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ABSTRACT OF THE DISCLOSURE 
A method of producing ductile coated steel product 

having a coating of, for example, chromium, copper, 
nickel and titanium, which comprises cold reducing a 
metallurgically bonded coated steel strip and annealing 
the coated steel strip at a temperature below the Ac; 
temperature to completely recrystallize the strip without 
causing substantial alloying of the steel and coating metal. 
Also disclosed herein is a fully annealed coated steel foil 
0.004-inch thick or less having a protective coating of, 
for example, one of the aforementioned coating metals, 
metallurgically bonded thereto but not completely alloyed 
therewith. 

This invention relates to a method for producing ductile 
coated steel product and to a novel product. More partic 
ularly, the invention is directed to a method of producing 
steel having a protective metal coating and which is soft 
and has excellent folding endurance. The method is pain 
ticularly suitable to the production of ductile coated steel 
in very light gauges and, in particular, ductile ‘coated 
steel foil. 
There is currently a need for steel product in light 

gauges which contains a coating of protective metal. Un 
coated steel which is available with good ductility pos 
sesses unsatisfactory properties for many purposes with 
respect to corrosion resistance. To improve its surface 
properties, steel has been coated with a variety of mate 
rials, the more common being tin, zinc and lead. The 
recent innovation of steel foil, i.e. steel which is cold 
reduced to a thickness of less than 0.004 inch, has held 
out the promise of a signi?cantly improved packaging 
material replacing such materials as aluminum, plastics 
and paper. Plastic and paper do not provide adequate 
resistance to penetration of vapors and moisture and, 
along with aluminum, have a low tearing strength and 
puncture resistance. In contrast, the high strength and 
excellent chemical, biological and radiological resistance 
of steel foil renders it well suited for use as a packaging 
material. Coated steel foil, would add improved surface 
propertiesv to the already impressive list of steel foil ad 
vantages. . 

In conventional manufacture of coated steel products 
such as tin plate, galvanized sheet and plate, etc., un 
coated steel, referred to as “black plate” is cold reduced 
on a cold-reduction mill generally before, but sometimes 
after coating. The cold reduction increases the strength 
of the steel but also increases‘ the steel’s hardness and 
stiffness, which of course, means that the steel has a low' 
ductility. Cold reducing steel to foil gauge, i.e. less than 
0.004 inch, greatly lowers ductility and‘ thefoil may be 
unsuitable for many uses, particularly in the packaging 
?eld where fonmability is very important. Thus, the poor 
ductility severely limits the use of the coated steel prod 
uct by restricting its ability to be shaped or fabricated 
and the full potential of coated steel in light gauges cari 
not be realized. ' 

Ordinarily, cold-reduced steel can be “softened’ by 
annealing; however, coated steel products cannot be con 
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2 
ventionally annealed without undue reduction in strength 
and loss of the protection olfered by the coating because 
of alloying between the steel base and the coating. These 
di?’icul-ties are particularly troublesome where light-gauge 
steel such as foil is involved. Coated steel foil will usually 
have a very thin metal coating, and such a thin layer 
may readily alloy with the steel base or, in some instances, 
may react with carbon in the steel to form carbides of 
a generally brittle nature which make shaping without 
cracking virtually impossible. The present invention pro 
vides a method for producing coated steel in a ductile 
condition which has excellent folding endurance and, 
therefore, in light gauges is very suitable for packaging 
applications. 
According to the present invention, a coated-steel prod 

uct is cold reduced to desired thickness and then annealed 
without causing substantial alloying of the steel and coat 
ing. The annealing is performed at a temperature below 
the critical (A01) temperature to avoid transformation 
of the steel microstructure and complete alloying with 
the coating. The A01 temperature is the temperature at 
which on heating, the body-centered cubic structure, fer 
rite, changes to face-centered cubic, austenite. For steels 
having above 0.0Q5 carbon, this temperature is 1333° F. 
Metal coatings useful in our method are those which have 

. a melting point su?iciently high to permit complete re‘ 
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crystallization of the steel during annealing without com 
pletely alloying with the steel. Such metals suited for use 
with the invention include chromium, copper, nickel and 
titanium which have melting points that permit annealing 
of the steel without complete alloying with it. I 

