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ULTRA HIGH STRENGTH STEEL COMPOSITION,
THE PROCESS OF PRODUCTION OF AN ULTRA
HIGH STRENGTH STEEL PRODUCT AND THE
PRODUCT OBTAINED

FIELD OF THE INVENTION

[0001] The present invention is related to an ultra high
strength steel composition, to the process of production of an
ultra high strength steel product, and to the end product of
said process.
STATE OF THE ART

[0002] In the automotive industry there is a need for
weight reduction, which implies the use of higher strength
materials in order to be able 1o decrease the thickness of the
parts without giving up safety and functional requirements.
Ultra high strength steel (UHSS) sheet products having a
good formability can provide the solution for this problem.

[0003] Several documents are describing such UHSS
products. More  particularly, document DE19710125
describes a method for producing a highly resistant (higher
than 900 MPa) ductile steel strip with (in mass %) 0.1 to
0.2% C, 0.3 10 0.6% Si, 1.5 1o 2.0% Mn, max 0.08% P, 0.3
to 0.8% Cr, up to 0.4% Mo, up 10 0.2% Ti and/or Zr, up to
0.08% Nb. The material is produced as hot rolled strip.
However, a drawback of this process is that for small
thicknesses (e.g. smaller than 2 mm), the rolling forces
drastically increase, which poses a limit to the possible
dimensions that can be produced. The reason for this limit is
the very high strength of this material not only on the end
product but also at the temperatures in the finishing train of
the hot rolling mill. Also the high Si-content is well known
to provoke problems as 1o surface quality because of the
presence of Si-oxides which after pickling create a surface
wilh irregular and very high roughness. Moreover, in view
of corrosion prolection, hot dip galvanising of such a high
Si-containing substrate in general leads to insufficient sur-
face appearance or automotive applications, with moreover
a high risk on the presence of bare spots on the surface.

[0004] Document JPO9176741 describes the production of
a high toughness hot rolled steel strip excellent in homoge-
neity and fatigue characteristics. The steel has a composition
containing (in mass %), <0.03% C, <0.1% Al, 0.7 10 2.0%
Cu, 0.005 10 0.2% Ti, 0.0003 1o 0.0050% B and <0.0050%
N. The hot rolled product has a structure in which the
bainitic volume % is higher than 95% and the martensitic
volume % is <2%. Drawbacks of this invention are beside
the limited thicknesses that can be produced on a hot strip
mill as explained above also the use of a substantial amount
of Cu as alloying element. This element is only used for
particular products and is generally not wanted in compo-
sitions used for example in deep drawing steels, structural
steels and classical high strength steels for automotive
applications. Thus, the presence of Cu makes scrap logistics
and management in the steelmaking plant much more dif-
ficult if the majority of the product range contains grades
where Cu has to be limited to a low impurity level. More-
over, copper is known 1o largely deteriorate the toughness of
the heat-affected zone after welding and thus impairs the
weldability. It is also often associated with problems of hot
shoriness.

[0005] Document EP0019193 describes the method of
fabricating a dual phase steel containing mostly fine-grained
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ferrite with grains of martensite dispersed therein. The
composition comprises 0.05-0.2% C, 0.5-2.0% Si, 0.5-1.5%
Mn, 0-1.5% Cr, 0-015% V, 0-0.15% Mo, 0-0.04% i,
0-0.02% Nb. Production of said steel is by maintaining the
temperature of the coiled hot rolled steel strip within the
range of 800-650° C. for a time period of more than one
minute, uncoiling the steel strip and cooling the steel strip to
a temperature below 450° C. at a rate exceeding 10° C./s. It
is described that by changing the amount of martensite from
510 25% , the tensile strength can be varied between 400 and
1400 MPa and the elongation between 40 and 10% . The
drawbacks are again that only hot rolled products are
considered as well as the high Si-content which poses
problems for hot dip galvanising.

[0006] Document EP861915 describes a high toughness
high tensile strength steel and the method for manufacturing
it. The tensile strength is oot less than 900 MPa, and the
composition consists of (in mass % ) 0.02-0.1% C, Si<0.6%,
Mn 0.2-2.5%, 1.2<Ni<2.5%, 0.01-0.1% Nb, 0.005-0.03%
Ti, 0.001-0.006% N, 0-0.6% Cu, 0-0.8% Cr, 0-0.6% Mo,
0-0.1% V. Also addition of boron is considered. The micro-
structure of the steel may be a mixed structure of martensite
(M) and lower bainite (LLB) occupying at least 90 vol. % in
the microstructure, LB occupying at least 2 vol. % in the
mixed structure, and the aspect ratio of prior austenite grains
is not less than 3. The production of said steel consists in
heating a steel slab 1o a temperature of 1000° C, 10 1250° C;
rolling the steel slab into a steel plate such that the accu-
mulated reduction ratio of austenite at the non-recrystalli-
sation temperature zone becomes not less than 50%; termi-
nating the rolling at a temperature above the Ar3 point; and
cooling the steel plate from the temperature above the Ar3
point to a temperature of not greater than 500° C. al a
cooling rate of 10° C./sec to 45° C./sec as measured at the
centre in the thickness direction of the steel plate. Draw-
backs of this invention are the addition of a substantial
amount of Ni which is in classical carbon steelmaking plants
far from frequently used (posing the same scrap manage-
ment problems as Cu in the previous document cited) as well
as the limitation to hot rolling.

