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The invention relates to the manufacture of 
stainless steel. More particularly the invention 
relates to the manufacture of strip, sheet or wire 
products composed of stainless steel and the like, 
and to the manufacture of steel strip, sheet or 
wire products surfaced or clad with stainless steel 
and the like; any of which products are further 
characterized by their ability to withstand severe 
deep drawing, stamping or forming operations. 
The term "stainless steel' is used in a broad 

and not a restricted sense in this application, 
meaning an alloy steel which may include, either 
chromium or chromium and nickel as an alloying 
agent in sufficient quantities to make it rust and 
corrosion resistant; or which may include chro 
mium or chromium and nickel together with any 
one or more of the following elements as alloy 
ing agents: cobalt, tungsten, manganese, copper, 
silicon, vanadium and iron, in sufficient quantities 
to make it rust or corrosion resistant, 

It is old to provide iron or steel or stainless 
steel articles with one or more electroplated coat 
ings of nickel, chromium, copper, cadmium, co 
balt, silver, or iron and to then heat the same to 
alloy the plated coatings to each other or to the 
base stock, or both, to form a rust or corrosion 
resistant surface for such articles. However, 
prior art articles or products so made, have always 
been rigid articles, that is, products having their 
final shape before being electroplated and heated. 
The prior art has recognized the difficulties en 
countered in obtaining adherence of the coatings, 
Or in obtaining coatings which are not too brittle. 
And finally, the metal of the rigid prior art ar 
ticies or products has such large grain size that 
it is not ductile and cannot withstand deep draw 
ing, stamping, or forming operations. 
The manufacture of products having stainless 

steel Surfaces is not new, but such products also 
have a relatively high cost and as far as I am 
informed cannot be subjected to deep drawing, 
stamping or forming operations. Moreover, in 
So far as I am informed, no steel strip, sheet or 
wire, Surfaced or clad with stainless steel, has 
ever been made, before my invention, which is 
adapted for withstanding severe deep drawing, 
stamping, or forming operations, after being so 
Surfaced or clad. 
The manufacture of stainless steel strip, sheet 

or wire adapted for withstanding deep drawing, 
stamping, or forming operations is not new, but 
the cost of producing the same in accordance 
with prevailing practice, particularly in the thin 
ner gauges, is extremely high. 
Moreover, in the manufacture of stainless steel 
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in accordance with prevailing practice, the alloy 
ing agents are incorporated in the molten steel 
either before or while pouring the same into the 
ingot molds, and there is a scrap loss of the alloy 
ing materials in the scrap metal formed incident 
to the usual rolling, heating and pickling steps 
carried put in producing thin gauge stainless steel 
strip and the like from ingots. Since these alloy 
ing agents have a high cost, the expense due to 
the scrap loss of the alloying agents is relatively 
high. 

Moreover, when different analyses finished 
stainless steel alloy products are desired, different 
heats must be made for each different alloy de 
sired, and the processing of the same to form the 
finished products must be controlled in accord 
ance with the requirements of the particular alloy 
being rolled or worked. 

All of these factors, together with many others, 
increase the cost of making stainless steel strip, 
sheet and wire products of different analyses, so 
that the cost of such products is very high as 
compared to the cost of similar products made of 
Ordinary steel which is relatively cheap. 

It is therefore a principal object of the present 
invention to provide methods of making stainless 
steel and stainless clad steel strip, sheet or wire 
products, particularly in the thinner gauges, 
which can withstand severe deep drawing, stamp 
ing and forming Operations. 

Moreover, it is an object of the present inven 
tion to provide methods of making stainless steel 
and stainless clad steel products much cheaper 
than the same can be made in accordance with prevailing practice. 
Also it is an object of the present invention to 

materially reduce the cost of making stainless 
Steel and stainless clad steel strip, sheet or wire 
products and to at the same time produce a 
stainless or stainless clad product which can be 
Subjected to severe deep drawing, stamping and 
forming operations, 

Moreover, it is an object of the present inven 
tion to utilize a relatively cheap rolled steel strip 
and the like as a base or raw material for making 
stainless or stainless clad steel strip and the like 
in order to materially reduce the cost of the fin 
ished product. 

Also, it is an object of the present invention 
to prevent any substantial loss of expensive al 
loying agent in making stainless and stainless 
clad strip products and the like by electroplating 
the more expensive alloying agents in accurately 
controlled amounts upon a relatively cheap steel 
strip base and the like of such gauge that sub 
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sequent operations upon the same produce little 
if any scrap loss. 