Although some alloying is desirable to insure a chem 
ical bond, i.e. metallurigical bond, between the coating 
and the steel base, substantial alloying of the steel and 
the coating should be avoided in order to :maintain the 
integrity of the coating and the improved properties and 
corrosion resistance which it provides. A metallurgical 
bond is much stronger than a mere mechanical bond and 
is less likely to peel or ?ake otf during cold reduction; 
however, as pointed out above, complete alloying of the 
coating and base is to be avoided to preserve the integrity 
of the coating and its value as a protective surface for 
the steel. If the coating completely alloys with the steel, 
the resulting alloy will not possess the protective charac 
teristics of the unalloyed ‘metal coating. The invention 
provides a method for making a coated steel product in 
which the integrity of the coating is maintained but which 
results in a completely recrystallized steel base which 
is ductile and possesses a high folding endurance. 
Some metals useful as protective coatings for steel 

undergo chemical reaction with uncombined carbon in 
steels to form carbides. The carbides are generally very 
brittle and when present in su?icient quantity make it 
impossible to satisfactorily shape the steel. Furthermore, 
the carbides do not otter the same surface appearance or 
degree vof protection to the steel base. When coating 
materials are used which react with uncombined carbon, 
it is necessary to employ either steels which have been 
decarburized or carbon stabilized steels. It has been 
found that in the case of plain carbon, decarburized steels, 
the carbon content should be brought to a level below 
0.007 percent (by weight) to provide a satisfactory steel 
base without undue carbon reaction with the coating. De 
carburization is, however, fairly time consuming and for 
this reason carbon stabilized steels may be preferred. The 
term “carbon stabilized steels” as used herein refers to 
steels in which a known carbon stabilizer such as titanium, 
vanadium, etc. has been added which lowers the level 
of uncombined carbon to 0.007 percent or less. In such 
steels, the stabilizer is present according to known rela 
tionships in su?icient quantity so that the carbon content 
is at the desired level. Thus, for example, titanium may 
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be used at a ratio of four parts titanium to one part 
carbon to lower the uncombined carbon content. How 
ever, not all potentially useful coating metals undergo 
reaction with carbon to form undesirable carbides. Some 
metals, such as nickel, may be used without danger of 
brittle carbide formation and would not require the afore 
mentioned carbon restrictions. 

Although, as pointed out above, a number of metal 
coatings are suitable in practicing the invention, chromium 
coated products are currently of particular interest to 
industry, and accordingly, speci?c examples herein will be 
directed to this embodiment. In the preferred practice of 
the invention, decarburized steels are used. In decarburiz 
ing according to the preferred practice, plain carbon cold 
rolled steel is decarburized as an opened coil in a decarbu 
rizing and reducing atmosphere typically containing hy 
drogen, water vapor and inert gas. The decarburization 
is generally conducted at a temperature in the range of 
1250° F. to 1350° F. for a time suf?cient to lower the 
carbon content to the desired level. Decarburization can 
be performed in any suitable reducing atmosphere. Where 
hydrogen and water vapor are used, as in the preferred 
embodiment, the hydrogen need not be as pure as is nec 
essary in annealing chromized steel to preserve a charac 
teristic bright appearance. The metal coating, e.g. chro 
mium, may be advantageously applied by circulating 
chromium~halogen-containing gases through the spaces 
between the wraps of the open coil according to known 
chromizing techniques. After coating, e.g. chromizing, 
the coated steel coil can be cold rolled to foil gauge. 
The coated steel foil is then annealed, preferably in a 
high-purity hydrogen atmosphere, either by box anneal 
ing, i.e. batch annealing, or continuous annealing to com 
pletely recrystallize the steel but without causing substan 
tial alloying of the steel and coating. 

Because of the short time periods involved, continuous 
annealing is less arduous and the conditions employed are 
less critical. For example, the hydrogen atmosphere need 
not have as high a degree of purity as that required for 
box annealing where much longer time is involved. Con 
ventional continuous annealing lines may be used and 
the upper portion of the 1050° F. to 1300° F. range is 
more useful with continuous annealing than the batch 
annealing. Satisfactory product has been produced by con 
tinuous annealing coated steel foil at‘ l200'° F. to 1300“ 
F. for up to 40 seconds; the preferred conditions being 
125 0° F. for 20 to 30 seconds. Because of dif?culties asso 
ciated with handling foil gauges in a continuous anneal 
ing operation (e.g. strip breakage) box annealing offers 
some advantages over the continuous treatment. 

