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(7) ABSTRACT

A flat product made of multiphase steel and a method for
preparing the steel includes hot rolling at a temperature at
which the austenite phase is stable, then tempering to form
a C and Mn-enriched phase in a matrix, followed by a heat
treatment to form austenite islands and/or enriching in Mn
the already formed austenite and cooling down to room
temperature so as to obtain a final product with a ferrite
matrix containing residual austenite, bainite and/or marten-
site islands.
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FLAT PRODUCT, SUCH AS SHEET, MADE OF
STEEL HAVING A HIGH YIELD STRENGTH AND
EXHIBITING GOOD DUCTILITY AND PROCESS

FOR MANUFACTURING THIS PRODUCT

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of and priority
from: European Applications No. 98202377.2 filed Jul. &,
1998 and No. 98870255.1 filed Nov. 19, 1998; International
Application No. PCT/BE99/00088 filed Jul. 7, 1999; and
U.S. patent application Ser. No. 09/743,287 filed Jan. &,
2001, the contents of all of which are incorporated hereinto
by this reference.

[0002] The present invention relates to a flat product, such
as a sheet, made of steel containing Mn and having multiple
phases with a ferrite matrix.

BACKGROUND OF THE INVENTION

[0003] High-strength steels such as rephosphorized steels,
microalloy steels and bake-hardening steels are widely used
in automobile components. Sheet made of such a steel
requires a strength sufficient to meet automobile safety and
must, in addition, have excellent forming properties.

[0004] Tt is also known that the strength and ductility of a
multiphase steel may be improved by a multiphase micro-
structure possibly combined with transformation-induced
plasticity (TRIP) by transformation of residual austenite into
martensite.

[0005] The TRIP effect was first discovered by Zackay et
al. in steels containing large amounts of nickel and chro-
mium.

[0006] However, the presence in these steels of large
amounts of such alloying elements poses problems when
manufacturing steels under economically profitable condi-
tions.

[0007] It should also be pointed out that a steel containing
a significant amount of residual austenite may be obtained
by the addition of silicon and of manganese and by hot
rolling with a controlled heat cycle or by cold rolling
followed by intercritical annealing combined with a bainitic
soak producing a structure formed from several phases and
with isolated regions or islands of residual austenite, this
structure being stable at room temperature.

[0008] Such a steel is known in particular from document
U.S. Pat. No. 4,544,422 and from the articles by Gregory H.
Haidemonopoulos “Austenite stabilisation from direct
cementite conversion in low-alloy steels” in Steel Research
67 (1996) No. 3, pp 93-99 and “Modelling of austenite
stability in low-alloy triplephase steels”, Steel Research 67
(1996) No. 11, pp 513-519.

[0009] However, these known steels and their smelting
have a number of not-insignificant drawbacks since, in
general, they require large amounts of addition elements.

[0010] In addition, the fact that in these known steels the
silicon content is generally relatively high, about 1.25 to
1.50% of Si, gives a steel sheet having certain surface
defects called “cat’s tongue” defects which are created
during the hot rolling. Moreover, these known steels pose
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problems when dip-coating them with metal, such as during
galvanizing, due to the embrittlement of the coating and to
problems of wettability of the liquid metal intended to form
the coating.

SUMMARY OF THE INVENTION

[0011] One of the essential objectives of the present inven-
tion is to provide a steel sheet which makes it possible to
remedy the abovementioned drawbacks and which, thus, is
particularly well suited for galvanizing while still being able
to be manufactured according to an economically very
favorable process.

[0012] According to the invention, the steel has improved
strength and ductility properties while still having an
extremely low silicon content, so that it is very particularly
suitable for being formed and for being surface-treated in the
automobile industry.

[0013] For this purpose, the steel sheet according to the
invention has a structure and properties which can be
obtained by a process as defined in claim 1.

[0014] Advantageously, the steel according to the inven-
tion has the following chemical composition: 0.05 to 0.8%
C; 0.2t0 3.0% Mn; Si=1.0%; B=0.100%; Ti, Nb, Zr and V
each £0.200%; Al=0.400%; N=0.100%; P=0.100%; Cr,
Ni and Cu each =2.000%; Mo=0.500%.

[0015] The invention also relates to the particular afore-
mentioned process for the manufacture of the flat steel
product according to the invention.

[0016] According to one particular method of implement-
ing this process, the aforementioned tempering is carried out
at a temperature below the eutectoid temperature (A;) so as
to form cementite and to make carbide-forming elements,
such as Mn, to diffuse into this cementite.

[0017] According to a preferred method of implementa-
tion, the process according to the invention comprises a step
of cooling down to room temperature after the aforemen-
tioned soak or tempering step, this step then being followed
by a cold-rolling step before the aforementioned heat-
treatment step.

[0018] Further details and features of the invention will
become apparent from the description given below, by way
of nonlimiting example, of a few particular embodiments of
the invention with reference to the appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIGS. 1 to 15 relate to schematic graphs of the
temperature in ° C. in which steel is treated as a function of
its treatment time, illustrating the various steps of the
process according to the invention.

