US 20200283869A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2020/0283869 A1

TODA et al. 43) Pub. Date: Sep. 10, 2020
(54) HIGH-STRENGTH COLD-ROLLED STEEL C22C 38/02 (2006.01)
SHEET C22C 38/00 (2006.01)
C21D 8/02 (2006.01)
(71)  Applicant: NIPPON STEEL CORPORATION, C21D 6/00 (2006.01)
Tokyo (IP) C23C 2/06 (2006.01)
C23C 2/40 (2006.01)
(72) Inventors: Yuri TODA, Tokyo (JP); Kunio (52) US.CL
HAYASHI, Tokyo (JP); Katsuya CPC .. C21D 9/46 (2013.01); C21D 2211/001
NAKANO, Tokyo (JP); Eisaku (2013.01); C22C 38/58 (2013.01); C22C 38/54
SAKURADA, Tokyo (JP); Akihiro (2013.01); €C22C 38/50 (2013.01); C22C 38/48
UENISHI, Tokyo (JP); Kengo (2013.01); €C22C 38/46 (2013.01); C22C 38/44
TAKEDA, Tokyo (JP) (2013.01); C22C 38/20 (2013.01); C22C 38/06
2013.01); C22C 38/02 (2013.01); C22C
(73) Assignee: NIPPON STEEL CORPORATION, 385002 (20%3.01); 220 359/005 (2())13.01);
Tokyo (IP) C22C 38/001 (2013.01); C21D 8/0226
. 2013.01); C21D 8/0236 (2013.01); C21D
(1) Appl.- No.: 16/759,678 5?/0205 (%013.01); C21D 6/008 (2013.01);
e C21D 6/005 (2013.01); C21D 6/004
(22) PCTFiled:  Nov. 15, 2017 (2013.01); C23C 2/06 (2013.01); C23C 2/40
(86) PCT No.: PCT/IP2017/041058 (2013.01); C21D 2211/005 (2013.01); C21D
2211/002 (2013.01); C21D 2211/008
§ 371 (e)(1), (2013.01); B32B 15/013 (2013.01)
(2) Date: Apr. 27, 2020
57 ABSTRACT
Publication Classification A high-strength cold-rolled steel sheet which is a steel sheet
(51) Int. CL having a tensile strength of 980 MPa or more has a prede-
C21D 9/46 (2006.01) termined chemical component composition, a metallo-
B32B 15/01 (2006.01) graphic microstructure of the steel sheet contains, by area
C22C 38/58 (2006.01) ratio, ferrite and granular bainite: 10% or more and 50% or
C22C 38/54 (2006.01) less in total, one or both of upper bainite and lower bainite:
C22C 38/50 (2006.01) 10% or more and 50% or less in total, tempered martensite:
C22C 38/48 (2006.01) more than 0% and 30% or less, retained austenite: 5% or
C22C 38/46 (2006.01) more, and one or more of pearlite, cementite, and martensite:
C22C 38/44 (2006.01) 0% to 10% in total, and an area ratio of the ferrite with
C22C 38720 (2006.01) respect to a total area ratio of the ferrite and the granular
C22C 38/06 (2006.01) bainite is 25% or less.



US 2020/0283869 Al

HIGH-STRENGTH COLD-ROLLED STEEL
SHEET

TECHNICAL FIELD OF THE INVENTION

[0001] The present invention relates to a high-strength
cold-rolled steel sheet.

RELATED ART

[0002] In recent years, reducing the weight of a vehicle
body by application of a high-strength steel sheet has
progressed in order to suppress a discharge amount of
carbon dioxide from a vehicle. Furthermore, a high-strength
steel sheet has been frequently used for a vehicle body in
order to secure the safety of occupants. In order to further
reduce the weight of a vehicle body and to improve safety,
it is necessary to increase the strength level of a steel sheet
to be used more than before.

[0003] A steel sheet to be formed into a member for a
vehicle is required to have formability (workability) in
addition to strength. For example, a steel sheet which is used
for a skeletal component is required to have sufficient
elongation and hole expansibility. However, in general, in a
case where the strength of a steel sheet is increased, the
formability decreases. Therefore, in a case where the
strength of a steel sheet to be applied to a member for a
vehicle is increased, it is desirable to improve the formabil-
ity.

[0004] Several methods have been proposed in order to
achieve this. For example, Patent Document 1 discloses a
high-strength thin steel sheet in which the carbon concen-
tration gradient in the grains and in the vicinity of the
interface in retained austenite is specified, and the strength
and the elongation are improved by strain-induced transfor-
mation. Patent Document 2 discloses a cold-rolled steel
sheet in which the metallographic microstructure of the steel
sheet is based mainly on upper bainite or lower bainite
having intermediate hardness between ferrite and martensite
to reduce the hardness difference between the structures and
to improve the strength and the hole expansibility. Patent
Document 3 discloses a cold-rolled steel sheet with a
composite microstructure in which the metallographic
microstructure of the steel sheet is composed of three phases
of ferrite, upper bainite or lower bainite, and retained
austenite, or four phases further including martensite such
that high workability is obtained with a strength level of 45
to 65 kgf/mm?.

[0005] However, these techniques have the following
problems. That is, in order to manufacture the steel sheet of
Patent Document 1, it is necessary to control the carbon
concentration gradient in the retained austenite by control-
ling the cooling rate after overaging that is usually difficult
to control. Therefore, it is not easy to realize the structure
disclosed in Patent Document 1 using normal equipment. In
addition, in the technique of Patent Document 2, since the
structure mainly includes bainite, excellent hole expansibil-
ity is obtained, but it is difficult to obtain sufficient ductility.
In addition, Patent Document 3 is intended to provide a steel
sheet having a tensile strength of 45 to 65 kgf/mm?, and in
the technique of Patent Document 3, it is difficult to achieve
both a tensile strength of 980 MPa or more and sufficient
formability.
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PRIOR ART DOCUMENT

Patent Document

[0006] [Patent Document 1] Japanese Patent No. 5589893
[0007] [Patent Document 2] Japanese Patent No. 2616350
[0008] [Patent Document 3] Japanese Unexamined Patent

Application, First Publication No. H7-207413
DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0009] As described above, in order to reduce the weight
of'a vehicle body, it is necessary to increase the use strength
level of a steel sheet more than before. Particularly, for
example, in order to use a high-strength steel sheet for a
skeletal component, it is necessary to improve hole expan-
sibility without deteriorating the elongation. Specifically, in
order to allow the formation into a skeletal component and
to secure safety at the time of collision, the steel sheet
preferably satisfies all of a tensile strength of 980 MPa or
more, strengthxtotal elongation (TSxEL) of 12,000 MPa-%
or more, and strengthxhole expansibility (TSxA) of 18,000
MPa-% or more. However, as shown in Patent Documents 1
to 3, it is extremely difficult to have all of the strength,
elongation, and hole expansibility at such a high level in the
high-strength steel sheet. Accordingly, in view of the current
status of the related art, an object of the present invention is
to provide a high-strength cold-rolled steel sheet having a
tensile strength of 980 MPa or more and which is excellent
in elongation and hole expansibility.

Means for Solving the Problem

[0010] The inventors have intensively studied a method
for solving the above-described problems. As a result, they
have newly found that in a steel sheet having a tensile
strength of 980 MPa or more, in a case where the metallo-
graphic microstructure includes ferrite and/or granular bain-
ite, upper bainite and/or lower bainite, tempered martensite,
and retained austenite, and an area ratio of the ferrite with
respect to a total area ratio of the ferrite and the granular
bainite is controlled to 25% or less, it is possible to obtain
excellent hole expansibility while securing strength and
elongation.

[0011] The present invention has been made based on the
above findings, and the gist thereof is as follows.

[0012] (1) A high-strength cold-rolled steel sheet accord-
ing to an aspect of the present invention containing, as a
chemical composition, by mass %: C: 0.15% or more and
0.30% or less; P: 0.040% or less; S: 0.0100% or less; N:
0.0100% or less; O: 0.0060% or less; one or both of Si and
Al: 0.70% or more and 2.50% or less in total; one or both of
Mn and Cr: 1.50% or more and 3.50% or less in total; Mo:
0% or more and 1.00% or less; Ni: 0% or more and 1.00%
or less; Cu: 0% or more and 1.00% or less; Nb: 0% or more
and 0.30% or less; Ti: 0% or more and 0.30% or less; V: 0%
or more and 0.30% or less; B: 0% or more and 0.0050% or
less; Ca: 0% or more and 0.0400% or less; Mg: 0% or more
and 0.0400% or less; REM: 0% or more and 0.0400% or
less; and a remainder consisting of Fe and impurities, in
which a metallographic microstructure of the steel sheet
contains, by area ratio, one or both of ferrite and granular
bainite: 10% or more and 50% or less in total, one or both
of upper bainite and lower bainite: 10% or more and 50% or
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less in total, tempered martensite: more than 0% and 30% or
less, retained austenite: 5% or more, and one or more of
pearlite, cementite, and martensite: 0% to 10% in total, an
area ratio of the ferrite with respect to a total area ratio of the
ferrite and the granular bainite is 25% or less, and the steel
sheet has a tensile strength of 980 MPa or more.

[0013] (2) In the high-strength cold-rolled steel sheet
according to (1), the martensite may be contained in an
amount of 3% or less by area ratio in the metallographic
microstructure.

[0014] (3) In the high-strength cold-rolled steel sheet
according to (1) or (2), the chemical composition may
contain, by mass %, one or more selected from Mo: 0.01%
or more and 1.00% or less, Ni: 0.05% or more and 1.00% or
less, Cu: 0.05% or more and 1.00% or less, Nb: 0.005% or
more and 0.30% or less, Ti: 0.005% or more and 0.30% or
less, V: 0.005% or more and 0.30% or less, B: 0.0001% or
more and 0.0050% or less, Ca: 0.0005% or more and
0.0400% or less, Mg: 0.0005% or more and 0.0400% or less,
and REM: 0.0005% or more and 0.0400% or less.

[0015] (4) The high-strength cold-rolled steel sheet
according to any one of (1) to (3), wherein a hot-dip
galvanized layer may be formed on a surface of the steel
sheet.

[0016] (5) The high-strength cold-rolled steel sheet
according to any one of (1) to (3), wherein an alloyed hot-dip
galvannealed layer may be formed on a surface of the steel
sheet.

