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HOT FORMABLE, AIR HARDENABLE, WELDABLE, STEEL SHEET

CROSS-REFERENCE TO RELATED APPLICATIONS
This Application claims the bencfit under 35 U.S.C. 119(e) of U.S. Provisional Application
No. 61/935,948 filed February 5, 2014,
FIELD OF THE INVENTION

The present invention relates to steel sheet. In particular, the present invention 10 relates to
steel sheet that can be hot formed into parts having uniform, very high tensile strength and
high weldability.

BACKGROUND OF THE INVENTION

Modern vehicles contain an increasing portion of high-strength and ultra-high-strength steels
in order to improve passenger safety and reduce vehicle weight. The configuration of many
formed vehicle body parts prevents the use of cold formed advanced high-strength steels. As a
result, hot forming followed by quenching to a martensite condition has become a popular
means for producing ultra-high-strength steel parts.

Special steels are used for hot stamping to ensure necessary hardenability to fit
operational parameters. Many of these special steels are designed for quenching in water
cooled dies.

An example of such a hot stamping steel is USIBOR™, which contains (in % by
weight or wt%) 0.15-0.25%C, 0.8-1.5%Mn, 0.1-0.35%Si, 0.01-0.2%Cr, less than 0.1%T1, less
than 0.1°/0A1, less than 0.05%P, less than 0.03%S, and 0.0005-0.01%B. This chemistry is
encompassed by the steel disclosed in U.S. Patent No. 6,296,805. In this chemistry Ti and B
are necessary to achieve high mechanical properties after hot pressing in a water cooled die.

The manufacture of high-strength parts from USIBOR™. is described in U.S. Patent
No. 6,564,604. The process includes heating hot rolled or cold rolled blanks above 700°C in a
furnace, transferring heated blanks to dies, press forming the blanks in the die and keeping the
water cooled die, with the formed blank in it, closed until the part reaches room temperature.
Rapid cooling in the water cooled die, i.e. quenching, is necessary to obtain the martensite
structure and hence high strength. The quenched steel might have been coated with Zn or Al-
Si prior to heat treating for hot stamping via a continuous hot dip coating process to protect

the steel substrate from oxidation during hot stamping and from subsequent corrosion attack.
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Although USIBOR™ is widely used for hot stamping and can achieve a tensile
strength of 1500 MPa after quenching in a water cooled die, USIBOR'™ has a number of
disadvantages. One disadvantage is that USIBOR™ containing 0.25 wt% C has poor
weldability. In addition, the microstructure of USIBOR™ is highly sensitive to cooling rate
and displays ferrite or bainite formation if cooling rates in the water cooled die are slow,
hence uniform distribution of strength across hot stamped parts may not be guaranteed.

Furthermore, the hot stamping process using USIBOR™

is generally long and the
productivity of the expensive equipment used for hot stamping is relatively low. Moreover,
the ductility (e.g, elongation) of USIBOR™ having a tensile strength greater than 1500 MPa

is relatively low.

Air hardening steels are also well known. For example, W020061048009 discloscs ait-
hardenable steel containing, in mass%, 0.07-0.15% C, 0.15-0.30% Si, 1.60-2.10% Mn, 0.5-
1.0% Cr, 0.30-0.60% Mo, 0.12-0.20% V, 0.010-0.050% Ti and 0.0015-0.0040% B. The steel
can be readily welded and galvanized. It exhibits high strength, e.g., a yield strength of 750-
850 MPa and a tensile strength of 850-1000 MPa. However, the steel has the disadvantage of

using large amounts of expensive elements such as Mo and V.

Patent application publication DE 102 61 210 Al describes another air-hardenable steel
alloy for the production of automobile parts in a hot pressing process. The alloy contains, in
mass%, 0.09-0.13% C, 0.15-0.3% Si, 1.1-1.6% Mn, max 0.015% P, max 0.011% S, 1.0-1.6%
Cr, 0.3-0.6% Mo, 0.02-0.05% Al and 0.12-0.25% V. When the steel is quenched in a die an
upper bainite structure can be obtained without additional quenching. The steel exhibits a
yield strength of 750-1100 MPa, a tensile strength of 950-1300 MPa, and an elongation of 7-
16%. One disadvantage of this steel is the necessity of using a large amount of expensive Mo

and V.

