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(57) ABSTRACT

Hot-rolled steel sheet which then can be cold-rolled, coated,
the steel 1n the sheet having the following composition by
weilght:
0.15%<carbon<0.5%
0.5%<manganese<3%
0.1%<si1licon<0.5%
0.01%<chromium<1%
titan1ium<0.2%
aluminum=<0.1%
phosphorus<0.1%
sulfur<0.05%
0.0005%<boron<0.08%, the remainder being iron and
impurities mherent in processing, the sheet ensuring a
very high mechanical resistance after thermal treatment
and the aluminum-based coating ensuring a high resis-
tance to corrosion.

25 Claims, No Drawings
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COATED HOT- AND COLD-ROLLED STEEL
SHEET COMPRISING A VERY HIGH
RESISTANCE AFTER THERMAL
TREATMENT

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

The invention relates to a coated, hot- and cold-rolled steel
sheet comprising a very high resistance aiter thermal treat-
ment.

In this technical area, the proposed solutions involving an
increase 1n the mechanical characteristics are accomplished
to the detriment of shaping properties. There 1s a solution
consisting in separating the shaping properties and those
required for use. The characteristics required for use are
obtained through a thermal treatment subsequent to or con-
comitant with shaping. In this case, the proposed sheets are
not delivered coated because of problems of holding power of
the coating at the time of thermal treatment. Coating therefore
1s performed on finished castings, which requires a careful
cleaning of the surfaces and the hollowed portions. In addi-
tion, the thermal treatment must be performed under a con-
trolled atmosphere 1n order to prevent any decarbonization
and oxidation of the metal in the sheet. Steel sheets for ther-
mal treatment do not have any pre-coating which requires
post-treatments of scouring, pickling and coating.

At the time of continuous coating of flat hot- and cold-
rolled products, preliminary annealing and cooling preceding,
or following the zinc- or aluminum-based coating operation,
are used only to bring the sheet to a temperature close to that
of the bath or to restore the mechanical properties of the sheet
degraded at the time of cold-rolling. These thermal cycles are
chosen 1n terms of the composition of the steel so that no
allotropic transformation takes place at the time of the ther-
mal cycle, the objective being to obtain mechanical charac-
teristics similar to those measured on the steel sheet delivered
uncoated.

The purpose of the invention 1s to produce a hot- or cold-
rolled steel sheet of a desired thickness, coated, and atfording,
extensive shaping possibilities and which, after thermal treat-
ment performed on the finished casting, 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 pamnting and gluing. It also 1s possible to
carry out hot-shaping with hardening 1n the tool making 1t
possible to obtain the same properties.

The subject of the invention 1s a hot-rolled steel sheet,
which then can be cold-rolled, coated, the steel 1n the sheet
having the following composition 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<t0.01%

sultur<t0.05%

0.0005%<boron<0.08%, the remainder being iron and

impurities inherent 1 processing, the sheet ensuring a
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2

very high mechanical resistance after thermal treatment
and the aluminum-based coating ensuring a high resis-
tance to corrosion.

The other characteristics of the invention are:

the composition by weight of the sheet preferably 1s the
following:

0.20%<carbon<0.5%

0.8% <manganese<1.5%

0.1% silicon<0.35%

0.01%<chromium<1%

titanmium<0.1%

aluminum=<0.1%

phosphorus<t0.05%

sulfur<0.03%

0.0005%<boron<0.01%, the remainder being 1ron and
impurities inherent 1n processing.

in the composition by weight of the sheet, the titanium

content with respect to the nitrogen content 1s 1n e€xcess
of 3.42, the boron no longer being able to be combined
with the nitrogen.
the metal bath for the coating contains 1n its basic compo-
sition by weight, from 9% to 10% silicon, from 2% to
3.5% 1ron, the remainder being aluminum.

the metal bath for the coating contains 1n its basic compo-
sition by weight, from 2% to 4% iron, the remainder
being aluminum.