[0020] FIGS. 16 to 18 are schematic representations of a
cross section through various microstructures of the steel
according to the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0021] In the various figures, the same reference numbers
denote similar or identical elements.
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[0022] In general, the invention relates to a multiphase
steel preferably in the form of a sheet and comprising a
ferrite matrix in which islands of residual austenite are
distributed, which matrix is also stable at room temperature
and which possibly exhibits transformation-induced plastic-
ity (TRIP) and possibly furthermore islands of bainite and/or
of martensite. In addition, the ferrite matrix may be rein-
forced with secondary precipitates of the microalloying
elements.

[0023] From the chemical standpoint, this steel may con-
tain 0.05 to 0.8% carbon, 0.2 to 3.0% manganese and less
than 1% silicon. However, according to the invention,
preference is given to steels containing the least possible
silicon, for example less than 0.5%, preferably at the very
most 0.4% or even less than 0.2%.

[0024] In addition to the aforementioned elements, this
steel may have an intentionally adjusted low content of
boron, titanium, niobium, zirconium, vanadium, aluminum,
nitrogen, phosphorus, chromium, nickel, copper, molybde-
num and traces of impurities generally inevitable in the
production of steel, the balance being iron.

[0025] More particularly, for the steel according to the
invention, the concentration of the aforementioned various
elements is advantageously as follows: B=0.100%; Ti, Nb,
Zr and V each =0.200%; Al=0.400%; N=0.100%;
P=0.100%; Cr, Ni and Cu each =2.000%; Mo=0.500%.

[0026] As already mentioned above, the invention also
relates to a process for the manufacture of a sheet of
multiphase steel satisfying the aforementioned chemical
composition, in which process this steel, for example in the
form of a slab, is subjected to the following successive steps:

[0027] hot-rolling of this steel at a temperature at
which the austenitic phase is stable, i.e. at a tem-
perature above the austenite transformation tempera-
ture (Ay);

[0028] a soak or tempering of the coiled sheet at a
temperature of between 300° C. and a temperature
50° C. above the eutectoid temperature (A;) for at
least 4 hours, optionally followed by cooling down
to room temperature, so as to form a phase enriched
with carbide-forming and/or gammagenic elements,
such as C and Mn, in a ferrite matrix;

[0029] heat treatment at a temperature above the
aforementioned eutectoid temperature (A;) and
below the austenite formation temperature (A3) so as
to form islands of austenite and/or to enrich the
austenite already formed with gammagenic ele-
ments, such as Mn; and

[0030] subsequent cooling down to room temperature
in such a way as to obtain a final product having a
ferrite matrix containing islands of residual austen-
ite.

[0031] The aforementioned heat treatment may be pre-
ceded or followed by cold rolling.

[0032] In fact, the invention consists in producing a steel
containing simultaneously at least two phases such as ferrite/
residual austenite and ferrite/bainite, ferrite/martensite, fer-
rite/bainite/martensite with residual austenite and a very low
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silicon content, having, in addition, a structure and proper-
ties of a steel obtained by the process as defined above.

[0033] In this process, three important successive steps
may in general be detected.

[0034] In the first step, a steel, satisfying the aforemen-
tioned chemical composition, is hot-rolled above the tem-
perature A, which is the temperature at which austenite is
transformed into ferrite and which depends on the chemical
composition of the steel. The slab reheat takes place at
temperatures of 1100° C. to 1350° C. for 130 to 250 minutes.
This step may be regarded as the austenization step during
which the formation of ferrite and pearlite is prevented and
in which the C and Mn are kept in solution. The hot rolling
comprises rough rolling followed by finish rolling, which
take place at a temperature above the temperature A.

[0035] Optionally, this hot rolling may then be followed
by cooling down to room temperature in such a way as to
form a microstructure comprising bainite and/or martensite,
while preventing the formation of ferrite and pearlite.

[0036] Preferably, this cooling takes place, at least par-
tially, on a runout table or by using an accelerated cooling
tool called “ultrafast cooling”.

[0037] In the second step, after the sheet obtained by the
aforementioned rolling has been coiled, during which the
sheet continues to cool, and after the pickling, the tempering
takes place which, for example, may be carried out by
heating in a bell annealing furnace up to a temperature lying
between 300° C. and 50° C. above the eutectoid temperature
A,;. This temperature is maintained for at least 4 hours and
preferably at the very most for 200 hours.

[0038] For several thermomechanical pathways devel-
oped, there is a combination of hot rolling followed directly
by a soak or tempering without the sheet being cooled to
room temperature.

[0039] During the soak or tempering, the flat product is
still covered on the surface with an iron oxide called
“millscale”.

[0040] The advantages encountered with millscale during
the soak or tempering are the following: no problem of the
cones sticking together during the soak or tempering and no
problem of the surface of the sheet decarburizing, even
without the use of a reducing atmosphere in the isolating bell
or in the annealing bell.

[0041] In the third step, a heat treatment is carried out at
a temperature above the eutectoid temperature A, but below
the austenite formation temperature A.

[0042] This heat treatment may be carried out directly
after the tempering or after cooling possibly combined with
cold rolling. In any case it is followed by controlled cooling
down to room temperature. The main purpose of this opera-
tion is to obtain a final product having a ferrite matrix
containing islands of residual austenite and possibly further-
more of bainite and/or martensite. The relative amount of
these phases depends essentially on the initial chemical
composition of the steel treated and on the particular con-
ditions under which the various steps are performed.