[0007] Document W09905336 describes an ultra high
strength weldable boron-containing steel with superior
toughness. The tensile strength is at least 900 MPa and the
microstructure is comprising predominantly fine-grained
lower bainite, fine-grained lath martensite, or mixtures
thercof. The composition consists of (in mass %) about
0.03% 10 about 0.10% C, about 1,6% to about 2. 1% Mn,
about 0.01% to about 0.10% Nb, about 0.01% to about
0.10% V, about 0.2% to about 0.5% Mo, about 0.005% 1o
about 0.03% Ti, about 0.0005 % to about 0.0020% B. The
boron-containing steel is further comprising at least one
additive selected from the group consisting of (i) 0 wt % to
about 0.6 wt % Si, (ii) 0 wt % to about 1.0 wt % Cu, (iii) 0
wt % to about 1.0 wt % Ni, (iv) 0 wt % to about 1.0 wt %
Cr, (v) 0wt % 10 about 0.006 wt % Ca, (vi) 0 wt % to about
0.06 wt % Al, (vii) 0 wit % to about 0.02 wt % REM, and
(viii) O wt % to about 0.006 wi % Mg. Again, the processing
is limited to hot rolling alone, followed by quenching to a
quench stop temperature and subsequent air cooling, The
cost of this analysis is also quite high in view of the large Mo
and V contents that are applied.
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Aims of the Invention

[0008] It is the aim of the present invention to provide an
ultra high strength steel (UHSS) product, produced by cold
rolling and annealing and possibly followed by electrolytic
zinc coating or hot dip galvanising, in order to have the
UHSS product available at low thicknesses which are not
possible or very difficult to produce by hot rolling.

[0009] It is a further aim to provide an ultra high strength
steel product, produced by hot rolling and pickling, which
can be hot dip galvanised, keeping still ultra high strength
properties in combination with a good corrosion protection.
SUMMARY OF THE INVENTION

[0010] The present invention is related to an ultra high
strength steel composition intended to be used in a process
comprising al least a hot rolling step, said composition being
characterised by the following contents

[0011]
[0012]
[0013]
[0014]
[0015]
[0016]
[0017]
[0018]

[0019] Tifactor=Ti-3.42N+10: between 0 ppm and
400 ppm

[0020] Nb: between 200 ppm and 800 ppm
[0021]
[0022]
[0023]

[0024] the remainder being substantially iron and inciden-
tal impurities.

C: between 1000 ppm and 2500 ppm
Mn: between 12000 ppm and 20000 ppm
Si: between 1500 ppm and 3000 ppm

P: between 100 ppm and 500 ppm

S: maximum 50 ppm

N: maximum 100 ppm

Al: maximum 1000 ppm

B: between 10 ppm and 35 ppm

Cr: between 2500 ppm and 7500 ppm
Mo: between 1000 ppm and 2500 ppm
Ca: between 0 and 50 ppm

[0025] Three specific embodiments are related to the same
composition, but having three different sub-ranges for car-
bon: respectively 1200-2500 ppm, 1200-1700 ppm and
1500-1700 ppm.
[0026] Likewise, two specific embodiments are related to
the same composition, but having the following sub-ranges
for phosphor: respectively 200-400 ppm and 250-350 ppm.
[0027] Finally, two more specific embodiments are related
to same composition, but having the following sub-ranges
for Nb: respectively 250-550 ppm and 450-550 ppm.
[0028] According to a further embodiment, the invention
is related to an ultra high strength steel composition intended
1o be used in a process comprising at least a hot rolling step,
said composition being characterised by the following con-
tents:
[0029]
[0030] Mun: between 12000 ppm and 20000 ppm
[0031] Si: between 1500 ppm and 3000 ppm

[0032]

C: between 1000 ppm and 2500 ppm

P: between 500 ppm and 600 ppm
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[0033]
[0034]
[0035]
[0036]

[0037] Tifactor=Ti-3.42N+10: between 0 ppm and
400 ppm

[0038]
[0039]
[0040]
[0041] Ca: between 0 and 50 ppm

[0042] the remainder being substantially iron and inciden-
tal impurities.

S: maximum 50 ppm

N: maximum 100 ppm

Al: maximum 1000 ppm

B: between 10 ppm and 35 ppm

Nb: between 200 ppm and 800 ppm
Cr: between 2500 ppm and 7500 ppm
Mo: between 1000 ppm and 2500 ppm

[0043] The invention is also related to said composition,
having between 500 ppm and 600 ppm phosphor and
wherein the range for carbon 1s between 1200 ppm and 2500
ppm. In a further embodiment of the same composition, the
range for carbon is between 1200 ppm and 1700 ppm. In a
further embodiment, the range for carbon is between 1500
ppm and 1700 ppm.

[0044] Likewise, in the composition having 500-600 ppm
phosphor, the range of Nb may be between 250 ppm and 550
ppm according to one embodiment, or between 450 and 550
ppm, according to another embodiment.

[0045] The invention is equally related to a process for
manufacturing an ultra high strength steel product, compris-
ing the steps of:

[0046] preparing a steel slab having a composition
according to the invention,

[0047] hot rolling said slab, wherein the finishing
rolling temperature is higher than the Ar3 tempera-
ture, to form a hot-rolled substrate,

[0048]

[0049] coiling said substrate at a coiling temperature
CT comprised between 450° C, and 750° C,,

[0050]

[0051] According to one embodiment, said coiling tem-
perature is higher than the bainite start temperature Bs.

cooling step to the coiling temperature,

pickling said substrate 1o remove the oxides,

[0052] The process of the invention may further comprise
the step of re-heating said slab to at least 1000° C. before
said hot rolling step.

[0053] According to a first embodiment ol the invention,
the process further comprises the steps of

[0054] soaking said substrate at a temperature
between 480° C. and 700° C., during less than 80 s,

[0055] cooling said substrate down to the tempera-
ture of a zinc bath at a cooling rate higher than 2°
C./s,

[0056]
bath,

[0057] final cooling to room temp at a cooling rate
higher than 2° C./s.

hot dip galvanising said subsirate in said zinc
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[0058] A hot rolled substrate according to the invention
may also be subjected to a skinpass reduction of maximum
2%. In stead of a hot dip galvanizing, the hot rolled subsirate
may be subjected 1o a step of electrolytic zinc coaling.