Unexamined Japanese Patent Application No. 2006-213959 provides a method for
manufacturing hot press, high-strength, steel members with excellent productivity. The
method uses steel sheet that contains, in mass %, 0.05 to 0.35% C. 0.005 to 1.0% Si, 0 to
4.0%Mn, 0 to 3.0% Cr, 0 to 4.0% Cu, 0 to 3.0% Ni, 0.0002 to 0.1% B, 0.001 to 3.0% Ti, <
0.1% P, <0.05% S, 0.005 to 0.1% Al and <0.01% N, with the balance Fe and inevitable

CA 2938851 2017-12-06



impurities, where Mn+Cr/3.1+(Cu+Ni)/1.4 > 2.5%. The steel sheet is heated at 750-1300°C
for 10-6000 seconds, and then is press-formed at 300°C or
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more.  After pressing, the molded product is removed from the mold and s cooled
from 1200-11067C down to 5-40°C at a cooling speed of §.1°C/second or more to
yicld members having a martensite structure of 60% or more in area ratio. By this
method, the step of quenching in the press mold can be ehminated. The members
obtained have litile matenal gquality variation intersally, and the shape of the members
is good, with excellent uniformity.

Unexamined Japanese Patent Application No, 2006-212663 provides a method
of anufacturing hot press high-sirength steel members of excellent ﬁnmability, The

wethod uses stecl sheet that containg, in mass%, 0.05 10 0.35% €, 0,005 t0 1.0% S, 0

10 4.0% Mn, 0 to 3.0% Cr, 0 1o 4.0% Cu, 0 to 3.09 Ni, 0.0002 to 0.1% B, 0.601 t©
3.0%TL < 0.1% P, € 0.053% S, 0.005 to .1% Al and < $.81% N, with a balance of
Fe and inevitable impuarities, where Mu+Cr/3 1+ Cu+Niy/1.4 > 2.5, The steel shest is
heated to 750-1300°C, s kept there for 10-6000 sceonds, and then is press-formed
two or oore times at 300°C to yield members having a martensite structure of 6055 or
more in area ratio. The resulting members exhibit high-strength and Little variability
in fnternal material guality.

The tensile strength of steel is known to increase with C content, However, an
merease i O content decreases weldabihity.

A nced cxasts for a hot-formable, air-hardenable, high-strength, steel shect that
does not inchude large amounts of expensive elements, such as Mo, and, in addition to

having litle inlernal variability in tensile sirength, exhibits excellent weldability.

SUMMARY OF THE INVENTION

The present invention provides a high tensile s ith (800-1400 MPa) steel
sheet contaming (in wi%) 0.04<0 C< .30, 3.5< Mn< 4, 0< (r< 4, 2.7< Mn+(r< 5,
80.003< Nb< 0.1, 8.015< Al 0.1 and 0.05< 8i< 1.0. Optionally, the steel sheet can
contain one or more of Ti< 0.2, V< 0.2, Mo<0.3 and B< 0.015. Following
austenization at or above Ags +20°C, the steel sheet can be hot formed in a die and
can be cooled in the die, or In a cooling medium such as air, nitrogen, oil or water.
The chemistry of the steed, particalarly the content of Mn+Cr of from 2.7 and 5 wit%,
makes the formed sheet insensitive to cooling rate and ensures a uniform distribution
of strength across parts independent of the tdme delay between operations and final

coohing/quenching. A Nb content from $.003 to 0.1 wi%6 makes the tensile strength

1ess sensitive to the amount of C and reduces the amount of C needed for same tensile
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strength. Furthermore, since a reduction in C improves weldability, the addition of Nb
achieves the same high tensile strength as C alone but with improved weldability. Coating the
steel sheet with a coating of Zn, Al or Al alloy can improve the corrosion resistance of the
steel sheet.

The present invention also provides a steel sheet consisting of, in weight%, 0.04< C<
0.30, 0.5 Mn=4, 0< Cr< 4, 2.7< Mn+Cr< 5, 0.003< Nb< 0.1, 0.015< AI< 0.1, and 0.05< Si<
1.0, the balance being Fe and unavoidable impurities; wherein the steel sheet has a
microstructure consisting of up to 10 area% bainite, with the remainder being martensite; and

wherein the steel sheet has a tensile strength in the range of 800-1400 MPa.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments of the invention will be described in detail, with reference
to the following figures, where:

FIG. 1 shows the change in tensile strength (MPa) with C for various steel sheet
compositions when the amount of C ranges from 0.06 to 0.12 wt%, with and without Nb
addition;

FIG. 2 shows the change in tensile strength (MPa) with C for various steel sheet
compositions when the amount of C ranges from 0.06 to 0.18 wt%, with and without Nb;

FIG. 3 depicts a Continuous Cooling Transformation (CCT) diagram for a steel
according to the present invention, plotting cooling curves as temperature in degrees C vs log
of time in seconds;

FIGS. 4a-4d are photomicrographs, taken at varying magnifications, of a steel of the
present invention cooled at different cooling rates;

FIG. 5 is a plot of weld current vs sample number for steels of the present invention,
the plot specifically shows the non-scatter of expulsion of the steel in spot welding.