Effects of the Invention

[0017] According to the aspect of the present invention, it
is possible to provide a high-strength cold-rolled steel sheet
which is suitable as a structural member of a vehicle or the
like, is excellent in elongation and hole expansibility, and
has a tensile strength of 980 MPa or more.

EMBODIMENTS OF THE INVENTION

[0018] A high-strength cold-rolled steel sheet according to
an embodiment of the present invention (hereinafter, may be
referred to as a cold-rolled steel sheet according to this
embodiment) has the following characteristics.

[0019] (a) The chemical composition contains, by mass %,
C: 0.15% or more and 0.30% or less, P: 0.040% or less, S:
0.0100% or less, N: 0.0100% or less, O: 0.0060% or less, Si
and Al: 0.70% or more and 2.50% or less in total, and Mn
and Cr: 1.50% or more and 3.50% or less in total, and
optionally, further contains one or more of Mo: 1.00% or
less, Ni: 1.00% or less, Cu: 1.00% or less, Nb: 0.30% or less,
Ti: 0.30% or less, V: 0.30% or less, B: 0.0050% or less, Ca:
0.0400% or less, Mg: 0.0400% or less, and REM: 0.0400%
or less, with a remainder of Fe and impurities.

[0020] (b) The metallographic microstructure contains, by
area ratio, 10% or more and 50% or less of one or both of
ferrite and granular bainite in total, 10% or more and 50%
or less of one or both of upper bainite and lower bainite in
total, more than 0% and 30% or less of tempered martensite,
5% or more of retained austenite, and 0% to 10% of one or
more of pearlite, cementite, and martensite in total, and an
area ratio of the ferrite with respect to a total area ratio of the
ferrite and the granular bainite is 25% or less.
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[0021] (c) The tensile strength is 980 MPa or more.
[0022] The chemical composition (content of each ele-
ment) of the cold-rolled steel sheet according to this embodi-
ment will be described. The symbol % relating to the content
means mass %.

[0023] <C: 0.15% or more and 0.30% or less>

[0024] Cis an effective element for improving the strength
of the steel sheet. In addition, C is an element necessary for
securing a predetermined amount of retained austenite. In a
case where the C content is less than 0.15%, the austenite is
transformed into martensite, and 5% or more of the retained
austenite cannot be secured. Therefore, the C content is set
to 0.15% or more. The C content is preferably 0.18% or
more.

[0025] In a case where the C content is more than 0.30%,
the phase transformation from austenite to upper bainite or
lower bainite is significantly suppressed, and martensite is
easily formed. As a result, 5% or more of the retained
austenite cannot be secured. Therefore, the C content is set
t0 0.30% or less. The C content is preferably 0.25% or less,
and more preferably 0.22% or less.

[0026] <P: 0.040% or less>

[0027] P is an impurity element. P is an element which
segregates in a sheet thickness central portion of the steel
sheet, thereby deteriorating toughness or embrittling the
weld. The smaller the P content, the more preferable. How-
ever, in a case where the P content is more than 0.040%, the
hole expansibility significantly deteriorates. Therefore, the P
content is set to 0.040% or less. The P content is preferably
0.015% or less. Since the smaller the P content, the more
preferable, it is not necessary to limit the lower limit.
However, since it is economically disadvantageous to make
the P content less than 0.0001% in a practical steel sheet, the
lower limit may be substantially 0.0001%.

[0028] <S: 0.0100% or less>

[0029] S is an impurity element. S is an element which
deteriorates weldability or impairs manufacturability during
casting and hot rolling. In addition, S is an element which
forms coarse MnS in the steel sheet and deteriorates hole
expansibility. The smaller the S content, the more preferable.
However, in a case where the S content is more than
0.0100%, the weldability, the manufacturability, and the
hole expansibility are significantly deteriorated. Therefore,
the S content is set to 0.0100% or less. The S content is
preferably 0.0050% or less. Since the smaller the S content,
the more preferable, it is not necessary to limit the lower
limit. However, since it is economically disadvantageous to
make the S content less than 0.0001% in a practical steel
sheet, the lower limit may be substantially 0.0001%.

[0030] <N: 0.0100% or less>

[0031] N is an element which forms a coarse nitride in the
steel sheet and deteriorates the bendability and the hole
expansibility of the steel sheet. In addition, N is an element
which causes blowholes during welding. The smaller the N
content, the more preferable. However, in a case where the
N content is more than 0.0100%, a reduction in hole
expansibility or the generation of blowholes is significantly
exhibited. Therefore, the N content is set to 0.0100% or less.
Since the smaller the N content, the more preferable, it is not
necessary to limit the lower limit. However, the manufac-
turing cost is significantly increased in a case where the N
content is made less than 0.0005% in a practical steel sheet.
Therefore, the lower limit may be substantially 0.0005%.
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[0032] <O: 0.0060% or less>

[0033] O is an element which forms a coarse oxide in the
steel sheet and deteriorates the bendability and hole expan-
sibility of the steel sheet. In addition, O is an element which
causes blowholes during welding. The smaller the O con-
tent, the more preferable. However, in a case where the O
content is more than 0.0060%, a reduction in hole expansi-
bility or the generation of blowholes is significantly exhib-
ited. Therefore, the O content is set to 0.0060% or less. Since
the smaller the O content, the more preferable, it is not
necessary to limit the lower limit. However, the manufac-
turing cost is significantly increased in a case where the O
content is made less than 0.0005% in a practical steel sheet.
Therefore, the lower limit may be substantially 0.0005%.

[0034] <One or Both of Si and Al: 0.70% or More and
2.50% or Less in Total>

[0035] Both Si and Al are effective elements for obtaining
a predetermined amount of granular bainite and retained
austenite. Granular bainite is a metallographic microstruc-
ture in which dislocations present at the interface are recov-
ered by a heat treatment and form a massive form in acicular
bainitic ferrite. That is, the bainitic ferrite and the granular
bainite are not the same.

[0036] Once cementite is formed at the interface of the
bainitic ferrite, the granular bainite cannot be obtained.
Since Si and Al are elements which suppress the formation
of cementite, these are important elements for obtaining the
granular bainite.

[0037] Furthermore, Si and Al are important elements for
obtaining retained austenite. In a case where a part of
austenite is transformed into bainite, carbon is concentrated
in untransformed austenite, and the carbon concentration in
the untransformed austenite is increased. Since the austenite
becomes stable due to the concentration of carbon, the
austenite in which the carbon is sufficiently concentrated
remains without being transformed into another structure
even after cooling to room temperature. Such austenite is
retained austenite. In a case where cementite is precipitated
in the stage of concentration of carbon in the untransformed
austenite, the carbon concentration in the austenite
decreases, and it is difficult to maintain untransformed
austenite even at room temperature. That is, since Si and Al
are elements which suppress the formation of cementite,
these are important elements for obtaining the retained
austenite.

[0038] As a result of intensive studies by the inventors, it
has been found that a predetermined amount of granular
bainite and retained austenite can be obtained by setting the
sum of the contents of Si and/or Al to 0.70% or more.
Therefore, the total content of Si and Al is set to 0.70% or
more. In a case where the sum of the contents (total content)
of Si and/or Al is excessive, the steel itself embrittles and the
hole expansibility significantly deteriorates. Therefore, the
sum of the contents of Si and/or Al is set to 2.50% or less.
The sum of the contents of Si and/or Al is preferably less
than 1.40%.

[0039] In the cold-rolled steel sheet according to this
embodiment, since Si and Al have the same effects, the total
content thereof may be specified, and it is not necessary to
specify the content of each element. That is, in a case where
the total content is within the above range, for example, one
of Si and Al may be 0%.
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[0040] <One or Both of Mn and Cr: 1.50% or More and
3.50% or Less in Total>

[0041] Both Mn and Cr are effective elements for improv-
ing the strength of the steel sheet. In addition, Mn and Cr are
elements which suppress ferritic transformation during a
heat treatment in continuous annealing process or continu-
ous hot-dip galvanizing process. Suppressing the ferritic
transformation during the heat treatment is advantageous to
set the area ratio of ferrite to be 25% or less, that is, to set
the area ratio of granular bainite to be 75% or more with
respect to a total area ratio of the ferrite and the granular
bainite. In order to obtain this effect, the sum of the contents
of Mn and/or Cr is set to 1.50% or more. In a case where the
sum of the contents of Mn and/or Cr is more than 3.50%, the
phase transformation from austenite to upper bainite or
lower bainite is significantly suppressed. In this case, as a
result, 5% or more of retained austenite cannot be secured,
and the area ratio of martensite is more than 10%. Therefore,
the sum of the contents of Mn and/or Cr is set to 3.50% or
less.

[0042] In the cold-rolled steel sheet according to this
embodiment, since Mn and Cr have the same effects, the
total content thereof may be specified, and it is not necessary
to specify the content of each element. That is, in a case
where the total content is within the above range, for
example, one of Mn and Cr may be 0%.

[0043] The cold-rolled steel sheet according to this
embodiment is based on the fact that the above elements are
contained and the remainder is Fe and impurities. However,
instead of a part of Fe, one or more selected from Mo, Ni,
Cu, Nb, Ti, V, B, Ca, Mg, and REM may be optionally
contained within a range to be described later. However,
since these elements do not necessarily need to be contained,
the lower limit is 0%. The impurities mean components
which are mixed from raw materials such as ore or scrap or
due to various factors of the manufacturing processes during
industrial steel manufacturing, and are permitted within a
range not adversely affecting the cold-rolled steel sheet
according to this embodiment.

[0044] <Mo: 0% or more and 1.00% or less>

[0045] Mo is an effective element for improving the
strength of the steel sheet. In addition, Mo is an element
having an effect of suppressing ferritic transformation occur-
ring during a heat treatment in continuous annealing process
or continuous hot-dip galvanizing process. The Mo content
is preferably set to 0.01% or more to obtain the above
effects. In a case where the Mo content is more than 1.00%,
the effect of suppressing ferritic transformation is saturated.
Therefore, the Mo content is preferably set to 1.00% or less
even in a case where Mo is contained.