Likewise, it is an object of the present inven 
tion to reduce the cost of making stainless and 
stainless clad steel strip products of different 
analyses by changing the analysis by varying the 
alloying metals and thicknesses thereof electro 
plated upon a relatively cheap steel strip base 
which enables a very accurate control of the 
analysis and a relatively cheap cost of produc 
tion of the finished product as compared with 
the prevailing practice of changing the analysis 
of the metal in the original heat thereof. 
I have discovered that by alternately heat 

treating and cold rolling a relatively cheap rolled 
steel strip or the like having a plurality of some 
or all of the alloying metals electroplated there 
on, a finished stainless or stainless clad steel 
product can be made having good ductility and 
such grain structure that it can withstand deep 
drawing, forming or stamping without damage or 
rupture. 
I have also discovered that by coordinating 

the thickness of the steel base, the thickness 
of the successive layers of alloying metals elec 
troplated upon the steel base, and the subse 
quent alternate heat treating and cold-rolling 
operations; the alloying metals can be completely 
diffused into the base metal so as to form a uni 
form and homogeneous stainless steel alloy of 
the alloying and base metals. 
I have further discovered that by a control and 

coordination of the thickness of the steel base, 
of the thickness of the successive layers of alloy 
ing metals electroplated upon the steel base, and 
of the subsequent alternate heat treating and Cold 
rolling operations; the - alloying metals can be 
completely diffused into surface portions of the 
base metal so as to form a steel strip having a 
uniform and homogeneous stainless steel alloy 
of the alloying and base metals on the surfaces 
thereof. 

Moreover, some of the alloying metals may be 
incorporated in the cheap steel base stock in ac 
cordance with usual practice, such as vanadium, 
cobalt, tungsten, copper and silicon; before other 
alloying metals are plated on the base stock. 
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component metals and of the ultimate alloy net 
also as to permit the product to be deep drawn, 
stamped or formed severely, as distinguished 
from prior art plated heat treated products in 
which grain growth occurs and large grain size 
results which prevents the material from being 
drawn, stamped, or formed to any extent with 
out damage or rupture. 
The heat treating steps may each be carried out 

at a desired Or selected temperature within the 
range of 1100 F. to 2500 F., the higher that the 
temperature utilized for each heating step is, the 
shorter is the time required for such heating step 
and each succeeding heating step, and the more 
rapid is the diffusion of the base and plating 
metals. 
When complete diffusion is desired throughout 

the stainless steel strip, the temperature of any 
of the successive heating steps may be within the 
stated range of 1100°F. to 2500°F. 
When making stainless clad steel; wherein 

complete diffusion takes place in the outer sur 
face Zones of the base metal, but not entirely 
through the base metal, all heating steps except 
the last may be at a selected temperature within 
the stated range of 1100 F. to 2500° F.; and 
the temperature of the last heat treatment should 
not be above the critical temperature of the steel 
base metal which is for most all relatively cheap 
i that may be used as the base metal, about 
The heat treatment may be carried out in al 

most any type of conventional furnace, that is, 
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Many of the plating metals just mentioned are 
brittle when electroplated and are not well bonded 
to the adjacent iayers of plated metals or base 
metal and will crack or peel if cold rolled. How 
ever, if the electroplated stock is heat treated to 
anneal the coating and base metals and to par 
tially alloy the coating and base metals to each 
other, the heat treated plated stock can be cold 
rolled or worked to some extent without any 
danger of cracking or peeling. With each suc 
cessive alternate heating and cold rolling opera 
tion the ductility of the product is increased and 
the diffusion and alloying of the metals prog 

SS6S. 
Moreover, the diffusion and alloying of the 

plating and base metals is completed in a much 
shorter time when the plated stock is alter 
nately heated and cold roller or worked, than 
when it is attempted to completely diffuse the 
plating and base metals by a long soaking heat 
ing Operation without any cold rolling. This is 
believed to be due to the fact that with each cold 
rolling operation the thickness of the plated met 
als, or what remains of the same, is reduced and 
consequently the distance through which dif 
fusion and alloying must take place is reduced. 