FIG. 6 is a collection of four (4) photomicrographs showing, from top to bottom and
left to right, a complete spot weld of a steel of the present invention, a higher magnification of

the base metal, heat affected zone, and the welded zone of the spot weld.

CA 2938851 2019-10-15



DETAILED DESCRIPTION OF PREFERRED EM.BODIMENTS

The present invention provides a steel sheet that can be hot formed into a part having a

uniform distribution of strength and improved weldability. The steel sheet is a low alloy steel
composition and contains, in wt%, 0.04<C< 0.30, 0.5< Mn<4, 0<Cr< 4, 2.7< Mn+Cr< 5,
0.003< Nb< 0.10, 0.015< AlI< 0.1 and 0.05< Si< 1.0. Optionally, the steel sheet can contain
one or more of Ti< 0.2, V<0.5, M0<0.6 and B< 0.015. This chemistry makes a sheet that after

hot forming is insensitive to

4a
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cooling rate and cnswres a uniform distribution of strength across parts independent of
the time delay beiween operations and final cooling/guenching. The guaranteed
uniformity of tensile properties regardiess of cooling rate in specific locations of a
formed part can substantially docrease the productivity of bot formmg.  Although
tensile strength increases with increasing C, the merease in © decreases weldability.

However, by sobstituting a portion of C with Nb the tensile strength increase can be
maintained and weldability troproved.

The concentrations of the vartous component elements of the sieel sheets of
the present invention are limited for the followings reasons. The concentrations are
given in weight % {Le., wils),

Carbon is essential {or increasing the strength of the steel. However, if o
much C 18 added, welding becomes difficult. Thus, the amount of C 1s limited to the
range of from .04 1o 0.30 wts. Preferably, the lower limit for the amount of C is
0.06 wtth, more preferably 9.08 wils, Preferably, the upper limit for the amount of €
is .18 wi%, more preferably 0.16 wi%.

Manganese, besides being a solid sohution strengthening elemenis, also
inhibits ferrite transformoation, so it 8 an important chemical clement for ensuring
gquenchability. However, adding too mich Mo will not only encourage co-segregation
with P and S, but alse adverscly affect mamifacturability during steel making, casting,
and hot rolling. Thus, the arount of Mn is Hmited to the range of from 0.3 to 4 wi%.
Prelerably, the lower timtl for the amount of Mn 13 T wi%, more proferably, 1.5 wi%e.
Preferably, the upper hmit for the amount of Mn is 3.5 wi%, more preferably 3.0 wi%

Chromium is important for improving quenchability., However, too rauch Cr
will adversely affect manufacturability during manufacturing. Thus, the amount of Cr
i himited to the range of from 0 to 4 wt%. Preferably, the lower hmit for the amount
of Cris 0.2, more preferably, 0.5 wit%. Preferably, the upper limit for the amount of

Cri

)

3.5 wt%, more preferably 3.0 witbe.

The combined amount of Mn and Cr is limited to the range of from 2.7 t0 5

o

wi%s tn order to make the steel fnsensifive to coohing rate after forming and to ensure 4
uniform distribution of strength across parts independent of the time delay between
operations and final cooling/quenching. Preferably, the lower limit for Mo+Cr 15 3.0,
more preferably, 3.3 wi%. Preferably, the upper Bt for Mn+Cr is 4.7 wt%, more

preferably 4.4 wi%.