[0046] <Ni: 0% or more and 1.00% or less>

[0047] Ni is an effective element for improving the
strength of the steel sheet. In addition, Ni is an element
having an effect of suppressing ferritic transformation occur-
ring during a heat treatment in continuous annealing process
or continuous hot-dip galvanizing process. The Ni content is
preferably set to 0.05% or more to obtain the above effects.
In a case where the Ni content is more than 1.00%, the effect
of suppressing ferritic transformation is saturated. There-
fore, the Ni content is preferably set to 1.00% or less even
in a case where Ni is contained.

[0048] <Cu: 0% or more and 1.00% or less>

[0049] Cu is an effective element for improving the
strength of the steel sheet. The Cu content is preferably set
to 0.05% or more to obtain the above effect. In a case where
the Cu content is excessive, the steel embrittles during hot



US 2020/0283869 Al

rolling, and hot rolling cannot be performed. Therefore, the
Cu content is preferably set to 1.00% or less even in a case
where Cu is contained.

[0050] <Nb: 0% or more and 0.30% or less>

[0051] Nb is an effective element for reducing crystal
grains in size and improving the strength of the steel sheet.
In addition, Nb is an element having an effect of suppressing
ferritic transformation occurring during a heat treatment in
continuous annealing process or continuous hot-dip galva-
nizing process. The Nb content is preferably set to 0.005%
or more to obtain the above effects. In a case where the Nb
content is more than 0.30%, the phase transformation from
austenite to upper bainite or lower bainite is significantly
suppressed. As a result, martensite is excessively formed,
and 5% or more of retained austenite cannot be secured.
Therefore, the Nb content is preferably set to 0.30% or less
even in a case where Nb is contained.

[0052] <Ti: 0% or more and 0.30% or less>

[0053] Ti is an effective element for improving the
strength of the steel sheet. In addition, Ti is an element
having an effect of suppressing ferritic transformation occur-
ring during a heat treatment in continuous annealing process
or continuous hot-dip galvanizing process. The Ti content is
preferably set to 0.005% or more to obtain the above effects.
In a case where the Ti content is more than 0.30%, the phase
transformation from austenite to upper bainite or lower
bainite is significantly suppressed. As a result, martensite is
excessively formed, and 5% or more of retained austenite
cannot be secured. Therefore, the Ti content is preferably set
to 0.30% or less even in a case where Ti is contained.

[0054] <V: 0% or more and 0.30% or less>

[0055] Vs an effective element for improving the strength
of the steel sheet. In addition, V is an element having an
effect of suppressing ferritic transformation occurring dur-
ing a heat treatment in continuous annealing process or
continuous hot-dip galvanizing process. The V content is
preferably set to 0.005% or more to obtain the above effects.
In a case where the V content is more than 0.30%, the phase
transformation from austenite to upper bainite or lower
bainite is significantly suppressed. As a result, martensite is
excessively formed, and 5% or more of retained austenite
cannot be secured. Therefore, the V content is preferably set
to 0.30% or less even in a case where V is contained.

[0056] <B: 0% or more and 0.0050% or less>

[0057] B is an element which segregates at a grain bound-
ary of austenite during a heat treatment process, thereby
suppressing ferritic transformation. The B content is pref-
erably set to 0.0001% or more to obtain the above effect. In
a case where the B content is more than 0.0050%, the effect
of suppressing ferritic transformation is saturated, and sub-
stantially, the upper limit is thus preferably 0.0050%.

[0058] <Ca: 0% or more and 0.0400% or less>

[0059] <Mg: 0% or more and 0.0400% or less>

[0060] <REM: 0% or more and 0.0400% or less>

[0061] All of Ca, Mg, and REM are elements which

control the form of an oxide or a sulfide and contribute to the
improvement of hole expansibility. The content of any of the
elements is preferably set to 0.0005% or more to obtain the
above effect. The content of any of the elements is more
preferably 0.0010% or more. In a case where the content of
Ca, Mg, or REM is more than 0.0400%, a coarse oxide is
formed, and the hole expansibility deteriorates. Therefore,
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the content of any of the elements is set to 0.0400% or less.
The content of any of the elements is more preferably
0.0100% or less.

[0062] In a case where a rare earth element (REM) is
contained, misch metal is added in many cases, and in some
cases, a lanthanoid series element other than La and Ce is
added in combination. Even in such a case, and even in a
case where a metal REM such as a metal La or Ce is added,
the cold-rolled steel sheet according to this embodiment can
exhibit the effects. In this embodiment, REM means 17
elements including Sc, Y, and lanthanoid, and the REM
content is a total content of the elements.

[0063] Next, the metallographic microstructure of the
cold-rolled steel sheet according to this embodiment will be
described.

[0064] Based on the premise of using continuous hot
rolling process and continuous annealing process which are
usually employed at present, the inventors have studied to
secure a strength and elongation and to improve hole expan-
sibility in a steel sheet having a tensile strength of 980 MPa
or more.

[0065] As described above, in order to improve the hole
expansibility without deteriorating the strength and elonga-
tion in a steel sheet suitable as a structural member of a
vehicle or the like, using ferrite as a metallographic micro-
structure of the steel sheet has been studied. However, since
ferrite is a soft metallographic microstructure, the ferrite
becomes a factor which increases the hardness difference
between the structures in a high-strength steel sheet com-
posed of a composite microstructure. As a result, a problem
has occurred in that the hole expansibility deteriorates.
Accordingly, the inventors have studied focusing on using
granular bainite as a metallographic microstructure of the
steel sheet. As a result, the inventors have successfully
obtained excellent hole expansibility while securing strength
and ductility by controlling a total area ratio of ferrite and
granular bainite and an area ratio of the ferrite with respect
to the total area ratio of the ferrite and the granular bainite.
[0066] The metallographic microstructure (microstruc-
ture) of the cold-rolled steel sheet according to this embodi-
ment is limited based on the above knowledge. Hereinafter,
detailed description thereof will be given.

[0067] <One Or Both Of Ferrite And Granular Bainite Is
Contained In Amount Of 10% Or More And 50% Or Less In
Total By Area Ratio>

[0068] <Area Ratio of Ferrite with Respect to Total Area
Ratio of Ferrite and Granular Bainite is 25% or Less>
[0069] The ferrite contained in the metallographic micro-
structure of the steel sheet is a soft structure and is easily
deformed. Therefore, the ferrite contributes to an improve-
ment of elongation. On the other hand, since the ferrite is a
soft structure, the ferrite is significantly different from the
hard phase in terms of the hardness, and thus becomes a
factor in deteriorating the hole expansibility in the steel
sheet having a composite microstructure. Similarly to the
ferrite, the granular bainite contributes to an improvement of
elongation. On the other hand, the granular bainite is harder
than ferrite and has intermediate hardness between ferrite
and upper bainite or lower bainite. Accordingly, compared
with ferrite, the granular bainite has an effect of reducing the
hardness difference between the structures in the steel sheet
having a composite microstructure.

[0070] In a case where the total area ratio of ferrite and
granular bainite is less than 10%, sufficient elongation
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cannot be obtained. In a case where the total area ratio of
ferrite and granular bainite is more than 50%, a tensile
strength of 980 MPa or more cannot be obtained. In addition,
in a case where the area ratio of ferrite with respect to the
total area ratio of ferrite and granular bainite (the area ratio
of ferrite in the total area ratio of ferrite and granular bainite)
is more than 25%, the hardness difference between the
structures is increased in the steel sheet having a composite
microstructure, and the hole expansibility deteriorates.
[0071] That is, in a case where ferrite and granular bainite
are contained in an amount of 10% or more and 50% or less
in total and the area ratio of ferrite with respect to the total
area ratio of ferrite and granular bainite is 25% or less (that
is, the area ratio of granular bainite is 75% or more), the
elongation and the hole expansibility can be improved at the
same time. The area ratio of ferrite may be 0%.

[0072] <5% or More of Retained Austenite is Contained>
[0073] Retainedaustenite is a metallographic microstruc-
ture which is transformed into martensite (strain-induced
transformation) during deformation by processing, thereby
contributing to an improvement of elongation. In order to
obtain predetermined elongation, the area ratio of retained
austenite in the steel sheet is set to 5% or more by area ratio.
In a case where the area ratio of retained austenite is less
than 5%, sufficient elongation cannot be obtained. The
higher the area ratio of retained austenite, the better from the
viewpoint of an improvement of elongation. However, since
it is necessary to increase the content of C or Mn to obtain
an area ratio of more than 20% of the retained austenite, the
upper limit is substantially 20%.

[0074] <One or Both of Upper Bainite and Lower Bainite
is Contained in Amount of 10% or More and 50% or Less
in Total by Area Ratio>

[0075] Upper bainite and lower bainite are metallographic
microstructures which have an influence on the formation of
retained austenite and are necessary for obtaining a high
strength. These structures are commonly called bainite. In a
case where the area ratio of upper bainite and/or lower
bainite is 10% or more, carbon is concentrated in untrans-
formed austenite when phase transformation from austenite
to upper bainite or lower bainite occurs in an annealing
process, and it becomes possible to remain 5% or more of
untransformed austenite even at room temperature. In a case
where the area ratio of upper bainite and/or lower bainite is
less than 10%, the strength of the steel sheet becomes
insufficient and 5% or more of retained austenite cannot be
secured. In a case where the area ratio of upper bainite
and/or lower bainite is more than 50%, the phase transfor-
mation from austenite to upper bainite or lower bainite is
promoted too much. Accordingly, untransformed austenite is
reduced, and finally, 5% or more of retained austenite cannot
be secured. Therefore, the area ratio of upper bainite and/or
lower bainite is set to 50% or less in total.

[0076] <Tempered Martensite is Contained in Amount of
More than 0% and 30% or Less by Area Ratio>

[0077] Tempered martensite contained in the metallo-
graphic microstructure of the steel sheet is a metallographic
microstructure which has an influence on the formation of
retained austenite and is effective for obtaining a high
strength. Therefore, the area ratio of tempered martensite is
set to more than 0%. The area ratio of tempered martensite
is preferably 3% or more, and more preferably 5% or more.
On the other hand, since tempered martensite is a hard
structure, the tempered martensite is a metallographic
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microstructure which makes a difference in hardness differ-
ence between the structures in the steel sheet having a
composite microstructure large, thereby deteriorating hole
expansibility. In a case where the area ratio of tempered
martensite is more than 30%, the hole expansibility signifi-
cantly deteriorates. Therefore, the area ratio of tempered
martensite is set to 30% or less.

