawings, and the appended claims.

In the drawings, .

Figure 1 is a diagrammatic cross sectional view
of a base metal piece coated with two thin elec-
trodeposited layers {o form a bimetal alloy coat-
ng,;

Fig. 2 is 2 similar view showing the article of
Fig. 1 after complete diffusion of the coating lay-
ers has taken place to form a relatively thin alloy
coating;

Fig. 3 is 2 diagrammadtic cross sectional view of
a base metal piece coated with five alternate thin
layers of two different metals o form a bimetal
alloy coating which is fhicker than that of Fig. 1:

Fig, 4 is g similar view showing the article of
Fig. 3 after complete diffusion of the coating
layers has taken place;

Fig. 5 is a view simiar o Fig. 3, showing a base
metal piece coated with thin individual layers
of four different metals suitable for forming a
bearing alloy;

g, § is g similar view showing the product of
Fig. 5 after complete diffusion has taken place;
and

Fig. 7 is a copper-tin constitution diagram.

Similar
throughout the drawings.

‘As will be hereinafter shown, the principles of
the present invention can be applied {o the fah-
ricating of an alloy coating or coatings on a base
metal material providing certain factors are
present, and the invention is particularly valu-
able in providing improved bimetal alloy coating.
Examples of such bimetal alloys are:

Brass (copper-zinc), bronze (copper-tin),
terne metal (fin-lead), Monel metal (nickel-
copper), and various other alloys such as are
formed by the use of nickel-tin, chromium-tin,
nickel-zinc, nickel-lead, nickel-chromium, nick-
el-iron, " manganese-zine, - iron-tungsten, cad-
cadmium-iron,
bismuth-lead, and bismuth-tin.

Examples of alloy coatings of more than two
metals are tin-antimony-lead-copper, tin-anti-
mony-nickel-lead-tin-copper, copper-zinc-tin,
nickel-zine-copper-silver-cobalt-copper, etce.

Broadly, any number of metals may be used as
long as the metals are plated in the correct pro-
portions of the total weight of the alloy desired
to be formed, and the temperatures kept below
the melting point of the lowest melting peint
alloy being formed.

Thus, the present invention involves a suitable
method and order of coating individual metals
which are applied in suitable proportions to pro-
vide the desired alloy type of coating.

Where a very thin alloy coating is desired, it
may be sufficient to apply a thin layer of each
alloying metal on the base, preferably with the
higher melting point metal adjacent to the base,
and then to heat treat according to my inven-
tion, because the heat freating time required for
very thin alloy layers is not long enough to cause
formation of any substantial amount of undesir-
able alloy between the inner layer and the base
so as fo weaken the same, and also because oce

numerals refer to similar parts
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cluded gases which may be produced escape very
rapidly and easily through the very thin layers.
The rate of alloying thin layers is such that the
temperature rise can be very rapid up to near the
melting point of the alloy formed.

However, as the desired total thickness of the
electroplated coating is increased, the allowable
rate of heating up the coated strip is decreased,
because the occluded gases in the strip have far-
ther to travel to come to the surface and there-

,fore tend to build up internal pressures and

cause blisters or distortion in the coating. If a
very thin bimetal alloy coating is desired, one
layer of each metal may be sufficient; the heat-
ing-up rate may be relatively rapid and yet pro-
duce a satisfactory coating because the time
necessary to form the complete alloy is short, but
if a thicker layer of alloy coating is formed from
two layers of electroplated metals, the heating-
up time has to be increased because the alloying
time for the thick layers is longer, However, the
heating-up time may be short for a thick layer of
alloy coating if the constituent metals are elec-
troplated in thin alternate layers. Care must be
taken, however, to permit the occluded gases to
escape without causing damage to the coating
due to internal pressure.