[0059] According to a second embodiment, the process
further comprises the steps of:

[0060] cold rolling said substrate to obtain a reduc-
tion of thickness,

[0061] anncaling said substrate up to a maximum
soaking temperature comprised between 720° C. and
860° C.,

[0062] cooling said substrate with a cooling rate
higher than 2° C./s down to a temperature of maxi-
mum 200° C.,

[0063] final cooling Lo room temperature at a cooling
rate higher than 2° C./s

[0064] Alternatively, in said second embodiment, said step
of annealing may be followed by:

[0065] cooling said substrate with a cooling rate
higher than 2° C./s down to a temperature of maxi-
mum 460° C.,

[0066] holding said substrate at said temperature of
maximum 460° C. for a time less than 250 s,

[0067] final cooling to room lemperature at a cooling
rate higher than 2° C./s,

[0068] According to a third embodiment, the process
further comprises the steps of:

[0069] cold rolling said substrate 1o obtain a reduc-
tion of thickness,

[0070] annealing said substrate up to a maximum
soaking temperature comprised between 720° C. and
860° C.,

[0071] cooling said substrate with a cooling rate
higher than 2° C./s to the temperature of a zinc bath,

[0072] hot dip galvanising said substrate in said zinc
bath,

[0073] final cooling to room temperature at a cooling
rate higher than 2° C/s.

[0074] A cold rolled substrate according 1o the invention
may also be subjected to a skinpass reduction of maximum
2%. In stead of a hot dip galvanizing, the cold rolled
substrate may be subjected to a step of electrolytic zinc
coating.

[0075] The invention is equally related 10 a steel produet
produced according to the process of the invention, com-
prising at least a bainitic phase and/or a martensitic phase,
and wherein the phase distribution is such that the sum of
bainitic and mariensitic phases is higher than 35%. In a
preferred embodiment, said steel product has a tensile
strength higher than 1000 MPa,

[0076] The invention is further related to a steel produet
produced according to the process of the invention compris-
ing a cold rolling step, said product having a yield strength
between 350 MPa and 1150 MPa, a tensile strength between
800 MPa and 1600 MPa, an elongation A8 between 5% and
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17%. Said product is preferably a steel sheet of which the
thickness may lic between 0.3 mm and 2.0 mm.

[0077] The invention is equally related to a sieel product
produced according to the process of the invention including
a hot rolling step but not a cold rolling step, said product
having a yield strength between 550 MPa and 950 MPa, a
tensile strength between 800 MPa and 1200 MPa, an ¢lon-
gation A80 between 5% and 17%.

[0078] A steel product according to the invention may
have a bake hardening BIH2 higher than 60 MPa in both
longitudinal and transversal directions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0079] FIG. 1 is describing the averall microstructure of
a hot rolled product according to the present invention.

[0080] FIG. 2 is describing an example of the detailed
microstructure of the product of FIG. 1.

[0081] FIGS. 3 and 4 are describing the microstructure of
a cold rolled and annealed product according to the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0082] According to the presents invention an ultra high
strength steel product is proposed, having the following
composition. Application of the broadest ranges which are
indicated, will be able, in combination with the right process
parameters, to result in products having a desired multi-
phase microstructure, good weldability as well as excellent
mechanical properties, for example a tensile strength
between 800 and 1600 MPa. The preferred ranges are related
o more narrow ranges of mechanical properties, for
example a guaranteed minimum tensile strength of 1000
MPa, or to more siringent requirements on weldability
(maximum of C-range, see next paragraph).

[0083] C: between 1000 ppm and 2500 ppm. A first
preferred sub-range is 1200-2750 ppm. A second preferred
sub-range is 1200-1700 ppm. A third preferred sub-range is
1500-1700 ppm. The minimum carbon content is needed in
order 1o ensure the strength level as carbon is the most
important element for the hardenability. The maximum of
the claimed range is related to weldability. The effect of C
on mechanical properties is illustrated by exemplary com-
positions A, B and C (tables 1,13,14,15).

[0084] Mn: between 12000 ppm and 20000 ppm, prefer-
ably between 15000-17000 ppm. Mn is added to increase the
hardenability at low cost and is limited 1o the claimed
maximum to ensure coatability. It also increases the strength
through solid solution strengthening.

[0085] Si: between 1500 ppm and 3000 ppm, preferably
between 2500-3000 ppm. Si is known to increase the rate of
redistribution of carbon in austenite and it retards auslenile
decomposition. It suppresses carbide formation and contrib-
utes to the overall strength. The maximum of the claimed
range is related to the ability to perform hot dip galvanising,
more particularly in terms of wettability, coating adhesion
and surface appearance.

[0086] P: according to a first embodiment of the invention,
the P content is between 100 ppm and 500 ppm. A first
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preferred sub-range is 200-400 ppm. A second preferred
sub-range is 250-350 ppm. P contributes to the overall
strength by solid solution strengthening and, like Si, it can
also stabilise the austenite phase before final transformation
occurs.

[0087] According to a second embodiment of the inven-
tion, the P content is between 500 and 600 ppm, in combi-
nation with ranges of the invention for the other alloying
clements mentioned in this description. Exemplary compo-
sitions D and E (tables 16/17) illustrate the effect of P on the
mechanical properties.

[0088] S: lower than 50 ppm. The S-content has 1o be
limited because a too high inclusion level can deteriorate the
formability;

[0089] Ca: between 0 and 50 ppm: the steel has 1o be
Ca-treated in order o have the remaining sulphur bound in
spherical CaS instead of MnS which has a detrimental effect
on deformability properties after rolling (clongated MnS
casily leads 1o crack initiation).

[0090] N lower than 100 ppm

[0091] Al between 0 and 1000 ppm. Al is only added for
desoxidation purposes before Ti and Ca are added so that
these elements are not lost in oxides and can fulfil their
intended role.

[0092] B: between 10 and 35 ppm, preferably between 20
and 30 ppm. Boron is an important element for the harden-
ability in order to be able 10 reach tensile strengths higher
than 1000 MPa. Boron shifts very effectively the ferrite
region towards longer times in the temperature-time-trans-
formation diagram.

