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The invention relates to.the provision of an al-

loy coating or ply on suifable 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 ceating on con-

tinuous strip; and this. application is o continu-
ation-in-part. of my application, Serial No.
409,835, filed August 24, 1943, now Patent No.

2,480,700, granted December 6, 1949, which was a-

continuation-in-part of my co-pending applica~

tion, Serial No, 311,920, filed December 30, 1939

{now abandoned), for Preduction of Alloy Coat-

ing on Base Metal Material, and of my prior ap-
nlications, Serial No. 55,917, fileg December. 23;.

1935 (now abandoned), and Serial No. 127776,
filed: February 25, 1937, now Patent No. 2,266,330,
granted December 16, 1941, and Serial Ne. 402,155,
filed, July 12; 1941, now Patent No. 2,402,834,
granted June 25, 1.946.

In: one asnept the invention neals with the
production of an alloy coating or coatings.gn base
metal material having improved eharacteristics.

I have determined that a number of factors

and limitations hinder the provisicn of a satis~

factory type of alloy coating. In.the first place,
the provisicn of an alloy. coabing by direct. elec-.

troplating has not been entirely satisfactory from

a coemmercial standpoint. Taking brass as an: ex-.
ample, I will consider some factors: involved in:

plating. it as an. glloy, on. 4. suifable base metal:

Arnc alkaline bath containing the two metals;

namely, copper and zinc eyanide; is employed:

Such a bath can only operate at. low current:

densities 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: coatmgs of-
desired metals on a ferrous article and. subse--
quently heat treating the coated article in a re-

ducing atmosphere to alloy the coated metals,

but said patent teaches heat treating a’copper--
zine coating at temperatures: anywhere befween:
706° 7. to 1500> #. for & period of about 10 to 30-

minutes.
I have defermined 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:
Moreover; I have: determined:
that if the proportions of copper: and: zine are:

can. take place..
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such: that the final alloy contains more than 60%
zine, asthe heat treating temperature approaches
1500° ¥, the coating will melt on the suriace 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 a. ferrous article and
then: heat treating to glloy the coating metals,
but. said. patent teaches that the heat treating
can be started ang maintained at a temperature
anywhere from: 400 F. to 2000° F. I have de-
termined that heai treating a copper-tin: coating
at temperatures anything like 20980° F. accord-
ing to-the teaching of this.latter patent, will pro-
duce @ rough coating due to the melting of the.
cuter coating layer of tin.

Since -neither of these Rubin patents men-
tiong obtaining. a smooth coating, and the heat
treating temperatures given obviously cause melt-
. it. is apparent that the said
Rubin. patents wele nopt concerned with the pro-
duc.tmn of a smooth: alloy coating.

It is-am objeet of the present invention to pro-
vide an impreved method of producing alloy coat-
ings which. are smooth homogeneous, and ad-
herent,

When the heat. treatment is. earried out over
too. long. a. time peried,, or. at too high tempera~
tures, or beth,, the mner layer of an alloy coat-
ing forms: an alloy wu'.h the.base metal, and this
lessens. the effective thickness of the base metal
and. reduces. the. ability. of the coated metal base
to wn;hsta,nd subseguent working or drawing op-
erations,

‘I‘herefore another cbject of the present inven-

“ tion is to. provide. an improved method of pro-

ducing alloy coatings. on. fexrous material with~
out. reducing the effective thickness of the base
metal or disadvantageously ailecting its charac-
te; istics,.

Accordmgly, it. is. another object: of the pres-
ent invention to provide an improved. method
whereby two or more layers.of two or more metals
can be. completely diffused.to form a smooth and
highly satisfactory alloy coating on & ferrous
metal Bage material.or strip.

Another object. has.been to solve the Problems
mvolved in the art relative to the brovision of. g
suitable alloy coating on ferrous. strip material.

A further object has. been to provide a brocess
for. provldmg alioy coatings which: can: be carried
out. on.a commercial basis, and more particularly
in-a.continuousline operation;,

As will: be- hereinafter shown, the: prineiples of
the present.invention can be applied o the fabri-
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cating of an alloy coating or coatings on a base
metal material providing certain factors are pres-
ent, and the invention is particularly valuable in
providing improved bimetal alloy coating. Ex-
amples of such bimetal alloys are: manga-
nese-zine or manganese-zinc-manganese. Other
metals that may be alloyed with manganese in-
clude iron, nickel, copper and chromium.

Broadly, any number of metals may be used as
lcng 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 point al-
loy 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.