[0043] More particularly, the C content determines the
maximum volume of ferrite and makes it possible to sig-
nificantly reduce the martensite start temperature M, given
by the formula:

M =539-423xC-30.4xMn-7.5xSi
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[0044] (Andrews’ formula)

[0045] The C content controls the start time in a continu-
ous cooling diagram and the ferrite and bainite formation
kinetics.

[0046] Thus, choosing the C content allows a martensite
and/or bainite microstructure to be obtained during the
cooling on a runout table or using an accelerated cooling
device called “ultrafast cooling”.

[0047] Carbon is an interstitial element which hardens the
ferritic phases in the steel. In a tempered microstructure, a
phase rich in carbon, called “iron carbide” or “cementite” is
formed. The fraction of this phase formed may be controlled
by the carbon content. Manganese is known as an element
which increases the hardenability of a steel and as a substi-
tution element which hardens the ferrite phases in the steel.
Manganese may be enriched by an exchange reaction in iron
carbides (substitution of iron with manganese) during a
tempertreatment.

[0048] The choice of manganese content makes it possible
to influence the bainite formation region in a continuous
cooling diagram and in the isothermal soak diagram. Man-
ganese makes it possible to reduce the temperature at which
martensite starts to form and, consequently, to improve the
stability of the austenitic phase.

[0049] Silicon is a substitution element which hardens the
ferritic phases in the steel. It is alphagenic, which means that
it increases the temperature of ferrite formation during
cooling. At a higher Si content, certain surface defects called
“cat’s tongue” defects, which are created during the hot
rolling, may appear. Moreover, these known steels pose
problems when dip-coating them with metal, such as during
galvanizing, due to the embrittlement of the coating and to
problems of wettability of the liquid metal intended to form
the coating.

[0050] The silicon stabilizes the carbon in solution in the
austenite and in the bainite by inhibiting the precipitation of
cementite. This effect is explained by the fact that silicon is
relatively insoluble in cementite, which requires controlled
ejection, by diffusion, of silicon in the transformation front.
This results in inhibition of the growth of cementite
embryos.

[0051] The elements consisting of niobium, vanadium,
zirconium and titanium, by themselves or in a combination,
are used in a small amount to form carbides, nitrides or
carbonitrides so as to be able to stop grain growth during the
slab reheat and to be able to increase the strength by the
precipitation effect.

[0052] During the hot rolling and during the cooling on the
runout table and/or in the coil after coiling, a strength-
increasing effect may take place by the precipitation effect.

[0053] In the nonprecipitated state, that is to say in the
state in solution in the crystalline ferrite lattice, the microal-
loying elements may provide a strength-increasing effect by
secondary precipitation during a tempering treatment.

[0054] Aluminum is used to fix the nitrogen in solution, by
forming aluminum nitrides. Aluminum nitrides have, in
addition, a positive effect by reducing the austenite grain
growth up to a temperature of about 1150° C. during the
reheating of the steel as it is being hot rolled.
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[0055] Aluminum is a substitution element which hardens
the ferritic phases in the steel and stabilizes the carbon in
solution in the austenite and in the bainite by inhibiting the
precipitation of cementite. This effect is explained by the
fact that aluminum is relatively insoluble in cementite,
which requires the controlled ejection, by diffusion, of
aluminum in the transformation front. This inhibits the
growth of cementite embryos.

[0056] Phosphorus has a positive effect on the strength of
the steel, but its content must also be kept quite low in order
to prevent embrittlement effects. Nitrogen is an impurity
whose content must also be kept as low as possible.

[0057] Nitrogen is an interstitial element which hardens
the ferritic phases in the steel and, in solution in the steel,
increases the aging sensitivity.

[0058] In very small amounts, boron is deposited at the
grain boundaries and thus increases ductility. Boron also
impairs the formation of the phases which are obtained by
diffusion, such as the ferrite and pearlite phases. Boron
increases the hardenability of the steel during hot rolling.
Boron forms precipitates with the nitrogen in solution.

[0059] At a temperature at which bainite formation takes
place, boron reduces the bainite formation kinetics. The
boron may be enriched by an exchange reaction in the iron
carbides (substitution of the carbon with boron) or by
coupled precipitation of the iron borocarbides and iron
carbides during a tempering treatment at a sufficient activa-
tion temperature.

[0060] Molybdenum is a substitution element; it hardens
the ferritic phases in the steel. Molybdenum is known as an
element which increases the hardenability of a steel. The
molybdenum may be enriched by an exchange reaction in
the iron carbides (substitution of iron with molybdenum) or
by coupled precipitation of iron carbides with molybdenum
carbides during a tempering treatment at a sufficient activa-
tion temperature.

[0061] Chromium is a substitution element which hardens
the ferritic phases in the steel. Chromium is known as an
element which increases the hardenability of a steel and can
be enriched by an exchange reaction in the iron carbides
(substitution of iron with chromium) or by coupled precipi-
tation of iron carbides with chromium carbides during a
tempering treatment at a sufficient activation temperature.