Thus, where a bimetal alloy coating of subtan-
tial thickness is desired, I preferably employ three
or more alternate thin layers of the two metals,
with a layer of the higher melting point metal
preferably next to the base and another layer
of said metal as the outer coating. By using a
plurality of thin alternate layers, the heating-up
rate is increased, and the total heat treating
time is kept at a minimum while preventing the
formation of any substantial amount of a so-
called “bastard alloy” between the inner layer
and the base metal, so as to weaken the base and

,; decrease adherency of the coating.

It will thus appear that from a broader stand-
point, my invention deals with the provision of
two or more thin coated layers of two or more
metals on a ferrous or steel base, and the greatet
number of layers the greater surface contact be-
tween the individual plated metals is provided,
and the less distance the molecules of those
metals have to travel while being diffused or
alloyed.

I have determined that thin layers provide
a more intimate contact between metals to aid
diffusion between the metals and that penetra-
tion of the base metal by the adjacent coating
metal is limited because of the increased speed of
the alloying action.

Thus the provision of alloy coatings according
to my invention provides a coated product which
loses substantially no ductility or deep drawing
quality due to the coating process, and which re-
quires minimum time of heat treatment to pro-
vide complete diffusion of the alloy coating.

I have determined that a plurality of suitably
spaced and alternated thin layers of two individ-
ual metals, or a plurality of thin layers of more

3 than two individual metals, can be provided with

distinet advantageous results and in such a man-
ner as to make possible a quick and effective com-
plete diffusion of alloying action within the time
limit requirements of a continuous process as
applied to an electroplating line, for example.

In order to obtain the best results I have deter-
mined that the heat treatment should be started
af a temperature which is below the melting point
of the lowest melting point metal of the coating
meteals, and thereafter maintained at a temper-
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ature below the lowest melting point alloy being
formed in the coating until the coating metals are
diffused into a homogenous alloy.

Although any suitable means fay be employed
Tor accomplishing the alloying action, I prefer to
move the strip coated in accordance with the
present invention, through a reducing atmos-
phere furnace, or through suitable liquid or oil
treatment bath of a non-oxidizing or preferably
reducing nature.

In the drawings, 10 indicates the base metal
material and in Fig. 1 the first or inner coating is
indicated at {1 and the outer coating at 12. For
example, the inner coating 1{ may be copper ap-
plied electrolytically from a copper cyanide bath
to a thickness of the order of .00005’’, and the
outer coating 12 may be an electrolytically ap-
plied coating of zinc of the same thickness.

Such a coating can be heat treated in accord-
ance with my invention in a relatively short time
to produce complete diffusion of the copper and
zine layers and form a copper-zinc alloy coating
of approximate composition 55.6% copper and
44,49 zinc.

As distinguished from the old process of using a
cyanide bath to produce the alloy coating directly
by an electroplating operation, I have been able
to greatly increase the current densities for a cop-
per plating operation, for example, to substan-
tially 75 to 200 amperes per square foot in an acid
bath, as compared to very much lower densities
for .a brass alloy cyanide bath.

The same applies with equal force to a zinc acid
bath wherein a current density of 100 to 1000 am-
peres per square foot may be employed.

In addition, the resistance of an acid solution
is lower than that of a cyanide solution, providing
reduction in power consumption for equal cur-
rent densities, and acid solutions can be operated
at lower temperatures to keep the heat down and
minimize fumes.

I have been able to solve the various problems
involved in obtaining a successful and practical
commercial alloying treatment of electroplated
layers by applying very thin individual layers of
the metals to be alloyed to a base metal or con-
tinuous metal strip in the proper proportions de-
sired in the alloy coating; and by starting and
maintaining the heat treating temperatures be-

low the melting point of the lowest melting point *

metal and of the lowest melting point alloy being
formed, the thickness of each individual coating
layer is maintained at a minimum, and increased
thicknesses of bimetal coatings are obtained by

providing alternate coating layers of the metals. *

Thus a complete diffusion or alloying operation
can be carried out continuously and in a mini-
mum of time so as to produce a smooth, homog-
enous and adherent coating without deleteriously
affecting the base metal.

