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ABSTRACT

A pre-coated steel strip is provided. The steel strip includesa strip of base steel having a
length, a width, a first side, and a second side. The length of the strip is at least 100m and the
width is at least 600mm. An aluminum or an aluminum alloy pre-coating is on at least part of at
least one of the first or second sides of the strip of base steel. A thickness t, of the pre-coating is
from 20 to 33 micrometers at every {ocation on at least one of the first or second sides.

Processes, coated stamped products and land motor vehicles are also provided.
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What is claimed is:

1. A pre-coated steel strip, comprising:

(a} a sirip of base steel having a length, a width, a first side, and a second side;

{b) said length of said sirip of base steel being at least 100m and said width being at least
600mm, and

(¢} an aluminum or an aluminum alloy pre-coating on at least part of one of said first and
second sides of said strip of base steel,

wherein a thickness t, of said pre-coating is from 20 to 33 micrometers at every location

on at least one of said first and second sides.

2. A method for making a pre-coated steel strip according to claim 1, wherein the pre-coated

steel strip has a thickness of not greater than 3 mm.

3. A process for making a hot stamped coated steel sheet product, comprising:

{A) heating an aluminum- or aluminum alloy pre-coated steel sheet in a furnace
preheated to a temperature and during a time defined by trapezoid ABCD having heating time,
temperature coordinates of about A (3 minutes, 930°C), B (& minutes, 930 °C), C (13 minutes,
880 °C) and D (4.5 minutes, 880°C) if thickness of said sheet is greater than or equal to 0. 7mm
and less than or equal to 1.5mm, and by trapezoid EFGH having heating time, temperature
coordinates of about E (4 minutes, 940°C), F (8 minutes, 940°C), G (13 minutes, 900°C), and H
(6.5 minutes, 900°C) if thickness of said sheet is greater than 1. Smm and less than or equal to
3mm, at 3 heating rate V. between 20 and 700°C comprised between 4 and 12°C/s, to obtain a
heated blank;

(B) transferring said heated blank to a die; and

(C) stamping said heated blank in said die, to thereby obtain a hot stamped steel sheet
product,

wherein the said heated product is cooled at a rate of at least 50°C/s during an interval

between when said product exits said furnace and when said product reaches 400°C.
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4. A process according to claim 3, wherein said heated blank is deformed by a quantity higher

than 10% during said stamping.

5. A process according to claim 3, wherein the elapsed tirne between said heated blank exits said

furnace and said stamping commences is not more than 10 seconds.

6. A process for making a hot stamped coated steel sheet product, comprising : hot dip pre-
coating a steel strip having a first side and a second side with aluminum or aluminum alloy to
obtain a pre-coated steel strip, the pre~-coating thickness on at least one of said first side and said
second side of said strip having a thickness of from 20 t0 33 um at every location on at least one
of said first and second sides of said strip;

cutting said pre-coated steel strip to obtain a sheet;

heating the sheet in a pre-heated furnace to obtain a heated blank in which the steel is
austenitic;

transferring said heated blank to a die while maintaining said steel in the austenitic phase;
and

stamping said heated blank in a die to obtain a hot stamped steel sheet product in which

the steel microstructure is martensitic.

7. A hot stamped coated steel sheet product, which is prepared by a process comprising:

{A) providing a pre-coated sirip according to claim 1, said strip being pre-coated with
aluminum or aluminum alloy |

(B) cutting said pre~coated steel strip to a predetermined size and shape to obtain a sheet ;

{(C) heating said steel sheet in a furnace preheated to a temperature and during a time
defined by trapezoid ABCD having heating time, teroperature coordinates of about A (3 minutes,
930°C), B (6 minutes, 930 °C), C (13 minutes, 880 °C} and D (4.5 minutes, 880°C) if thickness
of said product 1s greater than or equal to 0. 7mm and less than or equal to 1.5mm, and by
trapezoid EFGH having heating time, temperature coordinates of about E (4 minutes, 940°C), F
(8 minutes, 940°C), G (13 minutes, 200°C), and H (6.5 minutes, 900°C) if thickness of said
product is greater than 1.5mm and less than or equal to 3mm, to obtain a heated blank;

(D) transferring said heated blank to a die; and
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(E) stamping said heated blank in said die, to thereby obtain a hot stamped steel sheet
product,

wherein the elapsed time between said heated blank exits said furnace and said stamping
commences is not more than 10 seconds, and wherein said heated product cools at a rate higher

than 30°C/s during said stamping.

8. A process for making a hot stamped coated steel sheet product, comprising:

(A) providing a heated blank according to claim 7 ;

(B) transferring said heated blank to a die; and

(C) stamping said heated blank in said die, to thereby obtain a hot stamped steel sheet
product,

wherein the elapsed time between said heated blank exits said furnace and said stamping
commences 18 not more than 10 seconds, and wherein said heated product cools at such a rate

during said stamping that the steel microstructure is martensitic.

9. The pre-coated steel strip according to claim 1, wherein the base steel comprises the following
components by weight based on total weight:
0.15%<carbon<0.5%,;
0.5%<manganese<3%,;
0.1 %<silicon<(0.5%;
(.01 Y%e<chromium<1%,;
titanium<0.2%;
aluminum<0.1%;
phosphorus<0.1 %;
sulfur<0.05%,
0.0005%<boron<0.08%;
iron; and

impurities inherent in processing.

10. The pre-coated steel strip according to claim 9, wherein the base steel comprises the

following components by weight based on total weight:
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0.20%<carbon<0.5%;
0.8%<manganese<] 5%;
0. 1%<silicon<0.35%;
0.01%<chromium<1%,;
titanium<0.1%;
aluminum<0.1%,;
phosphorus<0.05%,
sultur<0.03%;;
0.0005%<boron<0.01%,
iron;

and impurities inherent in processing,

11, The pre-coated steel strip according to claim 9, wherein the base steel comprises 20 ppm or

less of sulfur.

12. The pre-coated steel strip according to claim 9, wherein the ratio of titanium to nitrogen in

the steel sheet in weight % is in excess of 3.42.

13. The pre-coated steel strip according to claim 1, wherein the aluminum or aluminum alloy
pre-coating comprises fror 8% to 11% silicon by weight, from 2% to 4% iron by weight, the

remainder being aluminum and impurities inherent in processing.

14. The pre-coated steel strip according to claim 9, wherein the aluminum or aluminum alloy
pre-coating comprises from 8% to 11% silicon by weight, from 2% to 4% tron by weight, the

rernainder being aluminum and impurities inherent in processing.

15, A coated steel stamped product, which comprises:
{(a) a strip of base steel having a first side and a second side; and
{(b) a coating on at least one of said tirst side of said strip of base steel and said second

side of said strip of base steel, wherein:
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(1) said coating results from the interdiffusion between said base steel and
aluminium or aluminium alloy pre-coating, and
{11} said coating comprises, proceeding from base steel outwards,
(1) Interdiffusion layer
{2} Intermediate layer
(3) Intermetallic layer
{(4) Superficial layer.

wherein said coating has a thickness greater than 30 micrometers

16. A coated steel stamped product according to claim 15, wherein said layer (1) has a thickness

fess than 15 micrometers

17. A coated steel stamped product according to claim 15, wherein the said layers (3) and (4) are
occupying at least 90% of the level corresponding to the considered said tayers and wherein less

than 10% of layer (3} is present at the extreme surface of the product

18. A coated steel stamped product according to claim 15, wherein the steel in the strip has a

composition according to claim 9.

19. A coated steel stamped product according to claim 15, wheretn the steel in the strip has a

composition according to claim 10,

20. A coated steel stamped product according to claim 15, wherein the steel has a composition

according to claim 11

21. A coated steel stamped product according to claim 15, wherein the steel has a composition

according to claim 12,

22. A coated steel stamped product according to claim 15, the aluminum or aluminum alloy pre-
coating comprises from 8% to 11% silicon by weight, from 2% to 4% tron by weight, the

remainder being alunuinum and impurities inherent in processing.
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23. A land motor vehicle comprising the heat treated coated steel product according to claim 7 or

15.

24. A land motor vehicle comprising the heat treated coated steel product produced according to

claim 3,6 or 8.
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11020631.1028C0ON3S

Coated Steel Strips, Coated Stamped Products and Methods

CROSS REFERENCE TO RELATED APPLICATIONS

f0000.1] This 13 a Continuation of U S, Patent Application No. 13/621,015, filed September 15,
2012 which is a Divisional of U.S. Patent Application No. 12/447.777, filed April 29, 2009,
which 1s a National Phase Application of International Patent Application PCT/IB06/004019,
filed October 30, 2006, All of the above patent applications are hereby incorporated by

reference herein.

[0001] The present invention relates to, among other things, coated steels, methods of making
such coated steels, including hot dipping, methods of using such coated steels, stamping blanks
prepared from coated steels, stamped products prepared from coated steels, and to various uses

of the invention products such as in spot welding, etc.

[0002] Additional advantages and other features of the present invention will be set forth in part
in the description that follows and in part will become apparent to those having ordinary skill in
the art upon examination of the following or may be learned tfrom the practice of the present
invention. The advantages of the present invention may be realized and obtained as particularly
pointed out in the appended claims. As will be realized, the present invention is capable of other
and different embodiments, and its several details are capable of modifications in various
obvious respects, all without departing from the present invention. The description is to be

regarded as illustrative in nature, and not as restrictive.

BACKGROUND OF THE INVENTION

[0003] In recent years the use of pre-coated steels in hot-stamping processes for the shaping of
parts has become important, especially in the automotive industry. Fabrication of such parts may
include the following main steps:

[0004] Pre-coating of a steel sheets, by hot dipping;

[0005] Trimming or cutting for obtaining blanks;

[0000] Heating the blanks in order to obtain alloying of the steel substrate with the pre-coating,

as well as the austenitizing of the steel; and
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00071 Hot forming followed by rapid cooling of the past in order to obtain predominantly
martensitic structures. See for Example U.S. Pat. No. 6,296,805, incorporated herein by

reference.

{0008 Thanks to an alloying of the pre-coating with the steel substrate, which has the effect of
creating intermetallic aloys with high melting temperature, the blanks having such coating may
be heated in a temperature range where austenitizing of the metallic substrate takes place,

allowing further hardening by quenching.

[0009] Heat treatments of the blanks in view of the intermetallic alloying of the coating and
austenitizing of the substrate are most frequently performed in furnaces, where blanks are
traveling on rollers. The thermal cycles experienced by the blanks include first a heating phase
whose rate is a function of parameters such as blank thickness, furnace temperature, traveling
speed, and coating reflectivity. After this heating phase, thermal cycles generally include a
holding phase, whose temperature is the regulation temperature of the furnace. Problems
however are experienced with the furnace operation: the rollers may become fouled by metallic
deposits which come from the pre-coating of the blanks. If these deposits are excessive,

maintenance of the rollers has to be performed and productivity 1s decreased.

{0010] Parts obtained after heating and rapid cooling display very high mechanical resistance
and may be used for structural applications, for example for automotive industry applications.
These parts must be frequently welded with others and high weldability is required. This means
that:

[0011] The welding operation should be performable in a sufficiently wide operating range in
order to guarantee that an eventual drift of the nominal welding parameters has no incidence on
weld quality. For resistance welding, which is very common in the automotive industry, an
operating welding range is defined by the combination of parameters: welding current intensity [
and force F applied of the parts during welding being among the most important. A proper
combination of these parameters helps to ensure that insufficient nugget diameter 1s not obtained

{caused by too low intenstiy or too low force) and that no weld expulsion occurs.

ArcelorMittal Ex. 2001

Posco Co. LTD. v. ArcelorMittal
IPR2024-01376

Page 13 of 1430

Page 2 of 30



[0012] The welding operation should also be performed in such a way that high mechanical
resistance 13 obtained on the weld. This mechanical resistance may be evaluated by tests such as

by shear-tensile tests or cross-tensile tests.

SUMMARY OF THE INVENTION

[0013] There remains a need for coated steels which may be conveniently used to prepare shaped
parts by a stamping process. There also remains a need for coated steels which may be used to
prepare shaped parts by a stamping process which are suitable for welding. There also remains a

need for processes for preparing such coated steels and stamped parts.

[0014] The inventors have discovered that certain coated steels in which a base steel strip 1s at
least partially coated (sometimes termed "pre-coated,” this prefix indicating that a transformation
of the nature of the pre-coating will take place during heat treatment before stamping) on at least
one side with a coating of either aluminum or an aluminum alloy and in which the coating has a
defined thickness and is preferably substantially uniform, are conveniently formed into shaped
parts after heating by stamping and are conveniently welded. In addition, the inventors have
discovered that the roller fouling problem described above generally arises from an insufficient
degree of intermetallic alioying between the substrate and the metallic pre-coating. Furthermore,
it was discovered that the location of the fouling of the rollers corresponds to zones of the blanks
in contact with the rollers where the metallic pre-coating thickness locally exceeds the average
thickness. While not bound by a particular theory, it 1s beligved that if 3 pre-coating ts locally too
thick, intermetallic alloying is insufficient and the pre-coating melts, fouling the rollers. Thus,
the inventors have discovered that the control of the homogenetty of the pre-coating thickness
over the entire sheet within given tolerances is an important factor for obtaining the desired
degree of intermetallic alloying, aliowing one to improve the resistance to the subsequent

melting of the coating during travel on rollers.

[0015] The inventors have also discovered that particularly good weldability of aluminized and
hot stamped parts is associated with a special succession of coating layers on the parts,

proceeding from steel substrate outwards.
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[0016] The inventors have also discovered that a specific combination of transfer time between
the heating furnace and the staruping die, the amount of deformation during stamping, the
temperature of stamping, the cooling rate of the product during stamping, leads to the tabrication
of a part with a fully homogeneous martensitic structure and that an increase in ductility or
energy absorption of the parts after stamping is obtained by a reduction of sulfur below a critical
value, these two benetits being obtained with or without the invention aluminum/aluminum alloy

coating, and with other coatings.

[0017] Accordingly, and in view of the above, it is one object of the present invention to provide

novel pre-coated steels strips which may be conveniently processed into stamping blanks.

[0018] It is another object of the present invention to provide novel pre-coated steels strips or

sheets which may be conventently formed into parts by stamping.

[0019] It 1s another object of the present invention to provide novel coated steels which may be

conveniently formed into parts by hot stamping.

00207 Tt 1s another object of the present invention to provide novel methods for making such a

coated steel.

[0021] It is another object of the present invention to provide novel stamping blanks which are

prepared from such a coated steel.

100221 It s another object of the present invention to provide novel methods of making such

stamping blanks.

[0023] It 18 another object of the present invention to provide novel stamped parts which are

prepared from such a coated steel.

[0024] It is another object of the present invention to provide novel methods of making such

stamped parts.
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[0025] It 1s another object of the present invention to provide novel articles of manufacture, such

as a motor vehicle, which contain such stamped parts.

[0026] It 1s another object of the present invention to provide novel stamped parts.

100271 It 1s another object of the present invention to provide novel methods of making welded

stamped parts.

00281 It 1s another object of the present invention to provide novel articles of manufacture, such

as a motor vehicle, which contain such welded stamped parts.

[0029] It is another object of the present invention to provide novel welded coated steels and

welded stamping blanks.

100307 It is another object of the present invention to provide novel methods of making such

welded coated steels and welded stamping blanks.

003 1] These and other objects, which will become apparent during the following detailed

description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 illustrates a preferred embodiment of an invention coated part, after heat treatment
and stamping. The succession of layers of the coating on the steel substrate is: (a) interdiffusion
layer; (b) intermediate layer; (¢) Intermetallic layer; and (d) superficial layer. This arrangement is

particularly favorable for the further welding of the part.

[0033] FIG. 2 illustrates a coating of a steel substrate after heat treatment and stamping which
deoes not correspond to the invention. This succession of layers (interdiffusion layer and

intermetallic layer) yields inferior results in resistance spot welding.

[0034] FIG. 3 illustrates a microstructure of a steel part, hot stamped and cooled under
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conditions not according to the invention.

[0035] FIG. 4 illustrates the microstructure of a steel part, hot stamped and cooled according to a

preferred set of conditions according to the invention,

[0036] FIG. 5 illustrates the influence of sulfur on the bending angle of parts after hot stamping.

[0037] FIG. 6 illustrates the influence of sulfur on the imitiation energy of fracture of parts after

hot stamping.

[0038] FIG. 7 shows conditions of furnace temperature as a function of the total dwell time in the
furnace for sheets of total thicknesses of from 0.7-1.5 and 1.5-3 mm that provide particularly

favorable coatings for welding.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0039] As noted above, the inventors' discovery that certain coated steels, in which a base steel s
at least partially pre-coated on at least one side with a coating of etther aluminum or an
aluroioum alloy and 1o which the pre-coating has a defined thickness and is substantially
uniform, are conveniently formed into shaped parts by stamping, forms one basis for the

invention.

[0040] In the context of the present invention, the terms first side (or side 1) and second side {or
side 2} of the strip or sheet, etc., of base steel refer to the two large, opposite-facing, surfaces
which have a surface area defined by the length and width of the strip of base steel. In contrast,
the side edges of the strip of base steel are the two small, opposite-facing, surfaces which have a
surface area defined by the length and thickness of the strip. The top and bottom edges of the
strip of base steel are the two small, opposite-facing, surfaces which have a surface area defined
by the width and thickness of the strip. In the following, t, designates the thickness of the pre-
coating, at any considered location on the sides 1 and 2 of a sheet or a blank. In particular, in the
case of sheets coated on two sides 1 and 2, t; stands for the thickness on side 1, and t; for the

thickness on side 2.
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According to a highly preferred embodiment t, is controlled in a precise range, expressed by
{(tpmin, tpmax), 10t Order to improve the resistance to the fouling of the rollers. The thicknessis
preferably controlled, both in the longitudinal (or rolling) direction of the strip or sheet, as well

in the transverse direction.

