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BOT FORMABLE, AIR HARBDENABLE, WELDABLE, STEEL SHEET

CROSS-REFERENCE TO RELATED APPLICATIONS

This Application claims the benefit under 35 U.S.C. 119(e) of LS. Provisional

Apphcation No. 61/935,948 filed February 5, 2014,

FIELD OF THE INVENTION

The present invention relates to steel sheet. In particular, the present fnvention
relates to steel sheet that can be hot formed into parts having uniform, very high

tensile strength and high weldability.

BACKGROUND OF THE INVENTION

Meodern 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 formec
advanced high-strength stecls. As a result, hot forming followed by guenching to a
martensite condition has become a popular means for producing ultra-high-strength
steel parts.

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

An example of such a hot staroping steel is USIBOR, which contains {in 36 by
weight or witte) 6.15-0.25%C, 0.8-1.5%Mn, 0.1-0.35%68i1, 0.01-6.2%Cr, less than
0.197T1, less than 0.1%A1, less than 0.05%P, fess than $.03%S5, and 0.0005-0.01%8B.
This chemistry is encompassed by the steel disclosed in U8, 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 m ULS,
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 dic and keeping the water cooled die, with the formed blank in it, closed until
the part reaches room temperature. Rapid cooling i the water cooled die, ie.
quenching, is necessary o obtain the martensite structure and hence high strength.

The guenched stecl might have been coated with Zn or Al-Si prior to heat freating for

PCT/US2015/014694
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hot stamping via a continuouns hot dip coaling process to protect the steel substrale
from oxidation during hot stamping and from subscguent corrosion attack.
Although USIBOR is widely used for hot stamping and can achicve a tensile
strength of 1500 MPa after quenching in a water cooled die, USIBOR has a number of
S disadvantages. One disadvantage is that USIBOR containing 0.25 wit% C has poor
weldability. In addition, the microstructure of USIBOR is highly scusitive to cooling
rate and displays fervite or bainite formation if cooling rates i the water cooled die
are slow, hence uniform distribution of strength across hot stamiped parts may not be
guaranteed. Furthermore, the hot stamping process using USIBOR is generally long
10 and the productivity of the expensive equipment used for hot staroping 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 alse well known. For example, WO2006/048009
discloses air-hardensable steel containing, in mass®, 0.07-0.15% C, 0.15-0.30% S4,
15 1.60-2.10% Mn, 0.5-1.0% Cr, $.30-0.60% Mo, 0.12-0.20% V, 0.010-0.050% Ti and
(.0015-0.0040% B. The sicel 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.
20 Patent application publication BE 102 61 210 Al describes another air-
hardenable steel alloy for the production of autoroobiie 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, 1.8-1.6% Cr, 0.3-0.6% Mo, 0.02-0.05% Al and 0.12-0.25%

Y. When the steel is quenched m a dic an upper bainite structure can be obtained

]
o

without additional quenching. The steel exhibits a yield sirength 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.
30 The method uses sicel sheet that contains, 10 mass %, .05 t0 0.35% €, 0.005 to 1.0%
Si, 0 to 4.0 Mn, 6 to 3.0% Cr, 010 4.0% Cu, 0 to 3.0% Ni, 0.0002 10 8.1% B, 0.001 to0
3.0% T, < 1% P, < 0.05% S, 0.005 to $.1% Al and < 0.01% N, with the balance
Fe and mevitable impurities, where Mn+Cr/3.14+Cut+Ni)/1.4 > 2.5%. The stee] sheet

is heated at 750-1300°C for 18-6000 scconds, and then is press-formed at 300°C or

[N
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more. After pressing, the molded product is removed from the mold and s cooled

£
from 1200-1100°C down to 5-40°C at a cooling speed of 0.1°C/second or more to
vield members baving a martensite structure of 60% or more in area ratio. By this
method, the step of quenching in the press mold can be chminated. The members
obtained have Htile material quality variation internally, and the shape of the members
is good, with excclent uniformity.

Unexamined Japanese Patent Application No. 2006-212663 provides a method
of mamufacturing hot press high-strength sieel members of excellent formability. The

sethod uses stecl sheet that contains, in mass%e, 0.05 t0 0.35% C, 0.005 to 1.0% Si,

to 4.0% Mu, 0 to 3.0% Cr, 0 to 4.0% Cu, 0 1o 3.0% Ni, 0.0002 to 0.1% B, 0.001 to
3.0%TL < 6.1% P, < 0.05% 5, 0.005 to 0.1% Al and < 0.01% N, with a balance of
Fe and mevitable impurities, where Mu+Cr/3.1+(Cua+Niy/ 1.4 = 2.5, The steel sheet is
heated to 750-1300°C, is kept there for 10-6000 seconds, and then is press-formed
two or more times at 300°C fo vicld members having a martensite structure of 60% or
more in arca ratio. The resulting members exhibit high-strength and little variability
in internal material quality.

