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US 9,708,683 B2 
1. 

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

THE SAME, STAMPING BLANKS 
PREPARED FROM THE SAME, STAMPED 
PRODUCTS PREPARED FROM THE SAME, 

AND ARTICLES OF MANUFACTURE 
WHICH CONTAIN SUCH ASTAMPED 

PRODUCT 

This application is a divisional of U.S. Ser. No. 12/447, 
777 filed Mar. 18, 2011, allowed, which is a 371 application 
of PCT/IB06/04019 filed Oct. 30, 2006. The contents of 
each of these applications are incorporated herein by refer 
ence in their entirety. 

FIELD OF THE INVENTION 

The present invention relates to, among other things, 
coated Steels, methods of making Such coated Steels, includ 
ing hot dipping, methods of using Such coated Steels, stamp 
ing 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. 

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 from 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 descrip 
tion is to be regarded as illustrative in nature, and not as 
restrictive. 

BACKGROUND OF THE INVENTION 

In recent years the use of pre-coated Steels in hot-stamp 
ing processes for the shaping of parts has become important, 
especially in the automotive industry. Fabrication of such 
parts may include the following main steps: 

Pre-coating of a steel sheets, by hot dipping 
Trimming or cutting for obtaining blanks 
Heating the blanks in order to obtain alloying of the steel 

Substrate with the pre-coating, as well as the austen 
itizing of the steel 

Hot forming followed by rapid cooling of the part in order 
to obtain predominantly martensitic structures 

See for Example U.S. Pat. No. 6.296,805, incorporated 
herein by reference. 

Thanks to an alloying of the pre-coating with the steel 
substrate, which has the effect of creating intermetallic 
alloys 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. 

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 
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2 
furnace. Problems however are experienced with the furnace 
operation: the rollers may become fouled by metallic depos 
its which come from the pre-coating of the blanks. If these 
deposits are excessive, maintenance of the rollers has to be 
performed and productivity is decreased. 

Parts obtained after heating and rapid cooling display very 
high mechanical resistance and may be used for structural 
applications, for example for automotive industry applica 
tions. These parts must be frequently welded with others and 
high weldability is required. This means that: 
The welding operation should be performable in a suffi 

ciently 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 I and force F 
applied of the parts during welding being among the 
most important. A proper combination of these param 
eters helps to ensure that insufficient nugget diameter is 
not obtained (caused by too low intensity or too low 
force) and that no weld expulsion occurs. 

The welding operation should also be performed in such 
a way that high mechanical resistance is obtained on 
the weld. This mechanical resistance may be evaluated 
by tests such as by shear-tensile tests or cross-tensile 
testS. 

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. 

SUMMARY OF THE INVENTION 

The inventors have discovered that certain coated steels in 
which a base steel strip is at least partially coated (some 
times 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 conve 
niently welded. In addition, the inventors have discovered 
that the roller fouling problem described above generally 
arises from an insufficient degree of intermetallic alloying 
between the substrate and the metallic pre-coating. Further 
more, 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 par 
ticular theory, it is believed that if a pre-coating is 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 homogeneity of the 
pre-coating thickness over the entire sheet within given 
tolerances is an important factor for obtaining the desired 
degree of intermetallic alloying, allowing one to improve the 
resistance to the Subsequent melting of the coating during 
travel on rollers. 
The inventors have also discovered that particularly good 

weldability of aluminized and hot stamped parts is associ 
ated with a special Succession of coating layers on the parts, 
proceeding from Steel Substrate outwards. 
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The inventors have also discovered that a specific com 
bination of transfer time between the heating furnace and the 
stamping die, the amount of deformation during stamping, 
the temperature of stamping, the cooling rate of the product 
during stamping, leads to the fabrication 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 benefits being obtained with or without the 
invention aluminum/aluminum alloy coating, and with other 
coatings. 

OBJECTS OF THE INVENTION 

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. 

It is another object of the present invention to provide 
novel pre-coated Steels strips or sheets which may be 
conveniently formed into parts by stamping. 