Also, the alternate heating and cold rolling of 
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in either a box type or continuous type furnace. 
In either type of furnace, it is preferred that a 
Special or controlled atmosphere be used, that is, 
one which is reducing in character, or at least 
non-oxidizing. It is, however, not absolutely 
necessary to use a controlled atmosphere, but if 
the atmosphere is not controlled and is Oxidizing, 
it is necessary to pickle the material after heat 
treatment and before cold rolling; and in a great 
many instances the oxides of the alloys formed 
are difficult to remove. 
O Thus, the oxide formed when a chrome, nickel, 
iron alloy is heated to 2500°F, under Oxidizing 
conditions is practically impossible to remove and 
care should be taken to prevent the formation 
of such oxides during heat treatment. If the 
formation of an oxide on the surface of the plated 
stock is not prevented during heat treatment, or 
if the same is formed and is not removed after 
heat treatment, it will be rolled into the stock and 
may ruin the stock or stock surface when sub 
sequent cold rolling operations are carried out. 

Specific examples of the manufacture of stain 
less and stainless clad steel strips and the like 
are Set forth below. It will be noted that some 
of the examples only call for two heat treatments 
and One cold rolling, or for two heat treatments 
with an intermediate cold rolling and a final 
skin pass. It may be stated generally that in 
order to carry out the present invention, at least 
two heat treatments and at least one cold rolling 
operation between said two heat treatments of 
the electro-plated base stock must be carried out. 

However, by increasing the number of alternate 
heat treating and cold rolling or cold working 
operations which are carried out, the deep draw 
ing, forming and stamping characteristics of the 
resultant product will be materially benefited. 
Likewise, an increase in the thickness of the 
layers of alloying metals plated on the base metal 
Will require an increase in the number of alter 

the plated stock refines the grainstructure of the 75 nate heat treatments and cold rollings required 



5 
to obtain the desired qualities in the final product, 

Also, as shown in some of the succeeding ex 
amples, the alloying metal" or metals may be 
plated on the base stock, heat treating and cold 
rolling then performed, then more alloying metal 
or metals may be plated on the stock followed 
by heat treatment and cold rolling. This pro 
cedure may be incorporated in any of the ex 
amples and essentially consists in reducing the 
thickness of the stock intermediate plating Oper 
ations, which results in reducing the total time 
of heating required for obtaining complete dif 
fusion. The total time of heating means the sum 
total of the times of heating of all of the heat 
treatment steps carried out. 
The various alloying metals plated on the base 

stock may be plated in any desired or selected 
sequence in order to give the desired composition. 
If the number of electroplated layers in any in 
stance is increased and the thickness of each 
layer decreased correspondingly, in order that the 
desired composition results, the total time of heat 
ing required for obtaining the desired diffusion 
Will be decreased. 
Thus, it may be said that the number of heat 

treatments, the time of heat treatment, and the 
number of cold rollings required in accordance 
with the present invention is determined by the 
thickness of the plated layers, the number of 
plated layers, and the qualities desired in the 
final product; it being understood that at least 
two heat treatments and at least one Cold roll 
ing of the plated base stock are always required. 
Since the procedures for electroplating the 

metals mentioned herein are well known in the 
art, these procedures, the types of electroplating 
solutions, 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 component metals. 
The number of layers of plated metals and the 

thickness thereof, and therefore the resulting 
composition due to diffusion is under accurate 
control, because the metals are applied by electro 
plating operations; and therefore any composition 
of stainless steel can be easily produced to any 
desired accuracy. Accordingly, the present in 
vention provides for great flexibility of operation 
in producing any desired product. 

In addition to other remarks made herein coin 
cerning the cold rolling or cold working opera 
tions following heat treatment operations, the 

.2,402,884 

5 

30 

25 

30 

35 

40 

45 

5 

55 
same smooths out the plated heat treated coat 
ings and reduces variations in the thickness 
thereof, thus contributing to the unifornity of 
the product produced. The cold rolling or cold 
Working also closes up the pores of the electro 
plated metals and reduces porosity. Iikewise, the 
cold rolling or cold working elongates surface 
grains, thus preventing the formation of stretcher 
strains when the material is subsequently deep 
drawn, formed or stamped. 

Also, the surface appearance of the finished 
material can be controlled by the final Cold roll 
ing; for example, by using bright, Smooth, 
polished rolls the surface of the finished ma 
terial will be bright, and by using sand blasted 
rolls, the Surface of the finished material is 
given a satin finish. 
In connection with the manufacture of stain 

less clad strip steel, as distinguished from stain 
less strip steel, in accordance with the present in 
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6. 
vention, the same procedures are followed except 
that the ratio of the thickness of the plated metals 
to the base stock may be less; a greater number 
of thinner coating layers may be used which will 
shorten the time and depth of diffusion of the 
Coating layers into the base stock; and preferably 
a layer of iron will be first plated on the base 

to reduce or prevent diffusion into the base 
StOCK, 

Moreover, the use of a layer of plated iron next 
to the base stock in making stainless clad strip 
steel will provide a more ductile and rust resist 
ant clad product, 