The mvention also concerns a process for producing a
casting starting from the coated sheet 1n which, after shaping,
the coating of the casting 1s subjected to an 1increase 1n tem-
perature at a speed 1n excess of 5° C./second, which may
exceed 600° C./second.

A Tfurther characteristic of the process 1s:

the coating and the casting are heated to a temperature 1n

excess of 750° C.

The invention also concerns the use of the hot-rolled steel
sheet which then can be cold-rolled and coated, for structural
and/or anti-intrusion or substructure castings for a land motor
vehicle, such as, for example, a bumper bar, a door reinforce-
ment, a wheel spoke.

The description which follows will make the invention
clearly understood.

The sheet according to the invention which derives, by
reason ol 1ts processing, from a hot-rolling mill, possibly may
be cold-rerolled again depending on the final thickness
desired. It then 1s coated with an aluminum-based coating, for
example by dipping 1n a bath containing, in addition, from 8%
to 11% silicon, from 2% to 4% 1ron, 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 has 1n particular the function of protecting the
basic sheet against hot as well as cold corrosion. The
mechanical characteristics 1n the delivery state of the sheet
according to the invention allow a great variety of shaping, in
particular a deep stamping. The thermal treatment applied at
the time of a hot-shaping process or after shaping makes 1t
possible to obtain high mechanical characteristics which may
exceed 1500 MPa for mechanical resistance and 1200 MPa
for the limit of elasticity. The final mechanical characteristics
are adjustable and depend on the carbon content of the steel
and on the thermal treatment.

At the time of thermal treatment performed on a finished
casting 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.
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According to the mvention, the steel the weight composi-
tion of which 1s the following:

0.15%<carbon<0.5%

0.5%<manganese<3%

0.1%<s1l1con<0.5%

0.01%<chromium<1%o

titanium<0.2%

aluminum<0.1%

phosphorus<t0.1%

sultur<0.05%

0.0005%<boron<0.08%, the remainder being iron and
impurities 1mherent i processing, 1s processed in the
form of a hot-rolled and possibly cold-rolled sheet to
obtain the desired thickness. The steel sheet then 1s
coated by dipping, after pickling, 1n an aluminum bath
containing either from 8% to 11% silicon and 2% to 4%
iron, or from 2% to 4% 1ron, or even 1n an aluminum bath

preferably containing from 9% to 10% silicon and 2% to
3.5% 1ron.

In an example of implementation of a coating of the sheet
by dipping in a metal bath contaiming an aluminum alloy
comprising a proportlon of approximately 90% aluminum,
the coating layer comprises a first alloy layer in contact with
the surface of the steel. This layer, directly 1n contact with the
surface of the sheet, 1s highly alloyed with 1ron.

A second coating layer, on top of the first, contains
approximately 90% aluminum and may contain silicon and a
small amount of 1ron, depending on the composition of the
bath.

The first alloy layer may crack when the sheet 1s shaped for
the manufacture of castings.

According to the invention, after the shaping of the casting,
the coating 1s subjected to an i1ncrease in temperature at a
speed 1n excess of 5° C./second, which may exceed 600°
C./second. This rise 1n temperature makes possible a rapid
remelting of the aluminum which fills 1n the cracks generated
by the operation of shaping of the casting.

Another advantage of the invention lies in the fact that the
diffusion of the 1ron 1n the coating will be nitiated at high
temperature. One thus will have a better cohesion between
coating and steel 1n the sheet. In another form of the invention,
the thermal treatment may be performed locally, 1n heavily
deformed zones.

In an example of implementation, the steel sheet according

to the invention containing 0.21% carbon, 1.14% manganese,
0.020% phosphorus, 0.0038% sulfur, 0.25% silicon, 0.040%

aluminum, 0.009% copper, 0.020% nickel, 0.18% chromium,
0.0040% nitrogen, 0.032% titanium, 0.003% boron, 0.0050%
calcium 1s coated with an aluminum-based layer about 20 um
in thickness.