[0041] In relation to the problem of the fouling of rollers, the control of the pre-coating thickness
on the side of the sheet or blank which is directly in contact with the rollers is especially
important. Because different operations can follow the step of coating the steel sheet (for
example hot-dip-coating which provides coated sides 1 and 2), it is preferable to carefully
control the pre-coating on both sides of the sheet. For example, after any of coiling, handling,
cutting, punching, etc., sides 1 and 2 may be not readily identifiable. But when control of t; 1s
effected on the two sides of the sheet that has been coated (first side and second side)} it is not
necessary to track sides | and 2 as neither side will foul the roller. In addition, it is not necessary
to trim the sheet in order to obtain a preferred smaller sheet having a more uniform homogeneity
of pre-coating thickness, thus providing a sheet that is pre-coated by, e g, hot-dipping. In other
words, important benetits are obtained when one controls the pre-coating minimum and
maximum thickness of the first side ( fymint, tpmant ) and the pre-coating minimum and maximum

thickness of the second side (tpmin2, tpmaxz) Of the subject steel sheet or blank.

003911 Hot-dip coated steels are the preferred steels herein. However, regardless of the coating
method, the pre-coating thickness on one or both sides of the sheet can be measured and
monitored continuously on a coating line directly after the coating operation. This may be
realized by devices known per se, such as thickness gages relying on X-Ray absorption. At every
moment, the measurement of thickness at a given location may be performed for example on an
area of a few hundreds of mro.sup.2, this representing the dimension of the zouve irradiated by X-

Ray.

[0042] In a preferred embodiment, a plurality of such devices are positioned at different
distances in the transverse direction of the strip in order to obtain a profile of the thickness of the

pre-coating along the strip width.
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[0043] The inventors have discovered that the resistance to the pollution or fouling of the rollers
in the furnaces 1s improved when the minimum and maximum thickness respectively of at least
one of the first side (tpmini, fpmax1} and the second side (tpminr, tpmaxo) are respectively equal to 20
and 33 micrometers (a micrometer is the same as a micron and is a meiric unit of length equal to
one millionth of a meter). In other words, in a preferred embodiment, at every location on at least
one face of the sheet or the blank, the thickness t, of the pre-coating is preferably from 20-33
micrometers in thickness, including 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 and 32 micrometers
and all ranges and subranges therebetween, and including all numbers between each listed value
as if written out in s entitety (e.g., 22.34 micrometers). For hot-dip coating, precise control of
this range of pre-coating thickness can be realized on an operating line for example using a
system of nozzles blowing gas after coating, for example after exit of the strip or sheet from a
bath, and by the flatness of the strip. Number, geometry and location of the nozzles, and flow
rates are among the main parameters for a precise control of the thickness t;. Given the present
disclosure, one of ordinary skill in this art can control the pre-coating thickness as described

herein without undue labor.

[0044] The invention refers to strips produced in industrial conditions, i.e. where control of pre-
coating thickness 15 effective over a wide surface strip, 1.e. with a length greater than 100 m, and
with a width greater than 600 mm. In such a way, blanks cut or trimmed out these strips display
very high homogeneity of pre-coating thickness, and the settings of the heating treatroents in the

furnace do not have to be changed for being adapted to eventual variations of this thickness.

{00451 While not bound by a particular theory of operation, the inventors believe that several of
the benefits of the invention are related to this pre- coating thickness range, such as the

following:

[0046] For a pre-coating thickness less than 20 micrometers, the alloyed layer which is formed
during the heating of the blank has an insufficient roughness. Thus, the adhesion of subsequent

painting is low on this surface, and the corrosion resistance i1s decreased.

[0047] If the pre-coating thickness 1s more than 33 micrometers at a given location on a sheet,
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the risk is that the difference of thickness between this focation and some other locations where
the pre-coating 1s thinner, becomes too important: The settings of the heating treatment in the
furnace may be adapted to the thinner value of the pre-coating, but not to the thicker one. Thus,
the alloying reaction forming the intermetallic alloy may take place to an insutficient degree
since the mean diffusion distance of the elements in the pre-coating becomes significantly less
than the local value of the pre-coating thickness. As a matter of results, alloying will become
much more difficult in the external (or superficial) part, particularly in the case of high heating

rate.

[0048] Thus, in a first embodiment, the present invention provides certain coated steel strips,
which comprise a strip of base steel and a pre-coating of aluminum or an aluminum alloy on at
least a part of one side of the strip of the base steel. For many applications, the strip of base steel
may comprise any type of steel which may be coated with etther aluminum or an aluminum
alloy. However, for certain applications, such as a structural part of an automobile, it ts preferred
that the strip of base steel comprise an ultra high strength steel (UHSS). In such cases, it is

particularly preferred that the strip of base steel comprises a boron steel.

[0049] The inventors have also discovered that good welding results are achieved if the coating
obtained on parts made out of blanks having undergone intermetallic alloving, austenitizing and
hot stamping, displays distinctive features. |t must be ponted out that this coating is different
from the initial pre-coating, since the thermal treatment causes an alloying reaction with the steel
substrate which modifies both the physico-chemical nature and the geometry of the pre-coating:
in this regard, the inventors have discovered that particularly good weldability of aluminized and
hot stamped parts is associated with the following succession of coating layers on the parts,
proceeding from steel substrate outwards:

[0050] (a) Interdiffusion layer,

[0051] (b) Intermediate layer,

[0052] (¢} Intermetallic layer,

100537 (d) Superficial fayer See, e.g, FIG. 1. In a preferred embodiment these layers are as

follows:
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[0054] (a) Interdiffusion layer, preferably with medium hardness (e.g., HV50g between 290 and
410, HV50g designating the hardness measured under a foad of S0 grams) Tn a preferred
embodiment this layer has the following composition, by weight: 86-95% Fe, 4-10% Al, 0-5% Si
00557 (b) Intermediate layer (HV50g around 900-1000 e.g., +/-10%)) In a preferred
embodiment this layer has the following composition, by weight: 39-47% Fe, 53-61%% Al, 0-2%
Si

[00506] (¢} Intermetallic layer, with hardness HV50g around 580-650, e.g., +/-10%) In a preferred
embodiment this layer has the following composition, by weight: 62-67% Fe, 30-34% Al, 2-6%
St

00571 (d) Superticial layer (HV50g around 900-1000 e.g., +/-10%}) In a preferred embodiment
this layer has the following composition, by weight: 39-47% Fe, 53-61% Al, 0-2% In a preferred
embodiment the total thickness of layers (a) to (d} is greater than 30 micrometers. In another
preferred embodiment, the thickness of layer {(a) is less than 15 micrometers, for example 14, 12,
10, 8, 6, 4, 2, or | micrometers, and all whole numbers, ranges and subranges therebetween, and
including all numbers between each listed value as if written out in its entirety {e.g., 13 84

micrometers).

[0058] The inventors have discovered that high weldability 18 especially obtained when layers {¢)
and (d) are essentially continuous (i.e.. occupying at least 90% of the level corresponding to the
considered layer) and when less than 10% of layer (¢} 1s present at the extreme surface of the
part. Without being bound by a theory, it is thought that this particular layer disposal, in
particular layer (a) and, layers {¢) and (d) influence the resistivity of the coating both by their
intrinsic characteristics and by the effect of roughness. Thus, current flow, heat generation at the
surfaces, and nugget formation in the initial stage of spot welding are affected by this particular
arrangement. This favorable layer disposition is obtained for example when aluminum- or
aluminum alloy pre-coated steel sheets, whose thickness range from, e.g., 0.7 to 3 mm, are
heated for 3 to 13 minutes (this dwell tirne includes the heating phase and the holding time) in a
furnace heated to a temperature of 830 to 940° C. Other conditions feading to such favorable

layer dispositions are found in FIG. 7:

[0059] For sheets of total thicknesses greater or equal to 0.7 mm, and less than or equal to 1.5
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mm, the preferred treatment conditions: (furnace temperature, total dwell time in the furnace) are
illustrated in FIG. 7 by conditions lying within the himits of diagram "ABCD"

For sheets of total thicknesses greater than 1.5 mm, and less than or equal to 3 mm, the preferred
treatment conditions: (furnace temperature, total dwell time 1n the furnace) are illustrated in FIG.
7 by diagram "EFGH". The heating rate V. is comprised between 4 and 12° C /s for producing a
favorable alloyed layer disposition. In this regard, this "heating rate” reflects the temperature rise
which is experienced by the pre-coated steel upon being located in the preheated furnace. V. is
defined as the mean heating rate between 20 and 700° C. The inventors have discovered that the
control of V. in this precise range is a key factor, because it controls directly the nature and the
morphology of the alloyed layers which are formed. It is here underlined that the heating rate V.
is different froro the mean heating rate, which is the heating rate between room temperature and
furnace temperature. The rates o' 6, 7, 8, 9, 10, and 11° C /s are included as are all numbers,
ranges and subranges therebetween, and including all numbers between each listed value as if
writien out in its entirety (e.g., 7.7° C./s). In this regard, all of the conditions specified within
FIG. 7 are incorporated herein by reference thereto. Particularly preferred conditions are:

[0060] (for thicknesses of 0.7-1.5 mm)

[0061] 930° C, from 3 minutes up to 6 mimites;

00621 880° C., from 4 minutes 30 seconds up to 13 minutes (for thicknesses of 1.5 to 3 mm)
[0063] 940° ., from 4 minutes up to 8 minutes;

[0064] 900° C., from 6 minutes 30 seconds up to 13 minutes,

{0064 11A special advantage arises from pre-coatings whose thickness is comprised between 20
and 33 micrometers, since this thickness range yields favorable layer disposal, and since the
homogeneity of the pre-coating thickness is associated to an homogeneity of the coating formed

after alliation treatment.

[0065] Heated blanks are thereafter transterred to a die, hot stamped to obtain a part or product,
and cooled at a rate of more than 30.degree. C./s. The cooling rate 13 defined here as the mean

rate between the exit of the heated blank from the furnace, down to 400° C.

[0066] The strip of base steel is coated with either aluminum or an aluminum alioy.

Commercially pure aluminum is known in the art as Type 2 aluminum, while alloys of aluminum
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with 5 to 11% by weight of silicon are known in the art as Type 1 aluminum. Silicon is present in
order to prevent the formation of a thick iron-ruetallic intermetaliic layer which reduces
adherence and formability. Other alloying elements useful with aluminum herein include iron,
between 2.5 and 3% by weight, and calcium, between 15 and 30 ppm by weight, including

combinations of two or more thereo! with aluminum.

[0067] A typical metal bath for an Al--St coating generally contains in iis basic composition by
weight, from 8% to 11% silicon, from 2% to 4% iron, the remainder being aluminum or
aluroinum alloy, and impurities inherent in processing. Typical composition of Al--5i coating is:

Al-9.3% Si-2.8% Fe. Invention coatings are not limited to these compositions, however.

[0068] The strip of base steel used herein may be any which can be coated by a conventional
coating technique. For example, the strip of base steel may be any hot rolled strip, such as those
prepared by hot rolling a steel slab {(either with or without subsequent cold rolling). Typically,
the strip of base steel will be stored and transported in the form of a coil both before and after the

formation of the coating,

00691 An example of a preferred steel for the strip of base steel 15 one having the following
composition by weight:

[0070] 0.10%<carbon<0.5%

[0071] 0.5%<manganese<3%

[0072] 0.1%<silicon<1%

{00731 0.01%<chromium<1%

[0074] titanium<0.2%

[0075] aluminum<0.1%

[0076] phosphorus<0.1%

[0077] sulfur<0.05%

[0078] 0.0005%<boron<(.010%, the remainder comprising, consisting essentially of, or
consisting of iron and impurities inherent in processing. Use of such a steel provides a very high
mechanical resistance after thermal treatment and the aluminum-based coating provides a high

resistance {O corrosion.
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[0079] Particularly preferably, the composition by weight of the steel in the strip of base steel is
the following:

[0080] 0.15%<carbon<0.25%

(00811 0.8%<manganese<] 8%

100821 0.1%<silicon<0.35%

100831 0.01%<chromium<0.5%

[0084] titanium<0.1%

[0085] aluminum<0.1%

[0086] phosphorus<0.1%

FOOB7] sulfur<0.05%

[0088] 0.002%<boron<0.005%, the remainder comprising, consisting essentially of, or

consisting of iron and impurities inherent in processing.

00891 A preferred strip herein 1s 100 m long and 600 mm wide. Preferred thicknesses are 0.7 to

3 mn.

[0090] Even more preferably, in the composition by weight of the sheet, the weight ratio of
titanium content with respect to the nitrogen content 1s in excess of 3 42, believed to be a level at

which the boron is no longer able to combine with the nitrogen.

[0091] An example of preferred commercially available steel for use in the strip of base steel is

22MnB5.

[0092] Chromium, manganese, boron and carbon may be added, in the composition of the steel
according to the invention, for their effect on hardenability. In addition, carbon makes it possible

to achieve high mechanical characteristics thanks to its effect on the hardness of the martensite.

(00931 Aluminum is introduced into the composition, to perform deoxidation in the liquid state

and to protect the effectiveness of the boron.
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00941 Titanium, the ratio of the content of which with respect to the nitrogen content should be
in excess of 3.42, 1s introduced for example in order to prevent combining of the boron with the

nitrogen, the nitrogen being combined with titanium.

[0095] The alloving elements, Mu, Cr, B, make possible a hardenability allowing hardening in
the stamping tools or the use of mild hardening fluids limiting deformation of the parts at the
time of thermal treatment. In addition, the composition according to the invention is optimized

from the point of view of weldability.

[0096] The steel in the sheet may undergo a treatment for globularization of sulfides performed

with calcium, which has the effect of improving the fatigue resistance of the sheet.

[0097] As mentioned above, ultra-high-strength can be provided with the steel sheet coated and
hot stamped according to the invention. This high level of strength is sometimes associated with
a limited ductility. In applications requiring a higher ductility, in particular when an ability for
bending is required from a part or a product, the inventors have discovered that increased
ductility can be obtained if sulfur is particularly controlied: when the sulfur level of base steel is
lower than or equal to 0.002% (20 ppm), the bending angle can be greater than 60° and enhanced
ductility and tearing resistance are obtained on the parts having experienced heat treatment and
starnping. Preferred levels include 20, 18, 15, 13, 10, 8§, S5, 2, etc ppm sulfur. In fact, this benefit
applies to steels in general, and is not limited to coated steels or to steels coated with Al or Al
alloy coatings. While not bound by a particular theory, when analyzing causes of premature
failure of some parts in bending operations, the inventors observed that failure initiated on
sulfide inclusions. It is thus believed that decohesions between inclusions and the martensitic or
bainito~-martensitic matrix act as stress-concentration factors and trigger further crack

propagation in the ductile mode.

00981 The invention also concerns a process for producing a part starting from an invention
coated sheet, then cut into a blank which, after shaping, the coating of the blank is subjected to
an increase in temperature at a speed in excess of 4° C/second, but lower than 12° C /second.

The heating rate V. is defined as the mean rate between 20 and 700° C.
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[0099] The invention also concerns the use of a hot-rolled steel sheet which then can be cold-
rolled and coated, for structural and/or anti-intrusion or substructure parts for a land motor

vehicle, such as, for example, a bumper bar, a door reinforcement, a wheel spoke, etc.

[0100] The sheet according to the invention described above can derive, by reason of it
processing, from a hot-rolling mill, and possibly may be cold-rerolled again depending on the
final thickness desired. It then is coated with an aluminum-based coating, for example by dipping
in a bath containing, in addition to the aluminum source/alloy, e g., from 8% to 11% silicon and
from 2% to 4% iron, the sheet having a high mechanical resistance after thermal treatment and a

high resistance to corrosion, as well as a good capacity for painting and gluing.

[0101] The coating is preferably controlied as above, and has in particular the function of
protecting the basic sheet against corrosion in various conditions. The thermal treatment applied
at the time of a hot-forming process or after forming makes it possible to obtain high mechanical
characteristics which can exceed 1500 MPa for mechanical resistance and 1200 MPa for yield
stress. The final mechanical characteristics are adjustable and depend in particular on the
martensite fraction of the structure, on the carbon content of the steel and on the thermal
treatment. At the time of thermal treatment performed on a finished part or at the time of a hot-
shaping process, the coating forms a fayer having a substantial resistance to abrasion, wear,
fatigue, shock, as well as a good resistance to corrosion and a good capacity for painting and
gluing. The coating makes 1t possible to avoid different surface-preparation operations such as

for steel sheets for thermal treatment not having any coating.

[0102] The steel sheet can be pre-coated by dipping, after pickling, in an aluminum bath
containing for example only aluminum or either aluminum and from 8% to 11% silicon and 2%
to 4% iron, or only from 2% to 4% iron, or even in an aluminum bath preferably containing from
9% to 10% silicon and 2% to 3.5% iron. The aluminum may be aluminur per se or an aluminum

alloy.

[0103] In an example of implementation of a coating of the sheet by dipping in a metal bath

containing an aluminum alloy comprising a proportion of approximately 90% aluminum, the
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coating layer comprises a first alloy layer in contact with the surface of the steel. This layer,

directly in contact with the surface of the sheet, 1s lighly alloyed with iron.

[0104] A second coating layer, on top of the first, contains approximately 90% aluminum and

may contain silicon and a small amount of iron, depending on the composition of the bath.

[0105] The first alloy fayer may crack when the sheet is submitted to high strains during cold

forming operations of the manufacture of parts.