" In applying alternate coatings of two different
metals, I prefer to apply the higher melting point
metal coating to the base material, then apply the
lower melting point metal layer to such coating,

and then apply another coating of the higher G

melting point metal, to in effect form a sandwich,
with the lower melting point metal between the
two layers of the higher melting point metal;
although the reverse order of plating can be used
with certain limitations. Thus in forming an
- alloy such as brass, for example, I preferably form
at least three layers of the metals with a layer
of the lower melting point zinc sandwiched be-
tween the layers of the higher melting point cop-
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per, and with the higher melting point copper
first plated on to the base material.

It will be apparent that this sequence can be
continued indefinitely, depending upon the de-
sired thickness of the resulting alloy coating, and
the order will continue copper, zine, copper, zinc,
copper, preferably with the higher melting point
metal constituting the outer or exposed layer of
the coating. In the case of bronze, the order
preferably will be copper, tin, copper, tin, copper.

Referring to Figs. 3 and 4, of the drawings, the
inner coating layer 13 may be copper, the next
outer coating layer 14 tin, the next outer coating
layer (5, copper, the next outer coating layer 16
tin, and the last outer coating layer {1 copper,
constituting five relatively thin layers which after
proper heat treatment provide a copper-tin alloy
coating indicated at (8 in Fig. 4, which is thicker
than the bimetal coating 18 in Fig. 2, but which
becomes completely diffused in a relatively short
time because of the intimate contact between the
relatively thin layers of the coating metals.

Also, the amount of diffusion of the inner layer
13 into the base is kept at a minimum because of
the short time of heat treating, whereas if two
layers only of the two coating metals were em-
ployed, having increased thickness, the required
increased time of heat treatment would cause
greater diffusion of the inner layer into the base
metal.

The heat treatment, according to my invention,
in the case of a copper-tin alloy, coating for ex-
ample, is carried out at temperatures determined
by the copper-tin constitution diagram shown in
Fig.9. The melting point of pure copper is repre-
sented at A and the melting point of pure tin is
represented at the other end of the curve. There-
fore, in heat treating a coating composed of cop-
per and tin layers, the heat treatment must start
at a temperature below 449.5° F., which is the
melting point of pure tin, and immediately
dropped to below 440.6° F., which is represented
by the line I, J, and which is the eutectic or low-
est melting point temperature of the alloy being
formed, in order to maintain the coating in a
solid state.

As the heat treatment progresses, the tin and
copper diffuse and form alloys which are richer
in copper, representing the whole curve from
A toJ.

If the layer next to the base stock is tin and
the outer layer is tin, the alloy first formed next
to the base stock and on the outer surface con-
tains a high percentage of tin, but as the heat
treatment progresses further the temperature
may be increased in accordance with the curve
as the metals diffuse further and the percentage
of tin in the alloy being formed decreases.

Between the line or curve A,B,C,DEF G,
H, I, and J, or A to J, and the line A K, J, the
alloys are in a mushy or semi-liquid form, so that
if the layers of tin and copper are very thin and
the tin is sandwiched between an inner and outer
copper layer, then the heat treating temperatures
may safely be carried between the lines A to J,
and A, K, J, without danger of distortion, be-
cause the thin sandwiched layers of mushy alloys
will be held in position betweén, inner and outer
solid layers of the higher melting point metal.

If the outer layer is tin and the heat treatment
at any time exceeds the lowest temperature on
the curve A to J represented by the alloys present
in different percentages of copper and tin, a por-
tion of the coating will melt and become rough.
while the heat treating tempera-
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tures may vary during the alloying of the coating
lzyers, the temperatures are determined by the
constitution diagram and should not be raised to
points such as to melt the coating metals or the
alloys being forimned and cause distorbion and
other disadvantageous results.

Tn the case of high melting point metal coal-
ing layers, such as copper and nickel, a furbher
consideration is that the heating must not e
for a long period within the femperature rangs,
since the range for nickel and copper rises above
the critical femperature of a steel base material.