It is another object of the present invention to provide 
novel coated steels which may be conveniently formed into 
parts by hot stamping. 

It is another object of the present invention to provide 
novel methods for making Such a coated Steel. 

It is another object of the present invention to provide 
novel stamping blanks which are prepared from Such a 
coated Steel. 

It is another object of the present invention to provide 
novel methods of making such stamping blanks. 

It is another object of the present invention to provide 
novel stamped parts which are prepared from Such a coated 
steel. 

It is another object of the present invention to provide 
novel methods of making such stamped parts. 

It is another object of the present invention to provide 
novel articles of manufacture, such as a motor vehicle, 
which contain Such stamped parts. 

It is another object of the present invention to provide 
novel stamped parts. 

It is another object of the present invention to provide 
novel methods of making welded stamped parts. 

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. 

It is another object of the present invention to provide 
novel welded coated Steels and welded Stamping blanks. 

It is another object of the present invention to provide 
novel methods of making Such welded coated Steels and 
welded stamping blanks. 

These and other objects, which will become apparent 
during the following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a preferred embodiment of an invention 
coated part, after heat treatment and Stamping. The Succes 
sion of layers of the coating on the Steel Substrate is: (a) 
interdiffusion layer; (b) intermediate layer; (c) Intermetallic 
layer; and (d) Superficial layer. This arrangement is particu 
larly favorable for the further welding of the part. 

FIG. 2 illustrates a coating of a steel substrate after heat 
treatment and stamping which does not correspond to the 
invention. This succession of layers (interdiffusion layer and 
intermetallic layer) yields inferior results in resistance spot 
welding. 
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4 
FIG. 3 illustrates a microstructure of a steel part, hot 

stamped and cooled under conditions not according to the 
invention. 

FIG. 4 illustrates the microstructure of a steel part, hot 
stamped and cooled according to a preferred set of condi 
tions according to the invention. 

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

FIG. 6 illustrates the influence of sulfur on the initiation 
energy of fracture of parts after hot stamping. 

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 

As noted above, the inventors discovery that certain 
coated Steels, in which a base steel is at least partially 
pre-coated on at least one side with a coating of either 
aluminum or an aluminum alloy and in 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. 

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, stands for the thickness on 
side 1, and a for the thickness on side 2. 
According to a highly preferred embodiment t is con 

trolled in a precise range, expressed by (ta t), in order 
to improve the resistance to the fouling of the rollers. The 
thickness is preferably controlled, both in the longitudinal 
(or rolling) direction of the strip or sheet, as well in the 
transverse direction. 

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 fol 
low 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 is effected on the two sides of the 
sheet that has been coated (first side and second side) it is not 
necessary to track sides 1 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 provid 
ing a sheet that is pre-coated by, e.g., hot-dipping. In other 
words, important benefits are obtained when one controls 
the pre-coating minimum and maximum thickness of the 
first side ( tal) and the pre-coating minimum and to as pnin 13 
maximum thickness of the second side ( ) of the pmin2: 'pmax2 
subject steel sheet or blank. 
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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 mm, this representing the dimension 
of the Zone irradiated by X-Ray. 

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. 
The inventors have discovered that the resistance to the 

pollution or fouling of the rollers in the furnaces is improved 
when the minimum and maximum thickness respectively of 
at least one of the first side (tal, ti) and the second 
side (t2, t2) are respectively equal to 20 and 33 
micrometers (a micrometer is the same as a micron and is a 
metric 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 therebe 
tween, and including all numbers between each listed value 
as if written out in its entirety (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. 
The invention refers to strips produced in industrial 

conditions, i.e. where control of pre-coating thickness is 
effective over a wide Surface strip, i.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 treatments in the furnace do not have to be 
changed for being adapted to eventual variations of this 
thickness. 

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: 

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

If the pre-coating thickness is more than 33 micrometers 
at a given location on a sheet, the risk is that the difference 
of thickness between this location and some other locations 
where the pre-coating is 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 inter 
metallic alloy may take place to an insufficient 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 
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6 
become much more difficult in the external (or superficial) 
part, particularly in the case of high heating rate. 