[0106] According to the invention, after the forming of the part, the coating is subjected to an
increase in temperature at a speed in excess of 4° C./second. This rise in temperature makes
possible a rapid remelting of the aluminum which fills in the cracks generated by the operation of

shaping of the part.

[0107] At the time of thermal treatment, the base coating, of aluminum for example, i3
transformed into a layer alloyed with iron and comprising different phases depending on the

thermal treatment and having a considerable hardness which may exceed 600 HV50 g.

[0108] Ancther advantage of the invention lies in the fact that the diffusion of the iron in the
coating ts initiated at high teroperature. One thus will have a better cohesion between coating and
steel in the sheet. In another form of the invention, the thermal treatment may be performed
locally, in heavily deformed zones.

According to the invention, the sheet, in the delivery state in a coil or in a ts sheet, the thickness
of which may range between 0.25 mm and 15 mm, has good forming properties and a good
resistance to corrosion as well as a good capacity for painting or gluing. Preferably, the steel
sheet or blank has a thickness less than 3 mm, since the cooling rates that may be achieved after

quenching are high and help to obtain martensitic structures.

[0109] The steel sheet, a coated product, has a substantial resistance to corrosion in the delivery
state, during forming and thermal treatments as well as during usage of the finished part. The

presence of the coating at the time of thermal treatment of the parts makes it possible to prevent
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any decarburization of the base metal as well as any oxidation. That is an undeniable advantage,
in particular in the case of hot forming. Furthermore, heating of the treated part does not require

a furnace having a controlled atmosphere to prevent a decarburization.

[0110] Thermal treatment of the metal in the sheet comprising heating at a temperature ranging
between Acl, starting temperature of austenitic transformation when heating, for example 750°
C. and 1200° €., in a furnace, for a period which depends on the temperature to be reached and
the thickness of the blank. The composition 1s optimized so as to limit the grain growth at the
tirne of thermal treatment. If the structure sought s completely martensitic, the holding
temperature should be in excess of Ac3, for example 840° C.| temperature of complete austenitic
transformation. The temperature holding should be followed by a cooling adjusted to the final

structure sought.

[0111] Blanks are thereafter transferred from the furnace to a stamping press. When the elapsed
time between the exit of the blanks from the furnace and the introduction in the stamping press is
more 10 seconds, a partial transformation from austenite is susceptible to appear: if obtaining a
full martensitic structure is desired, the transfer time between the exit of the furnace and

stamping should be less than 10 s.

[0112] The inventors have also discovered that the obtaining of a fully martensitic structure is
linked to the amount of deformation in the hot forming operation: the amount of local
deformation caused by hot forming is closely linked to the shape of the part or product and may
exceed locally 40 or 50% in some particular regions. The inventors found that, when the local
strain exceeds a critical value of 10%, the cooling rate must be sufficiently high in order to get a
total martensitic transformation. Otherwise, bainitic transformation can take place at a significant
amount instead of martensitic transformation. Thus, the risk is that heterogeneous structure
appears on parts with complex shape where some locations are much more deformed than others.
In this respect, the inventors put into evidence that, on the locations of the parts where the
forming strain 1s higher than 10%, the cooling rate must be increased beyond 50° C./s in order to
guarantee full martensitic transformation. The cooling rate is defined as the mean rate between

the exit of the heated blank from the furnace, down to 400° C.
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[0113] But one may also seek to obtain ferrito-bainitic or ferrito-martensitic structures, by a
heating at a temperature ranging between Acl, for example 750° C. and Ac3, for example 840°
C., followed by an appropriate cooling. According to the level of resistance to be achieved and
the thermal treatment applied, one or several of these constituents 1s/are present in variable

proporticns,

[0114] The modulation of thermal treatment parameters makes it possible to achieve, with a
given composition, different levels of hot and cold sheet resistance according to the thickness

sought. For the highest resistance levels, the structure is composed predominantly of martensite.

[0115] The steel is particularly suited to the production of structural and anti- intrusion parts.

[0116] The invention thus enables one to produce a hot- or cold-rolled steel sheet of a desired
thickness, coated, and affording extensive forming possibilities and which, after thermal
treatment performed on the finished part, makes it possible to obtain a mechanical resistance in
excess of 1000 MPa, a substantial resistance to shocks, fatigue, abrasion and wear, while
retaining a good resistance to corrosion as well as a good capacity for welding, painting and

gluing.

[0117] The present tnvention is described by way of certain exemplary embodiments which are

not intended to be limiting.

EXAMPLES

Example 1

[0118] In a first exarople of implernentation, a cold rolled steel sheet, 1.9 mm thick, containing
by weight 0.23% carbon, 1.25% manganese, 0.017% phosphorus, 0.002% sulfur, 0.27% silicon,
0.062% aluminum, 0.021% copper, 0.019% nickel, 0.208% chromium, 0.005% nitrogen, 0.038%
titanium, 0.004% boron, 0.003% calcium-has been pre-coated with an aluminum-based alloy

with composition 9.3% silicon, 2.8% iron, the remainder being aluminum and unavoidable
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impurities. According to the conditions of fabrication, namely the settings of the blowing devices
on the operating line, sheets of 120 m long and 650 mm wide with various thickness ranges were

produced.

[0119] Sheet A (according to the invention): The thickness {1 and t,» on each side of the sheet
was controlled o be within the range (20-33) micrometers, at every location of the two faces of
the sheet, both tn the longitudinal (or rolling) direction and in the transversal direction.
Measurement was performed continuously with thickness gages devices relying on X-Ray
emission. At every moment, the spot of measurement of each gage was a circular zoue of about
20 mm radius. The sheets were afterwards cut into blanks of 1.2 times. 0.5 m.sup.2 of overall

dimensions.

[0120] Sheet B (reference): On these sheets, the pre-coating thickness had a wider variability
since the thickness tp1 and tp; on the two sides of the sheet was comprised in the range (30-45)

micrometers. Blanks cut out of these sheets exhibit the same pre-coating thickness.

[0121] The blanks were then submitted to heating in a furnace at T=920° C. Heating time was 3
min, with 4 mn holding time. The microstructure 1s then fully austenitic. Blanks were thereafter
transferred from the furnace to a stamping press. When the elapsed time between the exit of the
blanks froro the fumace and the transter in the staraping press is more 10 seconds, a partial
transformation from austenite was susceptible to appear, thus reducing the mechanical resistance
of the stamped part.

The blanks were directly cooled afterwards without hot stamping tn order to appreciate the
eventual remelting of the coating On series A, no melting of the pre-coating was found.
Intermetallic alloying between the pre-coating and the steel substrate occurred completely. On
serigs B, the pre-coating underwent mainly alloying, but some traces of remelting were found,
particularly on the former thicker locations of the pre-coating. This partial remelting of the
aluminium pre-coating contributes to the progressive fouling of the rollers in the furnace. The

sheets according to the invention do not contribute to this progressive buildup on the rollers.

Example 2
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{01221 1) Conditions according to the invention: In a second example of implernentation, a cold
rolied steel sheet, 1.2 mm thick, 120 m long and 650 mm wide, with same composition and same
pre~-coating as in example 1, has been fabricated. The sheets were afterwards cut into blanks
which were heated at 920° C. for 6 mn, this time including the heating phase and the holding
time. Heating rate V, between 20 and 700° C. was 10° C./s. The blanks were finally hot stamped
and quenched in order to obtain full martensitic structures. The parts obtained after hot-stamping
are covered by a coating, 40 micrometers thick, lustrated at FIG 1, which has a four layer
structure. Starting froro the steel substrate, the layers are the following:

[0123] (a) Interdiffusion layer or intermetallic layer, 17 micrometers thick. This layer is itself
composed of two sub-layers. Harduess HV 50g ranges from 295 to 407, and the mean
composition is: 90% Fe, 7% Al 3% Si.

[0124] (b) Intermediate layer, appearing darker, 8 micrometers thick. This layer has a hardness
of 940HV50g and a mean composition, by weight: 43% Fe, 57% Al 1% St

101257 (c) Intermetallic layer appearing as a pale phase, 8 micrometers thick, displaying a
hardness of 610HV50g, a mean composttion of 65% Fe, 31% Al 4% St

[0120] (d) Darker superficial layer, 7 micrometers thick, 950 HV50g, with a mean composition
of 45% Fe, 54% Al, 1% Si Layers (¢) and (d) are quasi-continuous, 1.¢. occupying at least 30%
of the level corresponding to the considered layer. In particular, layer (¢} does not reach the
extreme surface except very exceptionally. Anyway, this layer {¢) occupies less than 10% of the
extreme surface. 1) Conditions of reference: On the other hand, blanks with the same base
material and pre-coating parts were furnace-heated in different conditions: The blanks were
heated to 950° C. for 7 minutes, this time including the heating phase. Heating rate V., was 11°
C./s. These conditions correspond to a degree of alloying which i1s more important than in
conditions (1)

[0127] In this coating, the pale intermetallic layer (¢}, is not continuous and appears as to be
scattered within the coating. About 50% of this fayer 15 present at the extreme surtace of the part.
Moreover, the interdiffusion layer, 10 micrometers thick in contact with the steel substrate is

thinner than in the previous case of FIG. 1.

[0128] Resistance spot welding was performed in the two situations 1) and ii}:
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[0129] (1) Coating with guasi-continuous layers (c) and {d}, layer (¢} occupying less than 10% of
the extreme surface

[0130] (u}): Coating with mixed and discontinuous layers, layer (¢} occupying more than 10% of
the extreme surtface Resistance spot welding was performed by superposing two parts and
joining them tn the following conditions:

[0131] Squeeze force and welding force: 4000 N

[0132] Squeeze time: 50 periods

[0133] Welding and holding time: 18 periods respectively In each condition, the suitable
intensity range was determined for obtaining:

[0134] No sputter during welding

[0135] Acceptable nugget size. For the condition 1), the weldability range, expressed in terms of

current intensity, 1s 1.4 kA. For the condition i1) the weldability range is extremely small.

[0136] Thus, it may be seen that the coating according to the invention, vields much more

satisfactory results.

Example 3

[0137] In a third example of implementation, a cold rolled steel sheet of the example 1 was cut
into blanks of 500 times. SO0 mm sup.2 which were heated at 920° C., during 6 mn, then hot
stamped and cooled in fools, tn such conditions that two different cooling rates were obtained:
[0138] (A): Cooling rate: V3=30°C/s

101391 (B): Cooling rate: Ve=60” C./s Due to the shape of he parts, different deformation levels
epsilon. were created during hot stamping. In particular, some zones largely strained display
deformation levels higher than 30%.

[0140] As illustrated on FIG. 3, metallographic observations reveal that when epsilon >10%,
partial bainitic or ferntic transformation occurs on parts cooled with V=30° C /s, mainly on
former austenitic grain boundaries. On the other hand, the parts cooled with Vp=60° C /s display
fully martensitic microstructure as illustrated on FIG. 4. The latter structures display superior
mechanic resistance and a great homogeneity in the case of mechanical solicitation. Thus, even

in products or parts where straining is larger than 10%, the application of cooling according to
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the invention guarantees a microstructural and mechanical homogeneity.

Example 4

[0141] In a fourth example of implementation, steel castings containing different values of
sulfur, were elaborated. These steels were further hot rolled, then cold rolled steel into sheets, 2.2
mm thick. Sulfur content varies from 11 ppm (0.0011%) to 59 ppm (0.006%) in weight. Apart
sulfur, the compositions of these different steel castings comprise in weight: 0.24% carbon,
1.17% manganese, 0.01% phosphorus, 0.25% silicon, 0.045% aluminum, 0.01% copper, 0.02%
nickel, 0.2% chromium, 0.04% titanium, 0.003% boron, 0.002% calcium, the remainder being
iron and unavoidable imopurities. These sheets were pre-coated with an aluminum-based alloy of
composition comprising 9.3% silicon, 2.8% iron, the remainder being aluminum and
unavoidable impurities. The sheets were afterwards cut into blanks which were heated at 950° C.
for 5 mu, then hot stamped and cooled in tools in order to obtain a full martensitic structure.
Mechanical resistance exceeded 1450 MPa. Specimens were extracted according to the
transverse sense of rolling direction and submiited to a bending test with alternate bending
modes. The inventors put into evidence that the critical bending angle (angle at fracture} is
closely related to the sulfur content of the steel: when sulfur content 1s lower than 0.002%, the
bending angle exceeds 60°, which indicates higher ductility and energy absorption. Compact
Tensile-Test type specimens were also extracted according to the transverse rolling direction in
order to measure the resistance to tearing, 1.¢. the energy which is necessary for the initiation or
propagation of an existing crack. The results, iHustrated on FIG. 6, indicate that a initiation
energy higher than 18 Joules is achieved when sulfur content is lower than 0.002% in weight. As
these qualities of high resistance, high energy absorption and weldability are required in
automobile industry, the parts or products fabricated according to the invention will be used with

profit for such applications.

[0142] While the above description is clear with regard to the understanding of the invention, the
following terms as used in the following list of preferred embodiments and claims have the

following noted meanings in order to avoid any confusion:
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[0143] pre-coating--the material (Al or Al alloy) coated on or located on at least a portion of the
strip or sheet, etc., of base steel to form a pre-coating/base composite, the composite not having

been subjected to an alliation reaction between the coated Al or Al alloy material and base steel

[0144] alliation--a reaction between the pre-coating and base steel, to produce at least one
intermediate layer different in composition from both the base steel and the pre-coating. The
alliation reaction happens during the heat treatment immediately preceding hot stamping. The
alliation reaction atfects the total thickness of the pre-coating. In a highly preferred embodiment
the alliation reaction forms the tollowing layers: (a} interdiffusion, (b} intermediate, (¢}

intermetallic, and (d) superficial as described above;

[0145] pre-coated steel--the pre-coating/base composite, not having been subjected to an alliation

reaction between the coated material and base steel;

[0146] coating--the pre-coating after having been subjected to an alliation reaction between the
pre-coating and base steel. In a highly preferred embodiment the coating comprises layers (a}

interdiffusion, (b) intermediate, (c} intermetallic, and (d) superficial described above;

[0147] coated steel or product--the pre-coated steel or product that has been subjected to an
alliation reaction between the pre-coating and base steel. In a highly preferred embodiment the
coated steel 1s a strip or sheet, etc., of base steel having thereon an invention coating comprising
layers (a) interditfusion, (b) intermediate, (¢} intermetallic, and (d) superficial described above;
[0148] blank--a shape cut from a strip.

[0149] product--a stamped blank
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Application of: ARCELORMITTAL

Inventor(s): Drillet et al.
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Attorney Docket No.: 20631.1028CONS

Confirmation No.:

Title: Coated Steel Strips, Coated Stamped Products and Methods
Submitted electronically via EFS-Web May 16, 2019
Mail Stop:
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Dear Madam or Sir:

Applicant requests that the following amendments be made in the above-identified matter

prior to examination thereof:
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[20631.1028CONS; Preliminary Amendment]

Amendments to the Specification and Abstract

Please amend the specification as follows:

[0000.1] This is a Continuation of U.S. Patent Application No. 15/606,770 filed May 26, 2017 which
is a Continuation of U.S. Patent Application No. 13/621,015, filed September 15,

2012 which is a Divisional of U.S. Patent Application No. 12/447,777, filed April29, 2009,

which is a National Phase Application of International Patent Application PCT/IB06/004019,

filed October 30, 2006. All of the above patent applications are hereby incorporated by

reference herein.

No new matter has been added.
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[20631.1028CONS; Preliminary Amendment]

Amendments to the Claims:

The following listing of claims will replace all prior versions and listings of claims in the

application:

Listing of Claims:
Claims 1-24 (canceled).

Claim 25 ( New) A precoated steel product comprising:

a strip of base steel having a first side and a second side; and
a precoating on at least one of the first side and the second side, the precoating being
made of an aluminum alloy and having a controlled thickness to create a precoated steel strip
heat treatable to form a coating comprising, proceeding from the base steel outwards:
(a) an Interdiffusion layer,
(b) an Intermediate layer,
(c) an Intermetallic layer, and
(d) a Superficial layer; wherein the coating has a thickness greater than 30

micrometers and wherein said layer (a) has a thickness less than 15 micrometers.

Claim 26 ( New) The precoated steel product according to claim 25, wherein the said layers
(c) and (d) are quasi continuous by occupying at least 90% of a level corresponding to
each said layer and wherein less than 10% of layer (¢) is present at an extreme surface of

the product.

Claim 27 ( New) The precoated steel product according to claim 25, wherein the base steel
comprises the following components by weight based on total weight:
0.15%<carbon<0.5%;
0.5%<manganese<3%,;
0.1%<silicon<0.5%;
0.01%<chromium<1%o;
titanium<0.2%;

aluminum<0.1%;

phosphorus<0.1%;
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[20631.1028CONS; Preliminary Amendment]

sulfur<0.05%;
0.0005%<boron<0.08%;

and further comprises iron and impurities inherent in processing.

Claim 28 ( New) The precoated steel product according to claim 25, wherein the base steel
comprises the following components by weight based on total weight:

0.20%<carbon<0.5%;

0.8%<manganese<1.5%;

0.1%<silicon<0.35%;

0.01%<chromium<1%o;

titanium<0.1%;
aluminum<0.1%;
phosphorus<0.05%;

sulfur<0.03%;

0.0005%<boron<0.01%;

and further comprises iron and impurities inherent in processing.

Claim 29 ( New) The precoated steel product according to claim 25, wherein the base steel

comprises 20 ppm or less of sulfur.

Claim 30 ( New) The precoated steel product according to claim 27, wherein the base steel

comprises 20 ppm or less of sulfur.