[0078] <One or More of Pearlite, Cementite, and Marten-
site is Contained in Amount of 0 to 10% in Total by Area
Ratio>

[0079] The cold-rolled steel sheet according to this
embodiment may contain one or more of pearlite, cementite,
and martensite as a remainder other than the above struc-
tures. However, these structures contain a hard iron carbide
and become a starting point of void generation during hole
expansion. In a case where the sum of area ratios of the
above structures is more than 10%, the hole expansibility
significantly deteriorates. Therefore, the sum of area ratios is
limited to 10% or less. Particularly, martensite is preferably
3% or less in view of the hardness difference between the
structures. The smaller the content of the above structures,
the more preferable. That is, the sum of area ratios of
pearlite, cementite, and martensite may be 0%. The marten-
site mentioned here is so-called fresh martensite, which is
different from tempered martensite.

[0080] Identification and calculation of area ratios of fer-
rite, granular bainite, martensite, upper bainite, lower bain-
ite, retained austenite, pearlite, cementite, and tempered
martensite can be performed by performing observation and
measurement of a cross-section of the steel sheet in a rolling
direction or a cross-section in a direction perpendicular to
the rolling direction at a magnification of 1,000 to 50,000
times through structure observation by electron back scat-
tering diffraction (EBSD), X-ray diffraction, and a scanning
electron microscope after corrosion using a nital reagent or
a lepera liquid.

[0081] Specifically, the area ratio of ferrite can be mea-
sured by the following method. That is, a range from % to
% in thickness centered at Y4 position of the sheet thickness
from the surface of the steel sheet is measured at an interval
(pitch) of 0.2 pm by EBSD attached to a scanning electron
microscope. The value of grain average misorientation is
calculated from the measurement data. A region where the
value of grain average misorientation is less than 0.5° is
defined as ferrite, and the area ratio thereof is measured.
Here, the grain average misorientation is a value obtained by
calculating orientation difference between adjacent mea-
surement points in a region surrounded by a grain boundary
with a crystal orientation difference of 5° or more, and
averaging all the calculated values at the measurement
points in the crystal grains.

[0082] The area ratio of retained austenite can be calcu-
lated by measurement using X-rays. That is, a part from a
surface to a position %4 deep in a sheet thickness direction of
a sample is removed by mechanical polishing and chemical
polishing. From an integrated intensity ratio of diffraction
peaks of (200) and (211) of the bee phase and (200), (220),
and (311) of the fcc phase, obtained using MoKa rays as
characteristic X-rays on the sample after polishing, the
structure fraction of retained austenite is calculated, and this
is defined as the area ratio of retained austenite.

[0083] To calculate the area ratio of martensite, a cross-
section of the steel sheet in a sheet thickness direction is
etched with a lepera liquid, a range from % to 34 in thickness
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centered at 4 position of the sheet thickness from the
surface is observed by FE-SEM, and an area ratio of retained
austenite measured by X-rays is subtracted from an area
ratio of a region where the degree of corrosion is relatively
lower than other structures. Otherwise, since martensite is a
structure having a high dislocation density and having a
substructure such as a block or a packet in the grains, the
martensite can be distinguished from other metallographic
microstructures according to an electron channeling contrast
image obtained using a scanning electron microscope.
Therefore, the area ratio of martensite may be obtained from
the electron channeling contrast image.

[0084] To identify upper bainite, lower bainite, and tem-
pered martensite, a cross-section in a sheet thickness direc-
tion is etched with a nital reagent, a range from % to 3% in
thickness centered at Y4 position of the sheet thickness from
the surface of the steel sheet (%4 to 34 of the sheet thickness
from the surface of the steel sheet) is observed by FE-SEM,
and the position and the variant of cementite contained in the
structure are observed. Specifically, in upper bainite,
cementite or retained austenite is formed at an interface of
lath-like bainitic ferrite. In lower bainite, since cementite is
formed in lath-like bainitic ferrite and there is one kind of
crystal orientation relationship between the bainitic ferrite
and the cementite, the formed cementite has the same
variant. In tempered martensite, cementite is formed in
martensite lath, and since there are two or more crystal
orientation relationships between the martensite lath and the
cementite, the formed cementite has a plurality of variants.
By detecting the characteristics of the cementite, each struc-
ture is identified and the area ratio thereof is calculated.
[0085] To identify pearlite or cementite, corrosion is per-
formed with a nital reagent, and a range from Y to ¥ in
thickness centered at Y4 position of the sheet thickness from
the surface of the steel sheet is observed using a secondary
electron image obtained by a scanning electron microscope.
A region imaged brightly in the secondary electron image is
defined as pearlite or cementite, and the area ratio thereof is
calculated.

[0086] Granular bainite is composed of bainitic ferrite
which rarely contains hard cementite and has a low dislo-
cation density. Therefore, it cannot be distinguished from
ferrite through a conventional corrosion method or second-
ary electron image observation using a scanning electron
microscope. However, the inventors have conducted inten-
sive studies, and as a result, found that since granular bainite
is composed of an aggregate of bainitic ferrite, the granular
bainite has a minute crystal orientation difference in the
grains, and thus can be distinguished from ferrite by detect-
ing the minute crystal orientation difference in the grains.
Therefore, the area ratio of granular bainite can be measured
by the following method.

[0087] That is, a range from % to 3% in thickness centered
at Y4 position of the sheet thickness from the surface of the
steel sheet is measured at an interval of 0.2 pum using EBSD,
and a value of grain average misorientation is calculated
from the measurement data. A value obtained by subtracting
an area ratio of upper bainite, lower bainite, tempered
martensite, pearlite, and martensite from an area ratio of a
region where the value of grain average misorientation is
0.5° or more is defined as the area ratio of granular bainite.
[0088] The area ratio of each structure is a ratio of the area
of each structure to the area of the entire metallographic
microstructure.
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[0089] The cold-rolled steel sheet according to this
embodiment has a tensile strength of 980 MPa or more and
has a sufficiently high strength. Therefore, in a case where
the cold-rolled steel sheet according to this embodiment is
applied to a member of a vehicle or the like, the cold-rolled
steel sheet contributes to a reduction in weight of the vehicle
body or an improvement in safety at the time of collision.
There is no need to limit the upper limit of the strength.
However, in a case where the strength is more than 1,470
MPa, it is difficult to achieve the strength in a composite
microstructure as shown in this embodiment, and it is
necessary to form a structure including martensite as a
primary phase. Therefore, the upper limit of the strength
may be 1,470 MPa.

[0090] The cold-rolled steel sheet according to this
embodiment may have a hot-dip galvanized layer on the
surface. When the hot-dip galvanized layer is formed on the
surface, corrosion resistance is improved, which is prefer-
able. The hot-dip galvanized layer preferably contains 1% or
more and less than 7% of Fe with a remainder of Zn, Al, and
impurities.

[0091] The cold-rolled steel sheet according to this
embodiment may have an alloyed hot-dip galvannealed
layer on the surface. When the alloyed hot-dip galvannealed
layer is formed on the surface, corrosion resistance is
improved, which is preferable. The alloyed hot-dip gal-
vannealed layer preferably contains 7% or more and 15% or
less of Fe with a remainder consisting of Zn, Al, and
impurities.

[0092] The hot-dip galvanized layer or the alloyed hot-dip
galvannealed layer may be formed on one or both surfaces
of the steel sheet.

[0093] Next, a preferable manufacturing method for
obtaining the cold-rolled steel sheet according to this
embodiment will be described. As long as the cold-rolled
steel sheet according to this embodiment satisfies the above-
described chemical component composition and metallo-
graphic microstructure, the effects thereof are obtained
regardless of the manufacturing method. However, since the
cold-rolled steel sheet according to this embodiment can be
stably manufactured by a manufacturing method including
the following processes (A) to (G), which is preferable.
[0094] (A) A cast slab having the same composition as the
cold-rolled steel sheet according to this embodiment is
maintained after casting such that the temperature thereof is
not reduced to a temperature lower than 1,150° C., or is
heated to 1,150° C. or higher after being cooled (heating
process).

[0095] (B) The slab heated to a temperature of 1,150° C.
or higher (or maintained to a temperature of 1,150° C. or
higher) is subjected to hot rolling, and the hot rolling is
completed in a temperature range of an Ar3 transformation
point or higher to obtain a hot-rolled steel sheet (hot rolling
process).

[0096] (C) The hot-rolled steel sheet is coiled in a tem-
perature range of 700° C. or lower (coiling process).
[0097] (D) The uncoiled hot-rolled steel sheet is pickled,
and then subjected to cold rolling at a cumulative rolling
reduction of 30% or more and 80% or less to obtain a
cold-rolled steel sheet. (pickling and cold rolling process).
[0098] (E) The cold-rolled steel sheet is subjected to
continuous annealing in a temperature range of 760° C. or
higher and 900° C. or lower (annealing process).
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[0099] (F) After being subjected to continuous annealing,
the cold-rolled steel sheet is cooled to a temperature range
of 500° C. to 650° C. at an average cooling rate of 55° C./s
or higher and 100° C./s or lower, and is retained in a
temperature range of 500° C. to 650° C. for 3 seconds or
longer. After being retained, the steel sheet is cooled at an
average cooling rate of 10° C./s or higher and 100° C./s or
lower, and the cooling is stopped at 180° C. or higher and
400° C. or lower and at Ms or lower (cooling process).
[0100] (G) After the cooling process, the cold-rolled steel
sheet is reheated to a temperature range of 300° C. or higher
and 460° C. or lower, and is held for 15 seconds or longer
in the above temperature range (reheating process).

[0101] Desirable conditions for each process will be
described.

[0102] (A) Heating Process

[0103] A cast slab having the same composition as the

cold-rolled steel sheet according to this embodiment having
a tensile strength of 980 MPa or more may contain a large
amount of an alloying element. Therefore, it is necessary to
solutionize the alloying element in the cast slab before hot
rolling. Accordingly, in a case where the cast slab is cooled,
the cast slab is preferably heated to 1,150° C. or higher and
subjected to hot rolling. In a case where the heating tem-
perature is lower than 1,150° C., a coarse alloy carbide
remains, and the deformation resistance during hot rolling
increases. Accordingly, the cast slab is heated to 1,150° C.
or higher.