Thus, in a first embodiment, the present invention pro 
vides 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 either 
aluminum or an aluminum alloy. However, for certain 
applications, such as a structural part of an automobile, it is 
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. 
The inventors have also discovered that good welding 

results are achieved if the coating obtained on parts made out 
of blanks having undergone intermetallic alloying, austen 
itizing and hot stamping, displays distinctive features. It 
must be pointed 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: 

(a) Interdiffusion layer, 
(b) Intermediate layer, 
(c) Intermetallic layer, 
(d) Superficial layer 

See, e.g., FIG.1. In a preferred embodiment these layers are 
as follows: 

(a) Interdiffusion layer, preferably with medium hardness 
(e.g., HV50g between 290 and 410, HV50g designating 
the hardness measured under a load of 50 grams) In a 
preferred embodiment this layer has the following 
composition, by weight: 86-95% Fe, 4-10% A1, 0-5% 
Si 

(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% A1, 
0-2% Si 

(c) 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% A1, 
2-6% Si 

(d) Superficial 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% A1, 
O-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 1 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). 
The inventors have discovered that high weldability is 

especially obtained when layers (c) and (d) are essentially 
continuous (i.e.: occupying at least 90% of the level corre 
sponding to the considered layer) and when less than 10% of 
layer (c) is present at the extreme surface of the part. Without 
being bound by a theory, it is thought that this particular 
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layer disposal, in particular layer (a) and, layers (c) 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 time includes the heating phase 
and the holding time) in a furnace heated to a temperature of 
880 to 940° C. Other conditions leading to such favorable 
layer dispositions are found in FIG. 7: 

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

For sheets of total thicknesses greater than 1.5 mm, and 
less than or equal to 3 mm, the preferred treatment condi 
tions: (furnace temperature, total dwell time in 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 from the mean heating rate, 
which is the heating rate between room temperature and 
furnace temperature. The rates of 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 written 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 pre 
ferred conditions are: 
(for thicknesses of 0.7-1.5 mm) 

930°C., from 3 minutes up to 6 minutes: 
880°C., from 4 minutes 30 seconds up to 13 minutes (for 

thicknesses of 1.5 to 3 mm) 
940°C., from 4 minutes up to 8 minutes: 
900° C., from 6 minutes 30 seconds up to 13 minutes 
A special advantage arises from pre-coatings whose thick 

ness 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. 

Heated blanks are thereafter transferred to a die, hot 
stamped to obtain a part or product, and cooled at a rate of 
more than 30° C./s. The cooling rate is defined here as the 
mean rate between the exit of the heated blank from the 
furnace, down to 400° C. 
The strip of base steel is coated with either aluminum or 

an aluminum alloy. Commercially pure aluminum is known 
in the art as Type 2 aluminum, while alloys of aluminum 
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-metallic intermetallic 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 thereof with 
aluminum. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
A typical metal bath for an Al-Si coating generally 

contains in its basic composition by weight, from 8% to 11% 
silicon, from 2% to 4% iron, the remainder being aluminum 
or aluminum alloy, and impurities inherent in processing. 
Typical composition of Al Si coating is: Al-9.3% Si-2.8% 
Fe. Invention coatings are not limited to these compositions, 
however. 
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. 
An example of a preferred steel for the strip of base steel 

is one having the following composition by weight: 
0.10%-carbon-30.5% 
0.5%-manganese-3% 
0.1%-silicon-1% 
0.01%-chromium3 1% 
titanium-0.2% 
aluminum-0.1% 
phosphorus-0.1% 
Sulfur-O.05% 
0.0005%<boron<0.010%, 

the remainder comprising, consisting essentially of, or con 
sisting 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 to corrosion. 