Claim 31 ( New) The precoated steel product according to claim 25, wherein a ratio of

titanium to nitrogen in the base steel in weight % is in excess of 3.42.

Claim 32 ( New) The precoated steel product according to claim 27, wherein a ratio of

titanium to nitrogen in the base steel in weight % is in excess of 3.42.

Claim 33 ( New) The precoated steel product according to claim 30, wherein a ratio of

titanium to nitrogen in the base steel in weight % is in excess of 3.42.
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[20631.1028CONS; Preliminary Amendment]

Claim 34 ( New). The precoated steel product according to claim 25, wherein the aluminum
alloy precoating comprises from 8% to 11% silicon by weight, from 2% to 4% iron by

weight, the remainder being aluminum and impurities inherent in processing.

Claim 35 ( New). The precoated steel product according to claim 25, wherein said layer (a)

has a thickness less than 10 micrometers.

Claim 36 ( New). The precoated steel product according to claim 25, wherein a thickness t,
of said precoating is from 20 to 33 micrometers at every location on at least one of said

first and second sides.

Claim 37 ( New). The precoated steel product according to claim 25, wherein a thickness t,
of said precoating is from 20 to 33 micrometers at every location on both said first and

second sides.

Claim 38 ( New) The precoated steel product according to claim 34, wherein the aluminum

alloy precoating comprises from 9% to 10% silicon by weight.

Claim 39 ( New) The precoated steel product according to claim 38, wherein the aluminum

alloy precoating comprises from 9.3% silicon by weight.

Claim 40 ( New) The precoated steel product according to claim 25, wherein the
Interdiffusion layer comprises the following components by weight based on total

weight: 86 to 95% Fe, 4 t010% Al, and 0 to 5% Si.

Claim 41 ( New) The precoated steel product according to claim 25, wherein the Intermediate
layer comprises the following components by weight based on total weight: 39 to 47%

Fe, 53 to 61% Al, and 0 to 2% Si.
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[20631.1028CONS; Preliminary Amendment]

Claim 42 ( New) The precoated steel product according to claim 25, wherein the
Intermetallic layer comprises the following components by weight based on total weight:

62 to 67% Fe, 30 to 34% Al, and 2 to 6% Si.

Claim 43 ( New) The precoated steel product according to claim 25, wherein the Superficial
layer comprises the following components by weight based on total weight: 39 to 47%

Fe, 53to 61% Al, and 0 to 2% Si.

Claim 44 ( New) The precoated steel product according to claim 40, wherein the Intermediate
layer comprises the following components by weight based on total weight: 39 to 47%

Fe, 53 to 61% Al, and 0 to 2% Si.

Claim 45 ( New) The precoated steel product according to claim 44, wherein the
Intermetallic layer comprises the following components by weight based on total weight:

62 to 67% Fe, 30 to 34% Al, and 2 to 6% Si.

Claim 46 ( New) The precoated steel product according to claim 45, wherein the Superficial
layer comprises the following components by weight based on total weight: 39 to 47%

Fe, 53to 61% Al, and 0 to 2% Si.

Claim 47 ( New) The precoated steel product according to claim 25, wherein the

Interdiffusion layer has a thickness of from 1 micron to 15 microns.
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[20631.1028CONS; Preliminary Amendment]

REMARKS

Claims 1-24 are canceled. Claim 25-47 are added. The specification has been amended.

No new matter has been added.

Reconsideration and allowance of the present application is respectfully requested.

Respectfully submitted,
DAVIDSON, DAVIDSON & KAPPEL, LLC

By /Cary Kappel /
Cary Kappel
(Reg. No. 36,561)

DAVIDSON, DAVIDSON & KAPPEL, LLC

589 Eighth Avenue, 16" Floor
New York, New York 10018
(212) 736 — 1940 main

(212) 736 — 1257 direct

(212) 736 — 2427 facsimile
Customer No.: 23280

Deposit Acct. No.: 50-0552

Page 7 of 7 ArcelorMittal Ex. 2001
Posco Co. LTD. v. ArcelorMittal

IPR2024-01376

Page 46 of 1430



Doc Code: TRACK1.REQ

Document Description: TrackOne Request
PTO/AIA/424 (04-14)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102(e) (Page 1 of 1)

:;iilse}n';l:rr:ned Pascal DR”_LET Er?gvsrrs:visional Application Number (if
e or Coated Steel Strips Coated Stamped Products and Methods

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(i)(1) and the prioritized examination fee set forth in
37 CFR 1.17(c) have been filed with the request. The publication fee requirement is met
because that fee, set forth in 37 CFR 1.18(d), is currently $0. The basic filing fee, search fee,
and examination fee are filed with the request or have been already been paid. | understand
that any required excess claims fees or application size fee must be paid for the application.

2. | understand that the application may not contain, or be amended to contain, more than four
independent claims, more than thirty total claims, or any multiple dependent claims, and that
any request for an extension of time will cause an outstanding Track | request to be dismissed.

3. The applicable box is checked below:

I. [v] Original Application (Track One) - Prioritized Examination under § 1.102(e)(1)

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the utility application via EFS-Web.
—--OR---
(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the plant application in paper.

ii. An executed inventor's oath or declaration under 37 CFR 1.63 or 37 CFR 1.64 for each
inventor, or the application data sheet meeting the conditions specified in 37 CFR 1.53(f)(3)(i) is
filed with the application.

Il. [ ] Request for Continued Examination - Prioritized Examination under § 1.102(e)(2)

i. A request for continued examination has been filed with, or prior to, this form.

ii. Ifthe application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a), oris
a national stage entry under 35 U.S.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
to the request for continued examination.

v. No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e)(2).

Signature/Cary Kappel/ Date May 1 65 201 9
?IgarmSTyped) Cary Kappel Eieagﬁg:ir(;?ii; Number36561

Note: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d} for signature requirements and certifications.
Submit multiple forms if more than one signature is required. ™
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent application or
patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open to public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

ArcelorMittal Ex. 2001

Posco Co. LTD. v. ArcelorMittal
IPR2024-01376

Page 48 of 1430



PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid CMB control number.

) ) Attorney Docket Number | 11020631.1028con5
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Coated Steel Strips, Coated Stamped Products and Methods

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Remove
Inventor [1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
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Postal Code 57160 Countryi | |FR
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~| Pominique Spehner -
Resﬁience Information (Select One) US Residency (8 Non US Residency Active US Military Service -
City |Balan ||Country of Residence | ER |

Mailing Address of Inventor:

Address 1 B rue de la Porte
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City Balan State/Province | IOT
Postal Code 08200 Countryi | R
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Title of Invention Coated Steel Strips, Coated Stamped Products and Methods
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|| Ronald Kefferstein ]
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Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).
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Customer Number 3280
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Attorney Docket Number| [11020631.1028con5 Small Entity Status Claimed [ |

Application Type Nonprovisional -
Subject Matter Utility -
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Filing By Reference:
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National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes

the specific reference required by 35 U.5.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending ~ Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
[Continuation of ~| 15/606770 P017-05-26
Prior Application Status | Patented
Application - Prior Application Filing Date Issue Date
Number Continuity Type Nurmber (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
15/606770 Continuation of ~| 13621015 2012-09-15 0708683 2017-07-18
Prior Application Status | [Patented -
Application - Prior Application Filing Date Issue Date
Number Continuity Type Nurmber (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
13621015 Division of ~| (12447777 2011-03-18 8307680 2012-11-13
Prior Application Status It\bandoned ~
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

12447777

A 371 of international

4

PCT/B06/04019
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. Attorney Docket Number | 11020631.1028con5
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Coated Steel Strips, Coated Stamped Products and Methods

Additional Domestic Benefit/National Stage Data may be generated within this form 2
by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When pricrity is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign prionty application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Remove

Application Number Countryi Filing Date (YYYY-MM-DD) Access Codei (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add

Statement under 37 CFR 1.55 or 1.78 for AIlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[ ] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

. Attorney Docket Number | 11020631.1028con5
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Coated Steel Strips, Coated Stamped Products and Methods

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property {IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office {(EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
{(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPQO)}, the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 {opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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PTO/AIA/4 (02-18)

Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 11020631.1028con5

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Coated Steel Strips, Coated Stamped Products and Methods

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {(assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name lt\rcelorMiﬂal

Mailing Address Information For Applicant:

Address 1 P4-26 Boulevard-d'Avranches

Address 2

City | uxembourg State/Province oT
Country | JU Postal Code L-1160
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assighment recorded by the Office.
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Approved for use through 11/30/2020. OMB 0651-0032

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | 11020631.1028con5

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Coated Steel Strips, Coated Stamped Products and Methods

Assignee 1

Complete this section if assighee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application
publication as an applicant. For an assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province

Countryi Postal Code

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 2

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or mare joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature [/Cary Kappel/ Date (YYYY-MM-DD)| [2019-05-16
First Name | [Cary Last Name | Kappel Registration Number | (36561
Additional Signature may be generated within this form by selecting the Add button. Add
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Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number

11020631.1028con5

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention Coated Steel Strips, Coated Stamped Products and Methods

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandna, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related tc a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.5.C. 2(b)(2); (2} furnishing of the informaticn solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested informaticn, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by youin this form will be subject to the following routine uses:

1 Theinformation con this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5 US.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect tc the subject matter of the record.

4,  Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
acontract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C.
552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the Internaticnal Bureau of the World Intellectual Property Crganization, pursuant to the Patent CooperationTreaty.

6.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.5.C. 181)
and for review pursuant to the Atomic Energy Act (42 U 5.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.5.C. 2904 and 2906. Such disclosure shall be made in accordance with the G5A regulations governing inspection of
records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned cr in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.
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Boe code; Dath
Document Diescription: Qath or dectaration filed
BTOIAIAIC2 (07-14)
Approved for use through D1/31/2014. ONMB 0651-0032

.8 Patent and Trademark Office; U8, DEFARTMENT OF COMMERCE
Underthe Paperwark Reguction Act.of 1988, o persons are required 1o respond {oa coliection of information unjess it dispiays a vaiid OMB control number.,

SUBSTITUTE STATEMENT IN LIEU OF AN OATH OR DECLARATION FOR UTILITY
OR DESIGN PATENT APPLICATION (35 U.8.C. 115(d) AND 37 CFR 1.64)

Title of | Coated Stesl Strips, Costed Stamped Products and Methods
favention

This siaterment is directed to;
D The attached apglication,
OR

15/606,770 _,  May 26,2017

Unif.ed Siates application of PCT internationa! application humber

LEGAL NAME of inventor to whom ihis substitute statoment applies:
{£.g., Given Name {first. and middle (if any}) and Family Name or Surname)
Dominique Spehner

Residence {axcept for 2 deceased orlegally incapacitaled inventor):

Balan

City State Counirv
Mailing Address {except fora deceased or legally incapaciiated inventor):

& rue de {a Pode

FR

FR

{ belicvs the sbove-named inventor or foint inventor to beg the origingl inventar ar an eriginal joint invenior of a-clalmed invention
ift the application.

o, Batan 08200

State

Country

The above-identifisd application was made or duthorized to be made by me.

} hereby acknowledge that any willful false stalemeni made in this-statementis punishable under 18 U.8.C. 1001 by fine or
imprisonment of not more than five (8) years, or both.

Relationship to the inventor to. whom this substitute statercerit applies:

D Personto whom the inventor is usnder an phligation to assign,

D Parson who otherwise shows.a sufficient proprietary interest in-the matter {petition under 37 CFR 1,486 is required), or
[ ] Jointnventor.

[Page 1 0of 2]

This collection of information is required by 38 4.5, 115 and'37 CFR 1.63. The information is required to. obtain or relain a benefit by the public which is to fife (and
by e USPTO [ process) an application. Condfidentiality is governed by 35 U.8.C. 122 and 37 CFR-1.31 sng 1,14, This tolledtion i estimates 1o take 1 minute to
compiete, including gathering, preparing, and submitiing (he campleted application form fa he USPTO, Time will vary depending upen the individual case. Any
comments on tha.amount of time you reguire 1o gomplsts this form andfor suggestions far reducing this burden, should be sent io the Chief information Officer; U.S.
Patent and Trademark Office, U.S. Depariment of Sommercs, P.C. Box 1450, Alexandra, VA 223131450, DONOT SEND FEES OR COMPLETED FORMS TQ
THIS ADDRESS. SEND TO: Commissioner for Patenis, P.O. Box 1450, Alexandria, VA 22313-1450,

¥ vou nead assisiance in completing the jorm, call 1-800-PTR-2792 and sélect aption 2.
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PTO/SBIAIADZ {(07-13)
Approved for use through 0H31/20%4. OMS 0651-0032

U8, Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGE
Under the Papenvork Reduction Act of 1995, no persans are reguired fo réspond to 3 colfection of infarmation unlessi displays 3 valid CMB controf pumber,

SUBSTITUTE STATEMENT

Circumslances permitting execution of this substitute statement

[ .
L} inventor is deceased,
| inventor s under legal incapacity,

=
’ﬁﬂj; Invantor-cannot be found or reached after diligent effort, or

-

[ | inventor has refused 1o exacute the oath or declaration under 37 CFR 1.63.

if there are joint inveniors, please chack the appropriate box below;

or is currently submitted.
OR

D Aryapplication data shest under 37 CFR 1.78 {PTOAIANT4 or equivalent) has not besan submitted. Thus, 3 Substiute
Staterent Supplemeantal Sheet (PTO/AIAI T or equivalani) naming the entire inventive entity and providing inventor
information is atiached. Sse 37 CFR 1.64({H).

WARNING:

iPetitioner/applicant is cautioned to aveid submitting persanal information in.documents filed in.a patent application that may
contribute to identity theft. Personal information such as social security numbpers, bank account numbers, or credit card numbers
(other than a chedk ororedit card authorization form PTQ-2038 submitted for payment purposes) is hever raquired by the USPTO
to support & petition or 3f application. I this type of personal information I8 included in documents submitted to the USPTO,
patitionersiapplicants shoull consider redacting such pearsonal information from the documents before submilting them o the
USPTO. Petitionierapplicant is advised that the record of a patent application is available to the public after publication of the
application {uniess a nor-publication request in compliance with 37 CFR 1.213(a) is made in the application} or issuance of
Epatent Furthermore, the record from an abandoned application may aiso be available to the publicif the application is
referenced in & published application or an issued patent {sae 37 GFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes arg not retaingd in the application file and therefore arg not publicly available.

PERSON EXECUTING THIS SUBSTITUTE STATEMENT:

Date (Qptior
Signature: w:“l’

APPLICANT NAME AND TITLE OF PERSON EXECUTING THIS SUBSTITUTE STATEMENT:
if the applicant is a juristic entity, st the applicant name and the title of the. sighesn

ARCELORMITTAL

7

A

Applicant Name:

Tl of Parson Execul
Thin Subotiote Stotemesy, Head of Central Patent Team, Corporate Officer

The sigher, whose fitie is subphed above. is authorized ta act on behalf of the applicant,
Residence of the signer {usless provided in an apphication data sheet, PTOIAIAM4 or equivalent)y:

o Montreuil France

State Country
Mailing Address of the signer {(unless provided in an application data sheet, PTQIAIAI4 or equivalent)

City

State Zip Country
note: Use an additional FTOAIAOR form for 2ach inventor who is deceased, legally incapaciiated, cannot be found or reached
after diligent effort, or figs refused to exscute the aath ordeclaration under 37°'CFR 1.83,

[Page 2 0f 2}
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Privacy Act Statement

The Privacy Act of 1874 (P.L. 83-579) requires that you be given certain information in connection
with your submission of the attached form related {¢-a patent application or patent. Accordingly,
pursuant to the reguitements of the Act, please be advised that: (1) the general authadty for the
collection of this information is 35 LL8.C. 2(0}{2); (&) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process andior examine your submission related to a patent application or patent. If you do
not furnish the reguested information, the U.8, Patent and Trademark Qffice may not be able o
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by youin this form will be subject to the following rovtine uses:

1.

=¥

The information anthis form will be treated confidentially fo the sxient gllowsd Uinder the
Fraedorn of information Act (8 U.8.C. 582} and the Prvacy Act (5L 8.C 552a). Recuwrds from

this system-of records may be disclosed fo ihe Department of Justice to determine whether

disciosure of these records is requirad by the Freedom of information Act.

A racord from this system of records may be disclosed, as a routing use, in the gourse of
presenting evidencs to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of setflement negotiations.

A record in this system of records may be disclosed, as a routine use, toa Member of
Congress submilting a requestinvolving an individual, to whom the record periains, when the
individual has requested assistance from the Mamber with regpect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routing use, to a contractor of the
Agensy having need for the information in order to performt a contragt. Recigients of
information shall be required to comply with the reguirements of the Privacy Act.of 1874, as
amended, pursuant to § U.8.C. 852a{m).

A racord refated to an Intemational Application filed under the Patent Cooperation Treaty in
this system-of records may be disclesed, a3 & rouline use, 1o the international Bursauy of the
World Intellectual Property Organization, pursuant {0 the Patent Cocoperation Treaty.

A record in this system of records may be disciosed, as'a routine use, to anocther federal
agency for purgoses of National Seaurity review (35 U.8.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(Q)).