PCT/US2015/014694
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Previously, small additions of Nb to HSLA stecls has been known for its
significant effect on preventing austenite recrystaliization and hence fine ferrite grain
size, as well as precipitation hardening of ferrite by fine carbo-nitrides. Also, larger
quantities of Nb have been added 1o high C creep resistant alloyed steels. However,
up to now, the effect of small additions of Nb on low (o mid carbon steels with
martensitic microstructure has not been reported in open literature. The inventors
have discovered that a small addition of Nb to air hardenable the stecls of the present
mvention reduces the sensitivity of tensile strength on the C content, and significantly
increases strength of steel, thus reducing the quantity of C needed to achieve a
specific tensile strength.  Since carbon reduction improves weldability, the addition of
Nb helps to achieve the desired high tensile strength with improved weldability. To
achieve these effects, the amount of Nb is Hmited to the range of from 0.003 o 0.1
wils. Preferably, the lower hmit for the amount of Nb is 0.003, more preferably,
0.010 wt%, Preferably, the upper Hrit for the amount of Nb is 0.09 wt%, more
preferably $.085 wiSs

Al in small araount is added to steel as deoxidizer. However, too much Al
results i many nomreetal inchusions and surface blemishes. Al is also a strong ferrite
forming element and significantly mereases {6l austenilization temperature. These
arc undesirable otfecis for air hardonable steols. Thus, the amount of Al 18 Timited to
the range of from 0.015 0 0.1 wi%. Preferably, the lower limit for the amount of Al
1s .02, more preferably, 0.03 wi%. Preferably, the vpper himit for the amouvnt of Al is
.09 wite, more preferably $4.08 wi%s

St is effective for increasing the strength of steel sheet. However, too much Si
creates a probler of surface scale. Thus, the amount of Si is limited to the range of
from 0.05 to 035 wi%. Preferably, the lower hmit for the amount of 81 18 .07, more
preferably, {.1 wit%. Preferably, the opper limit for the amount of 81 is 0.3 wt%%, more
preferably 0.25 wit%.

11 can be optionally added 1o the steel with B m an amount of < 0.1 wis to
mprove guenchability.  Ti combines with N at very high temperature, hence
preventing BN formation. B in solution improves guenchability. Ti beyond the
steichiometric ratio o nitrogen is a carbide forming element. It strengthen steel by
forming very fine carbides. It's effect 1 similar to Nb.

VY can be optionally added to the steel in an amount of < 0.2 wi% to increase

the strength of the steel via fine precipitation. it also adds to hardenability of steel

PCT/US2015/014694
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Mo can be optionally added to the steel in an amount of < 8.3 witbt to increase
strength and improve gquenchability.

B can be optionally added to the steel in an amount of < 0.005 wt% to increase
hardenabihty and hence strength of the steel.

5 The steel also contamns Fe and can contain unavoidable mmpurities.

The steel sheet of the present invention has a martensitic microstructure that
can inclode up to 10% lower banite phase. The microstructure is predonunantly
martesnite. The amount of bainite can be up to 10%, preferably less than 3% and
more preferably less than 1%e.

10 The steel shoet of the present invention has a tensile strength in the range of
800-1400 MPa. The lower mit of the tensile strength 1s preferably 900 MPa, more
preferably 1000 MPa. The final strength depends mosily on carbon content in
martensite.

The steel sheet of the present invention can exhibit an elongation in the range

15 of rom 4 1o 9%, preferably S to 9%, more preferably 6 to 9%.

The stect sheet of the present invention can be made by processes that begin
with conventional steelmaking and casting processes and then follow with hot rolling.
The cast slabs way be charged directly 1o a reheating [wmace before hol rollng or
cooled betore doing so. There I8 ne restriction on the Smishing temperatore in the hot

20 rolling process other than that it should be above Ars,

The cotling temperature afler hol rolling depends on the processing alier hol
rolling. It cold rolling is required to obtam the final thickness, then a coiling
temperature between 700°C and 600°C s preferred. If the final required thickness

can be obtained directly by hot rolling, then a cotling temperature between 600°C and

N
(o)

506°C is recommended.

The hot rolled sheet can be pickled. For cold-rolled products, the hot rolled
sheet can be pickled before cold rolling to the required thickness.

The hot rolled or cold rolled steel sheet can be protected from oxidation and/or
corrosion by coating one or both sides of the steel sheet with Zn, Al or an Al alloy,
36 suchas Al-5i. The ceating can be performed by continuously hot dip coating the steel
sheet.

Steel sheets with or without coatings are heated to the temperawre of full

austenitization, 1.¢., to at least Acs + 5°C, before being formed, ¢.g., by stamping, in

~d
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one or several dies to the shape destred. The hot formed part is then cooled in a dic or
in 3 cooling medium such as air, nitrogen, oil or water, Enfforent cooling media
provide different cooling rates. The formed parts exbibit woiform martensite structure
across the parts regardless of cooling rate.

