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The invention relates to the manufacture of 
steel strip, sheet, stripsheets orwire. More par 
ticularly, the invention relates to the provision of 
rust-proof coatings upon steel strip, stripsheet or 
wire products, any of which products are further 
characterized by their ability to withstand severe 
deep drawing, stamping, or forming operations; 
and this application is a companion case to my 
copending application Serial No. 420,247, filed No 
vember 24, 1941, and my copending application 
Serial No. 311,930, filed December 30, 1939. 

Steel strip and the like has been plated with 
nickel Or chrome or copper, or other materials in 
Order to make the material rust-resistant when 
used for a variety of purposes, such as in the 
manufacture of hardware or automobile parts, or 
Other parts exposed to the atmosphere or to cor 
rosive liquids. Articles have also been provided 
With rust-proof coatings by electroplating one or 
more metals on the articles and Subsequently sub 
jecting the same to heat treating operations to 
completely alloy coating layers with each other 
and With the base metal SO that coatings such as 
brass, bronze and the like are formed. 
In each of the above instances in prior prac 

tice, relatively large amounts of the coating ma 
terials are used, or are required in order to ob 
tain the required rust-resistance in the finished 
product; and most if not all of the coating metals 
normally used are, under existing conditions, re 
Juired for defense purposes, so that the amounts 
of the same available for normal use is dras 
ically limited. 
It is a fundamental object of the present in 

tention to provide methods of making new and 
Improved types of coatings for steel products, 
which coatings are considerably more rust-resist 
unt than the present available types of coatings, 
f the same amount of coating material is used; 
or which coatings have rust-resistance equal to 
present types of coatings while using, say not more 
han One-half the amount of coating material at 
present used, in order to create a substantial saw 
ngs in vital materials now needed for defense 
hurpOSeS. 
A further object of the present invention is to 
rovide a method of making rust-proof coated 
teel products by electroplating alternate coating 
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treating the coating layers to form relatively thin 
alloy layers between the coating layers, and then 
subjecting the heat treated coated product to a 
cold working operation to complete the manufac 
ture of the rust-proof coated product. 
The present invention comprehends that the 

heat treating and cold working operations may 
be divided into alternate steps, repeatedly car 
ried out, if desired. 
A further object of the present invention is to 

provide methods of making rust-proofed or rust 
resistant coated steel products having relatively 
thin alloy layers between the electroplated coating 
layers and a bright surface. 
The present invention contemplates the use of 

at least two different coating metals, which are 
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heated to below but not over 1150 F. In any case 
the heat treatment is carried out at a low enough 
temperature or for only such time that the char 
acteristics including grain size, of the base stock 
are not appreciably affected; such heat treat 
ment being only for the purpose of partially al 
loying the coating layers together to form rela 
tively thin alloy layers between the coating layers. 

Furthermore, the present invention contem 
plates the use of at least three different coating 
layers of at least two different metals. In cer 
tain cases where one of the coating metals has 
a melting point below 1150' F, the coating of the 
lower melting point metal may be advantageously 
located between two layers or coatings of the 
higher melting point metal; and in other cases, 
two layers of lower melting point metal may en 
close one layer of higher melting point metal, if 
desired. V- 

Thus, the heat treatment Of the coating layers 
to perform the partial alloying will not affect or 
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disturb the characteristics of the base material 
and accordingly annealed or normalized steel and 
the like may be utilized as the base material 
which may be subsequently cold rolled after the 
heat treating Operation for producing the de 
sired characteristics in the finished product. 
And finally, it is an object of the present 

invention to provide a new method of making 
rtist-proof coated steel products, by which the 
characteristics of the resultant finished product 
may be accurately controlled, and by which the 

ayers of different metals on a steel base, heat 50 amounts of coating metals used may be accu 
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ing or skin passing oper 
face lustre. 
Although Figs. 1, 2 and 3 are particularly noted 

and referred to in connection with Example, the same figures diagrammatically represent the 
same process carried out with different materials 
as described in Example III. 