The heating is preferably carried out in a con-

tinuous furnace with a reducing atmosphere
wherein the temperaiure of the plece can be
quickly raised apove and lowered below aboud
1750° F. to 1800° F. ‘The ferrous base malerial
if it were subjected to prolonged heaiing above
its critical temperature, would be subject to
crystailization and other undesivable sffecis.
Thus the sheet would be brittle and apt fo break
when subsequently cold drawn or worked.

it is apparent that in accordance with my in-
vention g rapid rate of heat alioying treatment
can be effected with thin coaling layers of the
metals to be diffused or alloyed, and consenuenily,
where heating above the critical temperature for
the base metal is required by the alloying metals,
such heating need be carried out for a short time
only so as not to substantially affect the base ma-
terial.

As indicated in Figs. 5 and 6, invention may be
applied to a plurality of layers of different metals.
For example, in Fig. 5 the inner coating 20 may
be tin, the next coating 2! antimony, the next
coating 22 lead, and the outer coating 23 copper.
These metals are applied in proper proportions fo
form the desired alloy coating and. then heat
treatment is carried out in accordance with the

constitution diagram of the metals involyed, that <

is, the heat treatment is started below the meli-
ing point of the lowest melting point mebal, and
continued at temperatures telow the meilting
points of the alloys being formed.

Any desired number of layers of any desired
numper of metals may be heat treated to produce
a, satisfactory alloy coating which is compiletely
diffused, as long as the metals are in thin layers
in the correct proporiions of the total weight of

the alloy coating desired, and the heaf treatment 5

is started and maintained at temperatures below
the lowest melting point metal and the lowest
melting point alloy being formed.

Thus I have determined that a complete alloy
diffusion may be accomplished between two or
more layers of bwo or more coaling metals by
employing suitable thicknesses and relatiouships
of the coating metals, and relationships between
the heat treating temperatures and heat treating
time pericds with respect o each other and with
respect to the base metal; and further, that a
quick heat freatment will be sufisient to difuse
such metals into an alloy, and will not be suffi-
cient to form any material amount of sc-called
“bastard alloy” between the base metal and the
coating.

In accordance with my invention, such coai-
ings may be applied and heal {realed in a con-
tinuous line operation.

If hard, unannealed strip is employed, it may
be desirable to anneal or normalize the strip after
the alloying operation, or where the melling
points of the alloying metals are sufficiently high
the annealing or mormalizing may bte efected
during the alloying operaiion, and such snneal-
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ing may be earried out by ecoiling lengths of the
strip and pox annesling the coils in a well known
manner, or the normalizing may be eazried oub
in & continuous furnace.

Where the lower melting point metal, such as
tin, constifutes the outer layer, care musi be
taken, pariicularly in a continuous operation, to
avoid contact with any solid material uniil the-
outer layer has cooled sufficiently o aveid
seraiching or other injury. However, as pre-
viously poinied out, I prefer to provide an ouler
lgyer of the higher melting point metal, and I
have defermined that where & coiled plated strip
is alloyed, such an order of plating is preferadle
in grder that the coils will not fuse together in
the gnnealing box.

Thus when coating meilals are being alloyed,
and one cof them has a relatively low meliing
point, either continuous or coil annealing can be
emyployed; and in the case of higher meliing point
metals coll annesling is usually preferable be-
cause the slloying ireatment requires more fime
and czn be accomplished during the annealing
operation.

Example 1

As an example of the method of carrying out
my invention to produce a copper-tin alloy coai-
ing on ferrous base stock to give a total coating
weight of .095 ocunce per square foot of surizace
with the copper and tin in the proporiions of
839 copper and 37% tin, I first plated a layer
000080 inch thick of copper from 2 copper cya-
nide bath at 48 amperes per square foot on the
base stock. I then plated a layer of tin .000057
inch thick from an acid tin bath at 60 amperes
per sguare foot onlo the copper layer. These two
Iavers were electroplated in accordance with
regular practice.