A record from this system of records may be disclosed, as a routine use, 1o the Administrator,
General Services, or hisfher designes, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommaend improvements in records managsment
practices and programs, under authority of 44 UL.8.C. 2304 and 2808, Such disclosure shafl
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevart {ie., GSA or Commerce) divective. Such disclosure shall not
be used to nake determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuantto 35 U.8.C. 122(b) or issuance of a patent
pursuant to 35 U.8.C. 151, Further, a record may be disclosed, subject io the limitations of 37
CFR 1.14, as.a routine use, 1o the public if the record was filed in.an application which
became abandoned or in whiclt the procgedings were terminated and which application is
referenced by either a published application, an application aper to public inspection or an
issuad patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, Stats,
or local law-enforcement agency, if the USPTO becomes aware of a vislation or potential
violation of faw or reguiation.
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ASSIHCNMENT AND DECLARATION UNDER 37 CFH § 163

(Far Useowith Sigasd A pplierifon Bats Shvets

Title of fpveation: COATEDR STREEL SERIFS, COATED STAMPED PRODUCTS AND METEHODS
Adtormey Docket Mo 28630 1638C0ON

This assignment and declaration are directed 1o (cheok onel
L1 the atachoed applioation:
[ ] theapplication identified By the attorey docket no. and tile of invention given above;
2 United Biates Apphisation or BCT faternational Applicatinh Ne. JS8R6.778, Hled May 26,2017

ASSIGNMENT

asa helowe

For good and valuable comsideration, thereseipt and su“““‘-’“’" of which ave hereby acknowled
pamed rvventor ] have soldand assigned, and bereby sell aed assign, o3
N

Namit of Ausignder ARURLORMITYAL

Addressof Aseigneer 336 Bled d"Avesnches L1168 Lavvwbourg, Laxowmbowrs
{hercinafier ASSIGNEE) afl right, tite, gnd interest in and 10 the above-identified invention and Uniied Sttes

yany-and all divicions or cortingadons thersofl and-in aod o any aod all Letters
ent of the Uniied States that mead issde onvaiyy such apphication o for said fnventiong including any and all
relvsues of exiensions thersof, 46 be held and exjoved by sald ASSIGNER, s sucoessors, o assigns o the fult evd
of the e or lenns for which any and sl such Letiors Patent may be gramied; (i) all appleations for patends,
utifity models, snd designs which may heveafler be filed for said invention in any coumniry of omtries forgiutio
the Linited States, togethee with the dight 1o file such applications and the vight to claim for the same the priosiiy
ved fiom said United States applicetion tmder the Patent Laws of the Lntited States, the International
{‘anwymmn ﬁv the Protection of inddm ial Propenty, or angy ofiier international agreement or the domestie faws of
the conndry in which any sueh ﬁsppixmn{m ssfiled, anmay be applivable, tobe beld and enjoyed by sadd
ASSIGNEE, Us successars, or assigny fiy the fdd end of the termr or terms forwhich any and g} such padents, sty
models, de ;a:mb or-other rights may be g gmmod ared Gl Yoron of fndustrial propesty proteetion, including,
without Himitation, patends, utliity models, iverttors certifiates and desipns which may be gravied for said
nvertion i any country o courtiies for m 0 the Ustiad Siates and all extensiony, renswals and reissues thersof)
o be beld and engoved by sald ASSIG INER, 8 Rucesssors, prassigns {o the follend of the tenm or terms for which
any and all such patents, wtility modas, desi gm o pther righis may be granfed

paterit apphioation;, noluding

i3]
LB

Fhere 301 hor e mm ufqt,\,sl the Directorof the R, Pateo and Trademark Office bt issue soy and all saeh
fx ¢ s specessorg, o aesigns i aceordanes herewity

Dyvarvant and govenant that | bave i right to selland assign the inforests herein sold and assigned and that T have
e execudnd and will oot execuls any document or fustriment in conflict herewith.

covenantand agree that Dwill cormmmunteate to suid ASSIGNEE, fts suceessors, lagal representatives, or

} gym all information known fo me relating to said invention or patont application and that { w 1i§ SXEE ‘ami
deliver any papers, ke 2l righthd oaths, testify in any legal proceedings, and perform all other fawiol a

nbcassary or desirable by said ASSIGNEE, ¢ successors, legal reprosentatives, or assigns 1o perfeet title to s jud
nvention, to said appHoation mdudmg divisions and contimuations thereof snd to any and all Letters Patent that
smiay be granted iw*wiuz or thereon, inchading relssues oraxionsions, i satd ASSIGNE EE, Hesuocessors, or aasipny,
v 16488 \ MNEE, Hs sucopssors; fegal rap esentatives, oF asstgm » i obigining, refssuing, or enforcing
Latiers Patent of thx_ t mfcd Seates ansl gy and all patents, utiliy mud& st oy other rights that may be
praited fothe United States.or of aiy cotiitry Orcouniies foraipn o the United Siates, for vaid dwvention,

DECLARATION

o0

As a belevenarsed Inventor,  horeby declare thal
The above-identitied apphication was roade or anthovized 10 be made by we.
theliove that | am the original nventor or an original joint dnventor of a cladimed Toverdion in the appiifcations.

{ heveby schnowladge thatany-willful false statoment made in this decd
§ 1001 by fine or imprisonment of notmore than fve{ ‘3) vears, or bath.

aration s punishable under 18 UR.L

Slgnsarg:

Inventor: Pasesi §\§E\§§,M§’§ - Diate:
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ASSIGNMENT AND DECLARATION UNDER 37 C.F.R. § 1.63

(For Use with Signed Application Data Sheet)

Title of Invention: COATED STEEL STRIPS, COATED STAMPED PRODUCTS AND METHODS
Attorney Docket No.:  20631.1028CON

This assignment and declaration are directed to (check one):
[] the attached application;
[] the application identified by the attorney docket no. and title of invention given above;
United States Application or PCT International Application No. 15/606,770, filcd May 26, 2017.

ASSIGNMENT

For good and valuable consideration, the receipt and sufticiency ot which are hereby acknowledged, as a below-
named inventor I have sold and assigned, and hereby sell and assign, to:

Name of Assignee: ARCELORMITTAL
Address of :Assignee: 24-26 Blvd d’ Avranches L-1160 Luxembourg, Luxembourg

{hereinafter ASSIGNEE) all right, title, and interest in and to the above-identified invention and United States
patent application, including : (i) any and all divisions or continuations thereof, and in and to any and all Letters
Patent of the United States that may issue on any such application or for said invention, including any and all
reissues or extensions thereof, to be held and enjoyed by said ASSIGNEE, its successors, or assigns to the full end
of the term or terms for which any and all such Letters Patent may be granted; (ii) all applications for patents,
utility models, and designs which may hereafter be filed for said invention in any country or countries foreign to
the United States, together with the right to file such applications and the right to claim for the same the priority
rights derived from said United States application under the Patent Laws of the United States, the International
Cenvention for the Protection of Industrial Property, or any other international agreement or the domestic laws of
the country in which any such application is filed, as may be applicable, to be held and enjoyed by said
ASSIGNEE, its successars, or assigns to the full end of the term or terms for which any and all such patents, utility
models, designs or other rights may be granted; and (1ii) all forms of industrial property protection, including,
without limitation, patents, utility models, inventors' certificates and designs which may be granted for said |
invention in any country or countries foreign to the United States and all extensions, renewals and reissues thereocf,
to be held and enjoyed by said ASSIGNERE, its successors, or assigns to the full end of the term or terms for which |
any and all such patents, utility models, designs or other rights may be granted.

I hereby authorize and requést the Director of the U.S. Patent and Trademark Office to issue any and all such
Letters PPatent o said ASSIGNEE, its successors, or assigns in accordance herewith.

I warrant and covenant that I have the right to sell and assign the interests herein sold and assigned and that [ have
not executed and will not execute any document or instrument in conflict herewith.

1 further covenant and agree that | will communicate to said ASSIGNEE, its successors, legal representatives, or
assigns all information known to me relating to said invention or patent application and that I will execute and
deliver any papers, make all rightful oaths, testify in any legal proceedings, and perform all other lawful acts
necessary or desirable by said ASSIGNEE, its successors, legal representatives, or assigns to perfect title to said
invention, to said application including divisions and continuations thereof and to any and all Letters Patent that
may be granted therefor or thereon, including reissues or extensions, in said ASSIGNEE, its successors, or assigns,
or to assist said ASSIGNEE, its successors, legal representatives, or assigns in obtaining, reissuing, or enforcing
Letters Patent of the United States and any and all patents, utility models, designs or other rights that may be |
granted in the United States or of any country or countries foreign to the United States, for said invention. |

DECLARATION

As a below-named inventor, I hereby declare that:
The above-identified application was made or authorized to be made by me.
I believe that I am the original inventor or an eriginal joint inventor of a claimed invention in the application.

I hereby acknowledge that any willful falseAtatement made in this declaration is punishable under 18 U.S.C.
§ 1001 by fine or imprisonment of not 7&11 five (5) years, or both.

Signature: ﬁ j 7

Inventor:  Renald KEFFERSTEirN’fFff 44 Date: /7%'7 jeoit
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POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE
THE UNITED STATES PATENT AND TRADEMARK OFFICE

This Power of Attarriey is submitfed by:

Submitter Wams:  ApcelorBlitial

Address: 24-26 Boulevard d'Avranches
1160 Luxembourg

LUXEMBOURG

The Submitter heraby appolints the practitiongrs at Davidson, Davidson & Kappel, LLC
associated with the Customer Number;

23280
a5 its atiorney(s) or agent(s) to represent the Submitter before the United States Patent and
Trademark Office (USPTO)Y and 1o transact all business before the USPTO in connection
with any and all applications of which the Submiiter is the/an applicant and the/an assignee or
entity to whom the inventer(s) is/are obligated to assign.

Please direct all cortespondence for any and all applications in which this Power of Atorney
is submitted to the address associated with the Customer Number:

23280

Thie individual(s) whose name(s) and title(s) is/are supplied below is/are authorized to act on
behalf af the Subwitter,

b4

°‘T§d\.‘§'
‘ & oy 8§ -
Date: 41 aoth %f Ll £ By

MNama: Sophie Plaisant
Title: Head of Central Patent Team
Corporate Officer

Diate; , By
Name:
Title:
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
16/413,799 05/16/2019 1784 2020 11020631.1028con5 23 1
CONFIRMATION NO. 7637
23280 FILING RECEIPT
Davidson, Davidson & Kappel, LLC
589 8th Avenue P AR AN LG LIGL CACR R AT
16th Floor

New York, NY 10018
Date Mailed: 05/28/2019

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)

Pascal DRILLET, Rozerieulles, FRANCE;

Dominique Spehner, Balan, FRANCE;

Ronald Kefferstein, Saint Mitre Les Ramparts, FRANCE;
Applicant(s)

ArcelorMittal, Luxembourg, LUXEMBOURG;

Power of Attorney: The patent practitioners associated with Customer Number 23280

Domestic Priority data as claimed by applicant
This application is a CON of 15/606,770 05/26/2017
which is a CON of 13/621,015 09/15/2012 PAT 9708683
which is a DIV of 12/447,777 03/18/2011 PAT 8307680
which is a 371 of PCT/IB06/04019 10/30/2006

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 05/23/2019

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/413,799

Projected Publication Date: 09/05/2019
Non-Publication Request: No

Early Publication Request: No
Title

Coated Steel Strips, Coated Stamped Products and Methods
Preliminary Class
428
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/413,799
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 300
SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A N/A 660
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A N/A 760
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 23 minus 20= 3 OR |« 100 300
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 1 minus 3 = x 460 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2020
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus OR |x
a Independent * Minus | *** =
E (37 CFR 1.16(h) OR |x
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus ** =
= (37 CF% ?.16(i)) OR |x
% Independent * Minus | *** = OR N
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
16/413,799 05/16/2019 Pascal DRILLET 11020631.1028con5 7637
23280 7590 06/04/2019 | EXAMINER |
Davidson, Davidson & Kappel, LLC
589 8th Avenue
16th Floor
New York. NY 10018 | ART UNIT | PAPER NUMBER |
1784
| NOTIFICATION DATE | DELIVERY MODE |
06/04/2019 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

ddk @ddkpatent.com
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Application No. Applicant(s)
16/413,799 DRILLET etal.
Decision Granting Request for
Prioritized Examination (Track /) Examiner Art Unit AIA (FITF) Status
CHERYL P GIBSON OPET No
BAYLOR

1. THE REQUEST FILED 16 May 2019 IS GRANTED .

The above-identified application has met the requirements for prioritized examination
A for an original nonprovisional application (Track I}.
B. (J for an application undergoing continued examination (RCE).

claims, more than thirty total claims , or a multiple dependent claim;
filing a request for continued examination ;

filing a notice of appeal;
filing a request for suspension of action;
mailing of a notice of allowance;

mailing of a final Office action;

I O ™ mo o

completion of examination as defined in 37 CFR 41.102; or

abandonment of the application.

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendmen mend th lication ntain more than four in

Telephone inquiries with regard to this decision should be directed to CHERYL GIBSON BAYLOR at (571
)272-3213. In his/her absence, calls may be directed to Petition Help Desk at (571) 272-3282.

{CHERYL GIBSON BAYLOR/
Paralegal Specialist, OPET

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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EP 3 290 199 A1

(19)

Europiisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

{(43) Date of publication:
07.03.2018 Bulletin 2018/10

(21) Application number: 17192410.3

(22) Date of filing: 30.10.2006

(11) EP 3 290 199 A1

EUROPEAN PATENT APPLICATION

(51) IntCl.:

B32B 15/00(2006.01 C21D 9/46 (2006.09)

{84) Designated Contracting States:
ATBEBGCHCY CZDEDKEE ESFIFRGB GR
HUIE IS ITLILT LU LV MC NL PL PT RO SE SI
SK TR

{62) Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:
06842403.5/ 2 086 755

(71) Applicant: ArcelorMittal
1160 Luxembourg (LU)

(72) Inventors:
¢ DRILLET, Pascal
57160 ROZERIEULLES (FR)

* SPEHNER, Dominique
08200 SEDAN (FR)
*» KEFFERSTEIN, Ronald
13620 CARRY LE ROUET (FR)

(74) Representative: Lavoix
2, place d’Estienne d’Orves
75441 Paris Cedex 09 (FR)

Remarks:

This application was filed on 21.09.2017 as a
divisional application to the application mentioned
under INID code 62.

COATED STEEL STRIPS,METHODS OF MAKING THE SAME, METHODS OF USING THE SAME,

SAME,STAMPED PRODUCTS PREPARED FROM

THE SAME, AND ARTICLES OF MANUFACTURE WHICH CONTAIN SUCH A STAMPED

(54)
STAMPING BLANKS PREPARED FROM THE
PRODUCT

(57)  Coated steel having a well defined and uniform

thickness is useful and advantageous for preparing prod-
ucts by hot stamping. Products prepared by hot stamping

such a steel are particularly advantageous when subject-
ed to a subsequent spot welding step.
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1 EP 3 290 199 A1 2

Description

FIELD OF THE INVENTION

ture is the regulation temperature of the furnace. Prob-
lems however are experienced with the furnace opera-
tion: the rollers may become fouled by metallic deposits
which come from the pre-coating of the blanks. If these

[0001] The present invention relates to, among other & deposits are excessive, maintenance of the rollers has
things, coated steels, methods of making such coated to be performed and productivity is decreased.
steels, including hot dipping, methods of using such coat- [0006] Parts obtained after heating and rapid coaling
ed steels, stamping blanks prepared from coated steels, display very high mechanical resistance and may be
stamped products prepared from coated steels, and to used for structural applications, for example for automo-
various uses of the invention products such as in spot 70 tive industry applications. These parts must be frequently
welding, etc. welded with others and high weldability is required. This
[0002] Additional advantages and otherfeatures ofthe means that:
present invention will be setforthin part in the description
that follows and in part will become apparent to those - The welding operation should be performable in a
having ordinary skill in the art upon examination of the 15 sufficiently wide operating range in order to guaran-
following or may be learned from the practice of the tee that an eventual drift of the nominal welding pa-
present invention. The advantages of the present inven- rameters has no incidence on weld quality. For re-
tion may be realized and obtained as particularly pointed sistance welding, which is very common in the au-
out in the appended claims. As will be realized, the tomotive industry, an operating welding range is de-
present invention is capable of other and different em- 20 fined by the combination of parameters: welding cur-
bodiments, and its several details are capable of modifi- rentintensity | and force F applied of the parts during
cations in various obvious respects, all without departing welding being among the most important. A proper
from the present invention. The description is to be re- combination of these parameters helps to ensure
garded as illustrative in nature, and not as restrictive. that insufficient nugget diameter is not obtained
25 (caused by too low intensity or too low force) and
BACKGROUND OF THE INVENTION that no weld expulsion occurs.
- The welding operation should also be performed in
[0003] In recent years the use of pre-coated steels in such a way that high mechanical resistance is ob-
hot-stamping processes for the shaping of parts has be- tained on the weld. This mechanical resistance may
come important, especially in the automotive industry. 30 be evaluated by tests such as by shear-tensile tests
Fabrication of such parts may include the following main or cross-tensile tests.
steps:
[0007] There remains a need for coated steels which
- Pre-coating of a steel sheets, by hot dipping may be conveniently used to prepare shaped parts by a
- Trimming or cutting for obtaining blanks 35 stamping process. There also remains a need for coated
- Heating the blanks in order to obtain alloying of the steels which may be used to prepare shaped parts by a
steel substrate with the pre-coating, as well as the stamping process which are suitable for welding. There
austenitizing of the steel also remains a need for processes for preparing such
- Hot forming followed by rapid cooling of the part in coated steels and stamped parts.
order to obtain predominantly martensitic structures 40
SUMMARY OF THE INVENTION
See for Example U.S. 6,296,805, incorporated herein by
reference. [0008] The inventors have discovered that certain
[0004] Thanksto an alloying of the pre-coating with the coated steelsin which a base steel strip is at least partially
steel substrate, which has the effect of creating interme- 45 coated (sometimes termed "pre-coated,"” this prefix indi-
tallic alloys with high melting temperature, the blanks cating that a transformation of the nature of the pre-coat-
having such coating may be heated in a temperature ingwill take place during heattreatment before stamping)
range where austenitizing of the metallic substrate takes on at least one side with a coating of either aluminum or
place, allowing further hardening by quenching. an aluminum alloy and in which the coating has a defined
[0005] Heattreatments of the blanks in view of the in- 50 thickness and is preferably substantially uniform, are
termetallic alloying of the coating and austenitizing of the conveniently formed into shaped parts after heating by
substrate are most frequently performed in furnaces, stamping and are conveniently welded. In addition, the
where blanks are traveling onrollers. The thermal cycles inventors have discovered that the roller fouling problem
experienced by the blanks include first a heating phase described above generally arises from an insufficient de-
whose rate is a function of parameters such as blank 55 gree of intermetallic alloying between the substrate and

thickness, furnace temperature, traveling speed, and
coating reflectivity. After this heating phase, thermal cy-
cles generally include a holding phase, whose tempera-

the metallic pre-coating. Furthermore, it was discovered
that the location of the fouling of the rollers corresponds
to zones of the blanks in contact with the rollers where
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the metallic pre-coating thickness locally exceeds the av-
erage thickness. While not bound by a particular theory,
it is believed that if a pre-coating is locally too thick, in-
termetallic alloying is insufficient and the pre-coating

provide novel methods of making welded stamped parts.
[0022] It is another object of the present invention to
provide novel articles of manufacture, such as a motor
vehicle, which contain such welded stamped parts.