For a particularly outstanding surface appearance of 
chromium coated foil, it is necessary to employ controlled 
annealing conditions and an atmosphere containing very 
high-purity hydrogen. It has been found that the atmos 
phere should contain hydrogen of a purity attainable 
by diffusion through a heated (450° C.) palladium-silver 
alloy membrane. Prior to heating, the system should be 
carefully purged to insure that the gas purity in the 
annealing chamber will be adequate at the elevated tem 
peratures. It has been further found that initial reduction 
of the gas pressure to about 5 mm. is helpful. During 
heating, occluded oxidizing gases such as water vapor 
and oxygen will evolve from the coil and it is advanta 
geous to preheat the coil to about 600° F. to 900° F. 
and to maintain this temperature for at least four hours 
before further heating. The chromized steel foil should 
be wrapped on a stainless steel rather than a carbon 
steel sleeve to minimize the quantity of evolved impurity 
gases from this source. The high-purity hydrogen gas 
?ow rate used ‘during box annealing should be as high 
as practicable and if possible to a maximum of 200 cubic 
feet per hour for a single coil-stand base. After this pre 
heating stage, the coil is then heated to an annealing 
temperature for recrystallization in the range of about 
1050° F. to about 1300" F. for a time sufficient to com 
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4 
pletely recrystallize the steel, but insu?icient to cause 
any substantial alloying of the coating and the steel. The 
preferred temperature for box annealing is in the range 
of l050‘° F. to 1150° F. Rapid cooling to a temperature 
at which no gas-metal reactions occur, e.g. about 400° 
F. is desirable after which hydrogen may be purged from 
the system with nitrogen or other suitable gas prior to 
uncovering the coil. 
As a typical example of the preferred embodiment of 

the invention, a coil of plain-carbon cold rolled steel 
of about 0.0359 inch thick and with a carbon content of 
0.10 percent was decarburized by open-coil annealing 
in an atmosphere of about 9 percent hydrogen and the bal 
ance nitrogen at a temperature of about 1275” F. In this 
operation, the carbon content was reduced to about 0.006 
percent. The opened coil was then coated with chromium 
by vapor deposition to provide a one mil (0.001 inch) 
thick coating. The coated steel was then cold reduced 
about 97 percent to a foil gauge of approximately 0.0010 
inch. The foil was then cleaned according to the pre 
ferred practice to remove the rolling lubricant which 
was used. A portion of the foil was continuous annealed 
at a temperature of 1250° F.; another portion was an 
nealed in coil form using the aforementioned box an 
nealing techniques. Upon micrographic examination, both 
specimens were shown to possess a smooth substantially 
uniform chromium coating metallurgically “bonded to the 
steel base and a uniform surface without jagged raised 
portions indicative of cracking or ?aking. 

Table I below shows the properties of coated steel 
foil produced according to the procedure described here 
in. For contrast, the properties of the coated foil are 
compared with aluminum foil properties. 

TABLE I 

No. of 180° Re 
versed Bends to 
First Sign of 

Test Yield Tensile Hard- Fracture 1 
Diree- Strength, Strength, ness 
tion 1 p.s.i. p.s.l. R30-T 3 Longi- Trans 

tudinal verse 
Bend Bend 

Am.~ {L 18, 600 37, 500 33. 0 318 145 
'1‘ 23, 500 36, 000 

B...-_ {L 15,200 31, 300 15. 0 322 157 
T 15, 700 30, 40 

C_..-_ {L 7,300 10,300 <1. 0 57 58 
T 7, 200 9,800 

1 Amsler Reversed-Bend Test. 
1 L denotes longitudinal; T denotes transverse. 
3 The hardness values were converted from Knoop hardness numbers . 

AzChromized steel foil continuous annealed. 
Bzcliromized steel foil box annealed. 
C=Alun1inum foil box annealed. 
It is apparent that various changes and modi?cations 

may be made without departing from the invention. For 
example, various coating techniques may be employed 
to apply a protective metal covering to a steel base. For 
drastic cold reduction, as is performed in the produc 
tion of steel foil, the coating should be metallurgically 
bonded to the steel base to minimize or prevent peeling, 
cracking or ?aking of the coating during cold reduction. 
A preferred annealing temperature range of 1050° F. to 
1300° F. has been presented herein; however, it should 
be understood that lower or slightly higher temperatures 
may be employed as long as the cold reduced steel is 
completely recrystallized to lower its hardness and in 
crease its ductility and complete alloying between the 
coating and steel base is avoided. 
We claim: ’ 
1. A method for producing a ductile coated steel foil 

comprising cold reducing steel having a metallurgically 
bonded coating of a metal from the‘ group consisting of 
chromium, copper, nickel, and titanium and annealing 
said cold reduced, coated steel at a temperature below 
the (Acl) temperature for a time su?icient to completely 
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recrystallize said steel but insu?icient to cause substan 
tial alloying of said coating and said steel at the coating 
metal surface. 