Thé thus coated stock was heated up in g hy-
drogen atmosphere by raising the femperature
18° {0 18° . ser minute to a temperature of 440°
7., then maintaining the temperature of 440° 7.
for one half hour, and then raising the temper-
ature 15° ip 18° F. per minute o 900° F. where if
was held for about ten minutes, after which the
temperature wes dropped io room femperature
at the rate of 18° t0 25° 7. per minute.

The resulting coating was g completely diffused
smoolh copper-iin alloy, with no blistering or
disbortion of the coating, and no substantial alloy
between the copper and base stock so as To weaken
or aflect the characteristics of the base stock,

1% is apparent that the heatling was held below
the eulectic (440° ) for a sufficieni time and
then raised in accordance with the copper-tin
econstituiion diagram as the melling point of the
lowest copper-iin alloy being formed increased,
the heating ftemperatures always being main-
tained below that represenled by the iine which
divides the liguid and solid state of the alloy being
formed.

Faxample 2

Using the same thicknesses of two layers of
copper and tin electroplated on ferrous base stock,
as in Example 1, the coated stock was heated in
& hydrogen stmosphere by increasing the fem-
perature 18° to 18° F. per minute o 440° and
holding that temperature for ten minutes. The
temperature was then increased 16° to 18° F. per
minute $o 608° F. and held there for 20 minutss,
2nd then cooled at 18° to 25° per minule to room
temperature.

The resulling costing @ this instance was only



partially alloyed, and a copper layer was exposed
when the coating was sanded, showing that the
heating time and temperatures were not suffi-
cient to form complete diffusion of the two coat-
ing layers.

Example 3

A ferrous base stock was electroplated first with
a layer of tin. 000028 inch thick, then with a layer
of copper .000080 inch thick, and then with a
layer of tin .000028 inch thick according to regu-
lar practice, to give a coating having a total
weight equal to that of the coatings in Examples
1 and 2, and in the same proportion of copper
and tin.

The thus coated stock was then heated accord-
ing to the exact times and temperatures given in
Example 2.

The resulting coating was smooth and com-
pletely diffused into a copper-tin alloy so that no
copper showed on sanding off a part of the coat-
ing, and the coating showed no blistering or dis-
tortion.

Thus, it is apparent that by using thinner coat-
ing layers, of the alloys desired, and by using
three or more alternate layers of two desired
coating metals, the heating time can be decreased
and the temperatures lowered.

Example 4 '

A steel strip .010 inch thick was electroplated
first with a layer of copper at .325 pound per base
box, then electroplated with a layer of tin .350
pound per base box, and then electroplated with

a layer of copper at .325 pound per base box, :

making a total coating of 1 pound per base box.
The strip was then loosely wound in a 300 pound
coil and placed with other like coils in a bell type
furnace with a reducing atmosphere. The tem-

perature in the furnace was raised from room |

temperature to 1100° F. in eight hours at a rate
of 2° to 5° per minute, then held at 1100° F. for
two hours, and then cooled at a rate of 10° to 15°
per minute to room temperature.

The resutling coating was smooth without any
blistering or roughness and the coating metals
were completely alloyed to produce a 659% cop-
per and 35 % tin bronze coating.

Example 5

A steel strip .010 inch thick was electroplated
first with & layer of nickel at .30 pound per base
box, then with & layer of tin at .40 pound per
base box, and then with a layer of nickel at .30

pound per base box, making a total coating of 1.

pound per base box. The strip was loosely wound
in a 300 pound coil and placed with other like
coils in a bell type furnace with a reducing at-
mosphere. The temperature was raised from
room temperature to 1100° in eight hours at the
rate of 2° to 5° per minute, then held at 1100° F.
for two hours and then cooled to room tempera-
ture at a rate of 10° to 15° per minute.

The resulting coating was smooth without any
blistering or roughness, and the coating metals
were completely alloyed to produce a 60% nickel
and 40 % tin alloy coating.