[0093] Tifactor=Ti-3.42N+10: between 0 and 400 ppm,
preferably between 50 and 200 ppm. Ti is added (o bind all
N so that B can fully fulfil its role. Otherwise part of the B
can be bound into BN with a loss in hardenability as a
consequence. The maximum Ti-content is limited in order to
limit the amount of Ti-C containing precipitates which add
to the strength level but decrease formability too much.

[0094] Nb: between 2000 ppm and 800 ppm. A first
preferred sub-range is 250-550 ppm. A second preferred
sub-range is 450-550 ppm. Nb retards the recrystallisation of
austenite and limits grain growth through fine carbide pre-
cipitation. In combination with B it prevents the growth of
large Fe.;(UB), precipitates at the austenile grain bound-
aries so that B is kept free to perform its hardening influence.
Finer grains also contribute to the strength increase while
keeping good ductility properties up to a certain level.
Ferrite nucleation is enhanced due to cumulated strain in the
austenite under the temperature of non-recrystallisatlon of
the austenite. An increase of Nb above 550 ppm was found
not to, increase the strength level anymore. Lower Nb
contents bring the advantage of lower rolling forces, espe-
cially in the hot rolling mill, which increases the dimen-
sional window one sleelmaker can guarantee.

[0095] Cr: between 2500 ppm and 7500 ppm, preferably
between 2500 and 5000 ppm for hot dip galvanisability
reasons as Cr>0.5% is known to impair the wettability
through Cr-oxide formation at the surface. Cr decreases the
bainite start temperature and together with B, Mo and Mn
allows 1o isolate the bainite region.
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[0096] Mo: between 1000 ppm and 2500 ppm, preferably
between 1600 and 2000 ppm. Mo contributes to the strength,
decreases the bainite start temperature and decreases the
critical cooling rates for bainite formation.

[0097] The balance of the composition is being met by
substantially iron and incidental impurities.

[0098] The combination of B, Mo and Cr (and Mn) allows
1o isolate the bainite region which lor the hot rolled product
allows to obtain easily a microstructure with bainite as
principal constituent. In order to limit S at maximum 50 ppm
10 lower the amount of inclusions, and in order 1o prevent
MnS formation, the steel is Ca-treated. Remaining Ca and S
can then be found in spherical CaS which are much less
detrimental for deformability properties than MnS. Further-
more, Si is limited compared to existing steels, which
ensures galvanisability for hot-rolled as well as cold rolled
products having this composition.

[0099] The present invention is equally related to the
process for producing said steel product. This process com-
prises the steps of:

[0100] preparing a steel slab having a composition
according to the invention, such as defined above,

[0101] if necessary, reheating said slab to a tempera-
ture higher than 1000° C., preferably above 1200° C.
in order to dissolve the niobium carbides so that Nb
can fully play its role. Reheating of the slab can be
unnecessary if the casting is followed in line by the
hot rolling facilities.

[0102] hot rolling the slab, wherein the finishing
rolling temperature FT"at the last stand of hot rolling
is higher than the Ar3 temperature. Preferably lower
FT’s are used (but still above Ar3, e.g. 750° C.) if the
AS80 elongation (tensile test measurement according
to EN10002-1 standard) of the hot rolled coiled
product has to be increased without altering the
tensile strength. Compared to an FT of 850° C. a
10% relative increase of A0 can be obtained with an
FT of 750° C., but at the expense of higher finishing
rolling forces.

[0103] cooling to coiling temperature CT, preferably
by continuous cooling to the CT, typically at 40-50°
C./s. Stepwise cooling may be used as well.

[0104] hot rolling mill coiling of said substrate at a
coiling temperature CT comprised between 450° C.
and 750° C., where the coiling temperature has an
important influence on the mechanical properties of
both the hot rolled product as well as the product
after cold rolling and annealing (see examples). In all
cases the preferable minimum coiling temperature is
above 550° C. and higher than the bainite start
temperature, so that the bainite transformation
occurs completely in the coil. Bainite start tempera-
ture Bs is <550° C. for the composition of the
example, for cooling speeds after the finishing mill
higher than 6° C./min. A coiling temperature just
above the bainite start temperature (e.g. CT=570-
600° C.) does not pose any processing problems in
the hot rolling mill. Coiling at CT higher than Bs
ensures that the material transforms in the coil and
not on the runout table. The isolation of the bainite
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domain thus allows to increase the process robust-
ness and thus guarantees a higher stability of the
mechanical properties with regard to changes in
cooling conditions.

[0105] pickling the substrate to remove the oxides.

[0106] According o a first embodiment of the invention,
these steps are followed by

[0107] soaking the substrate at a lemperature
between 480° C. and 700° C., preferably at a tem-
perature below or equal to 650° C. and during less
than 80 s,

[0108] cooling down to the temperature of a zinc bath
at a cooling rate higher than 2° C./s,

[0109] hot dip galvanising of the hot rolled substrate,

[0110] cooling down to room temp at a cooling rate
higher than 2° C./s,

[0111] possibly, a skinpass of maximum 2%.

[0112] This hot dip galvanising of the hot rolled produet
may be done if the thickness is high enough to produce the
material by hot rolling alone, providing a hot dip galvanised
hot rolled end product.

[0113] According to a second embodiment, the pickling
step is followed by:

[0114] cold rolling to obtain a reduction of thickness,
for example 50%,

[0115] annealing up (o a maximum soaking tempera-
ture comprised between 720° C. and 860° C.,

[0116] cooling with a cooling rate higher than 2° C./s
down 1o a temperature of maximum 200° C.,

[0117] final cooling to room temperature at a cooling
rate higher than 2° C./s. Alternatively, the cooling
down after the annealing step may be performed at a
cooling rate higher than 2° C.Js to a so called
averaging temperature of 460° C. or less. In this case,
the sheet is held at this temperature for a certain time,
typically 100-200 s, before proceeding 1o final cool-
ing to room temperature.