[0062] Nickel and copper are substitution elements which
harden the ferritic phases in the steel and which are known
as elements which increase the hardenability of a steel.

[0063] Let us also point out that a heat treatment, such as
a tempering or annealing treatment, at a temperature lying
between the temperature A, and the temperature A; is called
“intercritical annealing or tempering”.

[0064] Mention may be made in certain steps of the
process described above, and in certain particular methods
of implementing this process explained below, of so-called
“slow” cooling, so-called “rapid” cooling and/or so-called
“accelerated” cooling.

[0065] In general, “slow cooling” generally corresponds to
decreasing the temperature by 10° C. to 40° C. per hour,
depending on the thickness of the sheet, on the composition
of the steel and on the initial temperature of the sheet.
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[0066] On the other hand, “rapid cooling”, which in gen-
eral takes place by means of a fluid, generally corresponds
to decreasing the temperature by 10° C. to 300° C. per
second, depending on the thickness of the sheet, on the
composition of the sheet and on the initial temperature of the
sheet.

[0067] Accelerated cooling, by quenching the wound coil
in a liquid, generally corresponds to decreasing the tempera-
ture at a rate of greater than 10° C. per minute.

[0068] The graphs shown schematically in FIGS. 1 to 15
illustrate a few particular methods of implementing this
process, which is applied to a slab or ingot of steel which has
the aforementioned composition and has been reheated to
temperatures of 1100° C. to 1350° C. for 130 to 250 minutes.

[0069] In the first method of implementation according to
FIG. 1, after the first step, which comprises hot rolling in the
austenitic range above the temperature A;, represented by
the straight line segment 1, followed by cooling, represented
by the straight line segment 2, in order to obtain a quenched
bainite and/or martensite structure, and in the second step,
formed by the tempering, represented by the reference 3,
which takes place by “bell” annealing at a temperature of
between 300° C. and the temperature A, for at least 4 hours,
a sheet is obtained which comprises iron carbides (cement-
ite) into which the carbide-forming elements, such as Mn,
have diffused, and more particularly cementite enriched with
manganese, chromium, molybdenum and/or boron and pos-
sibly secondary precipitates formed by microalloying these
elements in the ferrite matrix.

[0070] The term “bell” annealing should be understood to
mean in fact discontinuous annealing carried out on a sheet
wound as a coil in a furnace maintained at the desired
temperature.

[0071] After slow or quench-accelerated cooling 5, the
sheet has been subjected to the third step, which comprises
the aforementioned heat treatment 4, corresponding either to
continuous annealing in the temperature range lying
between the temperature A; and the temperature A;, pref-
erably at the very most at 900° C., for 1 second to 5 minutes,
or intercritical “bell” annealing in the aforementioned tem-
perature range. During this annealing, the carbides (cement-
ite) are transformed to austenite, the chemical composition
of which will be enriched with the elements contained and
the carbides, with nucleation of the austenite at the cement-
ite/ferrite grain boundaries. This annealing is then followed
by rapid cooling, tied to the conventional technology of
continuous annealing, which is annealing of an uncoiled
sheet, or by slow or quench-accelerated cooling which, in
this case, may be carried out on a coiled sheet.

[0072] In the case of continuous annealing, strips of
uncoiled sheet are butt-welded so as to obtain in practice a
continuous strip. Thus, in such a case, the annealing time is
extremely short and generally between a few seconds and a
few minutes, whereas the bell annealing generally takes
several hours. In the latter case, if necessary, quench-
accelerated cooling may also be applied.

[0073] Moreover, if necessary, the millscale may be pick-
led before or after the aforementioned second step. The
pickling may be carried out either by chemically etching the
millscale in an acid bath or by reducing the millscale during
annealing in a hydrogen-rich reducing atmosphere.
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[0074] Finally, the sheet is either uncoated, or coated by
electrochemically depositing metal on it or galvanized, for
example after the sheet is formed.

[0075] FIG. 2 shows a second method of implementing
the process according to the invention, which is distin-
guished from that of FIG. 1 by the fact that the tempering
3 by bell annealing is carried out at a temperature below the
temperature A; and is immediately followed by the heat
treatment 4 consisting of intercritical tempering by bell
annealing between the temperature A; and a temperature of
50° C. above this temperature A,.

[0076] In this case, relatively slow heating may take place
between the tempering 3 and the heat treatment 4, during
which residual austenite also forms. This heat treatment 4 is
then followed by cooling 5, which may be slow cooling
generally associated with the conventional technology of
bell annealing, or quench-accelerated cooling.

[0077] The third method of implementation, illustrated in
FIG. 3, is distinguished from the previous two by the fact
that the tempering 3, like the aforementioned heat treatment
4, takes place at the same temperature, which is above the
temperature A, and below the temperature A;+50° C., so as
this way to constitute one and the same operation.

[0078] During the heating which precedes this operation,
a microstructure starts to form which consists of fine
cementite particles with nuclei for austenite seeds during the
austenization at the temperature of the tempering 3 and of
the heat treatment 4. As in the previous method of imple-
mentation, this operation is then followed by slow or accel-
erated cooling 5, as in the two previous methods of imple-
mentation.