Example 6

Low carbon annealed steel strip was electro-
plated with a layer of copper .0000340 inch thick,
then with g layer of tin .0000534 inch, then with
alternate layers of copper and tin each .0000340
aad .0000534 inch thick respectively until seven
coating layers were produced with the outer and
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inner layers being copper. The thus coated strip
was heated slowly from room temperature to
440° F. at a rate of 16° to 18° F. per minute, and
held at that temperature for ten minutes. The
temperature was then raised at a rate of 16° to
18° per minute to 900° F. and held at that tem-
perature for ten minutes after which the tem-
perature was dropped at the rate of 18°-to 25° B
per minute to room temperature.

The resulting coating was smooth without any
blistering or roughness and the copper and tin
were completely alloyed to provide a bronze alloy
approximately 55% tin and 45% copper. This
example shows the advantage of multiple alter-
nate.coatings providing a bimetal alloy of in-
creased thickness without increasing the heating
time and temperatures required during the heat
treatment. :

Other combinations of other metal layers can
be similarly treated according to my invention
to produce a variety of alloy coatings, because
each pair of metals alloyed has a constitution
diagram from which the temperatures can be
determined so as to always heat below the melt-
ing point of the alloy being formed. The time
of heating at any temperature should be suffi-
cient to alloy the metals without melting any
appreciable part of the coating, and the heat-
ing times will obviously vary somewhat depend-
ing upon the thickness of the coating layers and
the particular metals present. Hard steel un-
annealed is plated with copper, nickel, copper,
nickel, copper, in continuous succession. The
strip is then coiled without interrupting its
movement and placed as a coiled length in an an-
nealing furnace having a reducing atmosphere
and held at a temperature of approximately
1100-1800° ¥. for a sufficient length of time to
anneal the base stock. The number and thick-
ness of alternate layers of nickel and copper
should be such that these two metals are.com-
pletely diffused to form a homogeneous alloy by
the time the annealing of the base stock is com-
pleted.

Where one of the metals being plated to form
the alloy has a melting point below the annealing
temperature of the base metal, I preferably
sandwich this metal in between layers of the
higher melting point metal, and the annealing
of the base stock is then carried out concurrently
with the formation of the alloy coating, as ex-
plained above.

A hard unannealed steel strip is plated with
nickel, tin, nickel, tin, nickel, tin, nickel, wound
into a coil, and placed with other coils in an
annealing furnace having a reducing atmosphere
and a temperature approximately 1100-1800° F.,
for a sufficient length of time to anneal ‘the base
metal strip or stock. The number and thick-
nesses of the plated layers should be such that
the diffusion between the layers is completed by
the time the annealing is completed.

If the reverse order of plating is employed (not
preferred), that is, a sequence of tin, nickel, tin,
there is danger of fusing adjacent layers of the
strip together if its temperature is raised to a
point above the melting point of the lowest melt-
ing point metal, namely, tin, but I have dis-
covered that the heat treatment in such case can
be carried out at a temperature below the melt-
ing point of the tin for a sufficient length of
time to alloy the outer layer of tin with its ad-
jacent layer of nickel and then after this has
been accomplished, the temperature will be in-
creased to quickly anneal the base stock or strip.
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In such a case, I preferably provide a relatively
thin layer of tin immediately adjacent the base
metal strip whose thickness is less than the other
lagers of tin so as to limit the formation of a
steel-tin alloy.

Moreover, where one of the metals forming the
alloy coating has a melting point below the an-
nealing temperature of the base metal, and
another metal or metals has a melting point
higher than the annealing temperature of the
base metal, I preferably sandwich the lower melt-
ing point metal between layers of the higher
melting point metal, so that the annealing of the
base stock can be carried oubt concurrently with
the heat treatment of the coating.

If the melting point of the alloy being formed
in the coating is below the required annealing
temperature of the base stock, then the base
stock must be annealed before the coatmg lay-
ers are applied.

In the case of applying coating layers to hard
unannealed base stock, not only are the metals
selected which will form an alloy having a melt-
ing point above the required annealing tempera-
$ure, but the number and thickness of the coat-
ing layers is such that complete diffusion takes
place in the coating by the time the annealing is
complete.