[0118] According to a third embodiment, the pickling step
is followed by:

[0119] cold rolling the substrate to obtain a reduction
of thickness, for example of 50%,

[0120] annealing up to a maximum soaking lempera-
ture comprised between 720° C. and 860° C.,

[0121] cooling with a cooling rate higher than 2° C./s
to the temperature of a zinc bath,

[0122] hot dip galvanising,
[0123] final cooling to room temperature,

[0124] Both the processes according to the second and
third embodiment may be followed by a skinpass reduction
of maximum 2%. The thickness of the steel substrates of the
invention after cold rolling can be lower than 1 mm accord-
ing to the initial hot rolled sheet thickness and the capability
of the cold rolling mill to perform the cold rolling at a
sufficiently high level. Thus, thicknesses between 0.3 and
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2.0 mm are feasible. Preferably no stretch leveller/skinpass
is used in order to have a lower Re/Rm ratio and higher
strain hardening potential of the material.

[0125] The preferable maximum soaking temperature dur-
ing the annealing step is dependent on the applied coiling
temperature and aimed mechanical properties higher coiling
temperatures lead to softer hot bands (increasing the maxi-
mum amount of cold rolling reduction that can be given on
a particular cold rolling mill) and for the same soaking
temperature and cooling rate to lower tensile strength levels
(see examples). For the same coiling temperature, a higher
soaking temperature will in general increase the tensile
strength level with the other processing parameters kept
conslant.

[0126] In case the product is not hot dip galvanised, an
clectrolytic Zn coating can be applied to increase the cor-
rosion protection.

[0127] The resulting product, hot rolled or cold rolled, has
a multiphase structure with ferrite, martensite and different
types of bainite possible, and possibly some retained auste-
nite present at room temperature. Specific mechanical prop-
erties as a function of processing parameter values are given
in the examples.

[0128] For coiling temperatures below 680° C., the hot
rolled products showed in all laboratory experiments and
indusirial trials that were performed a continuous yielding
(yielding behaviour without presence of a vield point elon-
gation or Luders strain), and this without application of a
skinpass.

[0129] Also the cold rolled product showed in all experi-
ments and trials a continuous yielding behaviour but with a
generally lower yield strength 1o lensile strength ratio
Re/Rm than the hot rolled product (typically, the cold rolled
product has an Re/Rm between 0.40 and 0.70, and the hot
rolled product an Re/Rm between 0.65 and 0.85). This
means that the material is characterised by a high strain
hardening: the initial forces necessary to start plastic defor-
mation can be kept quite low which facilitates the initial
deformation of the material, but the material already reaches
high strength levels due to the high work hardening afier
some % of deformation.

[0130] The final cold rolled product exhibits an ultra high
strength in combination with a good ductility non-coated,
clectrolytically coated or hot dip galvanised materials with
yield strengths Re between 350 MPa and 1150 MPa, tensile
strengths Rm between 800 MPa and 1600 MPa and elon-
gations A80 between 5% and 17% can be produced accord-
ing to the specific values of the process parameters, and this
for thicknesses even lower than 1.0 mm which are not
possible 1o be reached by hot rolling alone in usual current
hot rolling mills (mechanical properties measurements
according 1o the standard EN10002-1). Cold rolled ulira
high strength steels (based on other compositions) which are
on the market today and which exhibit a tensile sirength Rm
higher than 1000 MPa in general cannol be hot dip galva-
nised in view of e.g. their high Si-content or show for the
same strength level lower elongations than the results
obtained with the product of invention.

[0131] Moreover, the product of invention exhibits a very
large bake hardening potential: the BH, values exceed 30
MPa in both transverse and longitudinal directions and BH,
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exceeds even 100 MPa in both directions (BH, and BH,
measured according to the standard SEW094). This means
that for body-in-white applications during the paint baking
the material will even get a higher yield strength so that the
rigidity of the structure increases.

[0132] The different hot rolled microstructures as obtained
after coiling as a function of the applied coiling temperatures
all allow to perform cold rolling without crack introduction.
This was not expected beforehand in view of the ultra high
strength of the material and the lower deformability as a
consequence of said ultra high strength.

[0133] Concerning process robustness, it is remarkable to
note that the cooling rate after annealing can be as low as 2°
C./s, whilst still providing ultra high strength properties.
This means that a large variation In dimensions can be
produced with quite constant properties (see cxamples) since
the dimensions determine in most cases the maximum line
speeds and the maximum cooling rates after annealing. In
classical high strength or ulira high strength steels with e.g.
dual phase structures consisting of ferrite and martensite,
higher cooling rates have usually to be applied (typically
20-50° C./s), and the dimensional range that can be pro-
duced with one single analysis is more limited.

[0134] For larger thicknesses where cold rolling is not
necessary, the hot rolled pickled product itself can be hot dip
galvanised keeping still ultra high strength properties but
with the advantage of belter corrosion protection. Properties
of the non-coated pickled hot rolled product coiled at e.g.
CT=585° C. and without skinpass or stretch leveller further
processed are typically Re 680-770 MPa, Rm 1060-1090
MPa and A80 11-13%, whereas after passing the hot rolled
substrate through a hot dip galvanising line (with the soak-
ing zone al e.g. 650° C.), the properties are still Re 800-830
MPa, Rm 970-980 MPa and A80 10% (mechanical proper-
ties measurements according 1o the standard EN10002-1).

[0135] The different drawbacks deseribed above as to the
compositions described in state of the art publications are
not encountered when the composition of the present inven-
tion is applied: costs are limited due to restricted use of Mo
and elimination of V, more unusual elements in classical
carbon (non-stainless) steelmaking like Cu and Ni are not
used, and most importantly, Si is limited in order (o ensure
the hot dip galvanisability. The surface appearance of the hot
dip galvanised hot rolled steel of the present invention is
sufficient for automotive unexposed applications whereas
substrates with higher Si-contents in general lead to insuf-
ficient surface appearance for automotive applications, with
moreover a higher risk on the presence of bare spots on the
surface.