According to the invention the sheet, 1n the delivery state 1n
a coil or i sheeting, the thickness of which may range
between 0.25 mm and 15 mm, has good shaping properties
and a good resistance to corrosion as well as a good capacity
for painting or gluing.

The sheet, a coated siderurgic product, has a substantial
resistance to corrosion 1n the delivery state, during shaping
and thermal treatments as well as during usage of the finished
casting. After thermal treatment, a substantial mechanical
resistance, which may exceed 1500 MPa, 1s obtained. The
presence of the coating at the time of thermal treatment of the
castings makes 1t possible to prevent any decarbonization of
the base metal as well as any oxidation. That 1s an undeniable
advantage, in particular 1n the case of hot-shaping. Further-
more, heating of the treated casting does not require a furnace
having a controlled atmosphere to prevent a decarbonization.
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4

Thermal treatment of the metal 1n the sheet consists in a
heating at a temperature ranging between Acl, starting tem-
perature ol austenitic transformation, for example 750° C.
and 1200° C., 1n a furnace, for a period which depends on the
temperature to be reached and the thickness of the casting
sheet. The composition 1s optimized so as to limit the enlarge-
ment of the grains at the time of thermal treatment. If the
structure sought 1s completely martensitic, the holding tem-
perature should be in excess of Ac3, for example 840° C.,
ending temperature of austenitic formation. The temperature
holding should be followed by a cooling adjusted to the final
structure sought. For a completely martensitic structure and
for a steel having the composition of the example, the speed of
cooling should be 1n excess of the critical speed of hardening
which 1s 27° C./s for an austenitizing at 900° C. for 5 min., the
sheet having a thickness of approximately 1 mm.

It also 15 possible to obtain in particular 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 phases
1s/are present in variable proportions. For the highest resis-
tance levels, the structure 1s composed predominantly of mar-
tensite.

Chromium, manganese, boron and carbon are added, 1in the
composition of the steel according to the mvention, for their
cifect on hardenability. In addition, carbon makes 1t possible
to achueve high mechanical characteristics thanks to 1ts effect
on the hardness of the martensite.

Aluminum 1s introduced into the composition 1n order to
trap oxygen and to protect the effectiveness of the boron.

Titanium, the ratio of the content of which with respect to
the nitrogen content should be 1n excess of 3.42, 1s introduced
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 hard-
enability allowing hardening in the stampers or the use of
mild hardening fluids limiting deformation of the castings at
the time of thermal treatment. In addition, the composition
according to the invention 1s optimized from the point of view

of weldability.

The steel 1n the sheet may undergo a treatment for globu-
larization of sulfides performed with calctum, which has the
elfect of improving the fatigue resistance of the sheet.

The steel 1s particularly suited to the production of struc-
tural and anti-intrusion castings.

The proposed coating makes 1t possible to avoid difierent
surface-preparation operations such as for steel sheets for
thermal treatment not having any coating.

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.

At the time of thermal treatment, the base coating, of alu-
minum for example, 1s transformed into a layer alloyed with
iron and comprising different phases depending on the ther-

mal treatment and having a considerable hardness which may
exceed 600 HV100 g.

Table 2 presents an example of maximal resistance of the
steel sheet according to the invention after thermal treatment.
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Thermal treatment Rm (MPa)
850° C./5 min. 1695
900° C./5 min. 1675
950° C./5 min. 1665

What is claimed 1s:

1. A hot-rolled coated steel sheet comprising a hot-rolled
steel sheet coated with an aluminum or aluminum alloy coat-
ing, wherein the steel in the sheet comprises the following
composition by weight:

0.15%<carbon<0.5%

0.5%<manganese<3%

0.1%<<s1l1con<0.5%

0.01%<chromium<1%

titantum<0.2%

aluminum<0.1%

phosphorus<t0.1%

sultur<0.05%

0.0005%<boron<0.08%, the remainder being iron and

impurities inherent in processing, and the steel sheet has
a very high mechanical resistance after thermal treat-
ment and the aluminum or aluminum alloy coating pro-
vides a high resistance to corrosion of the steel sheet.