These examples of bi-metallic alloys are illus~
trated in the accompanying drawing in which:

Fig. 1 is a diagrammatic cross section showing
two thin metal layers on each side of a base metal
piece; and

Fig. 2 is a similar view showing three layers
on each side of the base metal piece.

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 treating time required for
very thin alloy layers is not long enough to cause
formation of any substantial amount of unde-
sirable alloy between the inner layer and the base
so as to weaken the same, and also because oc-
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 nec-
essary 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
electroplated 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 sub-
stantial 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 pre-
venting 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.
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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 greater
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. In the drawing {8 indicates the base
metal material which is relatively thick with re-
spect to the coatings that are electrolytically de-
posited on one or both opposite sides thereof. The
first or inner coating is indicated at {{ in Fig. 1
and the second coating at 12. It is preferred that
the inner coating be the higher melting point
metal, which in the example given would he man-
ganese; and the lower melting point metal zine,
in this example, would be deposited thereon.

Where three layers are to be applied as in
Fig. 2, the same first and second layers {1 and
12 are used and a third layer of manganese as
indicated at 13 may be applied thereover if de-
sired. The number of layers and thickness there-
of may vary according to the desires and the use
of the strip.

I have determined that thin layers provide a
more intimate contact between metals to aid dif-
fusion between the metals and that penetration
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
requires 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
than two individual metals, can be provided with
distinct 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 ap-

plied to an electroplating line, for example.

Although any suitable means iay be em-
ployed for accomplishing the alloying action, I
prefer to move the strip coated in accordance
with the present invention, through a reducing
atmosphere furnace, or through suitable liquid
or oil treatment bath of a non-oxidizing or pref-
erably reducing nature.

Such a coating can be heat treated in accord-
ance with my invention in a relatively short time
to produce complete diffusion of the maganese
and zine layers and form a manganese-zinc alloy
coating,

As distinguished from the old process of using
a cyanide bath to produce the alloy coating di-
rectly by an electroplating operation, I have been
able to increase greatly the current densities for
8 copper plating operation, for example, to sub-
stantially 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 zine
acid bath wherein a current density of 100 to 1000
amperes per square foot may be employed.

In addition, the resistance of an acid solution
is lower than that of a cyanide solution, provid-
ing reduction in power consumption for equal’
current densities, and acid solutions can be op-
erated at lower temperatures to keep the heat
down and minimize fumes,
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I have been able to sclve tha-various problems
involved in obtaining a successful and practical
commercial alloying treatment of electroplated:

layers by applying very thin individual layers
of the metalsto be alloyed to a base mebalor con-
tinuous meial strip in the proper proportions

desired in the alloy coating; the thickness of each.

individual coating layer is maintained at a mini-
mum, and increased thicknesses of bimetal coat~
ings are cbtained by providing alternste coat-
ing layers of the metals, - -

Thus a complete diffusion -or alloying opera-

tion can be carried -out continuously and: in a
minimum of time so as to produce a smooth,

homogeneoUs and adherent coating without:-dele~
teriously affecting the base metal,

In applying alternate coatings-of two. differ entv

metals, I prefer to apply the higher melting point
meial cecating to the base materisl, then apply
the lower melting point metal layer to such coat-
ing, and then apply another coating of the higner

melting point metal, to in effect form a sand-.

wich, with the lower 1nelt1nv point metal between
two layers of the higher meliing point metal;

although the reverse order of plating can be usea'

with certain limitations. Thus in forming an
alloy sugh -as mangansse-gine-manganese, . for
example, I preferably form at least three layers
of the m“taiu with a iayer of the lower melting
point. zine sandwiched beiween layers of the
higher melting manganese, and with the higher
melting point manganese ﬁlSu plated on to the
base material.

It.will be apparent that tn_s sequence: can be
continued mdeﬁmtely depending ypon the de-
sired thickness of the resultmg alloy coating,
and the order will continyge manganese,- sie,
manganesd, zine, manganese, preferably with the
higher melting point metal consiituting the cuter
or expesaed layer of the coating.

Also, the amount of diffusion of the inner layer
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,

In the case of high melting point metal coat-
ing layers, a further consideration is that the
heating must not be for a long period within
the temiperature range. The heating is prei-
erably carried out in a continuous furnace with a
reducing atmosphere wherein the temperature
of the piece can be quickly raised above and
lowered below about 1750° F. to 1800° ¥. The
ferrous base material, if it were subjected to pro-
longed heating above its critical temperature,
would be subject to crystallization and other un-
desirable effects. Thus the sheet would be
brittle and apt to break when subsequently cold
drawn or worked.