[0136] Concerning the weldability of the ultra high
strength steels of the present invention, spot welding (e.g.
evaluated according to the standard AFNOR A87-001 with
cross tension tests) and laser welding results proved a
satisfying weldability although it is an ultra high strength
steel of which problems were a priori expected.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS—EXAMPLES
1. Example Composition A

[0137] Table 1 shows a first example of a composition of
an industrial casting of the ultra high strength steel product
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according to the present invention. It is to noted that in what
follows, all mentioned tensile test mechanical properties are
measured according to the standard EN10002-1, and bake
hardening values according to the standard SEW094,

[0138]
[0139] The processing steps were:

1.1 Hot Rolled Product—Composition A

[0140] Slab reheating between 1240-1300° C.

[0141] Hot rolling mill finishing between 880-900°
C.

[0142] Coiling temperature between 570-600° C.

[0143] Pickling

[0144] No skinpass or stretch leveller

[0145] The mechanical properties at different positions in
the coil of the resulting non-coated pickled product are
summarized in Table 2. As can be seen the product is very
isotropic in its mechanical properties.

[0146] Bake hardening properties after 0 and 2% uni-axial
pre-strain of the resulting product are given in Table 3.

[0147] After passing the material through a hot dip gal-
vanising line with a soaking section at a temperature
between 600-650° C. where the material is kepl between
40-80 s before cooling down to the zine bath temperalure
and hot dip galvanising, the mechanical properties were Re
800-830 MPa, Rm 970-980 MPa and A80 9.5-10.5%, the
differences with the non-coated product being due to a slight
change in microstructure (carbide precipitation).

[0148] The microstructure of the hot rolled product typi-
cally consisted of the phases, described in table 4. Typical
microstructures corresponding with the material as charac-
terised in Table 4 are given in FIGS. 1 and 2.

[0149] FIG. 1 is describing the overall microstructure of
the hot rolled product according to the present invention,
processed at 570-600° C. coiling temperature. After etching
with the so called Le Pera etchant the light coloured region
in the optical micrograph is martensite as being proved after
X-ray diffraction measurements.

[0150] FIG. 2 is describing an example of the detailed
microstructure of the product of FIG. 1, on a scanning
¢lectron microscope photograph. The encircled zones 1
represent martensite, while the grey area 2 represents upper
bainite.

[0151] A change in coiling temperature from 570-600° C.
(where the mechanical properties are almost constant) to
about 650° C. led to the following changes in mechanical
properties: Re 600 MPa, Rm 900 MPa and A80 14-15%.

[0152] 1.2 Cold Rolled Product—Composition A

[0153] Further processing of the hot rolled product, with
varying the coiling temperature CT, led to the cold rolled
product properties, shown in tables 5 to 12 (all thicknesses
1 mm, 50% cold rolling reduction):

[0154] The microstructures of the cold rolled products are
dependent on coiling temperature, soaking temperature and
cooling rate (and cold rolling reduction). Thus, the %
distribution of ferrite, bainite and martensite is a function of
these parameters but in general it can be noticed that for
reaching tensile strengths higher than 1000 MPa, the sum of
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bainitic and martensitic constituents is more than 40% in an
optical micrograph (500x magnification in order to be
sufficiently representative).

[0155] Examples of typical final cold rolled and annealed
microstructures are given in FIGS. 3 and 4.

[0156] FIG, 3 is describing the microstructure (LePera
ctchant) at 500x magnification of a cold rolled and annealed
product according to the present invention, processed al
550° C. coiling temperature, 50% cold rolling reduction,
780° C. maximum soaking temperature and a subsequent
cooling rate of 2° C./s, resulting in a microstructure of 38%
martensite, 9% bainite and 53% ferrite. Mechanical proper-
ties related to this structure can be found in Table 7.

[0157] FIG. 4 is describing the microstructure (LePera
etchant) at 500x magnification of a cold rolled and annealed
product according to the present invention, processed al
720° C. coiling temperature, 50% cold rolling reduction,
820° C. maximum soaking temperature and a subsequent
cooling rate of 100° C./s, resulling in a microstructure of
48% martensite, 4% bainite and 48% ferrite. Mechanical
properties related to this structure can be found in Table 6.
In FIG. 4, three phases can be recognized: the darker grey
areas 5 are ferrite, the lighter grey areas 6 are martensite, and
the dark black areas 7 are bainite.

[0158] Considering the ultra high strength level of the
malterials, especially those in the range with a tensile
strength higher than 1000 MPa, some combinations of
processing paramelers show an exceptionally good deform-
ability even up to 14-15%.

2. Example Compositions B/C

[0159] Table 13 describes two additional castings in terms
of composition, of a UHSS steel of the invention. The
compositions are referred to as B and C. Slabs made of the
compositions A and B underwent the following steps, yield-
ing steel sheets according to the invention:

[0160] hot rolling, finishing temperature above Ar3
[0161] coiling at 630° C.,

[0162] pickling,

[0163] cold rolling with 50% reduction to 1.6 mm

[0164] anncaling up to a maximum soaking lempera-
ture of 820° C.
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[0165] cooling at 10° C./s to the zinc bath tempera-

ture,
[0166] hot dip galvanizing,
[0167] cooling to room temperature

[0168] Slabs made of composition C got a similar pro-
cessing but with 60% cold rolling reduction to 1.0 mm and
after cooling lo room lemperature an extra skinpass between
0 and 1%.

[0169] The mechanical properties of the 3 hot dip galva-
nised steel sheets with compositions A, B and C are shown
in lables 14 and 15. These examples prove the influence of
the carbon-content on the mechanical properties. Lower
carbon contents result in a lower carbon equivalent which is
well known to be beneficial for welding.

3. Example Compositions D/E

[0170] Finally, table 16 shows the compositions, labelled
D and E of two more castings according 1o the invention.
Slabs having these composilions were subjected to the
following steps:

[0171] hot rolling, finishing temp. above Ar3, to a
thickness of 2 mm,

[0172] coiling at 550° C.