2. The coated steel sheet according to claim 1, wherein the
composition by weight of the sheet further comprises the
following;:

0.20%<carbon<0.5%

0.8%<manganese<1.5%

0.1%<s1l1con<0.35%

0.01%<chromium<1%

titanium<0.1%

aluminum<0.1%

phosphorus<t0.05%

sultur<t0.03%

0.0005%<boron<0.01%, the remainder being iron and

impurities inherent 1n processing.

3. A heat treated coated steel sheet prepared by subjecting
the coated steel sheet according to claim 2, to an increase in
temperature at a speed 1n excess of 600° C./second.

4. A process for producing a casting comprising

shaping the coated steel sheet of claim 2,

subjecting the shaped coated steel sheet to an increase 1n

temperature at a speed 1n excess of 5° C./sec.

5. The coated steel sheet according to claim 1, wherein the
ratio of titanium to nitrogen in the steel sheet in weight % 1s in
excess of 3.42.

6. A process for producing a casting comprising

shaping the coated steel sheet of claim 5,

subjecting the shaped coated steel sheet to an increase 1n

temperature at a speed 1 excess of 5° C./sec.

7. The coated steel sheet according to claim 1, wherein the
aluminum or aluminum alloy coating comprises from 9% to
10% silicon by weight, from 2% to 3.5% iron by weight, the
remainder being aluminum.

6

8. A process for producing a casting comprising
shaping the coated steel sheet of claim 7,

subjecting the shaped coated steel sheet to an increase 1n
temperature at a speed 1n excess of 5° C./sec.

9. The coated steel sheet according to claim 1, wherein the
coating comprises irom 2% to 4% 1ron by weight, the remain-
der being aluminum.

10. A process for producing a casting comprising,
o shaping the coated steel sheet of claim 9,

subjecting the shaped coated steel sheet to an increase 1n
temperature at a speed 1 excess of 5° C./sec.

11. A process for producing a casting comprising,
shaping the coated steel sheet of claim 1,

1> subjecting the shaped coated steel sheet to an increase in
temperature at a speed 1 excess of 5° C./second.
12. The process according to claim 11, wherein the casting
1s heated to a temperature 1n excess of 750° C.
,o  13.Aheattreated coated steel sheet prepared by subjecting

the coated steel sheet according to claim 1 to an increase in
temperature at a speed 1n excess of 600° C./second.

14. A land motor vehicle comprising the heat treated coated
steel of claim 13.

25 15. A land motor vehicle comprising the coated steel sheet
of claim 1.

16. A heat treated coated steel sheet prepared by subjecting
the coated steel sheet according to claim 1 to a temperature in

excess of 750° C.

SO 17. The heat treated coated steel sheet of claim 16, manu-
Jactured by a process comprising hot-shaping the coated steel
sheet, and cooling the hot-shaped sheet at a vate that pro-
duces martensitic structures, fervite-martensitic structures,
or ferrite-bainitic structures.

18. The coated steel sheet of claim 1 that is manufactured
by a process comprising providing said hot rolled steel sheet;
and coating said hot volled steel sheet with an aluminum
coating ov aluminum alloy coating.

a0 19. The coated steel sheet of claim 18 that is manufactured
by dipping said hot rolled steel sheet into a molten aluminum
bath or molten aluminum alloy bath.

20. The coated steel sheet of claim 19 that is manufactured
by pickling said hot rolled steel sheet before said dipping.

45 21. The coated steel sheet of claim 20 that is manufactured
by cold rolling said hot volled steel sheet after said pickling.

22. The coated steel sheet of claim 18 that is manufactured
by cold rolling said hot rolled steel sheet before said coating.

35

23. The coated steel sheet of claim 1, wherein said
mechanical vesistance is in excess of 1000 MPa.

24. The coated steel sheet of claim I, wherein said
mechanical vesistance is in excess of 1500 MPa.

25. The coated steel sheet of claim 24 that is composed
55 predominantly of martensite.
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