The tensile strength of steel is known to increase with C content. However, an
merease in C content decreases weldability.

A need exasts for a hot-formable, air-hardenabie, lngh-strength, sieel sheet that
dogs not include large amounts of expensive cloments, such as Mo, and, in addition to

having litle internal variability in tensile strength, exhibits excellent weldability.

SUMMARY OF THE INVENTION

The present fnvention provides a high tensile strength (8060-1400 MPa) sicel
sheet containing (o wi%s) 0.04< C< 030, 0.5< Mn< 4, < Cr< 4, 2.7< Mn+Cr< 5

6.003< Nb< 0.1, 0.015< AlZ 0.1 and 0.05< Si<t 1.0. Optionally, the steel sheet can

3

contain one or more of Ti< 0.2, V< .2, Mo<(.3 and B< 0.015. Following
austenization at or above Agsy +20°C, the steel sheet can be hot formed in a die and
can be cooled i the dic, or n a cooling roedivm such as aiy, nitrogen, oil or water.
The chenustry of the steel, particularly the content of Mun+Cr of from 2.7 and 5 wi%,

wakes the formed sheet insensitive to cooling rate and ensures a uniform distribution
of strength across parts independent of the time delay between operations and final
cooling/quenching. A Nb content from 0.003 to 0.1 wt% makes the tensile strength

less sensitive to the amount of C and reduces the amount of C needed for same tensile

PCT/US2015/014694
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strength.  Furthermore, since a reduction in O mmproves weldability, the addition of
Nb achieves the same high tensile sivength as C alone but with improved weldability.
Coating the steel sheet with a coating of Zn, Al or Al alloy can improve the corrosion

1

resistance of the steel sheet.

BRIEE BESCRIPTION OF THE DRAWINGS

The preferred embodiments of the fnvention 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 sicel

10 sheet conmpositions when the amount of C ranges from 0.06 t© 0.12 wte, with and
without Nb addition;

FIG. 2 shows the change in tensile strength (MPa) with € for various steel
sheet compositions when the amouont of C ranges from .06 10 0.18 wi%, with and
without Nb;

15 FIG. 3 depicts a Continuous Cooling Transformation {CCT) diagram for a
steel according to the present mvention, plotting cooling carves as temperature in
degrees C vs log of timae in seconds;

FIGS. 4a-4d are photomicrographs, faken at varying roagnifications, of a steel
of the present mvention cooled at different cooling rates;

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

FIG. 6 is a collection of four {4} photomicrographs showing, from top to

hottorn and left to right, a complete spot weld of a steel of the present nvention, a

]
o

higher magnification of the base roetal, beat affected zone, and the welded zone of the

spot weld.

DRDETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

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

30 having a umiform distribution of strength and improved weldability. The steel sheet is
a low alloy steel composition and contains, in witl%, 0.04< C< (.30, 0.5< Mn< 4, <

Cr< 4, 2.7< Mn+Cr< 5, 6.003< Nb< 0,10, 6.015< Al 0.1 and 0.05< 8i< 1.0,
Optionally, the stee] sheet can contain one or more of Ti< 0.2, V< 0.5, Mo<0.6 and

B< 0.015. This chemisiry makes a sheet that after hot forming is insensitive fo
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cooling rate and ensures a umiform distribution of strength across parts independent of
the time delay between operations and final cooling/quenching. The guaranteed
uniformity of tensile properties regardiess of cooling rate in specific locations of 2
formed part can substantially increase the productivity of hot forming.  Although

S tensile sirength icreases with increasing C, the ncrease in C decreases weldability.
However, by substituting a portion of C with Nb the tensile strength increase can be
maintained and weldability froproved.

The concentrations of the various component clements of the steel sheets of
the present invention are Hmited for the followings reasons. The concentrations are

10 given in weight % (i.c., wi%).

Carbon is essential for increasing the strength of the steel. However, if oo
much C is added, welding becomes difficult. Thus, the amount of C is limited to the
range of from 0.04 1o 0.30 witb. Preierably, the lower limit for the amount of C is
0.06 wt%e, more preferably 0.08 wi%. Preferably, the upper it for the amount of C

15 45 0.18 wi%, more preferably 0.16 wi%.