[0173] pickling

[0174] The mechanical properties of the hot rolled product
(non-coated) , measured according to EN10002-1 are shown
in table 17. Apparently, the sheet having composition E (520
ppm P) has a much increased tensile strength Rm, compared
1o the sheet having composition D (200 ppm P), while the
clongation AB0% has remained unchanged. Considering the
fact that the other elements, besides P, are represented by
similar amounts in both castings D and E, the considerable
rise in strength properties, whilst keeping a fixed elongation
value, is contributed to the rise in amount of phosphor in
composition E, compared 1o composition D.

[0175] It is known that other elements which give a
strengthening effect, such as Ti, Nb or Mo, do tend to have
a negative impact on the elongation. Therefore, one pre-
ferred composition of the present invention requires a mini-
mum phosphor amount of 200 ppm, in order to guarantee the
desired mechanical properties.

TABLE 1

Code C

composition A (ppm) of the ultra high strength steel product

according to the present invention

Mn Si E s N Al B Ti Nb Cr Mo Ca

A 1650

15790 2810 310

28 69 328 25 283 492 4940 1980 26

10
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[0176]
TABLE 2
mechanical properties of the hot rolled, pickled. uncoated
ultra high strength steel product, composition A, according
to the present invention. Thickness 2.0 mm.
Longitudinal direction transverse direction
Ry RJ Ryl
MPa R,/MPa A% Agp/% n,, MPa MPa A% Ag/% 1,
Position 1 724 1080 9 12 0.127 755 1066 8 0.122
Position 2 688 1069 9 13 0.142 719 1069 9 0.134
Position 3 682 1069 9 13 0.141 723 1068 8 0.128
[0177) [0180]

TABLE 3

bake hardening properties of the hot rolled, pickled,
uncoated ultra high strength steel product, composition A,

TABLE 6

Tmax soaking: 820° C., Cooling mate: 100° C./s
1o room lemperature.

according o the present invention. Thickness 2.0 mm. CT (" C.) Re(MPa) Rm (MPa) A% Re/Rm
o 720 441 1006 14 0.44
Longitudinal transverse 680 082 1483 7 0.66
550 1137 1593 5 0.71
BHy/ BH./ BH/ BH./
MPa MPa MPa MPa
[0181]
Position 1 56 101 38 109
Hon 2 36 ) ™ =y
POSflIIDTl 2 39 104 32 114 TABLE 7
Position 3 49 114 35 120
Tmax soaking: 7807 C., Cooling rate: 2° Cjs
10 room lemperature.
[0178] Cr(°c) Re (MPa)  Rm (MPa) A% Re/Rm
= 680 538 1140 7 0.46
TABLE 4 550 067 1338 7 0.50
typical phase distribution of the hot rolled ultra high strength
steel product, composition A, processed at a coiling
temperature between 5706007 C. The retained austenile [0]82]
fraction was <1%. Samples taken at different positions
over the coil length.
TABLE &
Sample 1 Sample 1  Sample 2 Sample 2 . . )
Phase % cdge mid edge Mid Tmax soaking: 8207 C., Cooling rate: 2° C./s
1o room temperture.
Ferrite a8 =4 =8 =4
Bainite without 75 70 74 76 CT(*C) Re (MPa) Rm (MPa) A% Re/Rm
cemenlite =
Upper bainite with 4 s 4 3 720 438 993 15 0.44
cementite 680 555 1170 12 0.49
Martensite + retained 13 21 14 17 550 756 1304 9 0.58
austenite (<1%)
[0183)
[0179]
TABLE 9
TABLE 5 —— - -
Tmax soaking: 780° C., Cooling rate: 100" C/s,
Tmax soaking: 780" C., Cooling rate: 100 C.fs to overaging 150 s at 400° C.
room temperature.
CT(>C) Re (MPa) Rm (MPa) A% Re/Rm
CT{¢C 3 " A ¥ o, /)
s i el 0 | Re (MPa) Rm (MPa) A% Re/Rm 720 400 453 14 0.4
550 770 1486 7 0.52 680 51 1039 8 0.49
550 464 1057 11 .44

11
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[0184] [0188]
TABLE 10
Tmax soaking: 820° C., Cooling rate: 100° C.fs, TABLE 14
overaging 150 s at 400° C.
cr°c) Re (MPa) Rm (MPa) A% Re/Rm mechanical properties according to EN10002-1 of
70 494 011 1 0.54 cold rolled, hot dip galvanized steel sheets having
680 705 1103 8 0.64 compaositions A and B, in longitudinal direction,
550 831 1229 [ 0.68 5
thickness 1.6 mm
[0185] Code Re (MPa) Rm (MPa) AS0%
TABLE 11 587 1156 12.5
Tmax soaking: 780° C., Cooling rate: 10° C./s, B 571 16 13
n\-‘cmging 150 s from 450—=380° C.
Ccr(°c) Re (MPa)  Rm (MPa) A% Re/Rm
[0189]
720 308 917 15 .43
680 472 1008 & 0.47
550 558 1141 7 0.49
[0186] TABLE 15
TABLE 12 mechanical properties according to EN10002-1 of
- : = cold rolled, hot dip galvanized steel sheets having
Tmax soaking: 820" C., Cooling rate: 10" C/js,
overaging 150 s from 450-=380° C. composition C, in longitudinal direction, thickness
1.0 . ressed with a ski 3
CT("C)  Re(MPa) Rm(MPa) A% Re/Rm T, prosesset witla kippass
between 0 and 1%.
720 457 909 13 .50
680 652 1146 11 0.57
550 760 1240 8 0.61 Code Re (MPa) Rm (MPa) ABD%
. . . c S10-680 1080=1180 11-14
[0187] Tables 5 to 12: mechanical propertics of the cold

rolled and annealed/hot dip galvanised ulira strength steel

product, composition A, according to the present invention.
Thickness 1.0 mm.

[0190]

TABLE 13

compositions B and C (ppm) of the ultra high strength

steel product according to the present invention

Code C Mn Si P S N Al B Ti Nb Cr Mo Ca

B 1500 15900 2600 300 19 60 470

21 340 540 2800 2000 18
C 1400 15900 2700 280 22 32

3600 21 200 370 3200 1800 25

12
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TABLE 16
compositions D and E (ppm) of the ultra high strength
steel product according to the present invention.