[0104] However, in a case where the cast slab is subjected
to hot rolling without being cooled to a temperature lower
than 1,150° C. after casting, heating is not required.
[0105] The cast slab to be subjected to hot rolling may be
a slab obtained by casting, and is not limited to a specific
cast slab. For example, the cast slab may be a continuously
cast slab or a slab manufactured by a thin slab caster. As
described above, the cast slab is directly subjected to hot
rolling, or is cooled, heated, and then subjected to hot
rolling.

[0106] (B) Hot Rolling Process

[0107] The slab of 1,150° C. or higher subjected to the
heating process is subjected to hot rolling including rough
rolling and finish rolling to obtain a hot-rolled steel sheet. In
the hot rolling, the finish rolling temperature (finish rolling
completion temperature) is important in view of controlling
the structure of the steel sheet. In a case where the finish
rolling temperature is in the two-phase temperature range of
(austenite+ferrite), there is a concern that the rolling force
during hot rolling may increase and cracks may occur during
hot rolling. Therefore, the finish rolling temperature is
preferably an Ar3 transformation point or more. During hot
rolling, roughly rolled sheets may be joined and continu-
ously hot rolled.

[0108] Here, the Ar3 transformation point is a temperature
at which austenite transformation starts on cooling stage,
and is simply calculated using Formula (1) in this embodi-
ment.

Ar3=901-325xC+33xSi-92x (Mn+Ni/2+Cr/2+Cw/2+
Mo/2) (1)

[0109] (C) Coiling Process

[0110] The hot-rolled steel sheet after the hot rolling
process is preferably coiled at a temperature of 700° C. or
lower. In a case where the coiling temperature is higher than
700° C., there is a concern that a thick oxide scale may be
formed on the surface of the steel sheet and cannot be
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removed in the pickling process. In this case, the steel sheet
is difficult to be subjected to the processes of cold rolling or
thereafter. In addition, in a case where the steel sheet is
coiled at a temperature higher than 700° C., a carbide in the
hot-rolled steel sheet becomes coarse, and is not easily
dissolved in the subsequent annealing process. In a case
where the carbide dissolution does not proceed during
heating in the annealing process, there is a concern that a
predetermined strength may not be obtained, or the fraction
of ferrite may increase due to insufficient hardenability
during the annealing process, and as a result, a structure
having a predetermined area ratio may not be obtained. The
coiling temperature may be set to 700° C. or lower, and there
is no need to particularly determine the lower limit. How-
ever, since it is technically difficult to coil the steel sheet at
a temperature lower than room temperature, the lower limit
is substantially room temperature. The lower the coiling
temperature, the more uniform the microstructure of the
hot-rolled steel sheet. Accordingly, the mechanical proper-
ties after annealing tend to be improved, and the coiling
temperature is preferably as low as possible. Meanwhile, the
lower the coiling temperature, the higher the strength of the
hot-rolled steel sheet and the larger the deformation resis-
tance during cold rolling. Therefore, in a case where the
coiling temperature is lowered, tempering for softening may
be performed on the hot-rolled steel sheet at about 650° C.
using a box annealing furnace or continuous annealing
process. In consideration of the strength of the hot-rolled
steel sheet and the passability in the line, the coiling is
preferably performed at 450° C. or higher and 650° C. or
lower.

[0111] (D) Pickling and Cold Rolling Process

[0112] The coiled hot-rolled steel sheet is uncoiled, pick-
led, and then subjected to cold rolling. By performing
pickling, the oxide scale on the surface of the hot-rolled steel
sheet can be removed, and the chemical convertibility and
the platability of the cold-rolled steel sheet can be improved.
The pickling may be performed once or a plurality of times.
In a case where the pickled hot-rolled steel sheet is subjected
to cold rolling to obtain a cold-rolled steel sheet, the
cumulative rolling reduction in the cold rolling is preferably
30% or more and 80% or less. In a case where the cumu-
lative rolling reduction is less than 30%, it is difficult to keep
the shape of the cold-rolled steel sheet flat, and the steel
sheet cannot be subjected to the subsequent annealing pro-
cess. Therefore, the cumulative rolling reduction is prefer-
ably 30% or more. The cumulative rolling reduction is more
preferably 40% or more. In a case where the cumulative
rolling reduction is more than 80%, there is a concern that
the rolling force may be excessive, cracks may occur during
cold rolling, and it may be difficult to subject the steel sheet
to the subsequent annealing process. Therefore, the cumu-
lative rolling reduction is preferably 80% or less. The
cumulative rolling reduction is more preferably 70% or less.
The number of rolling passes and the rolling reduction for
each pass are not particularly limited. The cumulative rolling
reduction may be appropriately set so as to be secured within
a range of 30% or more and 80% or less.

[0113] (E) Annealing Process

[0114] The cold-rolled steel sheet is transferred to the
continuous annealing line and annealed by being heated to
the annealing temperature. In this case, the annealing tem-
perature is preferably 760° C. or higher and 900° C. or
lower, and the annealing time is preferably 10 to 600
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seconds. In a case where the annealing temperature is lower
than 760° C., austenite is not sufficiently formed. In this
case, there is a concern that the area ratio of ferrite may
increase and a predetermined strength may not be satisfied.
In addition, since the area ratio of austenite at the highest
heating temperature (annealing temperature) is also reduced,
the area ratio of granular bainite, bainite (upper bainite,
lower bainite), and tempered martensite, which are trans-
formation structures to be formed during subsequent cool-
ing, is reduced. In this case, there is a concern that carbon
necessary for obtaining retained austenite may not be con-
centrated in austenite, and it may be impossible to secure 5%
or more of retained austenite.

[0115] In a case where the annealing temperature is higher
than 900° C., the grain size of austenite is increased, and the
hardenability becomes excessive. In this case, a predeter-
mined area ratio of ferrite and granular bainite is not
obtained. Moreover, the transformation from austenite to
upper bainite or lower bainite is suppressed. As a result,
there is a concern that it may be impossible to secure 5% or
more of retained austenite. Therefore, the upper limit of the
continuous annealing temperature is preferably 900° C.
Continuous annealing may be performed in the air, or may
be performed in an oxidation-reduction atmosphere for the
purpose of improving plating adhesion.

[0116] In addition, in a case where the annealing time is
shorter than 10 seconds, there is a concern that the fraction
of austenite at the annealing temperature may be insufficient,
or the carbide existed before the annealing may not be
sufficiently dissolved, and thus a predetermined structure
and predetermined characteristics may not be obtained.
Even in a case where the annealing time is longer than 600
seconds, there is no problem in characteristics. However,
since the line length of the equipment is increased, the upper
limit is substantially about 600 seconds.

[0117] (F) Cooling Process

[0118] After the annealing process, the cold-rolled steel
sheet is immediately cooled (for example, within 30 sec-
onds, preferably within 10 seconds) to a temperature range
of 500° C. to 650° C. at an average cooling rate of 55° C./s
or more and 100° C./s or less. Thereafter, the steel sheet is
retained for 3 seconds or longer in a temperature range of
500° C. to 650° C. After being retained, the steel sheet is
preferably cooled to 180° C. or higher and 400° C. or lower
and a martensitic transformation start temperature (herein-
after, Ms (° C.)) or lower at an average cooling rate of 10°
C./s or more and 100° C./s or less.

[0119] This process is an effective process for obtaining a
predetermined amount of granular bainite. By holding in a
predetermined temperature range after phase transformation
occurred using a minute amount of dislocations as nuclei,
which are included in the austenite grains before transfor-
mation, the dislocations at the bainitic ferrite boundary are
recovered and granular bainite is formed. Therefore, in order
to suppress the excessive formation of ferrite and to obtain
a predetermined amount of ferrite and granular bainite, it is
necessary to suppress the ferritic transformation to some
extent by setting the average cooling rate in a temperature
range of 500° C. to 650° C. to 55° C./s or more. Cooling at
an average cooling rate of more than 100° C./s is economi-
cally disadvantageous in consideration of the capacity of the
cooling process in the annealing process. Therefore, the
upper limit of the average cooling rate is substantially 100°
C./s.
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[0120] In this cooling process, the steel sheet is preferably
retained for 3 seconds or longer in a temperature range of
500° C. to 650° C. By holding the bainitic ferrite formed
during cooling on the high temperature side of the bainite
formation temperature, the formed bainitic ferrite is recov-
ered, and granular bainite is obtained. That is, it is effective
to perform the above-described retention in order to secure
the time for dislocation recovery immediately after the
formation of bainitic ferrite by cooling at the above-de-
scribed average cooling rate. In a case where the retention
time at 500° C. to 650° C. is shorter than 3 seconds, the
bainitic ferrite is not sufficiently recovered, and it is difficult
to obtain a predetermined area ratio of granular bainite. In
this embodiment, the retention is not limited to isothermal
holding, and indicates that the steel sheet temperature is at
500° C. to 650° C. for 3 seconds or longer. No upper limit
is set for the retention time, but in a case where the retention
time is long, productivity is reduced. Therefore, the retention
time may be 600 seconds or shorter.

[0121] After the retention, cooling to a temperature range
of 180° C. to 400° C. and of Ms or lower at an average
cooling rate of 10° C./s or more and 100° C./s or less is
performed. In a case where the average cooling rate is 10°
C./s or more and the cooling stop temperature is 180° C. to
400° C. and Ms or lower, martensite is formed. The mar-
tensite is tempered in the next reheating process and
becomes tempered martensite. Therefore, the cooling stop
temperature is preferably set to 400° C. or lower and Ms or
lower to obtain tempered martensite. In a case where the
cooling stop temperature is higher than 400° C. or Ms,
martensite is not obtained during cooling, bainite transfor-
mation does not sufficiently occur during subsequent reheat-
ing, carbon concentration in untransformed austenite does
not progress, and a predetermined amount of retained aus-
tenite is not obtained. In this case, since the untransformed
austenite is transformed into martensite during final cooling,
the hole expansibility significantly deteriorates. In a case
where the cooling stop temperature is lower than 180° C.,
there is a concern that the phase transformation from aus-
tenite to martensite may be excessively promoted, the
amount of martensite formed may exceed 30%, and the hole
expansibility may significantly deteriorate.

[0122] Inthis embodiment, the average cooling rate can be
calculated by dividing the difference between the cooling
start temperature and the cooling stop temperature by the
cooling time.