Manganese, besides being a solid solution strengthening elomoents, also
mhibits ferrite transformation, so it is an fmportant chemical clement for ensuring
quenchability. However, adding too much Mn will not only encourage co-segregation
with P and S, but also adversely affect mamufactorability during steel making, casting,

20 and hot rolling. Thus, the amount of Mn is Himited to the range of from 0.5 10 4 wi%e.
Preferably, the lower limit for the amount of Mn is 1 wt%, more preferably, 1.5 w6,
Preferably, the upper Hmit for the amount of Mn is 3.5 wib4, more preferably 3.0 wil%

Chromium is important for iraproving quenchability. However, too much Cr

will adversely affect manufacturability during manufacturing. Thus, the amount of Cr

]
o

is Himited o the range of from 0 to 4 wt%. Preferably, the lower Bmit for the amount
of Cr is 0.2, more preferably, 0.5 witbs. Preferably, the apper limit {or the amouont of
Cris 3.5 wit%, more preferably 3.0 witbe.

The combined amount of Mn and Cr is limited to the range of from 2.7 t0 5
wi% m order to make the steel insensifive to cooling rate after forming and to ensure a
30 uniform distribution of strength across parts independent of the time delay between
operations and final cooling/quenching. Preferably, the lower limit for Mp+Cr s 3.0,
more preferably, 3.3 wi6. Preferably, the upper hinut for Mp+Cr is 4.7 wt%, more

168/,

preferably 4.4 wis.
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Previously, small additions of Nb to HSLA steels has been known for its
significant effect on preventing ausienite recrystallization and hence fine ferrite grain
size, as well as precipitation hardening of ferrite by fine carbo-nitrides. Also, larger
gquantities of Nb have been added to high C creep resistant alloyed sieels. However,
up to now, the effect of small additions of Nb on low to mid carbon stecls with
martensitic microstracture 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 redaces the sensitivity of tensile strength on the C content, and significantly
increases strength of steel, thus reducing the guantity of € nceded to achieve a
specific tensile strength. Since carbon reduction improves weldability, the addition of
Nb helps to achieve the desired high tensile sirength with improved weldability. To
achieve these effects, the amount of Nb is Himited to the range of from 6.003 to 0.1
wi%. Preferably, the lower himit for the amount of Nb is 0.005, more preferably,
0.010 wi%. Preferably, the upper it for the amount of Nb is 0.09 wt%, more
preferably 0.085 wi%.

Al in small amount is added to steel as deoxidizer. However, too much Al
resulis i raany nonmetal inclusions and surface bleroighes. Al s also a strong forrite
forming element and significantly increases full ausienitization temperature.  These
are ymdesirable effecis for air hardenable steels. Thus, the amount of Al is limited to
the range of from 0.015 to .1 witS. Preferably, the lower limit for the amount of Al
is 0.02, more preferably, 0.03 wi%. Preferably, the upper Hat for the amount of Al s
(.09 wib%, more preferably .08 wt%%.

St is effective for increasing the strength of steel sheet. However, too much Si
creates a problern of surface scale. Thus, the amount of Si is Hoited to the range of
from 0.05 to 0.35 wit. Preferably, the lower limit for the amount of 81 s 0.07, more
preferably, (.1 wi%. Preferably, the upper limit for the amount of Si 18 0.3 wt%, more
preferably 0.25 wi%.

T1 can be optionally added to the steel with B 1 an amount of < 0.1 wi% 1o
mprove quenchability.  Ti combines with N at very high temperature, hence
preventing BN formation. B in solution improves gquenchability. Ti beyond the
stoichiometric ratic (o nitrogen is a carbide forming element. It strengthen steel by
forming very fine carbides. It's effect is similar to Nb.

V can be optionally added to the steel in an amount of < 0.2 wt%s to increase

the strength of the sieel 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 < 0.3 wi% to increase
strength and improve quenchability.

B can be optionally added to the sicel in an amount of < 0.005 wi’ to increase
hardenability and hence strength of the steel.

S The steel also contains Fe and can contain unaveidable impurities.

The steel sheet of the present invention has a martensitic microstructure that
can include up to 10% lower bamite phase. The microstructure is predoninantly
martesnite. The amount of bainite can be up to 10%, preferably less than 5% and

1ore preferably less than 1%.

10 The steel sheet of the present invention has a tensile strength in the range of
R00-1400 MPa. The lower himit of the tensile strength 1s preferably 9060 MPa, more
preferably 1000 MPa. The final strength depends mostly on carbon content in
martensite.

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

15 offrom 4 to 9%, preferably 5 to 9%, more preferably 6 to 9%.