Code C Mn Si P S N Al B Ti Nb Cr Mo Ca

D 1610 16000 2600 200 23 42 410 21 230 610 4300 2000 22

E 1620 16500 2800 520 40 42 450 22 240 480 4800 1900 30
[0191] 10, The composition according to claim 1, wherein the

amount of niobium is between 450 ppm and 550 ppm.

TABLE 17 11. A process for manufacturing an ultra high strength

mechanical properties according to EN10002-1 of
hot rolled steel sheets having eompositions [ and
E. transverse direction. thickness 2 mm.

Code Re (MPa) Rm (MPa) ASD%
] 736 1061 10
E 781 1199 9.9

1. An ultra high strength steel composition intended to be
used 10 a process comprising at least a hot rolling siep, said
composition being characterised by the following contents:

C: between 1000 ppm and 2500 ppm
Mn: between 12000 ppm and 20000 ppm
Si: between 1500 ppm and 3000 ppm

P: between 100 ppm and 600 ppm

S: maximum 50 ppm

N: maximum 100 ppm

Al: maximum 1000 ppm

B: between 10 ppm and 35 ppm
Tifactor=Ti-3.42N+10: between 0 ppm and 400 ppm
Nb: between 200 ppm and 800 ppm

Cr: between 2500 ppm and 7500 ppm
Mo: between 1000 ppm and 2500 ppm
Ca: between 0 and 50 ppm

the remainder being substantially iron and incidental
impurities.

2. The composition of claim 1, wherein the amount of
carbon is between 1200 ppm and 2500 ppm.

3. The composition of claim 2, whercin the amount of
carbon is between 1200 ppm and 1700 ppm.

4. The composition of claim 3, wherein the amount of
carbon is between 1500 ppm and 1700 ppm.

5. The composition according to claim 1, wherein the
amount of phosphor is between 100 ppm and 500 ppm.

6. The composition according to claim 1, wherein the
amount of phosphor is between 500 ppm and 600 ppm.

7. The composition according to claim 5 wherein the
amount of phosphor is between 200 ppm and 400 ppm.

8. The composition according claim 7, wherein the
amount of phosphor is between 250 ppm and 350 ppm.

9. The composition according to claim 1. wherein the
amount of niobium is between 250 ppm and 550 ppm.

steel product, comprising the steps of:

preparing a steel slab having a composition according o
any one of claims 1 to 10,

hot rolling said slab, wherein the finishing rolling tem-
perature is higher than the Ar3 temperature, to form a
hot-rolled substrate,

cooling step to the coiling temperature CT,

coiling said substrate at a coiling temperature CT com-
prised between 450° C. and 750° C.,

pickling said substrate 1o remove the oxides.

12. The process according to claim 11, wherein said
coiling temperature CT is higher than the bainite start
temperature Bs.

13. The process according to claim 11, further comprising
the step of re-heating said slab to at least 1000° C. before
said hot rolling step.

14. The process according to claim 11, further comprising
the steps of:

-

soaking said substrate at a temperature between 480° C.
and 700° C., during less than 80s,

cooling said substrate down to the temperature of a zinc
bath at a cooling rate higher than 2° C./s,

hot dip galvanising said substrate in said zinc bath,

final cooling to room temperature al a cooling rate higher
than 2° C./s.

15. The process according to claim 11, followed by a step
ol skinpass reduction of said subsirate, with a maximum
reduction of 2%.

16. The process according to claim 11 followed by a step
of electrolytic zinc coating.

17. The process according to claim 11, further comprising
the steps of:

cold rolling said substrate to obtain a reduction of thick-
ness,

annealing said substrate up 10 a maximum soaking tem-
perature comprised between 720° C. and 860° C.,

cooling said substrate with a cooling rate higher than 2°
C./s down 1o a temperature of maximum 200° C.,

final cooling to room lemperature al a cooling rate higher
than 2° C/s.

18. The process according to claim 11, further comprising

the steps of

cold rolling said substrale to obtain a reduction of thick-

ness,

13
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annealing said substrate up to a maximum soaking lem-
perature comprised between 720° C. and 860° C.,

cooling said substrate with a cooling rate higher than 2°
C./s down 1o a temperature of maximum 460° C.,

holding said subsirate at said temperature of maximum
460° C. for a time less than 250 s,

final cooling to room temperature at a cooling rate higher
than 2° C./s.
19. The process according to elaim 11, further comprising
the steps of:

cold rolling said substrate to obtain a reduction of thick-
ness,

annealing said substrate up to a maximum soaking tem-
perature comprised between 720° C. and 860° C.,

cooling said substrate with a cooling rate higher than 2°
C./s to the temperature of a zine bath,

hot dip galvanising said substrate in said zinc bath,
final cooling to room temperature at a cooling rate higher

than 2° C./s.

20. The process according to claim 17, followed by a step
of skinpass reduction of said substrate, with a maximum
reduction of 2%.
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21. The process according to claim 17 followed by a step
of electrolytic zine coaling.

22. A steel product produced according to the process of
claim 11, comprising at least a bainitic phase and/or a
martensitic phase, and wherein the phase distribution is such
that the sum of bainitic and martensitic phases is higher than
35%.

23. A steel product according to claim 22, wherein the
tensile strength is higher than 1000 MPa.

24. A steel product produced according to the process of
claim 17, having a yield strength between 350 MPa and 1150
MPa, a tensile strength between 800 MPa and 1600 MPa, an
clongation A80 between 5% and 17%.

25. A steel product according to claim 24, said product
being a steel sheet of thickness between 0.3mm and 2.0 mm.

26. A steel produet produced according to the process of
claim 11 having a yield strength between 550 MPa and 950
MPa, a tensile strength between 800 MPa and 1200 MPa, an
elongation A80 between 5% and 17%.

27. A steel product according to claim 22, having a bake
hardening BH2 higher than 60 MPa in both longitudinal and
transversal directions.
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