[0123] In addition, the Ms varies depending on the area
ratio of ferrite and granular bainite formed in the annealing
process and the cooling process, and it is difficult to calculate
Ms through a calculating formula. However, in a case where
the presence of tempered martensite is recognized in the
final microstructure, this means that the steel sheet has been
cooled to Ms or lower during cooling. Accordingly, Ms can
be determined by previously performing a preliminary test
or the like on the cooling stop temperature and the area ratio
of tempered martensite, and a predetermined area ratio of
tempered martensite can be obtained.

[0124] (G) Reheating Process

[0125] After the cooling is stopped in a temperature range
of 180° C. to 400° C. and of Ms or lower, the cold-rolled
steel sheet is preferably reheated and held for 15 seconds or
longer in a temperature range of 300° C. or higher and 460°
C. or lower. According to this process, the carbon diffusion
to austenite accompanying the tempering of the martensite
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formed in the cooling process and the carbon diffusion to
austenite due to the progress of the bainite transformation
occur. In a case where the holding temperature is lower than
300° C. or the holding time is shorter than 15 seconds, there
is a concern that the bainite transformation may not suffi-
ciently progress and the carbon diffusion to austenite may be
insufficient. In a case where the holding temperature is
higher than 460° C., there is a concern that the transforma-
tion from austenite to pearlite may progress, and thus the
area ratio of pearlite may be increased or the area ratio of
retained austenite is reduced due to instability of the aus-
tenite.

[0126] After the reheating process, the cold-rolled steel
sheet is cooled to room temperature. In this case, it is not
necessary to specify the cooling rate, but the cooling rate
may be 2° C./s or more and 100° C./s or less.

[0127] In the manufacturing of the cold-rolled steel sheet
according to this embodiment, the following processes (H)
to (J) may be further performed to improve the mechanical
properties and the corrosion resistance.

[0128]

[0129] After the reheating process, reheating of the cold-
rolled steel sheet is started after or during cooling to room
temperature (Ms or lower), and holding is performed for 2
seconds or longer in a temperature range of 150° C. or higher
and 400° C. or lower. According to this process, tempered
martensite is formed since the martensite formed during the
cooling after the reheating is tempered. Accordingly, the
hardness difference between the structures can be further
reduced. As a result, it is possible to secure excellent hole
expansibility without deteriorating ductility. In a case where
the tempering process is performed, and in a case where the
holding temperature is lower than 150° C. or the holding
time is shorter than 2 seconds, the martensite is not suffi-
ciently tempered, and the microstructure and the mechanical
properties are hardly changed. In a case where the holding
temperature is higher than 400° C., there is a concern that the
dislocation density in the tempered martensite may be
reduced, and a tensile strength of 980 MPa or more may not
be obtained. Moreover, since cementite precipitates in the
untransformed austenite, there is a concern that the austenite
may become unstable, the austenite may transform into
martensite during cooling, and martensite may be formed
after the cooling. Therefore, in a case where tempering is
performed, holding is preferably performed for 2 seconds or
longer in a temperature range of 150° C. or higher and 400°
C. or lower.

[0130] The tempering may be performed in continuous
annealing process, or may be performed in separate equip-
ment offline after continuous annealing. In this case, the
tempering time varies depending on the tempering tempera-
ture. That is, the lower the tempering temperature, the longer
the tempering time, and the higher the tempering tempera-
ture, the shorter the tempering time. In a case where the
tempering is performed at a high temperature for a long
period of time, the strength is reduced, and it is difficult to
obtain a strength of 980 MPa or more. Therefore, the upper
limit of the tempering time is preferably set after prior
confirmation of the relationship between the tempering
temperature and time and the allowance for reduction in
strength in the laboratory so as not to acquire a strength
below a desired level by the tempering temperature and the
components.

(H) Tempering Process
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[0131] (I) Hot-Dip Galvanizing Process

[0132] The cold-rolled steel sheet after the reheating pro-
cess or the tempering process may be optionally heated or
cooled to (molten zinc bath temperature-40°) C. to (molten
zinc bath temperature+50°) C. so as to be subjected to
hot-dip galvanizing. By the hot-dip galvanizing process, a
hot-dip galvanized layer is formed on the surface of the
cold-rolled steel sheet. This is preferable since the corrosion
resistance of the cold-rolled steel sheet is improved. The
elongation and the hole expansibility of the cold-rolled steel
sheet can be sufficiently maintained even in a case where the
hot-dip galvanizing is performed.

[0133] (J) Hot-Dip Galvannealing Process

[0134] Heat treatment may be performed on the cold-
rolled steel sheet having the hot-dip galvanized layer formed
thereon in a temperature range of 460° C. or higher and 600°
C. or lower as an alloying treatment. In a case where the
alloying treatment is performed at a temperature lower than
460° C., the coating layer is not sufficiently alloyed. In a case
where the alloying treatment is performed at a temperature
higher than 600° C., the alloying excessively proceeds and
the corrosion resistance deteriorates. Therefore, in a case
where the alloying treatment is performed, the temperature
is set to 460° C. or higher and 600° C. or lower.

[0135] Electro plating or vapor deposition coating may be
performed instead of hot-dip galvanizing. A surface treat-
ment such as organic film formation, film lamination, an
organic salt/inorganic salt treatment, or a non-chromium
treatment may be applied. The elongation and the hole
expansibility of the cold-rolled steel sheet can be sufficiently
maintained even in a case where the above-described surface
treatment is performed.

EXAMPLES

[0136] Next, examples of the present invention will be
described. The conditions in the examples are merely a
condition example employed to confirm the feasibility and
effects of the present invention, although the present inven-
tion is not limited to the one condition example. The present
invention can employ various conditions as long as the
object of the present invention is achieved without departing
from the gist of the present invention.

[0137] A cast slab having a component composition
(chemical composition) shown in Table 1 was directly
hot-rolled after casting, or hot-rolled after being cooled and
then heated under conditions shown in Tables 2 and 3. Then,
coiling was performed. The hot-rolled steel sheet was pick-
led, and then cold-rolled, annealed, and cooled under con-
ditions shown in Tables 2 and 3. After the cooling, the steel
sheet was reheated in an overaging zone under conditions
shown in Tables 4 and 5. Some examples were further
subjected to tempering, hot-dip galvanizing, and/or an alloy-
ing treatment under conditions shown in Tables 4 and 5. In
Table 1, a blank indicates that the element was not inten-
tionally added, and the symbol “-” in Tables 4 and 5
indicates that the corresponding process was not performed.
The symbol “-” in the column of cooling stop temperature in
the reheating process indicates that the cooling was per-
formed to room temperature without being stopped on the
way. An underlined value in the tables indicates that the
value is out of the range of the present invention.

[0138] The metallographic microstructure and the
mechanical properties of the steel sheet after annealing,
tempering, or hot-dip galvanizing and/or an alloying treat-
ment were examined.
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[0139] (Metallographic Microstructure)

[0140] As a metallographic microstructure, area ratios of
ferrite, granular bainite, upper bainite or lower bainite,
tempered martensite, retained austenite, and a retained struc-
ture (pearlite, martensite, cementite) were observed. Identi-
fication and calculation of area ratios of ferrite, granular
bainite, tempered martensite, upper bainite, lower bainite,
retained austenite, pearlite, cementite, and martensite were
performed by performing observation and measurement of a
cross-section of the steel sheet in a rolling direction or a
cross-section in a direction perpendicular to the rolling
direction at a magnification of 1,000 to 50,000 times through
structure observation in a range from %4 to 3% in thickness
centered at 4 position of the sheet thickness from the

surface by electron back scattering diffraction (EBSD),
X-ray measurement, corrosion using a nital reagent or a
lepera liquid, and a scanning electron microscope as
described above. The results are shown in Tables 6 and 7.
[0141] (Mechanical Properties)

[0142] Tensile strength, total elongation, and hole expan-
sibility were evaluated as mechanical properties. Tensile
strength (TS) and total elongation (EL.) were measured by
collecting a JIS No. 5 test piece in a direction perpendicular
to the rolling direction of the steel sheet and by performing
a tensile test according to JISZ2242. Hole expansibility (1)
was evaluated according to the hole expansion test method
described in Japanese Industrial Standards JISZ2256. The
results are shown in Tables 6 and 7.

TABLE 1
Steel Chemical Composition/mass % (remainder: Fe and impurities)
No C P S N (¢] Si Al Mn Cr Si+Al Mn+Cr Mo Ni
A 0.12 0.012 0.0042 0.0032 0.0009 1.35 001 235 0.01 1.36 2.36
B 0.19 0.013 0.0033 0.0035 0.0013 144 0.02 211 0.01 1.46 2.12
C 0.22 0.009 0.0041 0.0029 0.0008 1.71 0.02 2.34 0.01 1.73 2.35
D 0.32 0.011 0.0034 0.0028 0.0008 1.31 001 245 0.01 1.32 2.46
E 0.17 0.008 0.0028 0.0034 0.0007 1.08 0.03 255 031 1.11 2.86
F 0.20 0.010 0.0037 0.0022 0.0011 1.64 0.02 2.66 0.02 1.66 2.68 0.05
G 0.25 0.050 0.0031 0.0025 0.0014 0.85 0.33 235 0.01 1.18 2.36 0.13
H 0.16 0.008 0.0044 0.0038 0.0010 1.44 0.03 244 0.21 1.47 2.65
I 0.18 0.009 0.0130 0.0035 0.0010 1.22 0.03 2.33 0.01 1.25 2.34
7 0.19 0.011 0.0028 0.0115 0.0010 146 0.02 222 0.01 1.48 2.23
K 0.23 0.009 0.0032 0.0041 0.0077 141 0.02 235 0.01 1.43 2.36
L 0.19 0.012 0.0036 0.0035 0.0010 2.30 0.22 2.66 0.02 252 2.68
M 0.21 0.011 0.0041 0.0031 0.0010 1.23 1.35 244 0.02 258 2.46
N 0.19 0.009 0.0044 0.0031 0.0008 1.44 0.03 3.78 0.01 1.47 3.79
(¢] 0.18 0.008 0.0039 0.0035 0.0015 1.22 0.05 215 1.50 1.27 3.65 0.04
P 0.27 0.007 0.0041 0.0032 0.0011 1.44 0.03 244 0.01 1.47 245
Q 0.19 0.008 0.0032 0.0034 0.0009 1.65 0.32 211 0.02 1.97 2.13 0.03
R 0.16 0.006 0.0033 0.0052 0.0012 1.06 0.03 2.77 0.03 1.09 2.80 0.05
S 0.21 0.008 0.0011 0.0032 0.0008 0.99 044 2355 0.22 1.43 2.77 0.03
T 0.25 0.007 0.0022 0.0034 0.0009 1.34 0.03 1.85 0.03 1.37 1.88 0.25 0.03
U 0.22 0.009 0.0034 0.0031 0.0011 1.55 0.04 2.11 031 1.59 242 0.05
v 0.19 0.011 0.0035 0.0051 0.0019 0.65 0.03 235 001 0.68 2.36
\ 0.21 0.013 0.0041 0.0031 0.0015 0.04 0.61 220 0.03 0.65 2.23 0.065
X 0.19 0.009 0.0034 0.0030 0.0011 1.34 0.03 1.34 0.02 1.37 1.36
Y 0.24 0.012 0.0034 0.0036 0.0009 1.35 0.11 1.06 035 1.46 141
z 0.19 0.010 0.0041 0.0056 0.0008 1.35 0.04 1.55 0.15 1.39 1.70 0.150
Ar3
Steel Chemical Composition/mass % (remainder: Fe and impurities)  Transformation
No. Cu Nb Ti \' B Ca Mg REM Point Remarks
A 690 Comparative
Steel
B 692 Invention
Steel
C 0.0011 670 Invention
Steel
D 0.0023 614 Comparative
Steel
E 0.03 0.0015 633 Invention
Steel
F 0.02 0.0011 642 Invention
Steel
G 625 Comparative
Example
H 0.02 0.01 0.03 0.0022 661 Invention
Steel
I 668 Comparative
Steel
7 0.02 683 Comparative
Steel
K 0.03 0.0023 656 Comparative