The steel sheet of the present inverttion can be made by processes that begin
with conventional steelmaking and casting processes and then follow with hot rolling.
The cast slabs may be charged directly to a reheating furnace before hot rolling or
cooled before doing so. There is nio restriction on the finishing temperatare in the hot

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

The coiling teraperature afier hot rolling depends on the processing afier hot
rolling.  If cold rolling is required to obtamn the fnal thickness, then a coiling
teraperature between 700°C and 600°C is preferred. If the final required thickness

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

A
h

500°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 stecl sheet with Zn, Al or an Al alloy,
30 suchas Al-Si. The coating can be performed by continuously hot dip coating the sicel
sheet.

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

g in

feed]

austenitization, i.e., to at least Acy + 3°C, before being formed, e.g., by stampin

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

The final strength can be conirolled by the chemistry {(in particular, the
amounts of C and Nb) and/or by heating below or above the temperatare of full

austenitization.

EXAMPLES

S0rom slabs of the chemistries shown 1o Table lwere made in laboratory. The
slabs were hot rolled to 3.5mm sheets. The reheating temperature was 1220°C,
finishing temperature of 850°C and coiling temperature of 700°C. The hot rolled
sheets were surface ground on both sides to 2.5mm thickness to remove a
decarburized surface layer that would have been caused during the laboratory
reheating process. The 2.5mm sheets were cold rolled to 1num {60% cold reduction)
m a reversing laboratory cold mill. Specimens from the cold rolled sheets were
austenitized at 800°C for 300scc in a salt bath and then oil quenched. Some samples
were mstrumented with a thermocouple to measure the cooling rate during oil
quenching, Average cooling rate from 800°C to 300°C was 150°C/s. Mechanical
properties of quenched samples were measured in transverse to rolling direction.
Sunumary of the mechanical properties are given in Table 2

Tensile strength data in Table 2 plotted against carbon in the chemistry, Figure
1. Tensile strength strongly depends on carbon, as noted by many previous
publications {(for example see “Martensite transformation, structure and propertics in
hardenable stecls, (G. Krauss, Hardenability concepts with apphications to stecl, DV,
Doane & 1.S. Kirkaldy ed., October 24-26, 1977, page 235). However, Figure | also
shows that the steels with Nb have higher strength than the steel with stmilar carbon
without Nb. In addition, strength of Nb added steel is less dependent on carbon since
slope of the line fitted to the tensile strength of steels with Nb 1s 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%

C 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” ic., “the minimum cooling rate from austenifization

temperature to avoid ferrite” was evalvated. In these experiments, Continuous

Cooling Transformation (CCT) diagram of the steel was produced usmg MMCOC

5  dilatomcter. In these test a smail sampic was heated to 900°C and then cooled at pre-

determined cooling rates while the samiple dilatation (change in length) was measured.

Different phase transformations during cooling were identified from the dilatation

data as well as by evaloating the microstructure and inal hardoess of the cooled
sample. Several cooling rates are required to construct the CCT diagram.

10 An example of such diagram is shown in Figure 3. As it scen from this figure,

q

ferrite travsformation does not occur at coolmg rates higher than 1°C/sec.
Microstructares at 3°C/sec and higher cooling rates shown in Error! Reference
source not found.-A & C show a martensitic microstructure. However, there is high
degree of teropering at the lower cooling rates, Error! Reference source not found.-

15 B & D. Despite tempering martensite, high hardness of 350HV was obtained at
3°C/sec cooling rate and 1t increases as the cooling rate crease. Cooling a steel of
the present invention in any medivm {air, oil, die, nitrogen} which results in cooling
rates higher than 1°Clsec or preferably higher than 3°C/sec will produce a fully
martensitic — high strength stech.

26 Spot weldability of steels 55, 63, 81 and 141 were evaluated according to
IS0O18278-2 specification in homogencous joint configuration. These tests showed
non-scattered results under expulsion, Figure 4, with uniform moicrostructure of the
weld nugget, Figure S,

Table 1 and Table 2, Figure 1 and Figure 2 show that the same high tensile

25  strength can be obtained when, for a C content ranging from 0.04 to 0.20 wt%, some
C is replaced with Nb in amounis ranging from 0.003 t0 0.055 wit¥%.