melts, fouling the rollers. Thus, the inventors have dis- & [0023] It is another object of the present invention to
covered that the control of the homogeneity of the pre- provide novel welded coated steels and welded stamping
coating thickness over the entire sheet within given tol- blanks.
erances is an important factor for obtaining the desired [0024] It is another object of the present invention to
degree of intermetallic alloying, allowing one to improve provide novel methods of making such welded coated
the resistance to the subsequent melting of the coating 10 steels and welded stamping blanks.
during travel on rollers. [0025] These and other objects, which will become ap-
[0009] The inventors have also discovered that partic- parent during the following detailed description.
ularly good weldability of aluminized and hot stamped
parts is associated with a special succession of coating BRIEF DESCRIPTION OF THE DRAWINGS
layers on the parts, proceeding from steel substrate out- 75
wards. [0026]
[0010] The inventors have also discovered that a spe-
cific combination of transfer time between the heating Figure 1 illustrates a preferred embodiment of an
furnace and the stamping die, the amount of deformation invention coated part, after heat treatment and
during stamping, the temperature of stamping, the cool- 20 stamping. The succession of layers of the coating
ing rate of the product during stamping, leads to the fab- on the steel substrate is: (a) interdiffusion layer; (b)
rication of a part with a fully homogeneous martensitic intermediate layer; (c) Intermetallic layer; and (d) su-
structure and that an increase in ductility or energy ab- perficial layer. This arrangement is particularly favo-
sorption of the parts after stamping is obtained by a re- rable for the further welding of the part.
duction of sulfur below a critical value, these two benefits 25 Figure 2 illustrates a coating of a steel substrate after
being obtained with or without the invention alumi- heat treatment and stamping which does not corre-
num/aluminum alloy coating, and with other coatings. spond to the invention. This succession of layers (in-
terdiffusion layer and intermetallic layer) yields infe-

OBJECTS OF THE INVENTION rior results in resistance spot welding.

30 Figure 3 illustrates a microstructure of a steel part,
[0011] Accordingly, and in view of the abave, it is one hot stamped and cooled under conditions not ac-
object of the present invention to provide novel pre-coat- cording to the invention.
ed steels strips which may be conveniently processed Figure 4 illustrates the microstructure of a steel part,
into stamping blanks. hot stamped and cooled according to a preferred set
[0012] It is another object of the present invention to 35 of conditions according to the invention.
provide novel pre-coated steels strips or sheets which Figure 5 illustrates the influence of sulfur on the
may be conveniently formed into parts by stamping. bending angle of parts after hot stamping.
[0013] It is another object of the present invention to Figure 6 illustrates the influence of sulfur on the ini-
provide novel coated steels which may be conveniently tiation energy of fracture of parts after hot stamping.
formed into parts by hot stamping. 40 Figure 7 shows conditions of furnace temperature
[0014] It is another object of the present invention to as a function of the total dwell time in the furnace for
provide novel methods for making such a coated steel. sheets of tatal thicknesses of from 0.7-1.5 and 1.5-3
[0015] It is another object of the present invention to mm that provide particularly favorable coatings far
provide novel stamping blanks which are prepared from welding.
such a coated steel. 45
[0016] It is another object of the present invention to DETAILED DESCRIPTION OF THE PREFERRED EM-
provide novel methods of making such stamping blanks. BODIMENTS
[0017] It is another object of the present invention to
provide novel stamped parts which are prepared from [0027] As noted above, the inventors’ discovery that
such a coated steel. 50 certain coated steels, in which a base steel is at least
[0018] It is another object of the present invention to partially pre-coated on at least one side with a coating of
provide novel methods of making such stamped parts. either aluminum or an aluminum alloy and in which the
[0019] It is another object of the present invention to pre-coating has a defined thickness and is substantially
provide novel articles of manufacture, such as a motor uniform, are conveniently formed into shaped parts by
vehicle, which contain such stamped parts. 55 stamping, forms one basis for the invention.

[0020] It is another object of the present invention to
provide novel stamped parts.
[0021] It is another object of the present invention to

[0028] Inthe contextofthe presentinvention,theterms
first side (or side 1) and second side (or side 2) of the
strip or sheet, etc., of base steel refer to the two large,
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opposite-facing, surfaces which have a surface area de-
fined by the length and width of the strip of base steel.
In contrast, the side edges of the strip of base steel are
the two small, opposite-facing, surfaces which have a

is improved when the minimum and maximum thickness
respectively of at least one of the first side (tymin1, tomax1)
and the second side (t,in2, tymax2) are respectively equal
to 20 and 33 micrometers (a micrometer is the same as

surface area defined by the length and thickness of the & a micron and is a metric unit of length equal to one mil-
strip. The top and bottom edges of the strip of base steel lionth of a meter). In other words, in a preferred embod-
are the two small, opposite-facing, surfaces which have iment, at every location on at least one face of the sheet
a surface area defined by the width and thickness of the or the blank, the thickness t, of the pre-coating is pref-
strip. In the following, to designates the thickness of the erably from 20 - 33 micrometers in thickness, including
pre-coating, at any considered location on the sides 1 10 21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31 and 32 microm-
and 2 of a sheet or a blank. In particular, in the case of eters and all ranges and subranges therebetween, and
sheets coated on two sides 1 and 2, tp1 stands for the including allnumbers between each listed value as if writ-
thickness on side 1, and oo for the thickness on side 2. ten outin its entirety (e.g., 22.34 micrometers). For hot-
According to a highly preferred embodimentt,, is control- dip coating, precise control of this range of pre-coating
led in a precise range, expressed by (tymin, tymax)- inorder 75 thickness can be realized on an operating line for exam-
to improve the resistance to the fouling of the rollers. The ple using a system of nozzles blowing gas after coating,
thickness is preferably controlled, both in the longitudinal for example after exit of the strip or sheet from a bath,
(or rolling) direction of the strip or sheet, as well in the and by the flatness of the strip. Number, geometry and
transverse direction. location of the nozzles, and flow rates are among the
[0029] Inrelationtothe problem of thefouling of rollers, 20 main parameters for a precise control of the thickness to.
the control of the pre-coating thickness on the side of the Given the present disclosure, one of ordinary skill in this
sheet or blank which is directly in contact with the rollers art can control the pre-coating thickness as described
is especially important. Because different operations can herein without undue labor.

follow the step of coating the steel sheet (for example The invention refers to strips produced in industrial con-
hot-dip-coating which provides coated sides 1 and 2), it 25 ditions, i.e. where control of pre-coating thickness is ef-
is preferable to carefully control the pre-coating on both fective over a wide surface strip, i.e. with a length greater
sides of the sheet. For example, after any of coiling, han- than 100m, and with awidth greater than 600mm. In such
dling, cutting, punching, etc., sides 1 and 2 may be not away, blanks cut or trimmed out these strips display very
readily identifiable. But when control of ty is effected on high homogeneity of pre-coating thickness, and the set-
the two sides of the sheet that has been coated (first side 30 tings of the heating treatments in the furnace do not have
and second side) it is not necessary to track sides 1 and to be changed far being adapted to eventual variations
2 as neither side will foul the roller. In addition, it is not of this thickness.

necessary to trim the sheet in order to obtain a preferred [0032] While not bound by a particular theory of oper-
smaller sheet having a more uniform homogeneity of pre- ation, the inventors believe that several of the benefits
coating thickness, thus providing asheet that is pre-coat- 35 of the invention are related to this pre-coating thickness
ed by, e.g., hot-dipping. In other words, important bene- range, such as the following :

fits are obtained when one controls the pre-coating min-

imum and maximum thickness of the first side (tymin1, - For a pre-coating thickness less than 20 microme-
tomax1) @nd the pre-coating minimum and maximum thick- ters, the alloyed layer which is formed during the
ness ofthe second side (t;yin2, tymaxz) Of the subjectsteel 40 heating of the blank has an insufficient roughness.
sheet or blank. Thus, the adhesion of subsequent painting is low on
Hot-dip coated steels are the preferred steels herein. this surface, and the corrosion resistance is de-
However, regardless of the coating method, the pre-coat- creased.

ing thickness on one or both sides of the sheet can be - If the pre-coating thickness is more than 33 microm-
measured and monitored continuously on a coating line 46 eters at a given location on a sheet, the risk is that
directly after the coating operation. This may be realized the difference of thickness between this location and
by devices known per se, such as thickness gages relying some other locations where the pre-coating is thin-
on X-Ray absorption. At every moment, the measure- ner, becomes too important: The settings of the
ment of thickness at a given location may be performed heating treatment in the furnace may be adapted to
for example on an area of a few hundreds of mm?2, this 50 the thinner value of the pre-coating, but not to the
representing the dimension of the zone irradiated by X- thicker one. Thus, the alloying reaction forming the
Ray. intermetallic alloy may take place to an insufficient
[0030] In a preferred embodiment, a plurality of such degree since the mean diffusion distance of the el-
devices are positioned at different distances in the trans- ements in the pre-coating becomes significantly less
verse direction of the strip in order to obtain a profile of 55 than the local value of the pre-coating thickness. As

the thickness of the pre-coating along the strip width.
[0031] The inventors have discovered that the resist-
ance tothe pollution or fouling of the rollers inthe furnaces

a matter of results, alloying will become much more
difficult in the external (or superficial) part, particu-
larly in the case of high heating rate.
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[0033] Thus, in a first embodiment, the present inven-
tion provides certain coated steel strips, which comprise
a strip of base steel and a pre-coating of aluminum or an
aluminum alloy on at least a part of one side of the strip

12, 10, 8, 6, 4, 2, or 1 micrometers, and all whole nhum-
bers, ranges and subranges therebetween, andincluding
all numbers between each listed value as if written out
in its entirety (e.g., 13.84 micrometers).

of the base steel. For many applications, the stripofbase & [0038] The inventors have discovered that high weld-
steel may comprise any type of steel which may be coat- ability is especially obtained when layers (c) and (d) are
ed with either aluminum or an aluminum alloy. However, essentially continuous (i.e.: occupying at least 90% of
for certain applications, such as a structural part of an the level corresponding to the considered layer) and
automaobile, it is preferred that the strip of base steel com- when less than 10% of layer (c) is present at the extreme
prise an ultra high strength steel (UHSS). In such cases, 10 surface of the part. Without being bound by a theory, it
itis particularly preferred that the strip of base steel com- is thought that this particular layer disposal, in particular
prises a boron steel. layer (a) and layers (c) and (d) influence the resistivity of
[0034] The inventors have also discovered that good the coating both by their intrinsic characteristics and by
welding results are achieved if the coating obtained on the effect of roughness. Thus, current flow, heat gener-
parts made out of blanks having undergone intermetallic 756 ation at the surfaces, and nugget formation in the initial
alloying, austenitizing and hot stamping, displays distinc- stage of spot welding are affected by this particular ar-
tive features. It must be pointed out that this coating is rangement.
different from the initial pre-coating, since the thermal [0039] This favorable layer disposition is obtained for
treatment causes an alloying reaction with the steel sub- example when aluminum- or aluminum alloy pre-coated
strate which modifies both the physico-chemical nature 20 steel sheets, whose thickness range from, e.g., 0.7 to
and the geometry of the pre-coating : in this regard, the 3mm, are heated for 3 to 13 minutes (this dwell time in-
inventors have discovered that particularly good welda- cludes the heating phase and the holding time) in a fur-
bility of aluminized and hot stamped parts is associated nace heated to a temperature of 880 to 940°C. Other
with the following succession of coating layers on the conditions leading to such favorable layer dispositions
parts, proceeding from steel substrate outwards : 25 are found in Figure 7:
- (a) Interdiffusion layer, For sheets of total thicknesses greater or equal to
- (b) Intermediate layer, 0.7mm, and less than or equal to 1.5mm, the pre-
- (c) Intermetallic layer, ferred treatment conditions : (furnace temperature,
- (d) Superficial layer 30 totaldwell time in the furnace) are illustrated in figure
7 by conditions lying within the limits of diagram "AB-
See, e.g., Figure 1. In a preferred embodiment these lay- cD"
ers are as follows: For sheets of total thicknesses greater than 1.5mm,
and less than or equal to 3mm, the preferred treat-
- (a) Interdiffusion layer, preferably with medium hard- 35 ment conditions : (furnace temperature, total dwell
ness (e.g., HV50g between 290 and 410, HV50g time in the furnace) are illustrated in figure 7 by dia-
designating the hardness measured under a load of gram "EFGH" .
50 grams) In a preferred embodiment this layer has
the following composition, by weight: 86-95%Fe, The heating rate V. is comprised between 4 and 12°C/s
4-10%Al, 0-5%Si 40 for producing a favorable alloyed layer disposition. In this
- (b) Intermediate layer (HV50g around 900 - 1000 regard, this "heating rate" reflects the temperature rise
e.g., /- 10%)) In a preferred embodiment this layer which is experienced by the pre-coated steel upon being
has the following composition, by weight: 39-47% located in the preheated furnace. V, is defined as the
Fe, 53-61%Al, 0-2%Si mean heating rate between 20 and 700°C. The inventors
- (c) Intermetallic layer, with hardness HV50g around 45 have discovered that the control of V, in this precise
580-650, e.g., +/- 10%) In a preferred embodiment range is a key factor, because it controls directly the na-
this layer has the following composition, by weight: ture and the morphology of the alloyed layers which are
62-67%Fe, 30-34 %Al, 2-6%Si formed. It is here underlined that the heating rate V. is
- (d) Superficial layer (HV50g around 900 - 1000 e.g., different from the mean heating rate, which is the heating
+/- 10%)) 50 rate between room temperature and furnace tempera-
ture. The rates of 6, 7, 8, 9, 10, and 11 °C/s are included
[0035] In a preferred embodiment this layer has the as areallnumbers,ranges and subranges therebetween,
following composition, by weight: 39-47% Fe, 53-61 %A, and including all numbers between each listed value as
0-2% if written out in its entirety (e.g., 7.7 °C/s). In this regard,
[0036] In a preferred embodiment the total thickness 55 all of the conditions specified within Figure 7 are incor-

of layers (a) to (d) is greater than 30 micrometers.
[0037] Inanother preferred embodiment, the thickness
of layer (a) is less than 15 micrometers, for example 14,

porated herein by reference thereto. Particularly pre-
ferred conditions are:
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(for thicknesses of 0.7-1.5mm)

[0040]

0.01 % < chromium < 1 %
titanium < 0.2%
aluminum < 0.1 %
phosphorus < 0.1 %

- 930°C, from 3 minutes up to 6 minutes; 5 sulfur < 0.05%

- 880°C, from 4 minutes 30 seconds up to 13 minutes 0.0005% < boron < 0.010%,

(for thicknesses of 1.5to 3 mm) the remainder comprising, consisting essentially of, or
consisting of iron and impurities inherent in processing.

[0041] 10 Use of such a steel provides a very high mechanical re-
sistance after thermal treatment and the aluminum-

- 940°C, from 4 minutes up to 8 minutes; based coating provides a high resistance to corrosion.

- 900°C, from 6 minutes 30 seconds up to 13 minutes [0047] Particularly preferably, the composition by
weight of the steel inthe strip of base steelis the following:

A special advantage arises from pre-coatings whose 15

thickness is comprised between 20 and 33 micrometers, 0.15% < carbon < 0.25%

sincethis thickness range yields favorable layer disposal, 0.8% < manganese < 1.8%

and since the homogeneity of the pre-coating thickness 0.1 % < silicon < 0.35%

is associated to an homogeneity of the coating formed 0.01% < chromium < 0.5%

after alliation treatment. 20 titanium < 0.1%

[0042] Heated blanks are thereafter transferred to a aluminum < 0.1 %

die, hot stamped to obtain a part or product, and cooled phosphorus < 0.1 %

at a rate of more than 30°C/s. The cooling rate is defined sulfur < 0.05%

here as the mean rate between the exit of the heated 0.002% < boron < 0.005%,

blank from the furnace, down to 400°C. 25

[0043] The strip of base steel is coated with either alu- the remainder comprising, consisting essentially of, or

minum or an aluminum alloy. Commercially pure alumi- consisting of iron and impurities inherent in processing.

num is known in the artas Type 2 aluminum, while alloys [0048] A preferred strip herein is 100 m long and

of aluminum with 5to 11 % by weight of silicon are known 600mm wide. Preferred thicknesses are 0.7 to 3 mm.

in the art as Type 1 aluminum. Silicon is presentinorder 30 [0049] Even more preferably, in the composition by

ta prevent the farmatian of a thick iron-metallic interme- weight of the sheet, the weight ratio of titanium content

talliclayerwhichreduces adherence and formability. Oth- with respect to the nitrogen content is in excess of 3.42,

er alloying elements useful with aluminum herein include believed to be a level at which the boron is no longer able

iron, between 2.5 and 3% by weight, and calcium, be- to combine with the nitrogen.

tween 15 and 30ppm by weight, including combinations 35 [0050] Anexample of preferred commercially available

of two or more thereof with aluminum. steel for use in the strip of base steel is 22MnB5.