From the foregoing description, it will be ap-
parent that there are a number of factors to be
controlled in order to obtain the improved re-
sults desired and to accomplish the objects of the
present invention, as follows:

1. The sequence of an application of the metals
that are to form the completely dlffused alloy
coating;

2. The number of layers or alternate layers of
the different metals applied in succession as
electroplated coatings to the base metal;

3. The time and temperature conditions of heat
treatment which vary in accordance with the
melting points of the coated metals and the alloys
being formed in the coating;

4, The thickness of each layer and the thick-

ness of the total coating as related to the time ,

and temperature of heat treatment; and

5. The selection of hard (unannealed) or soft
{annealed) base metal strip or stock upon con-
sideration of the requirements of the heat ireat-
ing operation and of the melting points of the
individual piated metals and the melting points
of the alloy being formed therefrom.

The invention is applicable to continuous strip
base stock and also to other suitable shapes such
as wire, sheets, ete.

For deep drawing, stamping and forming stock
I prefer to use steel strip with a carbon con-
tent of 0.15% or less. " In providing a coating of
copper-tin alloy, I obtain best results by keeping
the total coating weight between 14 and 10 pounds
ner base box and also if T keep the copper con-
tent between 80% and 359% and the tin content
. between 20% and 65% of the total coating weight.

Likewise, when producing a coating of nickel-
tin alloy, I obtain best results by keeping the
total coating weight between Y% and 10 pounds
per base box, with the nickel content between
80% -and 35% and the tin content between 20%
and 65% of the total coating weight.

Similarly, when producing a coating of lead-tin
alloy on steel strip of .15% carbon or less for
deep drawing stock, I obtain best results by keep-
ing the total coating weight between 1 and 16
pounds per base box, with the lead content pe-
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tween 2% and 40% and the tin content between
8% and 60% of the tolal coating welght. .

While certain coating metals snd alloys have
been specifically referred to for the purpose of
Mustrating my invention, it will be apparent that
such metals and alloys are representative of my
Invention and that other combinations of other
metals and alloys may be used, and while ferrous
or steel base mefal has been referred io in the
exampies, it will be appareni that other base
metal may be coated with appropriate alloy with-
out departing from the scope of the invention
defined in the claims, as long as the various fse-
tors enumerated are properly determined.

I claim:

1. In a methed of forming g smooth homo-
geneous alloy coating on ferrous metal base stock,
the steps of electroplating at least three layers of
al least two alloying metals on the base stock, one
of which meizals has a melting point above the
annealing temperature of the hase stock and the
other of which metals has g melting temperaiure
below the annealing temperature of the base
stock, and in such provortions that the higher
meiting point metal is in excess and is interposed
petween the lower melting peint metal and the
base stock, then heat treating the thus plated
metals to start diffusion of the same by subjecting
the plated strip under non-oxidizing conditions
to an initial temperature below the melting point
of the lowest melting point metal and then grad-
ually increasing the heat treating femperature to
a higher point above the melting point of the
lowest melting point coating metal {o the point of
complete diffusion between the metal layers and
to a temperature sufficient ic anneal the base
stock but maintaining the temperature below the
melting point of the alioy formed.

2. In g method of forming 2 smocoth homo-
genecus ailoy coating on ferrcus metal base stoek,
the steps of eleciroplating ab ieast three layers
of at leasi two alioying metais on the base stock,
one of which metals has a melling poini ghove
the annealing femperature of the base stock and
the other of which metals has a melting tempers-
ture below the annesling temperature of the base
stock, then heat treating the thus plated metals
to start diffusion of the same by subjeciing the
plated stock under non-coxidizing condifions %o
an initial temperature below the melting roint
of the lowest melting poini metal and then gradu-
ally inecreasing the heat treating temperature io
a higher roint above the melting point of the
lowest melbing point coating metal o the point
of complete diffusicn between the metsl layers
and to g temperature sufiicient $o anneal the base
stock bub maintaining the temperaiure below the
melting soint of the alloy formed.

JOHN 8. NACHTMAN.
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