Steel
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TABLE 1-continued
0.03 0.0024 670 Comparative
Steel
648 Comparative
Steel
N 0.01 0.03 0.0021 539 Comparative
Steel
0.0025 614 Comparative
Steel
0.0021 636 Invention
Steel
0.02 697 Invention
Steel
0.02 0.0016 625 Invention
Steel
0.02 0.0016 619 Invention
Steel
0.02 0.0025 680 Invention
Steel
u 0.03 0.0022 670 Invention
Steel
A\ 0.03 0.0019 644 Comparative
Steel
W 0.01 0.02 0.0018 627 Comparative
Steel
X 0.01 0.0019 759 Comparative
Steel
Y 0.02 0.0017 754 Comparative
Steel
z 0.02 0.03 0.0021 727 Invention
Steel
TABLE 2
Hot Rolling
Finish Cold Rolling
Rolling Cold Annealing
Heating Completion Coiling Sheet Rolling Sheet Annealing
Manufacturing Steel  Temperature Temperature Temperature Thickness Ratio  Thickness Temperature
No. No. °C) °C) °C) (mm) (%) (mm) °C)
1 A 1230 900 550 3.2 56 14 815
2 B 1230 900 550 3.2 56 14 809
3 C 1230 900 550 3.2 56 14 810
4 D 1230 900 550 3.2 56 14 806
5 E 1230 900 550 3.2 56 14 805
6 F 1230 900 550 3.2 56 14 807
7 G 1230 900 550 3.2 56 14 810
8 H 1230 900 550 3.2 56 14 806
9 I 1230 900 550 3.2 56 14 820
10 7 1230 900 550 3.2 56 14 810
11 K 1230 900 550 3.2 56 14 815
12 L 1230 900 550 3.2 56 14 804
13 M 1230 900 550 3.2 56 14 803
14 N 1230 900 550 3.2 56 14 809
15 (¢] 1230 900 550 3.2 56 14 811
16 P 1230 900 550 3.2 56 14 831
17 Q 1230 900 550 3.2 56 14 809
18 R 1230 900 550 3.2 56 14 810
19 S 1230 900 550 3.2 56 14 798
20 T 1230 900 550 3.2 56 14 801
21 U 1230 900 550 3.2 56 14 795
22 v 1230 900 550 3.2 56 14 815
23 \ 1230 900 550 3.2 56 14 816
24 X 1230 900 550 3.2 56 14 814
25 Y 1230 900 550 3.2 56 14 813
26 z 1230 900 550 3.2 56 14 809
38 B 1230 900 550 3.2 56 14 808
39 B 1230 900 550 3.2 56 14 802
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TABLE 2-continued
Cooling
Cooling Rate Ms Point
to Temperarure Retention Immediately
Annealing Range of Time at Cooling Before Cooling
Annealing 500° C. to 500° C. to Rate After Stopping of Stop
Manufacturing Time 650° C. 650° C.  Retention Cooling Temperature
No. (s) (° CJs) (s) (° CJs) °C) °C)
1 93 87 43 27 275 255
2 165 82 15 68 356 264
3 144 73 31 53 333 253
4 155 82 10 77 323 221
5 82 59 38 81 348 281
6 67 77 580 79 350 265
7 72 62 6 25 334 235
8 115 82 5 74 357 266
9 166 86 34 27 368 235
10 175 60 32 51 367 269
11 88 80 11 29 322 233
12 56 95 41 17 273 242
13 55 85 31 62 291 235
14 64 90 38 88 328 281
15 68 92 10 41 379 261
16 82 61 46 57 332 219
17 76 60 23 50 368 266
18 228 69 92 70 352 277
19 315 64 41 51 349 261
20 305 67 29 48 361 234
21 166 80 242 67 357 266
22 199 73 4 57 341 254
23 288 82 18 81 348 266
24 177 87 22 58 370 266
25 155 94 7 45 365 275
26 165 88 19 42 375 253
38 124 79 8 79 350 289
39 99 73 21 81 344 325
TABLE 3
Hot Rolling
Finish Cold Rolling
Rolling Cold Annealing
Heating Completion Coiling Sheet Rolling Sheet Annealing
Manufacturing Steel  Temperature Temperature Temperature Thickness Ratio  Thickness Temperature
No. No. “c) (°C) (°C) (mm) (%) (mm) (°C)
27 B 1230 900 720 3.2 56 14 815
28 B 1230 900 550 3.2 56 14 905
29 B 1230 900 550 3.2 56 14 809
30 B 1230 900 550 3.2 56 14 816
31 B 1230 900 550 3.2 56 14 816
32 B 1230 900 550 3.2 56 14 733
33 B 1230 900 550 3.2 56 14 795
34 B 1230 900 550 3.2 56 14 799
35 B 1230 900 550 3.2 56 14 811
36 B 1230 900 550 3.2 56 14 813
37 B 1230 900 550 3.2 56 14 809
40 B 1230 900 550 3.2 56 14 813
41 B 1230 900 550 3.2 56 14 821
42 B 1230 900 550 3.2 56 14 882
43 B 1230 900 550 3.2 56 14 815
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TABLE 3-continued
Cooling
Cooling Rate Ms Point
to Temperature Retention Immediately
Annealing Range of Time at Cooling Before Cooling
Annealing 500° C. to 500° C. to Rate After Stopping of Stop
Manufacturing Time 650° C. 650° C.  Retention Cooling Temperature
No. (S) (° CJs) (s) (° CJs) (°C) (°C)
27 211 97 29 75 358 266
28 166 85 37 23 384 247
29 155 83 44 61 357 156
30 157 83 42 62 362 219
31 134 70 41 29 360 225
32 144 59 17 59 290 255
33 146 73 19 53 354 277
34 366 59 16 61 356 275
35 377 97 38 64 360 211
36 9 65 18 91 359 254
37 92 80 40 46 353 416
40 306 90 2 19 351 245
41 423 46 3 33 361 226
42 262 52 17 28 377 322
43 373 82 24 8 352 247
TABLE 4
Reheating
Ms Point at
Time of
Completion
Overaging of Holding Cooling Tempering Plating
Zone Holding in Overaging Stop Tempering Tempering Plating Heating Alloying
Manufacturing Temperature  Time Zone Temperature Temperature Time  Presence/  Temperature Temperature Temperature
No. °C) (s) °C) °C) °C) (s) Absence °C) °C) °C)
1 355 412 — — — — Absence — — —
2 389 244 — — — — Absence — — —
3 395 132 — — — — Absence — — —
4 367 67 — — — — Absence — — —
5 367 108 — — — — Absence — — —
6 395 110 — — — — Absence — — —
7 377 241 — — — — Absence — — —
8 371 254 — — — — Absence — — —
9 365 344 — — — — Absence — — —
10 346 108 — — — — Absence — — —
11 368 191 — — — — Absence — — —
12 399 79 — — — — Absence — — —
13 366 201 — — — — Absence — — —
14 371 119 — — — — Absence — — —
15 355 131 — — — — Absence — — —
16 344 175 — — — — Absence — — —
17 377 121 — — — — Absence — — —
18 381 233 — — — — Absence — — —
19 395 143 — — — — Absence — — —
20 406 119 — — — — Absence — — —
21 400 76 — — — — Absence — — —
22 382 88 — — — — Absence — — —
23 375 223 — — — — Absence — — —
24 401 220 — — — — Absence — — —
25 388 195 — — — — Absence — — —
26 385 205 — — — — Absence — — —
38 433 278 — — — — Presence 462 458 —

39 301 103 — — — — Presence 454 469 478
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TABLE 5
Reheating
Ms Point at
Time of
Completion
Overaging of Holding Cooling Tempering Plating
Zone Holding in Overaging Stop Tempering Tempering Plating Heating Alloying
Manufacturing Temperature  Time Zone Temperature Temperature Time  Presence/  Temperature Temperature Temperature

No. °C) (s) °C) °C) °C) (s) Absence °C) °C) °C)
27 377 68 — — — — Absence — — —
28 366 223 — — — — Absence — — —
29 346 306 — — — — Absence — — —
30 264 309 — — — — Absence — — —
31 493 68 — — — — Absence — — —
32 376 91 — — — — Absence — — —
33 366 10 — — — — Absence — — —
34 355 194 — — — — Absence — — —
35 366 235 193 43 419 30 Presence 466 460 488
36 345 255 — — — — Absence — — —
37 377 124 — — — — Absence — — —
40 429 115 — — — — Absence — — —
41 329 92 — — — — Absence — — —
42 433 342 — — — — Absence — — —
45 333 31 — — — — Absence — — —