It is apparent that in accordance with my in-
vention a rapid rate of heat alloying treatment
can be effected with thin coating layers of the
metals to be diffused or alloyed, and consequently,
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 material.

Any desired number of layers of any desired
number of metals may be heat treated to produce
g, satisfactory alloy coating which is completely
diffused, as long as the metals are in thin layers
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6
in the correct proportions of the total weight. of
the alloy. coating desired:

Thus T have determined that a complete ailoy-
diffusion may be accomplished bhetween two or:
more layers of two or more coating metals by
employing suitable thicknesses and relationships
of the coating metals, and relationships between
the heat treating temperataures and heat treat-
ing time periods with respect to each other and
with respect to the base metal; and further, that
a quick heat treatment will be sufficient to. diffuse
such- metals into an alioy, and will not be suf-
ficient to form any material amount of so-called.
“bastard alloy” between the base metal and the

. coating.

In accordance with my 1nvent1on, such coatings
may be applied and heat, treated in a continuous
line operation.

If hard, unannealed strip is emp}oyed it may-
be desirable to anneal or normalize the sirip after
the alloying: operation, or where the melting
points of the alloying metals are sufficiently high
the annealing or normalizing may be effected
during the alloying operation, and such anneal-
ing may be carried out by coiling lengths of the
strip and box annealing the coils in a well-known
manner, or the normalizing may be carried out
in a continuous furnace.

Where the lower melting point metal consti-.
tutes the outer layer, care must be taken, par-
ticularly in a continuous operation, to avoid con-.
tact with any solid material until the outer layer
has cooled sufileiently to avoid seratehing. or
otherinjury. However, as previously pointed out,
I prefer to provide an outer layer of the higher-
melting point metal, and I have determined that
where g ecoiled- plated strip is alloyed, such an
order of: plating is preferable in order that the
coils will not fuse together in the annealing box.

Thus, when coating metals are being alloyed,
and one of them has a relatively low melting
point, either continuous or ¢oil annealing can he
employed; and in the case of higher melting point
metals, coil annealing is usually preferable he-
cause the alloying treatment requires more time
and can be accomplished during the annealing
operation.

Other combinations of other metal layers can
be similarly treated according to my invention to
produce g variety of alloy coatings, because each
pair of metals alloyed has a constitution dia-
gram from which the temperatures can be deter-
mined so as to always heat below the melting
point of the alloy being formed. The time of
heating at any temperature should be sufiicient
to alloy the metals without meliing any appre-
ciable part of the ccating, and the heating times
will obviously vary somewhat depending upon
the thickness of the coating layers and the par-
ticular metals present,

Moreover, where one of the metals forming the
alloy coating has a melting point helow the an-
nealing temperature of the base metal, and an-
other metal or metals has a melting point higher
than the annealing temperature of the base metal,
I preferably sandwich the lower melting point
metal between layers of the higher melting point
metal, so that the annesling of the base stock
can be carried out 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 coating layers
are applied,
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In the cdse of applying coating layers to hard.

unannealed base stock, not only are the metals
selected which will form an alloy having a melting
point above the required annealing temperature,
but the number and thickness of the coating
layers is such that complete diffusion takes place
in the coating by the time the annealing is com-
plete.

From the foregoing desecription, it will be ap-
parent that there are a number of factors to
be controlled in order to obtain the improved
results 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 diffused alloy
coating;

2. The number of layers or alternate layers of
the different metals applied in succession as elec-
troplated 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 (unannezled) or soff
(annealed) base metal strip or stock upon con-
sideration of the requirements of the heat treat-
ing operation and of the melting points of the
individual plated 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, etc.

While certain coating metals and alloys have
been specifically referred to for the purpose of
illustrating my invention, it will be apparent that
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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 metal has been referred to, it will
be apparent that other base metal may be coated
with appropriate alloy without departing from
the scope of the invention defined in the claims,
as long as the various factors enumerated are
properly determined.

1 claim:

1. The method of producing corrosion resistant
coatings on iron or steel which comprises elec-
trolytically depositing a plurality of layers of dif-
ferent metals on iron or steel, at least one of said
metals being manganese, and heating the result-
ant coated iron or steel at a temperature below
the melting point of the iron or steel but suffi-
cient to cause at least partial diffusion of the
electroplated metal layers.

2. An article of manufacture comprising iron
or steel provided with an adherent corrosion-
resistant coating formed by diffusion of electro-
plated metal layers, at least one of which is metal-
lic manganese.

JOHN SIMON NACHTMAN.
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