It should further be mentioned, that the stain 
less steel strip and the stainless steel surfaces of 
the stainless clad steel strip made in accordance 
with the present invention are essentially the 
Same except that the stainless steel of the stain 
less clad steel strip will be substantially free of 
carbon and of impurities, because these materials 
will be retained in the base stock; while the stain 
less steel strip will contain the carbon and im 
purities present in the base stock. 
The invention is further illustrated by the fol lowing examples: 

Eacample 1 

In making 18% chromium, 9% nickel stainless 
steel strip, the nickel and chromium may be plat 
ed in alternate layers on a relatively cheap steel 
strip; and at least two diffusion heat treatments 
and Cold rolling following each heat treatment to 
give quick diffusion may follow the plating. For 
instance, a low carbon steel strip .090' thick may 
be electroplated on each side with a layer of 008’’ 
of chromium, followed by an electroplated iayer 
on each side of .002' of nickel, followed by an 
electroplated layer on each side of .00435' of 
chromium, and finally with a layer on each side 
of .001635' of nickel. 
The strip is then heat treated at a temperature 

within the range of 1100 F. to 2500° F., say at 
1800 F. for one to five hours or longer in a non 
oxidizing atmosphere to anneal the base metal 
and plated metals and to partially alloy the 
plated metals with the base metal and with each 
Other, 
The time of treatment depends upon the thick 

ness of the plated metals, upon the time and tem 
perature of the subsequent heat treating opera 
tion, and upon the type of furnace used. The 
higher the temperature used, the shorter will be 
the time of treatment, and for any selected tem 
perature, the longer the time of treatment, the 
more diffusion will result. 
The strip is then cold rolled to a thickness of 

.070' and reheated to a temperature within the 
range of 1100° F. to 2500°F. for a sufficient time 
to give complete diffusion of the chromium and 
nickel with the iron in the steel strip. 
This step is then followed by cold rolling the 

stock to a finished gauge of say .040' thick, the 
resulting strip being a stainless steel strip con 
taining approximately 18% chromium, approxi 
mately 9% nickel, and approximately 73% iron. 
In this example, as well as in succeeding ex 

amples, the base stock or raw material may be 
either hot rolled pickled steel strip, or cold rolled 
steel strip either annealed or unannealed. 
The time of the second heat treating operation 

was not given above because it depends upon 
the amount of diffusion resulting from the first 
heat treatment step, which in turn depends upon 
the temperature and time of treatment of the 
first step. However, if the second heat treat 

  



7 
ment step is also at say 1800F, the time of trea 
ment may again be one to five hours or longer. 
If either of the heat treatments are at a lower 
temperature in the stated range, the time of treat 
ment will be ordinarily longer, or if at a higher 
temperature, the time of treatment will Ordinarily 
be shorter; the ultimate requirement being that 
the times and temperatures of the two heat treat 
ments must be such that the sum total is sufficient. 
to give complete diffusion; that is, so that the O 
zones of stainless steel on each side of the strip 
extend inward from the surfaces entirely to the 
other zone. 

In the drawing, the steps of Example l are 
shown diagrammatically in Figs, 1 through 5. 

Figure 1 illustrates diagrammatically in Cross 
section the steel strip base metal , upon which 
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080" thick. A layer of nickel is then electro 
plated on each side 001''' thick, followed by a 
layer of chromium on each side .010' thick, 
followed by electroplated layers on each side re 
spectively of .0015' of nickel and then .010' of 
chronium. 
The strip is then heat treated in a non-Oxidiz 

ing atmosphere to give partial diffusion of the 
metals at a temperature within the range of 1100 
E. to 25000 F., and is then cold rolled to .050' 
and reheated for a sufficient time to give COm 
plete diffusion of the metals at a temperature 

s 

the alternate layers of chromium 2, nickel 13, 
chromium 4, and nickel is are plated on each 
side; 

Fig. 2 illustrates diagrammatically in cross Sec 
tion the plated strip after the first heat treat 
ment, in which there may still be a central Zone 
of steel lia, intermediate zones of chronium 
nickel-iron alloy 16, and outer Zones of chro 
mium-nickel alloy . It is to be understood that 
the showing in the drawing is entirely diagram 
matic, as there may be some little diffusion of 
the iron clear out to the outer surface, and SOne 
little diffusion of the chromium and nickel en 
tirely into the steel. 