2. A method of producing ductile coated steel foil 
comprising applying a protective metal coating from the 
group consisting of chromium, copper, nickel and ti 
tanium to a steel from the group consisting of plain 
carbon steel decarburized to a carbon level of less than 
about 0.007 percent and carbon stabilized steel having 
an uncombined carbon content of not greater than 
0.007%, cold rolling said coated steel to foil gauge and 
annealing said cold rolled, coated steel at a temperature 
below the (Acl) temperature for a time su?icient to com 
pletely recrystallize said steel but insu?icient to cause 
substantial alloying of said coating and said steel at the 
coating metal surface. 

3. A method according to claim 2 wherein said coated 
steel foil is annealed at a temperature in the range of 
about 1050° F. to about 1300° F. 

4. A method of producing ductile steel foil having a 
protective metal coating comprising applying a coating 
of chromium to steel strip, said steel being selected from 
the group consisting of plain carbon steel decarburized to 
a carbon level of less than about 0.007 percent and car 
bon stabilized steel, cold rolling said coated steel strip 
to foil gauge and annealing said coated steel foil at a 
temperature in the range of about 1050° F. to about 
1300° F. for a time su?icient to completely recrystal 
lize said steel but insu?icient to cause substantial alloy 
ing of said steel and said chromium metal coating at 
the surface of the chromium coating. 

5. A method according to claim 4 wherein said coated 
steel foil is box annealed at a temperature of about 
1050° F. to about 1200° F., for up to about ?ve hours. 

6. A method according to claim 5 wherein said box 
annealing is conducted in an atmosphere containing high 
purity hydrogen. 

7. A method according to claim 4 wherein said coated 
steel foil is continuously annealed at a temperature of 
about 1200° F. to about 1300° F. for up to about 40 
seconds. 

8. A method for producing ductile steel foil having a 
protective metal coating comprising decarburizing an 
open coil of plain carbon steel in a reducing atmosphere 
to a carbon level of less than about 0.007 percent, vapor 
coating a protective layer of chromium onto said de 
carburized steel, cold rolling said chromium coated steel 
to foil gauge and subsequently annealing said coated steel 
foil in an atmosphere containing high-purity hydrogen 
and inert gas at a temperature in the range of about 
1050” F. to about 1300° F. for a time su?icient to com 
pletely recrystallize said steel but insuf?cient to cause 
substantial alloying of said steel and said chromium coat 
ing at the surface of the chromium coating. 

9. A method according to claim 8 wherein said steel 
is decarburized in an atmosphere containing water vapor, 
hydrogen and inert gas. 

10. A method for producing ductile steel foil having 
a protective metal coating comprising heating said foil 
to decarburizing temperature in a reducing atmosphere 
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6 
to decarburize said steel to a carbon level of less than 
about 0.007 percent, coating a protective layer of chro 
mium onto said decarburized steel, cold rolling said 
chromium coated steel to foil gauge, heating the cold 
rolled coated steel foil to about 600° F. to 900° F. in 
a high-purity hydrogen atmosphere to evolve oxidizing 
gases from the coil, subsequently annealing said coated 
steel foil in said high-purity hydrogen atmosphere at a 
temperature in the range of about 1050° F. to about 
1300° F. for a time su?icient to completely recrystallize 
said steel but insu?icient to cause substantial alloying of 
said steel and said chromium coating at the surface of 
the chromium coating. 

11. A method according to claim 10 wherein, after 
annealing, the steel is rapidly cooled to a temperature 
below which gas-metal reactions will not occur and then 
the reducing atmosphere is purged from the system with 
inert gas. 

12. A method for producing ductile steel foil having 
a protective metal coating comprising heating said foil 
to decarburizing temperature in a reducing atmosphere 
to decarburize said steel to a carbon level of less than 
0.007 percent, vapor coating a protective layer of chro 
mium onto said decarburized steel, cold rolling said 
chromium coated steel to foil gauge, heating the cold 
rolled coated steel foil at about 600° F. to 900° F. in 
a high-purity hydrogen atmosphere to evolve oxidizing 
gases from the coil, subsequently annealing said coated 
steel foil in said high-purity hydrogen atmosphere at 
a temperature in the range of about 1050° F. to about 
1150° F. for a time su?icient to completely recrystallize 
said steel but insu?icient to cause substantial alloying 
of said steel and said chromium coating at the surface 
of the chromium coating and cooling said annealed coil 
in said high-purity hydrogen atmosphere to a temperature 
below about 400° F. before withdrawing said coil from 
said high-purity hydrogen atmosphere. 

13. A steel foil product comprising a fully annealed, 
cold rolled steel base less than 0.004 inch thick having 
a protective metal coating from the group consisting of 
chromium, copper, nickel and titanium metallurgically 
bonded thereto at the interface but not completely alloyed 
therewith at the surface of said coating. 

14. A steel foil product according to claim 13 wherein 
said steel has a protective coating of chromium. 
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