Particularly preferably, the composition by weight of the 
steel in the strip of base steel is the following: 

0.15%-carbon-30.25% 
0.8%-manganese-1.8% 
0.1%gsilicon-O.35% 
0.01%-chromium30.5% 
titanium-0.1% 
aluminum-0.1% 
phosphorus-0.1% 
Sulfur-O.05% 
0.002%.<boron<0.005%, 

the remainder comprising, consisting essentially of, or con 
sisting of iron and impurities inherent in processing. 
A preferred strip herein is 100 m long and 600 mm wide. 

Preferred thicknesses are 0.7 to 3 mm. 
Even more preferably, in the composition by weight of the 

sheet, the weight ratio of titanium content with respect to the 
nitrogen content is in excess of 3.42, believed to be a level 
at which the boron is no longer able to combine with the 
nitrogen. 
An example of preferred commercially available steel for 

use in the strip of base steel is 22MnB5. 
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. 
Aluminum is introduced into the composition, to perform 

deoxidation in the liquid state and to protect the effective 
ness of the boron. 

Titanium, the ratio of the content of which with respect to 
the nitrogen content should be in excess of 3.42, is intro 
duced for example in order to prevent combining of the 
boron with the nitrogen, the nitrogen being combined with 
titanium. 
The alloying elements, Mn, Cr, B, make possible a 

hardenability allowing hardening in the stamping tools or 
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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. 

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. 
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 associ 
ated 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 controlled: 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 experi 
enced heat treatment and stamping. Preferred levels include 
20, 18, 15, 13, 10, 8, 5, 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 A1 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 inclu 
sions. It is thus believed that decohesions between inclu 
sions and the martensitic or bainito-martensitic matrix act as 
stress-concentration factors and trigger further crack propa 
gation in the ductile mode. 
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. 
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 rein 
forcement, a wheel spoke, etc. 
The sheet according to the invention described above can 

derive, by reason of its 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 sourcefalloy, 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. 

The coating is preferably controlled 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 character 
istics are adjustable and depend in particular on the marten 
site 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 layer 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 it possible to 
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10 
avoid different Surface-preparation operations such as for 
steel sheets for thermal treatment not having any coating. 
The steel sheet can be pre-coated by dipping, after pick 

ling, 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 alumi 
num per se or an aluminum alloy. 

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 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, is highly alloyed with iron. 
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. 
The first alloy layer may crack when the sheet is submit 

ted to high Strains during cold forming operations of the 
manufacture of parts. 

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. 

At the time of thermal treatment, the base coating, of 
aluminum for example, is 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. 

Another advantage of the invention lies in the fact that the 
diffusion of the iron in the coating is initiated at high 
temperature. 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 is 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. 
The steel sheet, a coated product, has a Substantial resis 

tance 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 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. 

Thermal treatment of the metal in the sheet comprising 
heating at a temperature ranging between Ac1, starting 
temperature of austenitic transformation when heating, for 
example 750° C. and 1200° C., in a furnace, for a period 
which depends on the temperature to be reached and the 
thickness of the blank. The composition is optimized so as 
to limit the grain growth at the time of thermal treatment. If 
the structure sought is completely martensitic, the holding 
temperature should be in excess of Ac3, for example 840° 
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C., temperature of complete austenitic transformation. The 
temperature holding should be followed by a cooling 
adjusted to the final structure sought. 

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. 
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 transforma 
tion can take place at a significant amount instead of 
martensitic transformation. Thus, the risk is that heteroge 
neous 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 is 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. 

But one may also seek to obtain ferrito-bainitic or ferrito 
martensitic structures, by a heating at a temperature ranging 
between Ac1, 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 is/are 
present in variable proportions. 
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. 
The steel is particularly suited to the production of 

structural and anti-intrusion parts. 
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. 

The present invention will now be further described by 
way a certain exemplary embodiments which are not 
intended to be limiting. 

EXAMPLES 

Example 1 

In a first example of implementation, 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% tita 
nium, 0.004% boron, 0.003% calcium-has been pre-coated 
with an aluminum-based alloy with composition 9.3% sili 
con, 2.8% iron, the remainder being aluminum and unavoid 
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12 
able 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. 