TABLE 6

Metallographic microstructure

Ratio of
Ratio of Granular
Ferrite in Bainite in Sum of

Sum of Total Area Total Area  Area Ratios
Area Ratios  Fraction of  Fraction of of Upper

of Ferrite Ferrite and  Ferrite and Bainite Area Ratio
and Granular ~ Granular Granular and Lower of Tempered
Manufacturing Steel Bainite Bainite Bainite Bainite Martensite
No. No. (%) (%) (%) (%) (%)
1 A 65 65 35 15 5
2 B 35 18 82 39 12
3 C 35 13 87 38 9
4 D 9 60 40 36 21
5 E 31 23 77 41 13
6 F 19 21 79 32 28
7 G 25 19 81 33 19
8 H 31 21 79 31 23
9 I 22 21 79 41 22
10 I 23 24 76 35 23
11 K 39 9 91 38 11
12 L 35 38 62 29 6
13 M 52 44 56 21 5
14 N 9 9 91 22 9
15 o 8 7 93 21 21
16 P 19 9 91 35 26
17 Q 25 13 87 36 24
18 R 25 12 88 33 26
19 S 19 21 79 45 21
20 T 18 22 78 43 23
21 U 23 9 91 40 27
22 A% 37 35 65 32 25
23 w 32 33 67 36 22
24 X 52 65 35 21 13
25 Y 53 69 31 19 9
26 Z 38 16 84 35 13
38 B 33 20 80 41 11
39 B 37 11 89 35 13
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TABLE 6-continued
Metallographic microstructure
Area Ratio
of Retained Area Ratio Mechanical Properties

Manufacturing  Austenite of Remainder TS TSxEL TSx A

No. (%) (%) (MPa) (MPa - %) (MPa - %) Remarks
1 2 13 1011 11121 17187  Comparative
Example
2 11 3 1015 21315 23345 Example
3 12 6 1032 24768 26832  Example
4 16 18 1410 26790 2820 Comparative
Example
5 7 8 1020 13260 23460  Example
6 12 9 1195 19120 38240 Example
7 13 10 1051 23122 13663  Comparative
Example
8 9 6 991 20811 22793  Example
9 9 6 985 18715 12805  Comparative
Example
10 11 8 998 18962 15968  Comparative
Example
11 8 4 1035 18630 13455  Comparative
Example
12 9 1 981 15696 15696  Comparative
Example
13 8 14 971 17478 11652  Comparative
Example
14 5 55 1235 11115 13585 Comparative
Example
15 6 44 1246 9968 16198  Comparative
Example
16 19 1 1316 17108 32900 Example
17 9 6 985 22655 28565 Example
18 13 3 1191 17865 38112 Example
19 13 2 1193 19088 46527 Example
20 13 3 1183 16562 18928  Example
21 10 0 1199 14388 35970  Example
22 4 2 1033 9297 13429  Comparative
Example
23 3 7 1025 10250 16400  Comparative
Example
24 3 11 996 13944 12948  Comparative
Example
25 3 16 1186 11860 35580 Comparative
Example
26 12 2 1011 29319 31341 Example
38 11 4 1009 21953 31572  Example
39 14 1 1017 22781 26243  Example
TABLE 7
Metallographic microstructure
Ratio of
Ratio of Granular
Ferrite in Bainite in Sum of

Sum of Total Area Total Area  Area Ratios
Area Ratios  Fraction of  Fraction of of Upper

of Ferrite Ferrite and  Ferrite and Bainite Area Ratio
and Granular ~ Granular Granular and Lower of Tempered
Manufacturing Steel Bainite Bainite Bainite Bainite Martensite
No. No. (%) (%) (%) (%) (%)
27 B 52 66 34 24 8
28 B 9 7 93 35 51
29 B 34 21 79 29 32
30 B 31 19 81 15 29
31 B 32 11 89 22 16
32 B 35 90 10 13 6
33 B 36 12 88 2 19
34 B 36 71 29 21 5
35 B 32 16 84 33 19
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TABLE 7-continued
36 B 33 15 85 36 12
37 B 37 16 84 17 3
40 B 62 88 12 10 16
a1 B 56 73 27 14 14
42 B 48 27 73 28 13
45 B 30 14 86 51 11
Metallographic microstructure
Area Ratio
of Retained Area Ratio Mechanical Properties
Manufacturing  Austenite of Remainder TS TSxEL TSx A
No. (%) (%) (MPa) (MPa - %) (MPa - %) Remarks
27 3 13 981 11772 17658  Comparative
Example
28 3 2 1051 8408 45193  Comparative
Example
29 3 2 1035 9315 45540  Comparative
Example
30 4 21 1044 11484 19836 Comparative
Example
31 0 30 1023 13299 16368  Comparative
Example
32 0 26 924 17556 30492  Comparative
Example
33 4 32 1044 16704 15660 Comparative
Example
34 3 15 944 16048 15104  Comparative
Example
35 4 12 988 11856 25688  Comparative
Example
36 4 15 934 13076 31756  Comparative
Example
37 4 39 1035 11385 15525  Comparative
Example
40 11 1 917 19181 25100  Comparative
Example
41 12 4 922 19123 22174  Comparative
Example
42 4 7 994 11275 17238  Comparative
Example
45 7 1 81 9815 34144 Comparative
Example
[0143] As can be seen from Tables 1 to 7, it was found that 1. A high-strength cold-rolled steel sheet comprising, as a

all the examples in which the chemical composition and the
metallographic microstructure are within the range of the
present invention have a high strength of 980 MPa or more,
have a high value in TSxEL and TSxA, and are excellent in
elongation and hole expansibility, but the comparative
examples in which the chemical composition and the met-
allographic microstructure are out of the range of the present
invention have a low strength, have a low value in TSxEL
and TSxA, and are poor in elongation and/or hole expansi-
bility.

INDUSTRIAL APPLICABILITY

[0144] According to the present invention, it is possible to
provide a high-strength cold-rolled steel sheet which is
suitable as a structural member of a vehicle or the like, is
excellent in elongation and hole expansibility, and has a
tensile strength of 980 MPa or more. In a case where the
cold-rolled steel sheet of the present invention is applied to
a vehicle or the like, the cold-rolled steel sheet contributes
to a reduction in weight of the vehicle body or an improve-
ment in safety at the time of collision. Accordingly, the
present invention has high industrial applicability.

chemical composition, by mass %:

C: 0.15% or more and 0.30% or less;

P: 0.040% or less;

S: 0.0100% or less;

N: 0.0100% or less;

O: 0.0060% or less;

one or both of Si and Al: 0.70% or more and 2.50% or less
in total;

one or both of Mn and Cr: 1.50% or more and 3.50% or
less in total;

Mo: 0% or more and 1.00% or less;

Ni: 0% or more and 1.00% or less;

Cu: 0% or more and 1.00% or less;

Nb: 0% or more and 0.30% or less;

Ti: 0% or more and 0.30% or less;

V: 0% or more and 0.30% or less;

B: 0% or more and 0.0050% or less;

Ca: 0% or more and 0.0400% or less;

Mg: 0% or more and 0.0400% or less;

REM: 0% or more and 0.0400% or less; and

a remainder of Fe and impurities

wherein a metallographic microstructure of the steel sheet
contains, by area ratio,
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one or both of ferrite and granular bainite: 10% or more
and 50% or less in total,
one or both of upper bainite and lower bainite: 10% or
more and 50% or less in total,
tempered martensite: more than 0% and 30% or less,
retained austenite: 5% or more, and
one or more of pearlite, cementite, and martensite: 0%
to 10% in total,
an area ratio of the ferrite with respect to a total area ratio
of'the ferrite and the granular bainite is 25% or less, and
the steel sheet has a tensile strength of 980 MPa or more.
2. The high-strength cold-rolled steel sheet according to
claim 1,
wherein the martensite is contained in an amount of 3%
or less by area ratio in the metallographic microstruc-
ture.
3. The high-strength cold-rolled steel sheet according to
claim 1,
wherein the chemical composition contains, by mass %,
one or more selected from
Mo: 0.01% or more and 1.00% or less,
Ni: 0.05% or more and 1.00% or less,
Cu: 0.05% or more and 1.00% or less,
Nb: 0.005% or more and 0.30% or less,
Ti: 0.005% or more and 0.30% or less,
V: 0.005% or more and 0.30% or less,
B: 0.0001% or more and 0.0050% or less,
Ca: 0.0005% or more and 0.0400% or less,
Mg: 0.0005% or more and 0.0400% or less, and
REM: 0.0005% or more and 0.0400% or less.
4. The high-strength cold-rolled steel sheet according to
claim 1, wherein
a hot-dip galvanized layer is formed on a surface of the
steel sheet.
5. The high-strength cold-rolled steel sheet according to
claim 1, wherein
an alloyed hot-dip galvannealed layer is formed on a
surface of the steel sheet.
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6. The high-strength cold-rolled steel sheet according to
claim 2,
wherein the chemical composition contains, by mass %,
one or more selected from
Mo: 0.01% or more and 1.00% or less,
Ni: 0.05% or more and 1.00% or less,
Cu: 0.05% or more and 1.00% or less,
Nb: 0.005% or more and 0.30% or less,
Ti: 0.005% or more and 0.30% or less,
V: 0.005% or more and 0.30% or less,
B: 0.0001% or more and 0.0050% or less,
Ca: 0.0005% or more and 0.0400% or less,
Mg: 0.0005% or more and 0.0400% or less, and
REM: 0.0005% or more and 0.0400% or less.
7. The high-strength cold-rolled steel sheet according to
claim 2, wherein
a hot-dip galvanized layer is formed on a surface of the
steel sheet.
8. The high-strength cold-rolled steel sheet according to
claim 3, wherein
a hot-dip galvanized layer is formed on a surface of the
steel sheet.
9. The high-strength cold-rolled steel sheet according to
claim 6, wherein
a hot-dip galvanized layer is formed on a surface of the
steel sheet.
10. The high-strength cold-rolled steel sheet according to
claim 2, wherein
an alloyed hot-dip galvannealed layer is formed on a
surface of the steel sheet.
11. The high-strength cold-rolled steel sheet according to
claim 3, wherein
an alloyed hot-dip galvannealed layer is formed on a
surface of the steel sheet.
12. The high-strength cold-rolled steel sheet according to
claim 6, wherein
an alloyed hot-dip galvannealed layer is formed on a
surface of the steel sheet.
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