The fmal strength can be controlled by the chemistry (in particular, the
amounts of C and Nb) and/or by heating below or above the temperature of full

austenitization.

EXAMPLES

50mm slabs of the chemistrics shown in Table lwere made mn laboratory, The
alabs were hot rolled to 3.5mm sheets. The reheating iemperatare was 1220°C,
finishing temperature of 830°C and cotling temperatore of 700°C. The hot rolled
sheeis were surface ground on both sides to 2.5mm thickness to reroove a
decarburized surface layer that would have been caused during the laboratory
roheating process. The Z2.5mun shects were cold rolied to 1nmum (60% cold reduction)
m a reversing laboratory cold mill. Specimens from the cold rolled sheets were
austenitized at 900°C for 300sec in a salt bath and then ol quenched. Some samples
were instrumented with a thermocouple to measure the coohng rate during oil
gquenching. Average cooling rate from 800°C to 300°C was 1508°C/s. Mechanical
properties of quenched samples were measured in transverse to roihng direction.
Sunumnary of the mechanical properties are given in Table 2

Tensile strength data in Table 2 plotted agamst carbon n the chemistry, Figure
i. Tensile strength strongly depends on carbon, as noted by many previous
publications (for exampic see “Martensite transformation, structure and propertics in
hardenable steels, (G, Krauss, Hardenability concepts with applications to steel, DV,
Doane & 1.S. Kirkaldy ed., October 24-26, 1977, page 235). However, Figure 1 also
shows that the steels with Nb have higher strength than the steel with similar carbon
without Nb. In addition, strength of Nb added steel is less dependent on carbon since
stope of the Hne fitted 1o the tensile strength of steels with Nb 15 much less than the
one for steels without Nb. The difference in strength of steels with and without Nb
becomes less as C is increased and both group of steels have similar strength at 0.17%

 and higher, Figure 2.

PCT/US2015/014694
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To determine effect of cooling rate on final strength of quenched material, “critical
cooling rate” i.e., “the minimum cooling rate from austenitization temperature to avoid
ferrite” was evaluated. In these experiments, Continuous Cooling Transformation (CCT)
diagram of the steel was produced using MMC dilatometer. In these test a small sample was
heated to 900°C and then cooled at pre-determined cooling rates while the sample dilatation
(change in length) was measured. Different phase transformations during cooling were
identified from the dilatation data as well as by evaluating the microstructure and final
hardness of the cooled sample. Several cooling rates are required to construct the CCT
diagram.

An example of such diagram is shown in Figure 3. As it seen from this figure, ferrite
transformation does not occur at cooling rates higher than 1°C/sec. Microstructures at 3°C/sec
and higher cooling rates shown in Figure 4-A & C show a martensitic microstructure.
However, there is high degree of tempering at the lower cooling rates, Figure 4-B & D.
Despite tempering martensite, high hardness of 350HV was obtained at 3°C/sec cooling rate
and it increases as the cooling rate increase. Cooling a steel of the present invention in any
medium (air, oil, die, nitrogen) which results in cooling rates higher than 1°C/sec or
preferably higher than 3°C/sec will produce a fully martensitic — high strength steel.

Spot weldability of steels 55, 63, 81 and 141 were evaluated according to ISO18278-2
specification in homogeneous joint configuration. These tests showed non-scattered results
under expulsion, Figure 5, with uniform microstructure of the weld nugget, Figure 6A-D.

Table 1 and Table 2, Figure 1 and Figure 2 show that the same high tensile strength
can be obtained when, for a C content ranging from 0.04 to 0.20 wt%, some C is replaced
with Nb in amounts ranging from 0.003 to 0.055 wt%.

The disclosure herein of a numerical range is intended to be the disclosure of the
endpoints of that numerical range and of every rational number within that numerical range.