Sheet A (according to the invention): The thickness t 
and t2 on each side of the sheet was controlled to be within 
the range (20-33) micrometers, at every location of the two 
faces of the sheet, both in the longitudinal (or rolling) 
direction and in the transversal direction. Measurement was 
performed continuously with thickness gages devices rely 
ing on X-Ray emission. At every moment, the spot of 
measurement of each gage was a circular Zone of about 20 
mm radius. The sheets were afterwards cut into blanks of 
1.2x0.5 m of overall dimensions. 

Sheet B (reference): On these sheets, the pre-coating 
thickness had a wider variability since the thickness t and 
to 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. 
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 is then fully austenitic. Blanks were 
thereafter transferred from the furnace to a stamping press. 
When the elapsed time between the exit of the blanks from 
the furnace and the transfer in the stamping press is more 10 
seconds, a partial transformation from austenite was suscep 
tible to appear, thus reducing the mechanical resistance of 
the stamped part. 
The blanks were directly cooled afterwards without hot 

stamping in 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 Series 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 progres 
sive buildup on the rollers. 

Example 2 

i) Conditions according to the invention: In a second 
example of implementation, a cold rolled 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, illustrated at FIG. 1, which 
has a four layer structure. Starting from the steel substrate, 
the layers are the following: 

(a) Interdiffusion layer or intermetallic layer, 17 microm 
eters thick. This layer is itself composed of two sub 
layers. Hardness HV50g ranges from 295 to 407, and 
the mean composition is: 90% Fe, 7% A1, 3% Si. 

(b) Intermediate layer, appearing darker, 8 micrometers 
thick. This layer has a hardness of 940HV50g and a 
mean composition, by weight: 43% Fe. 57% A1, 1% Si. 

12



US 9,708,683 B2 
13 

(c) Intermetallic layer appearing as a pale phase, 8 
micrometers thick, displaying a hardness of 
610HV50g, a mean composition of 65% Fe, 31% A1, 
4% Si 

(d) Darker superficial layer, 7 micrometers thick, 950 5 
HV50g, with a mean composition of 45% Fe. 54% A1, 
19/6. S1 

Layers (c) and (d) are quasi-continuous, i.e. occupying at 
least 90% of the level corresponding to the considered layer. 
In particular, layer (c) does not reach the extreme Surface 
except very exceptionally. Anyway, this layer (c) occupies 
less than 10% of the extreme surface. 

ii) 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 15 
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 is more important than in 
conditions (i) 

In this coating, the pale intermetallic layer (c), is not 
continuous and appears as to be scattered within the 
coating. About 50% of this layer is present at the 
extreme surface of the part. Moreover, the interdiffu 
sion layer, 10 micrometers thick in contact with the 
steel substrate is thinner than in the previous case of 
FIG 1. 

Resistance spot welding was performed in the two situ 
ations i) and ii): 

(i): Coating with quasi-continuous layers (c) and (d), layer 
(c) occupying less than 10% of the extreme surface 

(ii): Coating with mixed and discontinuous layers, layer 
(c) occupying more than 10% of the extreme surface 

Resistance spot welding was performed by Superposing 
two parts and joining them in the following conditions: 

Squeeze force and welding force: 4000 N 
Squeeze time: 50 periods 
Welding and holding time: 18 periods respectively 
In each condition, the Suitable intensity range was deter 

mined for obtaining: 
No sputter during welding 
Acceptable nugget size. 
For the condition i), the weldability range, expressed in 

terms of current intensity, is 1.4 kA. For the condition ii) the 
weldability range is extremely small. 

Thus, it may be seen that the coating according to the 
invention, yields much more satisfactory results. 
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Example 3 

In a third example of implementation, a cold rolled steel 
sheet of the example 1 was cut into blanks of 500x500 mm 
which were heated at 920°C., during 6 mn, then hot stamped 
and cooled in tools, in such conditions that two different 
cooling rates were obtained: 

(A): Cooling rate: V-30°C./s 
(B): Cooling rate: V-60° C./s 
Due to the shape of the parts, different deformation levels 

e were created during hot stamping. In particular, some 
Zones largely strained display deformation levels higher than 
30%. 
As illustrated on FIG. 3, metallographic observations 

reveal that when ed 10%, partial bainitic or ferritic 
transformation occurs on parts cooled with V-30° 
C./s, mainly on former austenitic grain boundaries. On 
the other hand, the parts cooled with V-60° C./s 
display fully martensitic microstructure as illustrated 
on FIG. 4. The latter structures display superior 
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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 the 
invention guarantees a microstructural and mechanical 
homogeneity. 