[0079] The fourth method of implementation, illustrated in
FIG. 4, is distinguished from the third method of imple-
mentation by the fact that the hot rolling 1 is followed firstly
by cooling 2 and by coiling at a temperature t,, below the
bainite formation start temperature, and then immediately by
the tempering 3, especially by “bell” annealing, of the black,
i.e. unpickled, coil. The pickling may take place after the
cooling 5.

[0080] The fifth method of implementation, illustrated in
FIG. 5, is distinguished from the previous one by the fact
that the coiling, after the hot rolling 1, takes place at a
temperature t, for which the microstructure is composed of
ferrite-pearlite or ferrite-pearlite-bainite.

[0081] As a variant to the methods of implementation in
FIGS. 4 and 5, it is possible, as in the second method of
implementation and as indicated by the broken lines 3' in
these FIGS. 4 and 5, to carry out the tempering 3 at a
temperature below the temperature A, .

[0082] The sixth method of implementation, illustrated by
FIG. 6, differs from the previous one by the fact that, on the
one hand, the coiling of the sheet, after the hot rolling, takes
place at a temperature above the temperature A, and below
the temperature A;+50° C., so as to retain a fraction of
untransformed austenite and that, on the other hand, this
coiling is followed by a soak substantially at this tempera-
ture under an isolating bell for at least 4 hours in order to
enrich the untransformed austenite with gammagenic ele-
ments, such as manganese and/or boron.
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[0083] The aforementioned methods of implementation
make it possible to obtain a hot-rolled (HR) product which
can have several types of microstructure, the nature of which
depends on the chemical composition of the austenite
formed and on the final cooling rate (TRC diagram). This is
therefore a ferrite matrix with islands of at least one of the
following phases: residual austenite, bainite and/or marten-
site.

[0084] Advantageously, the hot-rolled steel may also
undergo, as already mentioned above, after pickling either in
an acid bath or by annealing in a reducing atmosphere, a
galvanizing and/or electrochemical metallization step, so as
to obtain a galvanized or zinc-plated steel sheet, for
example.

[0085] The methods of implementing the process accord-
ing to the invention which are illustrated schematically by
the graphs in FIGS. 7 to 15 relate to a coil which has
undergone cooling down to approximately room tempera-
ture, possibly followed by cold rolling with, for example, a
reduction ratio of between 40% and 90%.

[0086] Thus, the seventh method of implementation,
according to FIG. 7, is distinguished from that in FIG. 1 by
the fact that so-called “slow™ or “quench-accelerated” cool-
ing 5, possibly with conventional cold rolling 6, is inserted
between the tempering 3 and the heat treatment 4, which, in
this method of implementation, consists of intercritical
continuous annealing.

[0087] During this cold rolling 6, a thickness reduction
ratio of the sheet between 40 and 90% and a work-hardened
microstructure, which recrystallizes during the subsequent
annealing 4, are generally obtained. If such cold rolling is
provided, this is preceded by pickling which may be carried
out before or after the tempering operation 3.

[0088] It should also be pointed out that the sheet sub-
jected to the cold rolling 5 essentially consists, before the
annealing 4, of ferrite and of cementite rich in carbide-
forming elements, such as Mn, Cr, Mo, and/or B.

[0089] The method of implementation according to FIG.
8 is a variant of the previous one, which is distinguished
therefrom by the fact that the heat treatment 4 consists of
discontinuous intercritical annealing, also called “bell inter-
critical annealing”.

[0090] The methods of implementation according to
FIGS. 9 and 10 are distinguished from that in FIG. 8 by the
fact that the tempering 3 is split into partial tempering 3a at
a temperature below the temperature A, and tempering 3b
between the temperature A; and the temperature A;+50° C.
In the method of implementation according to FIG. 9, the
heat treatment 4 is continuous intercritical annealing,
whereas in the method of implementation according to FIG.
10 it is intercritical annealing by bell annealing.

[0091] The two methods of implementation according to
FIGS. 11 and 12 are distinguished from the previous
methods of implementation by the fact that both the tem-
pering 3 and the heat treatment 4 take place at a temperature
above the temperature A, and that, in addition, these two
operations 3 and 4 are separated by cooling 5 and cold
rolling 6.

[0092] Inthe method of implementation according to FIG.
11, there is continuous intercritical annealing 3 and in that in
FIG. 12 there is intercritical annealing by bell annealing 3.
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[0093] In both these methods of implementation, the aus-
tenite formed is enriched with so-called “gammagenic”
elements, such as Mn, B and/or C, during the annealing 3.

[0094] In the method of implementation illustrated in
FIG. 13, the hot rolling 1 is followed by slight cooling 2 and
by coiling below the temperature A; and above the bainite
formation start temperature t, in order to obtain a ferrite-
pearlite microstructure. This temperature of the coil is then
maintained by thermal isolation under a bell for at least 4
hours, as in the method of implementation illustrated in
FIG. 6.

[0095] The method of implementation according to FIG.
14 is comparable to that in FIG. 4, or to that in FIG. 5, with
the exception that so-called “slow” or quench-accelerated
cooling 5, possibly with cold rolling 6, is provided between
the tempering 3 and the heat treatment 4. The heat treatment
4 may be carried out by continuous intercritical annealing or
by bell intercritical annealing.