While the present invention has been described with respect to specific embodiments,
it is not confined to the specific details set forth, but includes various changes and
modifications that may suggest themselves to those skilled in the art, all falling within the

scope of the invention as defined by the following claims.
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Tabhle 1

0.0386 § 1.96 | 1.02 0.032 2.98

0.076 §1.98 | 1.02 0,025 3.01
8 0.1084 | 1,94 1 1.02 0,031 2.96
10 10.0341]2.80 10,97 0,031 3.83
11 10,0736 12.88 |1.03 0.025 3.91
12 1011171291 10.99 0.032 3.9
14 1003661 1.91 §2.01 0.027 3.92
15 10.0731]1.94 §1.99 0.032 3.92
16 10.1058 | 1.84 | 2.00 0.026 3.94
19 10.0386 | 0.98 {2.94 0.029 3.93
20 1007121099 {297 0.027 3.96
21 10,1048 1 0.99 | 3.0 0,031 4.00
22 10.034212.85 | 1.99 0.03 4.84
52 1007651200 {1.04 J0.028]0.02 0.046 3.04
53 j0.106 §1.98 |1.04 |0.029]0.019 0.052 3.01
55 10005 11.99 {198 10,03 {0019 0,014 3.97
56 10.110211.95 |2.01 {0.049 0,042 3.96
57 10.110611.98 | 2.02 0.051 0.034 4.00
58 1611211197 12,02 0.094 0,034 3.99
59 10.073711.99 | 1.07 0.079 0.0032 | 0.043 3.05
81 10.0768 1 1.96 | 1.01 0.023 { 0.187 | &%
62 10.0759{ 2.98 0.029 | 0.019 0,042 2.58
83 10.0769 | 4.08 0.03 |0.019 0,046 4.08
64 10114 11.99 12,07 {0.049 0,038 4.06
65  10.081213.03 ]1.03 003110017 0.026 4.06
81 |0.0768 4.06 10.03 {0.023 0.018 4.06
141 10925 |2.05 j0.52 |0.053 0.029 2.57
142 10.154 §2.09 11.02 | 0.057 0.03 3.10
143 {0157 {2.07 10.52 {0052 0.026 2.58

1
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521 669 7
7 592 802 7
8 809 1094 16
10 695 892 7
11 832 1097 6
12 787 1063 6
14 606 789 7
15 752 1002 5
16 863 1172 7
19 516 687 3
20 683 326 7
21 834 1121 5
22 720 340 &
52 214 1221 &
53 959 1293 7
55 982 1317 16
56 965 1277 17
57 841 1149 16
58 628 904 3
59 839 1083 7
61 717 918 4
62 744 480 %
63 984 1284 16
64 958 1328 16
65 954 1233 16
81 309 1155 7
141 1025 1340 {7
142 1004 1392 17
143 1042 1384 7
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WHAT IS CLAIMED IS:

1. A steel sheet consisting of, in weight%,
0.04<C<0.30,
0.5<Mn=4,
0<Cr</4,
2.7<Mn+Cr<5,
0.003<Nb< 0.1,
0.015< Al 0.1, and
0.05<Si< 1.0,

the balance being Fe and unavoidable impurities;
wherein the steel sheet has a microstructure consisting of up to 10 area% bainite, with
the remainder being martensite; and wherein the steel sheet has a tensile strength in the

range of 800-1400 MPa.

2. The steel sheet according to Claim 1, wherein 0.06< C<0.18.

3. The steel sheet according to Claim 1, wherein 0.08< C<0.16.

4. The steel sheet according to any one of Claims 1 to 3, wherein 0.5< Mn< 3.5.

5. The steel sheet according to any one of Claims 1 to 3, wherein 0.5< Mn< 3.0.

6. The steel sheet according to any one of Claims 1 to 5, wherein 0.2< Cr< 3.5.

7. The steel sheet according to any one of Claims 1 to 5, wherein 0.5< Cr< 3.0.

8. The steel sheet according to any one of Claims 1 to 7, wherein 3.0< Mn+Cr< 4.7.

9. The steel sheet according to any one of Claims 1 to 7, wherein 3.3< Mn+Cr< 4.4,
12
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10.  The steel sheet according to any one of Claims 1 to 9, wherein 0.005< Nb< 0.060.

11.  The steel sheet according to any one of Claims 1 to 9, wherein 0.010< Nb< 0.055.

12.  The steel sheet according to any one of Claims 1 to 11, wherein at least one surface of

the steel sheet is coated with layer comprising Zn, Al or an Al alloy.

13.  The steel sheet according to any one of Claims 1 to 12, wherein the steel sheet has a

microstructure consisting of less than 5 area% bainite.

14.  The steel sheet according to any one of Claims 1 to 13, wherein the steel sheet is a hot

formed steel sheet.

15. A method of using a steel sheet, the method comprising hot forming the steel sheet of

any one of Claims 1 to 14.

13
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