Fig. 3 illustrates diagrammatically in cross sec 
tion the strip of Fig. 2 after it has been reduced 
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30 

to 070' in thickness by the first cold rolling step. 
Fig. 4 illustrates diagrammatically in Cross Sec 

tion the result of the second heat treatment step 
35 

by which complete diffusion has been obtained 
so that the entire strip is a chromium-nickel-iron 
alloy stainless steel strip 8. 

Fig. 5 shows the finished stainless steel strip 
diagrammatically in cross section after the strip 
of Fig. 4 has been cold rolled to .040' thick. 

Eacample 2 
. Other alloying metals may be incorporated in 
the stainless steel strip made by the present in 
vention by incorporating the alloying metals in 
the base stock metal. Thus, a higher carbon, 
manganese stainless steel strip may be made by 
starting with a base stock steel strip,074' thick 
containing .47% manganese and .23% carbon. 
The strip may then be electroplated on each side 
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with a layer of .003565' of nickel followed by an 
electroplated layer on each side of 01005'' of 

' chronium. 
The strip is then heat treated at a tempera 

ture within the range of 1100 F. to 2500' F. in 
a reducing or non-oxidizing atmosphere for a suf 
ficient time to give partial diffusion of the plated 
metals with the base metal and with each other. 
The strip is then cold rolled to a thickness of 
047' thick and reheated in a reducing or non 
oxidizing atmosphere at a temperature within the 
range of 1100°F. to 2500 F, for sufficient time to 
give complete diffusion and form a homogeneous 

- stainless steel strip containing 18% chromium, 
8% nickel, 73%% iron, .35% manganese and .15% 
carbon. 

Example 3 
Silicon may also be included in the base stock 

metal and incorporated in the stainless steel to 

SS 

within the range of 100 F. to 2500 F. in a non 
oxidizing atmosphere. The strip may then be 
skin rolled to improve the surface thereof and 
prevent wrinkles when subsequent forming, 
stamping or drawing operations are performed. 
The final strip will be 30.0% chronium, 4.7% 
nickel, i.47% silicon, .49% manganese, .693% 
carbon, and 62.64.7% iron, with a final thickness 
of .049 inch, 

... Ecample 4 

Stainless steel strip containing alloying metals 
in addition to chromium or nickel Or both may 
also be made by plating alloys of metals rather 
than individual metals. Thus, a stainless steel 
strip .010’’ thick containing 68.81% iron, 18.9% 
chromium, 7.9% nickel, 36% carbon, .5% man 
ganese, and 3.53% tungsten may be produced by 
using as a base stock, strip steel .008' thick con 
taining .65% carbon and .90% manganese and 
electroplating thereon a layer on each side of . 
.0005'' of nickel followed by plating a layer .0015' 
thick on each side of an alloy of 80% iron and 
20% tungsten, followed by an electroplated layer 
on each side of .0015' thick of chronium. The 
strip is then heat treated in a non-oxidizing at 
mosphere at a temperature within a range of 
1100 F, to 2500 F, to partially alloy the metals, 
is then cold rolled to a thickness of .012' thick 
and again heated as aforesaid for a sufficient 
time to give complete diffusion, and is finally cold 
roled to a thickness of .010' thick. 

Eacample 5 

More rapid diffusion of the alloying metals may 
be obtained and complete alloying accomplished 
in a shorter total heating time if part of the iron 
is electroplated as a layer or layers between the 
other layers of plated metals. Thus, in produc 
ing a stainless steel strip having approximately 
the same analysis as that obtained in Example 1, 
a low carbon steel strip .00' thick may be elec 
troplated on each side with a layer of .001' of 
nickel, followed by a layer on each side of .004' 
of chromium, followed by an electroplated layer 

O 

O 

be made by using as a base stock, strip steel con 
taining say 2.4% silicon, .8% manganese, and 
1.13% carbon, the base stock strip steel being 5 

on each side of .00' of iron, and finally with a 
layer on each side of .004' of chronium. 
The strip is then heat treated in a non-oxidiz 

ing atmosphere at a temperature within the range 
of 1100° F to 2500 F. to obtain partial diffusion; 
and is then cold rolled to a thickness of Say .014'. 
The strip is again heat treated as aforesaid in a 
non-oxidizing atmosphere to give further diffu 
sion and is then cold rolled to a thickness of .00'. 
The strip is then further heat treated as afore 
said to obtain complete diffusion, and is finally 
cold rolled to a final gauge of 008' thick; the re 
sulting strip being a stainless steel strip contain 
ing approximately 17.9% chronium, approxi 
sely 8.02% nickel, and approximately 74.08% 
O 

Eacample 6 
A chrome-iron alloy stainless steel strip may 
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be produced in accordance with the treatment of 
any of the preceding examples, by electroplating 
alternate layers of chronium and iron upon base 
stock in such proportions as to give the desired 
resulting analysis. The plated base stock is then 
subjected to alternate heat treating and cold roll 
ing operations as aforesaid to obtain complete. 
diffusion of the plated iron and chromium with 
each other and with the base stock. At least two 
heat, treatments and at least one cold rolling must 0. 
be carried out in order to obtain ductility in the 
final product. 