[0044] A typical metal bath for an Al-Si coating gener- [0051] Chromium, manganese, boronand carbon may

ally contains in its basic composition by weight, from 8% be added, in the composition of the steel according to

to 11% silicon, from 2% to 4% iron, the remainder being the invention, for their effect on hardenability. In addition,

aluminum or aluminum alloy, and impurities inherentin 40 carbon makes it possible to achieve high mechanical

processing. Typical compasition of Al-Si coating is: Al- characteristics thanks to its effect on the hardness of the

9,3%Si-2,8%Fe. Invention coatings are not limited to martensite.

these compaositions, however. [0052] Aluminum is introduced into the composition, to

[0045] The strip of base steel used herein may be any perform deoxidation in the liquid state and to protect the

which can be coated by a conventional coating tech- 46 effectiveness of the boron.

nique. For example, the strip of base steel may be any [0053] Titanium, the ratio of the content of which with

hot rolled strip, such as those prepared by hot rolling a respect to the nitrogen content should be in excess of

steel slab (either with or without subsequent cold rolling). 3.42, is introduced for example in order to prevent com-

Typically, the strip of base steel will be stored and trans- bining of the boron with the nitrogen, the nitrogen being

ported in the form of a coil both before and after the for- 50 combined with titanium.

mation of the coating. [0054] The alloying elements, Mn, Cr, B, make possi-

[0046] An example of a preferred steel for the strip of ble a hardenability allowing hardening in the stamping

base steel is one having the following compaosition by tools or the use of mild hardening fluids limiting deforma-

weight: tion of the parts at the time of thermal treatment. In ad-

55 dition, the compaosition according to the invention is op-

0.10% < carbon <0.5%
0.5% < manganese < 3%
0.1 % < silicon < 1%

timized from the point of view of weldability.
[0055] The steelin the sheet may undergo a treatment
for globularization of sulfides performed with calcium,
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which has the effect of improving the fatigue resistance
of the sheet.

[0056] As mentionedabove, ultra-high-strength can be
provided with the steel sheet coated and hot stamped

a finished part or at the time of a hot-shaping process,
the coating forms a layer having a substantial resistance
to abrasion, wear, fatigue, shock, as well as a good re-
sistance to corrosion and a good capacity for painting

according to the invention. This high level of strengthis & and gluing. The coating makes it possible to avoid differ-
sometimes associated with a limited ductility. In applica- ent surface-preparation operations such as for steel
tions requiring a higher ductility, in particular when an sheets for thermal treatment not having any coating.
ability for bending is required from a part or a product, [0061] The steel sheet can be pre-coated by dipping,
the inventors have discovered thatincreased ductility can after pickling, inan aluminum bath containing forexample
be obtained if sulfur is particularly controlled: when the 10  only aluminum or either aluminum and from 8% to 11%
sulfur level of base steel is lower than or equal to 0.002% silicon and 2% to 4% iron, or only from 2% to 4% iron, or
(20 ppm), the bending angle can be greater than 60° and even in an aluminum bath preferably containing from 9%
enhanced ductility and tearing resistance are obtained to 10% silicon and 2% to 3.5% iron. The aluminum may
on the parts having experienced heat treatment and be aluminum per se or an aluminum alloy.

stamping. Preferred levels include 20, 18, 15, 13, 10,8, 115 [0062] In an example of implementation of a coating
5, 2, etc ppm sulfur. In fact, this benefit applies to steels of the sheet by dipping in a metal bath containing an
in general, and is not limited to coated steels or to steels aluminum alloy comprising a proportion of approximately
coated with Al ar Al alloy coatings. While not bound by a 90% aluminum, the coating layer comprises a first alloy
particular theory, when analyzing causes of premature layer in contact with the surface of the steel. This layer,
failure of some parts in bending operations, the inventors 20 directly in contact with the surface of the sheet, is highly
observed that failure initiated on sulfide inclusions. It is alloyed with iron.

thus believed that decohesions between inclusions and [0063] A second coating layer, on top of the first, con-
the martensitic or bainito-martensitic matrix act as stress- tains approximately 90% aluminum and may contain sil-
concentration factors and trigger further crack propaga- icon and a small amount of iron, depending on the com-
tion in the ductile mode. 25 position of the bath.

[0057] The invention also concerns a process for pro- [0064] The first alloy layer may crack when the sheet
ducing a part starting from an invention coated sheet, is submitted to high strains during cold forming opera-
then cut into a blank which, after shaping, the coating of tions of the manufacture of parts.

the blank is subjected to an increase in temperature at a [0065] According to the invention, after the forming of
speed in excess of 4°C/second, but lowerthan 12°C/sec- 30 the part, the coaling is subjected to an increase in tem-
ond. The heating rate V. is defined as the mean rate perature at a speed in excess of 4°C /second. This rise
between 20 and 700°C. in temperature makes possible a rapid remelting of the
[0058] The invention also concerns the use of a hot- aluminum which fills in the cracks generated by the op-
rolled steel sheet which then can be cold-rolled and coat- eration of shaping of the part.

ed, for structural and/or anti-intrusion or substructure 35 [0066] Atthe time of thermal treatment, the base coat-
parts for a land motor vehicle, such as, for example, a ing, of aluminum for example, is transformed into a layer
bumper bar, a door reinforcement, a wheel spoke, etc. alloyed with iron and comprising different phases de-
[0059] The sheet according to the invention described pending on the thermal treatment and having a consid-
above can derive, by reason of its processing, from a erable hardness which may exceed 600 HV50 g.
hot-rolling mill, and possibly may be cold-rerolled again 40 [0067] Another advantage of the invention lies in the
depending on the final thickness desired. It then is coated fact that the diffusion of the iron in the coating is initiated
with an aluminum-based coating, for example by dipping at high temperature. One thus will have a better cohesion
in a bath containing, in addition to the aluminum between coating and steel in the sheet. In anather form
source/alloy, e.g., from 8% to 11% silicon and from 2% of the invention, the thermal treatment may be performed
to 4% iron, the sheet having a high mechanicalresistance 45 locally, in heavily deformed zones.

after thermal treatment and a high resistance to corro- According to the invention, the sheet, in the delivery state
sion, as well as a good capacity for painting and gluing. in a coil or in a sheet, the thickness of which may range
[0060] The coating is preferably controlled as above, between 0.25 mm and 15 mm, has good forming prop-
and has in particular the function of protecting the basic erties and a good resistance to corrosion as well as a
sheet against corrosion in various conditions. The ther- 50 good capacity for painting or gluing. Preferably, the steel
mal treatment applied atthe time of a hot-forming process sheet or blank has a thickness less than 3 mm, since the
or after forming makes it possible to obtain high mechan- cooling rates that may be achieved after quenching are
ical characteristics which can exceed 1500 MPa for me- high and help to obtain martensitic structures.

chanical resistance and 1200 MPa for yield stress. The [0068] The steel sheet, a coated product, has a sub-
final mechanical characteristics are adjustable and de- 55 stantial resistance to corrosion in the delivery state, dur-

pend in particular on the martensite fraction of the struc-
ture, on the carbon content of the steel and on the thermal
treatment. At the time of thermal treatment performed on

ing forming and thermal treatments as well as during us-
age of the finished part.
The presence of the coating at the time of thermal treat-
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ment of the parts makes it possible to prevent any de-
carburization of the base metal as well as any oxidation.
Thatis an undeniable advantage, in particular in the case
of hot forming. Furthermore, heating of the treated part

ance levels, the structure is composed predominantly of
martensite.

[0074] The steelis particularly suited to the production
of structural and anti-intrusion parts.

does not require a furnace having a controlled atmos- & [0075] The invention thus enables one to produce a
phere to prevent a decarburization. hot- or cold-rolled steel sheet of a desired thickness, coat-
[0069] Thermal treatment of the metal in the sheet ed, and affording extensive forming possibilities and
comprising heating at a temperature ranging between which, after thermal treatment performed on the finished
Ac1, starting temperature of austenitic transformation part, makes it possible to obtain a mechanical resistance
when heating, for example 750°C and 1200°C, inafur- 10 in excess of 1000 MPa, a substantial resistance to
nace, for a period which depends on the temperature to shocks, fatigue, abrasion and wear, while retaining a
be reached and the thickness of the blank. The compo- good resistance to corrosion as well as a good capacity
sition is optimized so as to limit the grain growth at the for welding, painting and gluing.

time of thermal treatment. If the structure sought is com- [0076] The present invention will now be further de-
pletely martensitic, the holding temperature should bein 75 scribed by way a certain exemplary embodiments which
excess of Ac3, for example 840°C, temperature of com- are not intended to be limiting.

plete austenitic transformation. The temperature holding

should be followed by a cooling adjusted to the final struc- EXAMPLES

ture sought.

[0070] Blanks are thereafter transferred from the fur- 20 Example 1:

nace to a stamping press. When the elapsed time be-

tween the exit of the blanks from the furnace and the [0077] In a first example of implementation, a cold
introduction in the stamping press is more 10 seconds, rolled steel sheet, 1.9 mm thick, containing by weight:
a partial transformation from austenite is susceptible to 0.23 % carbon, 1.25% manganese, 0.017% phosphorus,
appear: if obtaining a full martensitic structure is desired, 25 0.002% sulfur, 0.27% silicon, 0.062% aluminum, 0.021
the transfer time between the exit of the furnace and % copper, 0.019% nickel, 0.208% chromium, 0.005% ni-
stamping should be less than 10s. trogen, 0.038% titanium, 0.004% boron, 0.003% calci-
[0071] The inventors have also discovered that the ob- um-has been pre-coated with an aluminum-based alloy
taining of a fully martensitic structure is linked to the with composition 9.3% silicon, 2.8% iron, the remainder
amount of deformation in the hot forming operation: the 30 being aluminum and unavoidable impurities. According
amount of local deformation caused by hot forming is to the conditions of fabrication, namely the settings of the
closely linked to the shape of the part or product and may blowing devices on the operating line, sheets of 120m
exceed locally 40 or 50% in some particular regions. The long and 650mm wide with various thickness ranges
inventors found that, when the local strain exceeds a crit- were produced.

ical value of 10%, the cooling rate must be sufficiently 35

high in order to get a total martensitic transformation. - Sheet A (according to the invention): The thickness
Otherwise, bainitic transformation can take place at a tp1 @nd ty; on each side of the sheet was controlled
significant amount instead of martensitic transformation. to be within the range (20-33) micrometers, at every
Thus, the risk is that heterogeneous structure appears location of the two faces of the sheet, both in the
on parts with complex shape where some locations are 40 longitudinal (or rolling) direction and in the transver-
much more deformed than others. In this respect, the sal direction. Measurement was performed continu-
inventors put into evidence that, on the locations of the ously with thickness gages devices relying on X-Ray
parts where the forming strain is higher than 10%, the emission. At every moment, the spot of measure-
cooling rate must be increased beyond 50°C/s in order ment of each gage was a circular zone of about
to guarantee full martensitic transformation. The cocling 45 20mm radius. The sheets were afterwards cut into
rate is defined as the mean rate between the exit of the blanks of 1.2 x 0.5m?2 of overall dimensions.
heated blank from the furnace, down to 400°C. - Sheet B (reference): On these sheets, the pre-coat-
[0072] Butone may also seek to obtain ferrito-bainitic ing thickness had a wider variability since the thick-
or ferrito-martensitic structures, by a heating at a tem- ness ty4 and t,, on the two sides of the sheet was
perature ranging between Ac1, for example 750°C and 50 comprised in the range (30-45) micrometers. Blanks
Ac3,forexample 840°C, followed by an appropriate cool- cut out of these sheets exhibit the same pre-coating
ing. According to the level of resistance to be achieved thickness.

and thethermaltreatmentapplied, one orseveralof these

constituents is/are present in variable proportions. [0078] The blanks were then submitted to heatingin a
[0073] The modulation of thermal treatment parame- 55 furnace at T=920°C. Heating time was 3 min, with 4 mn

ters makes it possible to achieve, with a given composi-
tion, different levels of hot and cold sheet resistance ac-
cording to the thickness sought. For the highest resist-

holding time. The microstructure is then fully austenitic.
Blanks were thereafter transferred from the furnace to a
stamping press. When the elapsed time between the exit
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of the blanks from the furnace and the transfer in the
stamping press is more 10 seconds, a partial transfor-
mation from austenite was susceptible to appear, thus
reducing the mechanical resistance of the stamped part.

reach the extreme surface except very exceptionally.
Anyway, this layer (c) occupies less than 10% of the
extreme surface.

if) Conditions of reference: Onthe other hand, blanks

The blanks were directly cooled afterwards without hot & with the same base material and pre-coating parts
stamping in order to appreciate the eventual remelting were furnace-heated in different conditions: The
of the coating blanks were heated to 950°C for 7 minutes, this time
On series A, no melting of the pre-coating was found. including the heating phase. Heating rate V_ was
Intermetallic alloying between the pre-coating and the 11°C/s. These conditions correspond to a degree of
steel substrate occurred completely. 10 alloying which is more important than in conditions (i)
On series B, the pre-coating underwent mainly alloying,
but some traces of remelting were found, particularly on - Inthis coating, the pale intermetallic layer (c), is
the formerthicker locations of the pre-coating. This partial not continuous and appears as to be scattered
remelting of the aluminium pre-coating contributes to the within the coating. About 50% of this layer is
progressive fouling of the rollers in the furnace. The 15 present at the extreme surface of the part. More-
sheets according to the invention do not contribute to this over, the interdiffusion layer, 10 micrometers
progressive buildup on the rollers. thick in contact with the steel substrate is thinner
than in the previous case of figure 1.

Example 2 :

20 Resistance spot welding was performed in the two
[0079] situations i) and ii):

i) Conditions according to the invention: In a second - (i): Coating with quasi-continuous layers (c) and

example of implementation, a coldrolled steel sheet, (d), layer (c) occupying less than 10% of the ex-

1,2mm thick, 120m long and 650mm wide, with same 25 treme surface

composition and same pre-coating as in example 1, - (ii) : Coating with mixed and discontinuous lay-

has been fabricated. The sheets were afterwards cut ers, layer (c) occupying

into blanks which were heated at 920°C for 6mn, this more than 10% of the extreme surface

time including the heating phase and the holding

time. Heating rate V_ between 20 and 700°C was 30 [0080] Resistance spotwelding was performed by su-

10°C/s. The blanks were finally hot stamped and perposing two parts and joining them in the following con-

guenched in order to obtain full martensitic struc- ditions:

tures.

The parts obtained after hot-stamping are covered - Squeeze force and welding force : 4000 N

by a coating, 40 micrometers thick, illustrated atfig- 35 -  Squeeze time: 50 periods

ure 1, which has a four layer structure. Starting from - Welding and holding time: 18 periods respectively

the steel substrate, the layers are the following:

[0081] In each condition, the suitable intensity range

- (@) Interdiffusion layer or intermetallic layer, 17 was determined for obtaining:
micrometers thick. This layer is itself composed 40
of two sub-layers. Hardness HV50g ranges from - No sputter during welding
295 to 407, and the mean composition is: - Acceptable nugget size.
90%Fe, 7%Al, 3%Si.

- (b) Intermediate layer, appearing darker, 8 mi- [0082] For the condition i), the weldability range, ex-
crometers thick. This layer has a hardness of 45 pressed in terms of current intensity, is 1,4kA. For the
940HV50g and a mean composition, by weight : condition ii) the weldability range is extremely small.
43%Fe, 57%Al, 1 %Si. [0083] Thus, it may be seen thatthe coating according

- (c)Intermetalliclayerappearing as a pale phase, to the invention, yields much more satisfactory results.
8 micrometers thick, displaying a hardness of
610HV50g9, a mean composition of 65%Fe, 50 Example 3:
31%Al, 4%Si

- (d) Darker superficial layer, 7 micrometers thick, [0084] In a third example of implementation, a cold
950 HV50g, with a mean composition of 45%Fe, rolled steel sheet of the example 1 was cut into blanks
54%Al, 1 %Si of 500x500mm?2 which were heated at 920°C, during

55 6mn, then hot stamped and cooled in tools, in such con-

Layers (c) and (d) are quasi-continuous, i.e. occu-
pying at least 90% of the level corresponding to the
considered layer. In particular, layer (c) does not

ditions that two different cooling rates were obtained :

- (A): Cooling rate: V5= 30°C/s
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- (B): Cooling rate: Vg = 60°C/s

[0085] Due tothe shape of he parts, different deforma-
tion levels ¢ were created during hot stamping. In partic-

indicate that a initiation energy higher than 18 Joules is
achieved when sulfur content is lower than 0,002% in
weight.