[0096] The method of implementation according to FIG.
15 is distinguished from that in FIG. 13 by the fact that the
hot rolling 1 is immediately followed by a soak in an
isolating bell at a temperature of between the temperature A,
and the temperature A;+50° C. in order to keep some
untransformed austenite in the microstructure.

[0097] In the methods of implementation illustrated by the
various figures, when the heat treatment 4 consists of
continuous intercritical annealing, this generally takes place
at a temperature of between the temperature A, and 900° C.
for 1 second to 5 minutes, possibly combined either with dip
metallization, or followed by metallization by electrochemi-
cal deposition. If the heat treatment 4 consists of bell
intercritical annealing, this preferably takes place at a tem-
perature lying between the temperature A; and 50° C. above
this temperature.

[0098] 1t has turned out that the steel obtained according
to the process described above, more particularly according
to the particular methods of implementation illustrated in
FIGS. 1 to 15, has in particular the following properties:

[0099] better surface quality and suitability for gal-
vanizing compared with multiphase steels containing

Si;
[0100] a good yield stress/tensile strength ratio;
[0101] good forming properties and a high uniform
elongation;
[0102] anincrease in the yield stress and in the tensile

strength by the effect of secondary precipitation of
the microalloying elements during the tempering
compared with conventional multiphase steels;

[0103] a high work-hardening coefficient during
deformation;

[0104] anti-necking protection, by virtue of the high
n values and a high uniform elongation;

[0105] a low or nonexistent yield point elongation,
allowing low skin-pass elongations;

[0106] good mechanical fatigue behavior by a com-
bination of hard phases, formed from bainite and
martensite, and of soft phases, formed from ferrite
and residual austenite;
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[0107] a high value of energy absorption during
deformation at high rates, as a result of dislocation
multiplication mechanisms.

[0108] In order to allow the subject matter of the present
invention to be illustrated in greater detail, a few specific
examples of chemical compositions of a multiphase steel
according to the invention, and of parameters of the various
production steps applied to this steel, will be given below.

EXAMPLE 1

[0109] This example was produced according to the par-
ticular method of implementing the process illustrated by the
graph in FIG. 7.

Chemical composition:
0.16% C
1.60% Mn

0.40% Si

[0110] (1) Reheat: temperature: 1280° C. time: 150
minutes

[0111] (2) Rough rolling: final temperature: 1100° C.
(1st step)

[0112] (3) Finish rolling: final temperature: 850° C.
[0113] (4) Runout table: cooling rate: 50° C./s

[0114] (5) Coiling temperature: less than 400° C.,
natural air cooling

[0115] (6) Pickling:

[0116] (7) Bell annealing: (2nd step) heating rate: 40°
C./h soak temperature: 640° C. soak time: 40 h
cooling rate: 15° C./h

[0117] (8) Cold rolling: reduction ratio: 60%

[0118] (9) Continuous annealing: (3rd step) heating
rate: 15° C./s soak temperature: 740° C. soak time:
50 s cooling rate: 40° C./s skin-pass elongation:
0.2%

[0119] (10) Galvanizing by passing through a bath of
liquid zinc.

[0120] FIG. 16 shows schematically a cross section of the
steel according to this example provided with a zinc coating
8 obtained by galvanizing. This steel comprises a ferrite
matrix 9 in which islands 10 of residual austenite approxi-
mately equal in size are approximately uniformly distrib-
uted.

[0121] Mechanical properties obtained in an industrial test
on a sheet specimen 1.5 mm in thickness taken with the axis
of the sheet in the rolling direction and subjected to a tensile
test according to the ISO standard with a test piece having
a base of 80 mm and a width of 20 mm:
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Yield stress R ,% (MPa): 370
Tensile strength R, (MPa): 580
R 0.:%/R,, ratio (%): 63.8
Yield point elongation (%): 1.1
Uniform elongation (%): 18.8
Total elongation (%): 31.2
Work-hardening coefficient n: 0.262
Anisotropy coefficient r: 1.32.

EXAMPLE 2

[0122] This example was produced according to the par-
ticular method of implementing the process illustrated by the
graph in FIG. 7.

Chemical composition:
0.170% C
1.800% Mn
0.020% Ti
0.080% V

0.003% B
[0123] (1) Reheat at 1280° C. for 150 minutes
[0124] (2) Rough rolling:final temperature of 1100°
C.

[0125] (3) Finish rolling: final temperature of 910° C.
down to a thickness of 2.0 mm

[0126] (4) Runout table: cooling rate of 50° C./s

[0127] (5) Coiling temperature: 350° C., air-cooling
of the coil down to room temperature

[0128] (6) Conventional pickling, i.e. with the coil
unwound in hot HCl1

[0129] (7) Base annealing: temperature rise of 40°
C./h soak temperature of 520° C. soak time of 40 h
cooling rate of 15° C./h down to room temperature

[0130] (8) Cold rolling with a reduction ratio of 60%

[0131] (9) Continuous annealing:temperature rise of
15° C./s soak temperature of 820° C. soak time of 46
s cooling rate of 30° C./s skin-pass level of 0.6%

[0132] (10) Metallization: conventional galvanizing
combined with continuous annealing.