Eacample, 7 

Stainless clad strip steel may be produced in a 
manner similar to that outlined in the foregoing 
examples for the manufacture of stainless steel, 
by plating the component metals on the Steel strip 
base stock, and then heat treating and cold roll 
ing to obtain the desired diffusion and finished 
gauge. 
As previously stated, the number and Sequence 

of plating layers may be selected in accordance 
with the finished product desired, the greater the 
number of thinner plated layers, the shorter will 
be the time required for diffusion of the coating 
metals With each other and consequently diffull 
sion of the coating metals into the base stock will 
be proportionately less. It is advantageous to 
electroplate a layer of iron next to the base stock 
when making stainless clad steel strip in order 
to reduce diffusion into the base stock during heat 
treatment. 

In producing a stainless clad steel strip in 
which the stainless steel Zones which extend a 
substantial distance inward from each surface of 
the finished strip, a steel strip .050' thick is elec 
troplated with a layer of iron.00031' thick (each 
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side), then a layer of nickel.0000875' thick (each 
side), then a layer of chromium .0002525' thick 
(each side), and the strip is then heat treated 
in a non-oxidizing atmosphere at a temperature 
within the range of 100° F. to 2500 F., prefer 
ably around 1800 F., to obtain partial diffusion 
of the plated metals with each other. The strip 
is then cold rolled to a thickness of .040', and 
after suitable cleaning the strip is again electro 
plated with a layer of iron .00025' thick (each 
side), then a layer of nickel 000072' thick (each 
side), and then a layer of chromium .000202' 
thick (each side), and again heat treated to a 
temperature within the range of 1100 F. to 
1800 g. to obtain complete diffusion of the elec 
troplated metals. There Will also be Some diffusion 
of the non-ferrous plated metals with the base 
stock, but this will be reduced if the first plated 
layerision. 
In this example, if the heat treatment is of 

Sufficient duration to cause the diffusion of the 
plated layers into the base stock to be a distance 
of approximately .001' (each side), and if the 
strip is then cold rollied to a final thickness of 
.035', the final strip will have a steel base .031' 
thick With a stainless steel coating thereon .002' 
thick on each side; the stainless steel coatings 
having an approximate analysis of 18% chro 
nium, 8% nickel and 74% iron. 

The plated layers are preferably made quite 
thin and increased in number so that the time 
of heat treatment may be reduced to obtain com 
plete diffusion for forming the desired stainless 
alloy in Zones extending inward a substantial dis 
tance from each Surface of the strip. Moreover, 
heat treating and cold rolling may be interposed. 
between plating steps, as previously described in 
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connection with the manufacture of stainless steel strip. 
In the drawing, the steps of Example 9 are 

shown diagrammatically in Figs. 6 through 11. 
Fig. 6 illustrates diagrammatically in cross sec 

tion the strip steel base metal 2A, upon which 
the alternate layers of iron 22, nickel 23, and 
chromium 24 are electroplated on each side. 

Fig. 7 illustrates diagrammatically in cross sec 
tion the plated strip after the first heat treat 
ment, in which there is a central zone of steel 
2a, and also zones 28 extending inward a sub 
stantial distance from each surface composed of 
the plated metals 22 to 24, which have been par 
tially alloyed with each other and with the adja 
cent base metal. 

Fig. 8 illustrates diagrammatically in cross sec 
tion the strip of Fig. 7 after it has been mate 
rially reduced in thickness by the first cold rolling 
step. 

Fig. 9 illustrates diagrammatically in cross sec 
tion a strip of Fig. 8 after additional layers of 
iron 25, nickel 26, and chromium 2, have been 
electroplated thereon. 

Fig. 10 illustrates diagrammatically in cross 
Section the result of the second heat treatment 
Step by which complete diffusion of the plated 
metals has been obtained, so that there are zones 
extending inward from each surface of the strip 
a substantial distance, composed of chromium 
nickel-iron alloy 36 on the base metal 2 a. 