[0090] As these qualities of high resistance, high en-

ular, some zones largely strained display deformation & ergy absorption and weldability are required in automo-
levels higher than 30%. bile industry, the parts or products fabricated according
to the invention will be used with profit for such applica-
- As illustrated on figure 3, metallographic observa- tions.
tions reveal that when & >10%, partial bainitic or fer- [0091] While the above description is clear with regard
ritic transformation occurs on parts cooled with Vo= 70 tothe understanding of the invention, the following terms
30°C/s, mainly on former austenitic grain bounda- as used in the following list of preferred embodiments
ries. On the other hand, the parts cooled with V= and claims have the following noted meanings in order
60°C/s display fully martensitic microstructure as il- to avoid any confusion:
lustrated on figure 4. The latter structures display
superior mechanic resistance and a great homoge- 75 pre-coating - the material (Al or Al alloy) coated on
neity in the case of mechanical solicitation. or located on at least a portion of the strip or sheet,
Thus, even in products or parts where straining is etc., of base steel to form a pre-coating/base com-
larger than 10%, the application of cooling according posite, the composite not having been subjected to
to the invention guarantees a microstructural and an alliation reaction between the coated Al or Al alloy
mechanical homogeneity. 20 material and base steel
alliation - a reaction between the pre-coating and
Example 4: base steel, to produce atleastone intermediate layer
differentin composition from both the base steel and
[0086] In a fourth example of implementation, steel the pre-coating. The alliation reaction happens dur-
castings containing different values of sulfur, were elab- 25 ing the heat treatment immediately preceding hot
orated. These steels were further hot rolled, then cold stamping. The alliation reaction affects the total
rolled steel into sheets, 2,2mm thick. Sulfur content var- thickness of the pre-coating. In a highly preferred
iesfrom 11ppm (0,0011%) to 59ppm (0,006%) in weight. embodimentthe alliation reaction forms the following
Apart sulfur, the compositions of these different steel layers: (a) interdiffusion, (b) intermediate, (c) inter-
castings comprise in weight: 30 metallic, and (d) superficial as described abaove;
pre-coated steel - the pre-coating/base composite,
0,24% carbon, 1,17% manganese, 0,01% phospho- not having been subjected to an alliation reaction
rus, 0,25% silicon, 0,045% aluminum, 0,01% cop- between the coated material and base steel;
per, 0,02% nickel, 0,2% chromium, 0,04 % titanium, coating - the pre-coating after having been subject-
0,003% boron, 0,002% calcium, theremainderbeing 35 ed to an alliation reaction between the pre-coating
iron and unavoidable impurities. and base steel. In a highly preferred embodiment
the coating comprises layers (a) interdiffusion, (b)
[0087] These sheets were pre-coated with an alumi- intermediate, (c) intermetallic, and (d) superficial de-
num-based alloy of composition comprising 9,3% silicon, scribed above;
2.8% iron, the remainder being aluminum and unavoid- 40 coated steel or product - the pre-coated steel or
able impurities. product that has been subjected to an alliation reac-
[0088] The sheets were afterwards cut into blanks tion between the pre-coating and base steel. In a
which were heated at 950°C for 5mn, then hot stamped highly preferred embodiment the coated steel is a
and cooled in tools in order to obtain a full martensitic strip or sheet, etc., of base steel having thereon an
structure. Mechanical resistance exceeded 1450 MPa. 45 invention coating comprising layers (a) interdiffu-
Specimens were extracted according to the transverse sion, (b) intermediate, (c) intermetallic, and (d) su-
sense of rolling direction and submitted to a bending test perficial described above;
with alternate bending modes. The inventors put into ev- blank - a shape cut from a strip.
idence that the critical bending angle (angle at fracture) product - a stamped blank
is closely related to the sulfur content of the steel: when 50
sulfur content is lower than 0,002%, the bending angle [0092] Thus, the present invention provides, among
exceeds 60°, which indicates higher ductility and energy other things, the following preferred embodiments:
absorption.
[0089] Compact Tensile-Test type specimens were al- 1. A pre-coated steel strip, comprising:
so extracted according to the transverse rolling direction 55

in order to measure the resistance to tearing, i.e. the en-
ergy which is necessary for the initiation or propagation
of an existing crack. The results, illustrated on figure 6,

(a) a strip of base steel having a length, a width,
a first side, and a second side;
(b) said length of said strip of base steel being
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at least 100m and said width being at least
600mm, and

(¢) an aluminum or an aluminum alloy pre-coat-
ing on at least part of one of said first and second

pre-coating thickness on atleastone of said first
side and said second side of said strip having a
thickness of from 20 to 33 um at every location
on at least one of said first and second sides of

sides of said strip of base steel, wherein 5 said strip;
cutting said pre-coated steel strip to obtain a
(i) the thickness ty of the said pre-coating is sheet;
from 20 - 33 micrometers at every location heating the sheet in a pre-heated furnace to ob-
on at leastone of saidfirstand second sides. tain a heated blank in which the steel is auste-
10 nitic;
2. A method for making a pre-coated steel strip ac- transferring said heated blank to a die while
cording to embodiment 1 wherein the pre-coated maintaining said steel in the austenitic phase;
steel strip has a thickness of not greater than 3 mm. and
stamping said heated blank in a die to obtain a
3. A process for making a hot stamped coated steel 175 hot stamped steel sheet product in which the
sheet product, comprising: steel microstructure is martensitic.
(A) heating an aluminum- or aluminum alloy pre- 8. A hot stamped coated steel sheet product, which
coated steel sheet in a furnace preheated to a is prepared by a process comprising :
temperature and during a time defined by dia- 20
gram ABCD of figure 7 if thickness of said sheet (A) providing a pre-coated strip according to em-
is greater than or equal to 0.7mm and less than bodiment 1, said strip being pre-coated with alu-
or equal to 1.5mm, and by diagram EFGH of minum or aluminum alloy
figure 7 if thickness of said sheetis greater than (B) Cutting said pre-coated steel strip to a pre-
1.5mm and less than or equalto 3mm, ataheat- 25 determined size and shape to obtain a sheet
ing rate V, between 20 and 700°C comprised (C) heating said steel sheet in a furnace pre-
between 4 and 12°C/s, to obtain a heated blank; heated to a temperature and during a time de-
(B) transferring said heated blank to a die; and fined by diagram ABCD of figure 7 if thickness
(C) stamping said heated blank in said die, to of said product is greater thanorequalto 0.7mm
thereby obtain a hot stamped steel sheet prod- 30 and lessthan orequalto 1.5mm, and by diagram
uct, and EFGH of figure 7 if thickness of said product is
greater than 1.5mm and less than or equal to
wherein the said heated product is cooled at a rate 3mm, to obtain a heated blank;
of at least 30°C/s. (D) transferring said heated blank to a die; and
35 (E) stamping said heated blank in said die, to
4. A process for making a hot stamped coated steel thereby obtain a hot stamped steel sheet prod-
sheet product, comprising: uct,
(A) providing a heated blank according to em- wherein the elapsed time between said heated blank
bodiment 3; and 40 exits said furnace and said stamping commences is
(B) transferring said heated blank to a die; and not more than 10 seconds, and wherein said heated
(C) stamping said heated blank in said die, to product cools at a rate higher than 30°C/s during
thereby obtain a hot stamped steel sheet prod- said stamping.
uct,
45 7. A process for making a hot stamped coated steel
wherein the elapsed time between said heated blank sheet product, comprising:
exits said furnace and said stamping commences is
not more than 10 seconds, and wherein said heated (A) providing a heated blank according to em-
blankis deformed by a quantity higher than 10% dur- bodiment 6
ing said stamping and the said heated product is 50 (B) transferring said heated blank to a die; and
cooled at a rate of at least 50°C/s. (C) stamping said heated blank in said die, to
thereby obtain a hot stamped steel sheet prod-
5. A process for making a hot stamped coated steel uct,
sheet product, comprising :
55 wherein the elapsed time between said heated blank

hot dip pre-coating a steel strip having a first
side and a second side with aluminum or alumi-
num alloy to obtain a pre-coated steel strip, the

exits said furnace and said stamping commences is
not more than 10 seconds, and wherein said heated
product cools at such a rate during said stamping
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that the steel microstructure is martensitic.

8. The pre-coated steel strip according to embodi-

said strip of base steel and said second side of
said strip of base steel,

ment 1, wherein the base steel comprises the follow- wherein:,
ing components by weight based on total weight: 5
(i) said coating results from the interdiffusion be-
0.15%<carbon<0.5% tween said base steel, and aluminium or alumin-
0.5%<manganese<3% ium alloy pre-coating,
0.1%<silicon<0.5% (ii) said coating comprises, proceeding from
0.01 %<chromium<1 % 10 base steel outwards,
titanium<0.2%
aluminum<0.1% - (a) Interdiffusion layer
phosphorus<0.1 % - (b) Intermediate layer
sulfur<0.05% - (c) Intermetallic layer
0.0005% <boron<0.08%, 15 - (d) Superficial layer
and further comprises iron and impurities inherent in 14. A coated steel stamped product according to em-
processing. badiment 13, wherein said coating has a thickness
greater than 30 micrometers
9. The pre-coated steel strip according toc embodi- 20
ment 8, wherein the base steel comprises the follow- 15. A coated steel stamped product according to em-
ing components by weight based on total weight: bodiments 13 or 14, wherein said layer (a) has a
thickness less than 15 micrometers
0.20%<carbon<0.5%
0.8%<manganese<1.5% 25 16. A coated steel stamped productaccording to any
0.1%<silicon<0.35% ofthe embodiments 13 to 15, wherein the said layers
0.01 %<chromium<1 % (c) and (d) are occupying at least 90% of the level
titanium<0.1 % corresponding to the considered said layers and
aluminum<0.1% wherein less than 10% of layer (c) is present at the
phosphorus<0.05% 30 extreme surface of the product
sulfur<0.03%
0.0005% <boron<0.01%, 17. A coated steel stamped product according to any
of the embodiments 13 to 16, wherein the steel in
and further comprises iron and impurities inherent in the strip has a composition according to embodiment
processing. 35 8
10. The pre-coated steel strip according to embodi- 18. A coated steel stamped product according to any
ment 8 or 9, wherein the base steel comprises 20 of the embodiments 13 to 16, wherein the steel in
ppm or less of sulfur. the strip has a composition according to embodiment
40 9
11. The pre-coated steel strip according to any of
embodiments 8 to 10, wherein the ratio of titanium 19. A coated steel stamped product according to any
to nitrogen in the steel sheetin weight % is in excess of the embodiments 13 to 18, wherein the steel has
of 3.42. a compaosition according to embodiment 10
45
12. The pre-coated steel strip according to any of 20. A coated steel stamped productaccording to any
the embodiments 1 or 8 to 11, wherein the aluminum of the embodiments 13 to 19, wherein the steel has
or aluminum alloy pre-coating comprises from 8% to a composition according to embodiment 11
11% silicon by weight, from 2% to 4% iron by weight,
the remainder being aluminum and impurities inher- 50 21. A coated steel stamped productaccording to any
ent in processing. of the embodiments 13 to 20, the aluminum or alu-
minum alloy pre-coating comprises from 8% to 11%
13. A coated steel stamped product, which compris- silicon by weight, from 2% to 4% iron by weight, the
es: remainder being aluminum and impurities inherent
55 in processing.

(a) a strip of base steel having afirst side and a
second side; and
(b) a coating on at least one of said first side of

22. Alland motor vehicle comprising the heat treated
coated steel product according to any of the embod-
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iments 6, 13 to 21

23. Aland motor vehicle comprising the heat treated
coated steel product produced according to any of

product, and

wherein said heated blank is cooled at a mean rate
between the exit of the heated blank from the fur-

the embodiments 3, 4,5, 7 5 nace, down to 400°C, of at least 30°C/s.
[0093] The above written description of the invention The process according to claim 1, wherein the
provides a manner and process of making and using it elapsed time between said heated blank exits said
such that any person skilled in this artis enabled to make furnace and said stamping commences is not more
and use the same, this enablement being provided in 10 than 10 seconds, and
particular for the subject matter of the appended claims, wherein said heated blank is deformed by a quantity
which make up a part of the original description. As used higher than 10% during said stamping and the heat-
above, the phrases "selected from the group consisting ed blank is cooled at a mean rate between the exit
of,” "chosen from," and the like include mixtures of the of the heated blank from the furnace, down to 400°C
specified materials. Terms such as "contain(s)" and the 115 of at least 50°C/s.
like as used herein are open terms meaning ‘including
at least’ unless otherwise specifically noted. All referenc- The process according to any one of claims 1 or 2,
es, patents, applications, tests, standards, documents, further comprising:
publications, brochures, texts, articles, etc. mentioned
herein are incorporated herein by reference. Where a 20 (A) providing a pre-coated strip obtained by hot
numerical limit or range is stated, the endpoints are in- dip pre-coating a steel strip having a first side
cluded. Also, all values and subranges within a numerical and a second side with aluminium or aluminium
limit or range are specifically included as if explicitly writ- alloy, the pre-coating thickness on at least one
ten out. The above description is presented to enable a of said first side and said second side of said
person skilled in the art to make and use the invention, 25 strip having a thickness of from 20 to 33 um at
and is provided in the context of a particular application every location on at least one of said first and
and its requirements. Various maodifications to the pre- second sides of said strip;
ferred embodiments will be readily apparent to those (B) cutting said pre-coated steel strip to obtain
skilled in the art, and the generic principles defined herein the aluminum- or aluminum alloy pre-coated
may be applied to other embodiments and applications 30 steel sheet.
without departing from the spirit and scope of the inven-
tion. Thus, this invention is not intended to be limited to The process according to any one of claims 1 to 3,
the embodiments shown, butis to be accorded the widest wherein the aluminum or aluminum alloy pre-coating
scope consistent with the principles and features dis- comprises from 8% to 11% silicon by weight, from
closed herein. 35 2% to 4% iron by weight, the remainder being alu-
minum and impurities inherent in processing.
Claims A coated steel stamped product, which comprises:
1. A process for making a hot stamped coated steel 40 (a) a strip of base steel having a first side and a
sheet product, comprising: second side; and
(b) a coating on at least one of said first side of

(C) heating an aluminum-or aluminum alloy pre- said strip of base steel and said second side of

coated steel sheet in a furnace preheated to a said strip of base steel,

temperature and during a time defined by dia- 46

gram ABCD of figure 7 if thickness of said sheet wherein:

is greater than or equal to 0.7mm and less than

or equal to 1.5mm, and by diagram EFGH of (i) said coating results from the interdiffusion be-

figure 7 if thickness of said sheet is greater than tween said base steel, and aluminium or alumin-

1.5mm and less than or equalto 3mm, ataheat- 50 ium alloy pre-coating,

ing rate V., between 20 and 700°C comprised (i) said coating comprises, proceeding from

between 4 and 12°C/s, to obtain a heated blank, base steel outwards,

the heatingrate Vcbeing differentfrom the mean

heating rate between room temperature and the - (a) Interdiffusion layer

furnace temperature; 55 - (b) Intermediate layer

(D) transferring said heated blank to a die; and
(E) hot stamping said heated blank in said die,
to thereby obtain a hot stamped steel sheet

- (c) Intermetallic layer
- (d) Superficial layer
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And wherein said layers (¢) and (d) are occupying
at least 90% of the level corresponding te the con-
sidered said layers and wherein less than 10% of
layer(c) is present at the extreme surface of the prod-
uct.

A coated steel stamped product according to claim
5, wherein said coating has a thickness greater than
30 micrometers

A coated steel stamped product according to any
one of claims 5 or 6, wherein said layer (a) has a
thickness less than 15 micrometers

A coated steel stamped product according to any of
the claims 5 to 7, wherein the steel in the strip has
a compaosition comprising, by weight:

0.15%<carbon<0.5%
0.5%<manganese<3%
0.1%<silicon<0.5%
0.01 %<chromium<1 %
titanium<0.2%
aluminum<0.1%
phosphorus<0.1 %
sulfur<0.05%
0.0005%<boron<0.08%,

and further comprises iron and impurities inherent in
processing.

A coated steel stamped product according to any of
the claims 5 to 7, wherein the steel in the strip has
a composition comprising, by weight:

0.20%<carbon<0.5%
0.8%<manganese<1.5%
0.1%<silicon<0.35%
0.01 %<chromium<1 %
titanium<0.1 %
aluminum<0.1%
phosphorus<0.05%
sulfur<0.03%

0.0005% <boron<0.01%,

and further comprises iron and impurities inherent in
processing.

A coated steel stamped product according to any of
the claims 5 to 9, wherein the steel comprises 20
ppm or less of sulfur.

A coated steel stamped product according to any of
the claims 5 to 10, wherein the ratio of titanium to
nitrogen in the steel in weight% is in excess of 3.42.

A coated steel stamped product according to any of
the claims 5 to 11, wherein the aluminum or alumi-
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num alloy pre-coating comprises from 8% to 11%
silicon by weight, from 2% to 4% iron by weight, the
remainder being aluminum and impurities inherent
in processing.

A coated steel stamped product according to any of
the claims 5 to 12, wherein the interdiffusion layer
has the following composition, by weight: 86-95%
Fe, 4-10% Al, 0-5% Si.

A coated steel stamped product according to any of
the claims 5 to 13, wherein the intermediate layer
has the following composition, by weight: 39-47%
Fe, 53-61% Al, 0-2% Si.

A coated steel stamped product according to any of
the claims 5 to 14, wherein the intermetallic layer
has the following composition, by weight: 62-67%
Fe, 30-34% Al, 2-6% Si.

A coated steel stamped product according to any of
the claims 5 to 15, wherein the superficial layer has
the following composition, by weight: 39-47% Fe,
53-61% Al, 0-2% Si.

A land motor vehicle comprising the coated steel
stamped product according to any of the claims 5 to
16.

A land motor vehicle comprising the hot stamped
coated steel sheet product produced according to
any of the claims 1 to 4.
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