[0133] The mechanical properties obtained in an industrial
test on a sheet specimen 1.5 mm in thickness taken with the
axis of the sheet in the rolling direction and subjected to
20/80 tensile testing (ISO standard) are as follows:
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Yield stress R ,% (MPa): 471
Tensile strength R, (MPa): 649
R,0.:%/R,, ratio (%): 72.6
Yield point elongation (%): 1.0
Uniform elongation (%): 14.1
Total elongation (%): 28.3

Work-hardening coefficient n: 0.221

[0134] FIG. 17 shows schematically the structure of the
steel obtained according to this example provided with a
zinc coating 8 formed by galvanizing. This steel has a ferrite
matrix 9 in which islands 10 of residual austenite and
vanadium carbide precipitates 11 are approximately uni-
formly distributed.

EXAMPLE 3

[0135] This example was produced according to the par-
ticular method of implementing the process illustrated by the
graph in FIG. 6.

Chemical composition:
0.150% C
2.000% Mn

0.030% B
[0136] (1) Reheat at 1280° C. for 150 minutes
[0137] (2) Rough rolling: final temperature of 1100°
C.

[0138] (3) Finish rolling:final temperature of 840° C.
down to a thickness of 6.0 mm

[0139] (4) Runout table: cooling rate of 15° C./s

[0140] (5) Coiling temperature: 740° C., maintained
by isolating bell

[0141] (6) Isolating bell: soak temperature of 740° C.
soak time of 40 h accelerated-cooling rate of 5° C./s

[0142] FIG. 18 shows schematically the structure of the
steel obtained according to this example provided with a
film of millscale 8. This steel has a ferrite matrix 9 in which
islands 10 of martensite and of residual austenite are
approximately uniformly distributed.

[0143] Of course, the invention is not limited to the
method of implementing the particular process for produc-
ing a steel but, on the contrary, encompasses any steel
having approximately the same structure and morphology as
the multiphase steel obtained by the specific process
described above and illustrated by the appended figures.

What is claimed is:

1. A flat product, such as sheet, made of multiphase steel
whose chemical composition contains carbon and manga-
nese, wherein said steel has a structure obtained by a process
comprising:
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hot-rolling, at a temperature above the austenite transfor-
mation temperature (A), of a steel containing 0.05 to
0.8% C, 0.2 to 3.0% Mn, Si=1%, B=0.100%, Ti, Nb,
Zr and V each =£0.200%, Al=0.400%, N=0.100%,
P=0.100%, Cr, Ni and Cu each =2.000%,
Mo=0.500%, the balance being Fe and inevitable
impurities;

soaking or tempering at a temperature of between 300° C.
and a temperature 50° C. above the eutectoid tempera-
ture (A;) for at least 4 hours, optionally followed by
cooling down to room temperature, so as to form a
phase enriched in carbide-forming and/or gammagenic
elements, such as carbon and manganese, in a ferrite
matrix;

heat treating at a temperature above the aforementioned
eutectoid temperature (A;) and below the austenite
formation temperature (A;) so as to form islands of
austenite and/or to enrich the austenite already formed
with gammagenic elements, such as Mn; and

subsequently cooling down to room temperature in such
away as to obtain a final product having a ferrite matrix
containing islands of residual austenite.

2. The product as claimed in claim 1, wherein the ferrite
matrix furthermore contains at least one of bainite and
martensite.

3. The product as claimed in claim 1, wherein said process
comprises pickling after the hot rolling.

4. The product as claimed in claim 1, wherein said process
comprises pickling after said soaking or tempering at a
temperature of between 300° C. and a temperature 50° C.
above the eutectoid temperature (A,) or after the aforemen-
tioned heat treatment.

5. The product as claimed in claim 2, wherein said process
comprises cooling, after the hot rolling, at a rate and down
to a temperature below the temperature A, to obtain a
microstructure containing either bainite and/or martensite,
or pearlite possibly with ferrite.

6. The product as claimed in claim 1, wherein when said
hot rolling makes it possible to obtain a reelable sheet, said
hot rolling is followed by coiling of the sheet obtained at a
temperature between the eutectoid temperature (A,) and a
temperature 50° C. above this eutectoid temperature, so as to
maintain some untransformed austenite in the microstruc-
ture obtained.

7. The product as claimed in claim 1, wherein the steel
undergoing the aforementioned hot rolling contains at the
very most 0.5% Si, more particularly less than 0.2% Si, and
preferably contains substantially no Si.

8. The product as claimed in claim 7, wherein the ele-
ments Al, N, B have the following concentrations, respec-
tively: A1£0.100%; N=0.05%; B=0.060%; Ti, Nb, Zr or V
each £0.100%; Cr=0.500%.

9. The product as claimed in claim 1, having a ferrite
matrix containing islands of residual austenite, the content
of this phase in the ferrite matrix being less than 40% by
volume.

10. The product as claimed in claim 1, wherein the
aforementioned process comprises cooling down to room
temperature after the aforementioned soaking or tempering,
the latter step then possibly being followed by a cold-rolling
before the aforementioned heat-treating.