Fig. 11 shows the finished stainless clad steel 
strip diagrammatically in cross section after the 
strip of Fig. 10 has been further cold rolled. 

Eacample 8 
In making thin gauge strip with a very thin 

stainless steel coating on each side thereof, a 
low carbon steel strip .015' thick is electroplated 
on each side with a layer of iron.00000614' thick, 
then. On each side With a layer of nickel.00000051''' 
thick, and then on each side with a layer of 
chromium .000001554' thick. The plated strip is 
then heat treated in a non-oxidizing atmosphere 
as aforesaid to obtain partial diffusion of the 
plated metals with each other. The strip is then 
cold rolled to a thickness of .02025', and is again 
heat treated to obtain complete diffusion, and is 
finally skin rolled to a thickness of .00'. The 
resulting stainless clad steel strip is composed of 
a steel base sightly less than .00' thick with 
stainless steel cladding on each side .0000055' 
thick. This cladding will have an approximate 
analysis of 17% chromium, 7% nickel and 76% 
iron. 

Eacample 9 
An even thinner strip may be made with a thin 

stainless steel cladding on one side thereof by 
plating a low carbon steel strip, say .001''' thick 
on one side with a layer of .0002' of iron, then 
with a layer on said side of .00003' of nickel, and 
then with a layer on said side of .0001' of chro 
mium, the other side of the strip being shielded 
to prevent electroplating thereon. The strip is 
then heat treated to effect substantially complete 
diffusion of the plated layers, and said side is 
again electroplated with a layer of .0002' of iron 
followed by a layer of .00003' of nickel, and final. 
ly with a layer of .0001''' of chromium. The strip 
is again heat treated as aforesaid to obtain com 
plete diffusion of the coating metals with each 
other, and is finally cold rolled to a thickness of 
.001'', so that the steel strip is slightly less than 
.001''' thick with a cladding on one side of .0004'' 
of stainless steel having an approximate analysis 
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of 27.96% chromium, 10.43% nickel, and 61.61% 
iron. 
In making the cladding on only one side, the 

shielding of the other side during electroplating 
may be accomplished in any well known Way So. 
as to prevent throwing of the plated metals 
around the edges of the strip. 

Eacample 10 

The fundamental procedure of Example 13 may 
be carried out to obtain one analysis of cladding 
on one side of the strip, and a different analysis 
of cladding on the other side of the strip by elec-r 
troplating a low carbon steel strip .030' thick on 
one side with .00202' of iron, then .00025' of 
chromium, then.00202' of iron, and then .00025' 
of chromium; after which the other side of the 
strip is plated with .00052' of copper, then with 
001'' of nickel, then with .00052' of copper, and 
then with .00i' of nickel. The strip is then 
heat treated as aforesaid to obtain partial dif 
fusion of the plated metals with each other and 
is then cold rolled to a thickness of .025'. There 
after the strip is further heat treated to con 
pletely diffuse the plated metals with each other, 
the final strip being .025' thick with stainless 
steel cladding on one side.003' thick having an 
approximate analysis of 10% chromium and 90% 
iron, and with a cladding on the other side of 
.002' of monel metal having an approximate 
analysis of 65% nickel and 35% copper. 

In ge72eral 

Although no example has been given of the 
thickest base stock which may be used, the base 
stock may be up to say .375' thick, and may be 
as thin as .001''' thick as in Example 9. Both 
stainless steel and stainless clad steel strips may 
be made with a final thickness after plating, heat 
treating and cold rolling of .375' thick to .001''' 
thick. The limits of total thickness of metals 
plated on the strips to make clad strip may be 
from .0000055' to .035'. 
The more important advantages of the proc 

esses comprising the present invention are that 
a relatively cheap steel base strip stock may be 
used as a starting or raw material, and other 
metals, some of which may be expensive metals, 
can be added in accurately controlled amounts 
by electrodeposition. Stainless steel strip, partic 
ularly of the thinner gauges, and also stainless 
clad strip can be produced at a much lower cost 
of production than when these materials are 
made in accordance with conventional practice; 
and the resulting products may be severely deep 
drawn, stamped or formed. 
A further advantage of the present invention 

is that while it is difficult and expensive to make 
low carbon stainless steel such as .06% to .08% 
carbon stainless steel, it is relatively easy to make 
such a low carbon common steel which can be 
used as a base stock in the present invention for 
readily, easily and cheaply making such a low 
carbon stainless Steel. 