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

36 While the present invention has been described with respect fo 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.



WO 2015/120205 PCT/US2015/014694

Table §

6 0.0386 | 1.96 | 1.02 0.032

7 0.076 |1.98 |1.02 0.035 3.01
8 0.1084 § 1.94 11.02 0.031 2.96
10 10,0341 2.89 | 0.97 0.031 3.85
11 1 0.0736 1 2.88 | 1.03 0.025 3.91
12 10.1117 1 2.91 | 0.99 0.032 3.91
14 10.0366 | 1.91 | 2.01 0.027 3.92
15 10.0731 ] 1.94 | 1.99 0.032 3.93
16 10.1058 | 1.94 | 2.00 0.026 3.94
19 1 0.0286 | 0.98 | 2.94 0.029 3.93
20 10.071210.99 |2.97 0.027 3.96
21 10.104810.99 | 3.0 0.031 4.00
22 10.034212.85 | 1.99 0.03 4.84
52 10.07652.00 | 1.04 |0.029]0.02 0.046 3.04
53 10.106 §1.98 §1.04 | 0.029 | 0.019 0.052 3.01
55 10,105 11.99 11.98 10.03 |0.019 0.024 3.97
56 10,1102 1.95 | 2.01 | 0.049 0.042 3.96
57 1011061 1.98 | 2.02 0,051 0.034 4.00
58 10.112111.97 §2.02 0.094 0.034 3.99
5 10.073711.99 | 1.07 0.029 0.0032 | 0.043 3.05
81 1 0.0768 | 1.96 | 1.01 0.023 | 0.187 | %7
62 |0.0759 | 2.98 0.029 | 0.019 0.042 2.98
81 1 0.0769 | 4.08 0.03 |0.019 0.046 4.08
64  10.114 11.99 1207 |0.049 0.038 4.06
65 10.081213.03 |1.03 |0.031]0.017 0.026 4.06
81 | 0.0768 4.06 | 0.03 | 0.023 0.018 4.06
141 10125 | 2.05 1052 |0.053 0.029 2.57
142 10154 12.09 |1.02 | 0.057 0.03 3.10
143 10.157 12.07 052 | 0.052 0.026 2.58
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Table 2
& 521 £69 7
7 592 802 7
8 309 1094 6
10 $95 892 7
11 832 1097 6
12 787 1063 6
14 606 780 7
15 752 1002 5
16 862 1172 7
19 516 687 8
20 683 926 7
21 834 1121 5
22 720 840 &
52 914 1221 &
53 959 1293 7
55 982 1317 &
56 245 1277 7
57 841 1149 6
58 628 904 9
59 839 1083 7
61 717 918 4
Y 744 980 6
63 984 1284 6
64 988 1328 6
65 954 1239 %
81 909 1155 7
141 1025 1340 7
142 1004 1392 7
143 1042 1384 7
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WHAT IS CLAIMED IS:

1. A steel sheet coraprising, in weight%s,
0.04< C< (.30,
0.5< Mn< 4,
0< Cr< 4,
2.7< Mo+Cr< 5,
0.003< Nb< 0.1,
0.015< Al< 0.1, and
(.05< 8i< 1.0,

wherein the steel shect has a tensile strength i the range of 800-1400 MPa.

2

. The steel sheet according to Claim 1, wherein 0.06< C< (.18,

[ ]

. The steel sheet according to Claim |, wherein 0.08< €< 0.6,

4. The steel sheet according to Claim 1, wherein 0.2< Mn< 3.5

The steel sheet according to Claim |, wherein 0.5< Mn< 3.0,

L

6. The steel sheet according to Claim 1, wherein 0.2< Cr< 3.5,

~3

. The steel sheet according to Claim 1, wherein 0.5< Cr< 3.0,

8. The steel sheet according to Claim 1, wherein 3.0< Mn+Cr< 4.7
9. The steel sheet according to Claim 1, wherein 3.3< Muo+Cr< 4.4,
1. The steel sheet according to Claim 1, wherein 6.005< Nb< 0.060.

11. The steel sheet according to Claim 1, wherein 0.010< Nb< 0.655.

12. The steel sheet according to Claim 1, wherein at least one surface of the

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

12
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13. The steel sheet according to Claim 1, wherein the steel sheet has a

microstructure comprising 95 to 100 area% roartensite.

14, The steel sheet according to Claim 1, wherein the steel sheet has a

microstructure comprising 95 to 100 area% bainiic.

15. The steel sheet according to Claim 1, wherein the sieel sheet i3 a hot

formed steel sheet.

16. A wethod of making a steel sheet, the method comprising
hot rolling a stecl composition comprising, in weight%,

0.04< < 0.20,

0< Mn< 4,

0< Cr< 4,

2.7 Mn+{Jr< §,

0.003< Nb< 0.055,

0.015< Al 0.1, and

0.05< 8i< 0.33; and

producing the steel sheet of Claim 1.

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

steel sheet of Claim 1.
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