Example 4 

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 
impurities. 

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 mn, then hot stamped and cooled in 
tools in order to obtain a full martensitic structure. Mechani 
cal resistance exceeded 1450 MPa. 

Specimens were extracted according to the transverse 
sense of rolling direction and Submitted to a bending test 
with alternate bending modes. The inventors put into evi 
dence that the critical bending angle (angle at fracture) is 
closely related to the sulfur content of the steel: when sulfur 
content is 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, i.e. the energy which is 
necessary for the initiation or propagation of an existing 
crack. The results, illustrated 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 absorp 

tion and weldability are required in automobile industry, the 
parts or products fabricated according to the invention will 
be used with profit for such applications. 

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: 

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 

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 
affects the total thickness of the pre-coating. In a highly 
preferred embodiment the alliation reaction forms the fol 
lowing layers: (a) interdiffusion, (b) intermediate, (c) inter 
metallic, and (d) superficial as described above: 
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pre-coated Steel—the pre-coating/base composite, not 
having been Subjected to an alliation reaction between the 
coated material and base steel; 

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: 

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 is a strip or sheet, etc., of base steel having 
thereon an invention coating comprising layers (a) interdif 
fusion, (b) intermediate, (c) intermetallic, and (d) Superficial 
described above; 
blank—a shape cut from a strip. 
product—a stamped blank 
Thus, the present invention provides, among other things, 

the following preferred embodiments: 
The invention claimed is: 
1. 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 first side of said strip 
of base steel and said second side of said strip of base 
steel, 

wherein: 
(i) said coating results from the interdiffusion between 

said base steel, and aluminum or aluminum alloy 
pre-coating, and 

(ii) wherein said coating comprises, proceeding from the 
base steel outwards: 
(a) an Interdiffusion layer, 
(b) an Intermediate layer, 
(c) an Intermetallic layer, and 
(d) a Superficial layer, 

wherein said coating has a thickness greater than 30 
micrometers and wherein said layer (a) has a thickness 
less than 15 micrometers. 

2. The coated Steel stamped product according to claim 1, 
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 (c) is present at an 
extreme surface of the product. 

3. The coated Steel stamped product according to claim 1, 
wherein the steel in the strip comprises the following 
components by weight based on total weight: 
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0.15%-carbon-0.5%; 
0.5%-manganese-3%; 
0.1%-silicon-30.5%; 
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. 
4. A coated Steel stamped product according to claim 1, 

wherein the steel in the strip comprises the following 
components by weight based on total weight: 

0.20%-carbon-0.5%; 
0.8%-manganese-1.5%: 
0.1%.<silicon-O.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. 
5. The coated Steel stamped product according to claim 1, 

wherein the base steel comprises 20 ppm or less of sulfur. 
6. The coated Steel stamped product according to claim 1, 

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

7. The coated Steel stamped product according to claim 1, 
wherein the aluminum or aluminum alloy pre-coating com 
prises from 8% to 11% silicon by weight, from 2% to 4% 
iron by weight, the remainder being aluminum and impuri 
ties inherent in processing. 

8. A land motor vehicle comprising the heat treated coated 
steel product according to claim 1. 

9. The coated Steel stamped product according to claim 1, 
wherein the product is hot formed with a strain higher than 
10% and cooled with a cooling rate higher than 50° C./s. 

10. The coated Steel stamped product according to claim 
1, wherein the product includes a full martensitic structure. 

11. The coated Steel stamped product according to claim 
1, wherein said layer (a) has a thickness less than 10 
micrometers. 
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