11. A process for the manufacture of a flat product, such
as a sheet, made of steel, as claimed in claim 1, comprising:
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hot-rolling, at a temperature above the austenite transfor-
mation temperature (A;), of a steel containing 0.05 to
0.8% C, 0.2 to 3.0% Mn, Si=1%, B=0.100%, Ti, Nb,
Zr and V each =£0.200%, Al=0.400%, N=0.100%,
P=0.100%, Cr, Ni and Cu each £=2.000%,
Mo=0.500%, the balance being Fe and inevitable
impurities;

soaking or tempering at a temperature of between 300° C.
and a temperature 50° C. above the eutectoid tempera-
ture (A,) for at least 4 hours, optionally followed by
cooling down to room temperature, so as to form a
phase enriched with gammagenic and/or carbide-form-
ing elements, such as C and Mn, in a ferrite matrix;

heat treating above the aforementioned eutectoid tem-
perature (A,) and below the austenite formation tem-
perature (Aj) so as to form islands of austenite and/or
to enrich the austenite already formed with gamma-
genic elements, such as Mn; and

subsequently cooling down to room temperature in such
away as to obtain a final product having a ferrite matrix
containing islands of residual austenite.

12. The process as claimed in claim 11, wherein the
aforementioned tempering is carried out at a temperature
below the eutectoid temperature (A;) so as to form cement-
ite and to make carbide-forming elements, such as Mn,
diffuse into said cementite.

13. The process as claimed in claim 11, wherein the
aforementioned tempering is carried out at a temperature
above the eutectoid temperature (A,) so as to form austenite
and to make gammagenic elements diffuse into this auste-
nite.

14. The process as claimed in claim 11, wherein the
aforementioned tempering is followed, before the aforemen-
tioned heat treatment, by cooling down to room temperature
in such a way as to reduce the rate of enrichment of the phase
already enriched with gammagenic and/or carbide-forming
elements.

15. The process as claimed in claim 13, wherein the heat
treatment consists of continuous annealing at a temperature
of at most 900° C. for at most 5 minutes, so as to transform
the phase enriched with gammagenic and/or carbide-form-
ing elements into austenite, the chemical composition of
which corresponds approximately to that of the phase
enriched with gammagenic and/or carbide-forming ele-
ments, this annealing then being followed by rapid cooling,
for example at a rate of about 10° C. to 300° C. per second.

16. The process as claimed in claim 11, wherein the
aforementioned tempering is followed directly, without any
intermediate cooling, by said heat treating including bell
annealing for at least 2 hours, in such a way as to transform
the cementite into austenite, this heat treating then being
followed by cooling, for example at a rate of about 10° C.
to 40° C. per hour or quench-accelerated cooling, for
example at a rate of about 20° C. per minute.

Aug. 23,2001

17. The process as claimed in claim 11, comprising
cooling between the hot rolling and said soaking or temper-
ing.

18. The process as claimed in claim 17, wherein the
aforementioned cooling is followed by pickling and possibly
cold rolling before said heat treating.

19. The process as claimed in claim 11, wherein the heat
treating includes bell annealing followed by slow cooling,
for example at a rate of about 10° C. to 40° C. per hour or
quench-accelerated cooling, for example at a rate of about
20° C. per minute.

20. The process as claimed in claim 18, wherein the cold
rolling is followed by annealing at a temperature of between
the eutectoid temperature (A;) and the austenite transfor-
mation temperature (A), this annealing then being followed
by rapid cooling, for example at a rate of about 10° C. to
300° C. per second.

21. The process as claimed in claim 11, wherein the
aforementioned tempering is carried out in two successive
stages, a first stage at a temperature between 300° C. and the
eutectoid temperature (A;) and a second stage at a tempera-
ture of between the eutectoid temperature (A;) and a tem-
perature 50° C. above this temperature A;.

22. The process as claimed in claim 11, wherein the
aforementioned tempering or soaking and the aforemen-
tioned heat treating are carried out in a single operation at a
temperature A; and 50° C. above temperature A;.

23. The process as claimed in claim 11, wherein the hot
rolling is directly followed by the tempering either at a
temperature above the temperature A; and below the tem-
perature A;+50° C. or at a temperature below the tempera-
ture A;.

24. The process as claimed in claim 11, comprising
between the hot rolling and the aforementioned soaking or
tempering, cooling and coiling either at a temperature at
which the microstructure is composed of bainite and/or
martensite, or at a temperature below the temperature A, at
which the microstructure is composed of ferrite/pearlite or
ferrite/pearlite/bainite.

25. The process as claimed in claim 11, wherein the heat
treating is combined with or followed by forming a metal
coating, such as galvanizing or electrochemical metalliza-
tion.

26. The process as claimed in claim 14, wherein the heat
treatment consists of continuous annealing at a temperature
of at most 900° C. for at most 5 minutes, so as to transform
the phase enriched with gammagenic and/or carbide-form-
ing elements into austenite, the chemical composition of
which corresponds approximately to that of the phase
enriched with gammagenic and/or carbide-forming ele-
ments, this annealing then being followed by rapid cooling,
for example at a rate of about 10° C. to 300° C. per second.