tion to improve its Sur 

. Escample IV 

As the next example of the manner in which 
the new method may be carried out in providing 
a rust-proof coating composed of alternate layers 
of copper and tin with thin layers of copper-tin 
alloy between the copper and tin layers, a Soft 
annealed or normalized steel strip say 010' thick 
indicated at 20 in Fig. 4 is electroplated on each 
side with a layer of .00036' of copper 2, fol 
lowed by an electroplated layer on each side of 
0004 of tin 22, followed by an electroplated 
layer on each side of .0005'' of copper 23, foll 
lowed by an electroplated layer om each side of 
0005" of tin 24, followed by an electroplated layer 
on each side of .0005'' of copper 25. 
The strip will then have a total thickness of 

approximately .014.52' and is then heat treated 
at a temperature of about 405 F. for approxi 
mately one hour in the presence of a neutral 
or reducing gas to form verythin layers of cop 
per-tin alloy between adjacent layers of copper 
and tin. 
The material after such heat treatment is il 

lustrated diagrammatically in Fig. 5 in which the 
steel base 20 still has a thickness of approxi 
mately .010' thick, on top of which on each 
side is a layer of .00016' of iron-copper-tin alloy 
20a, followed by a layer on each side of .0004' 
of copper-tin alloy 2 a. of approximately 50 per 
cent copper and 50 per cent tin, followed by a 
layer on each side of .0004' of copper-tin alloy 
2b rich in copper, followed by a layer on each 
side of .0001' of copper 23a, followed by a layer 
on each side of .0004' of copper-tin alloy 23b, 
followed by a layer on each side of .0001' of tin 
24a, followed by a layer on each side of .0004' of 
copper-tin alloy 24b, and followed by a top layer 
on each side of .0003' of copper 25a. 
The strip illustrated in Fig. 5 is then cold rolled 

lightly to improve the surface lustre as illustrated in Fig. 6. 
Eacample V 

As a next example of the manner in which the 
new method may be carried out in providing a 
rust-proof coating composed of alternate layers 
of lead and tin with thin layers of tin-lead alloy 
between the lead and tin layers, a soft annealed 
or normalized steel strip say .010' thick, is elec 
troplated on each side with a layer of .0005'' of 
lead, followed by an electroplated layer on each 
side of .001' of tin, followed by an electroplated 
layer on each side of .0005'' of lead. 
The strip which Will then have a total thick 

ness of approximately .014' is then heat treated 
at a temperature of from 330 F. to 345° F for 
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on each side of .0004' of tin-lead alloy, followed 
by a top layer on each side of .0003' of lead. 
The strip is then subjected to a light cold roll 

ing or skin passing operation to improve its Sur 
face lustre. 
Although Figs, 1,2 and 3 are particularly noted 

and referred to in connection with Example I, 
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the same figures diagrammatically represent the . 
same process carried out with different materials 
as described in Example W. ?? ? “ 
As a variation upon Example V, the plating se 

quence may be tin-lead-tin instead of lead-tin 
lead; in which case the first layer of tin alloys 
with the steel base to a slight extent, making 
the tin layer next to the base slightly thinner. 

Eacample VI 
Annealed or normalized steel strip of say .010' 

thick is electroplated with .0005' on each side of 
an alloy of nickel-iron of the approximate com 
position of 60% nickel and 40% iron from an 
electroplating bath containing salts of both nickel 
and iron in the desired concentration. Upon 
the nickel-iron alloy layers there is then electro 
plated on each side a layer of zinc .001'thick, 
followed by another electroplated layer on each 
side of .0005'' thick of nickel-iron alloy of the 
approximate composition of 60% nickel and 40% 
iron, 

so The strip, which will then have a total thick 
ness of approximately .014'', is then heat treated 
at a temperature of from 600° F, tot 700º F. for 
approximately six hours in the presence of a 
neutral or reducing gas to form very thin layers 

is of an alloy of zinc-nickel-iron of undetermined 
thickness between the electroplated layers of nick 
el-iron alloy and zinc. - 
In each of the above examples, it is to be un 

derstood that more layers of the indicated metals 
O may be plated if desired; and that if one or more 

O 
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65 approximately two hours in the presence of a 
neutral or reducing gas to form very thin layers 
of tin-lead alloy between adjacent layers of lead 
and tin. 
The resultant heat treated material then has 

a steel base of a thickness approximating .010' 
thick, on top of which on each side is a layer 
of .0003' of lead, followed by a layer on each 
side of .0004' of tin-lead alloy, followed by a 
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of the layers is made relatively thinner than 
another layer of the same material, as in Ex 
ample IV, there may be succeeding layers of 
different alloy without an intermediate layer of 
a pre metal. ? 