In carrying out the invention, the alternate. 
heat treatment and cold rolling changes the 
relatively brittle electrodeposited layers of metal 
into ductile alloys. If the plated strip were cold 
reduced without heat treatment, strains WOuld be 
set up, which would eventually cause the layers 
to separate from the base stock; and the heat 
treatment removes these strains and permits fur 
ther cold reduction without danger of Cracking. 
Each successive heat treatment and cold rolling 
increases the ductility of the stock, and when 
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sufficient alloying and cold Working is applied, 
the resulting product can be drawn, stamped, or . 
formed without destroying the rust-resisting 
properties of the metal. 

0. 

The cold rolling or working also smooths the 
plated metals, makes a more uniform product, 
reduces porosity, and elongates surface grains; 
and the final surface of the product may be con 
trolled by the final cold rolling operation. 

Moreover, the number of alternate heat treat 
ments and cold rolling, and the time and tem 
perature thereof, is determined by the thickness 
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of the coating layers and qualities desired in the 
final product; and because the number and thick 
ness of the coating layers may be controlled, the 
resulting composition can be controlled or varied 
at will, so that the process is very flexible for 
producing any desired composition of stainless 
or stainless clad steel strip and the like. 
Whenever the term 'heat treatment' is used 

herein and in the appended claims, it means a 
heating operation carried out in either a non 
Oxidizing or a reducing atmosphere, or a heating 
operation carried out under conditions which may 
be oxidizing, followed by a pickling operation to 
remove any scale produced. In other words, any 
heat treating operation called for herein must be 
accompanied by the prevention or removal of 
oxides. - 

The term "cold rolling' when used herein and 
in the appended claims, is intended to include a 
cold rolling, a cold working, a skin rolling, or 
cold drawing operation. Whenever the word 
'strips' or the words "strips and the like' are 
used herein, the same are intended to include 
products such as strips, strip-sheets, sheets, or 
Wire. 
The words "strips of the thinner gauges' as 

used herein, are intended to include strip products 
and the like having gauges as thin as .001 inch. 
The term “low carbon steel' as used herein 

and in the appended claims is a usual term used 
in the art, and means a steel containing up to 
about .12% carbon. 

I claim: 
1. The method of making ductile stainless and 

stainless clad rolled steel strips, which consists in 
electroplating layers of chromium and nickel 
upon a low carbon rolled steel strip base in the 
required proportions to give the desired stainless 
steel analysis in the finished product, and then 
subjecting the plated base stock to at least two 
heat treating and at least one cold rolling opera 
tions between said heat treatments, said heat 
treating operations being conducted at tempera 
tures belween 100 F. and 2500°F. and below the 
melting points of the metals but sufficiently high 
to completely diffuse the chromium and nickel 
with each other and at least partially diffuse 
them with the base stock. 

2. The method of making ductile stainless and 
stainless clad rolled steel strips, which consists in 
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electroplating layers of chromium and iron upon 
a low carbon rolled steel strip base in the re. 
quired proportions to give the desired stainless 
steel analysis in the finished product, and then 
Subjecting the plated base stock to at least two 
heat treating and at least one cold rolling opera 
tions between said heat treatments, said hea, 
treating operations being conducted at tempera 
tures between 1100 F. and 2500 F. and below the 
melting points of the metals but sufficiently high 
to completely diffuse the chromium and iron with 
each other and at least partially diffuse them 
with the base stock. 
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3. The method of making ductile stainless an 
stainless clad rolled steel strips, which consists in 
electroplating upon a low carbon rolled steel strip 
base layers of metals consisting of chromium and 
a metal of the group consisting of iron and nickel, 
said metals being in the required proportions to 
give the desired stainless steel analysis in the 
finished product, and then subjecting the plated 
base stock to at least two heat treating and one 
cold rolling operations between said heat treat 
ments, said heat treating operations being con 
ducted at temperatures between 1100 F. and 
2500 F. and below the melting points of the 
metals but sufficiently high to completely diffuse 
the plated metals with each other and at least 
partially diffuse the plated metals with the base 
stock. 

O 
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4. The method of making ductile stainless and 

stainless clad rolled steel strips, which consists iri 
electroplating upon a low carbon rolled steel strip 
base layers of chromium, iron and nickel, Said 
metals being in the required proportions to give 
the desired stainless steel analysis in the finished 
product, and then subjecting the plated base 
stock to at least two heat treating and One inter 
mediate cold rolling operations to completely dif 
fuse the plated metals with each other and at 
least partially diffuse the plated metals with the 
base stock, and performing the heat treating op 
erations at temperatures Within the range of 
1100°F, to 2500' F. 

JOHNs. NACHTMAN. 

  