Furthermore, the heat treatment in each in 
stance which acts to form the thin hair-like lay 
ers between the layers of plated metals, does not 
disturb the soft annealed or normalized condition 
of the steel base, so that the material after heat 
treatment is in proper condition for Subsequent 
cold rolling operations. 

In carrying out the method described in the 
above examples, the electroplating baths may be 
of the standard types well known to the art. 
Since the procedures for electroplating the met 
als mentioned herein are Well known, these pro 
cedures and the preparation of the base metal 
are not described herein. It is sufficient to say 
that the strip steel stock is to be properly cleaned 
and etched when necessary prior to electroplat 
ing; and that any of the well known plating 
Solutions are to be employed for electroplating 
the layers of metals. 
The coating layers may be of two or more 

metals plated in one or more sets of alternate 
layers, and any of the metals may be plated next 
to the base if desired. For instance, the plating 
sequence may be tin-nickel-tin, tin-nickel-tin 
nickel, nickel-tin-nickel, etc. 
The thickness of any electroplated layer in 

any instance may be as thin as .000005'' and may 
be anywhere between such thickness and .005'' 
thick. The heat treatment is carried out in each layer on each side of .0006' of tin, then a layer 75, instance in a suitable furnace having a non-oxi 
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izing or reducing atmosphere, for example an 
atmosphere of hydrogen or carbon monoxide, or 
nitrogen, or hydrocarbon vapor, or a mixture of 
any two or more or all of such gases. The heat 
treatment is carried out at the desired temper 
ature at or below 1150 F. in the case of pot or 
batch type heating in coils, or at or below 1800 
F. in the case of continuous heat treatment of 
moving strip for a suitable length of time to give 
the desired diffusion or alloying between the 
coated layers, thus forming a thin alloy metal 
band between adjacent layers of metals, and 
leaving a portion of some or all of the plated 
layers unalloyed. 

In any event, the heat treatment is such that 
the alloy layers may range anywhere from a 
minute thickness or trace up to a thickness of 
.0005'. In some instances, as stated, there may 
be a difference in thickness of the various coat 
ing layers, as plated, and two or more of the 
layers may completely alloy one with the other, at 
the time and temperature utilized for heat treat 
ment, while others of the coating layers are only 
partially alloyed and thin hair-like alloy layers 
areformed between them. 

It is furthermore understood that in some instances, alloys may be plated directly from an 
electroplating bath containing solutions of the 
metals of the alloy as one or more of the coat 
ing layers, using one or more pure metals for 
other layers; and the subsequent heat treat 
ment , will form alloys of different composition 
between the plated layers. 
there is at least one heat treating operation with 
the formation of at least two thin layers of alloy 
between the electroplated layers, with or without 
a subsequent cold rolling operation, as desired. 
Although one heat treating operation and One 

cold rolling operation has been indicated, these 
steps may be multiplied if desired to include ad 
ditional alternate steps of heat treatment and 
cold rolling. 
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sisting coating with a minimum amount of coat 
ing metal is desired. 
The coating may be layers of the following 

metals in any combination, with thin alloy layers 
produced between the layers of pure metal: tin, 
lead, zinc, nickel, chromium, and copper, cad 
mium, antimony, bismuth and silver. 
Although in each of the above examples, strip 

a steel having a thickness of .010' is indicated as 
10 
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This is to say that . 
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The cold working or rolling or drawing opera 
tions on the sheet, strip or wire base having 
electroplated heat treated coatings thereOri, re 
fines the grain size of the base metal and of the 
metal in the coating layers, and prevents 
'stretcher strains” in the coated metal. The cold 
working operation also evens up and reduces the 
coating thickness and produces a product suit 
able for deep drawing and forming operations. 
The cold working operation also reduces the po 
rosity of the coated metals on the product. 
The product thus produced has the properties 

of being rust-resistant and also has a good sur 
face lustre; and has low coating porosity, the po 
rosity being greatly reduced by the formation of 
the thin alloy layers between the layers of pure 
electroplated materials, in conjunction with the 
cold working operation after heat treatment. 
In the product produced by the new method, 

a great reduction in the amount of coating metals 
necessary is obtained; that is to say, much thin 
nerlayers are used in making a product of rust-re 
sistance equal to similar products made in accord 
ance with present practice. 
Another advantageous feature of the heat 

treating operation is that all trapped gases which 
may be in the electroplated metals following the 
electroplating operation, are driven out during 
the heat treatment. 

Uses for the products produced by the improved 
method include materials for the automotive in 
dustry, materials for bearings, electric equip 
raa-a- ara ir nthar fal?e where a good rust-re 
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being the base metal, strip steel up to 180' in 
thickness may be utilized, wire up to A' in diam 
eter may be treated in accordance with the pres 
ent method, and sheets up to A' in thickness 
may be similarly treated. The cold rolling which 
may be performed following heat treatment may 
range from 80 per cent reduction down to a cold 
rolling to reduce the thickness by .00025'. 
The term 'Cold rolling” when used heren and 

in the appended claims, is intended to includes 
a cold rolling, a cold working, a skin rolling, or 
a cold drawing operation. When ever the word 
'strips' or the words 'strips and the like' are 
used therein, the same are intended to include 
products such as strips, stripsheets, sheets or wire. 
And finally, in the foregoing description, cer 

tain terms have been used in the sense that they 
are usually used in the art, for brevity, clearness 
and understanding, but no unnecessary imita 
tions are to be implied therefrom beyond the 
requirements of the prior art and the appended 
claims, because such words are not utilized for 
the purpose of limitation and are intended to be 
broadly construed. 
I claim: 
1. A method of making steel strip and the like 

comprising electroplating on steel strip base stock 
at least three layers of two metals selected from 
the group consisting of tin, lead, zinc, iron, nickel, 
chromium, copper, bismuth, antimony, cad 
mium, silver and alloys thereof, one of said metals 
being between two layers of the other metal, then 
heat treating the base stock in a non-oxidizing 
atmosphere at a temperature below the annea 
ing temperature of the base stock and below the 
melting point of the lower melting point metal, 
the time and temperature of heat treatment being 
Sufficient to form two thin partial alloy layers of 
adjacent plated metals of substantial thickness 
but no greater than .0005' between said adja 
cent plated metals. 

2. A method of making steel strip and the like 
comprising electroplating on steel strip base stock 
at least three layers of two metals selected from 
the group consisting of tin, lead, zinc, iron, nickel, 
chromium, copper, bismuth, antimony, cadmium, 
silver and alloys thereof, one of Said metals being 
between two layers of the other metal, then heat 
treating the base stock in a non-oxidizing atmos 
phere at a temperature not exceeding 1150 F. 
below the annealing temperature of the base 
stock, the time and temperature of heat treat 
ment being sufficient to form two thin partial 
alloy layers of adjacent plated metals of substan 
tial thickness but no greater than .0005'' between 
said adjacent plated metals. V 

3. A nethod of makingsteel strip and the like. 
comprising electroplating on steel strip base stock 
at least three layers of two metals selected from 
the group consisting of tin, lead, zinc, iron, nickel, 
chromium, copper, bismuth, antimony, cadmium, 
silver and alloys thereof, the lower melting point 
metal being between two layers of the other 
metal, then heat treating the base stock in a non 
oxidizing atmosphere at a temperature mot ex 
ceeding 1150 F. below the annealing temperature 
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of the base, stock and below the melting point of 
the lower melting point metal, the time and tem 
perature of heat treatment being sufficient to 
form two thin hair-like layers of partial alloys 
of adjacent plated metals of substantial thickness 5 
but no greater than .0005' between said adja 
cent plated metals. 
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