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Description
TECHNICAL FIELD
[0001] The present disclosure relates to a high-strength steel sheet for cans and a method of producing the same.
BACKGROUND

[0002] Steel sheets are used in the bodies or lids of cans such as food cans and beverage cans. These cans are
desired to be produced at lower costs, and reduction in thickness of steel sheets used in can production is promoted to
reduce can material costs. Main parts subjected to steel sheet thickness reduction are the can body of a two-piece can
formed by drawing, the can body of a three-piece can formed by cylinder forming, and their can lids. Since simply reducing
the thickness of a steel sheet for cans causes a decrease in the strength of the body or lid of the can, it is desirable to
use a high-strength and ultra-thin steel sheet for cans in a part such as the can body of a draw and redraw (DRD) can
or a welded can.

[0003] Such a high-strength and ultra-thin steel sheet for cans is produced by a double reduction method (hereafter
referred to as "DR method") that involves secondary cold rolling with a rolling reduction of 20 % or more after annealing.
A steel sheet (hereafter also referred to as "DR material") produced using the DR method has high strength, but has
poor formability because of low total elongation and poor ductility.

[0004] DR materials are increasingly used in straight-shaped can bodies. Meanwhile, can bodies having beads, can
lids (easy open ends (EOE)) of food cans that open in a stay-on tab manner, and the like have complex shapes, and
therefore the use of DR materials often causes cracks in sites that are complex in shape or results in failure to obtain
highly accurate shapes. Specifically, a can lid (EOE) is produced by subjecting a steel sheet sequentially to blanking,
shell forming, curling, and riveting by press forming. In particular, given that a flange portion of the can body and a curl
portion of the can lid are seamed to ensure the hermeticity of the can, the curl portion of the can lid is required to be
shaped with high accuracy. A DR material typically used as a high-strength and ultra-thin steel sheet has poor ductility.
It is often difficult to use such a DR material in a can lid of a complex shape from the viewpoint of formability, and die
adjustment is performed many times before yielding a product. Moreover, since the DR material is obtained by strength-
ening the steel sheet through strain hardening by secondary cold rolling, the strain hardening is non-uniformly introduced
into the steel sheet depending on the accuracy of the secondary cold rolling, as a result of which local deformation occurs
when forming the DR material. Local deformation is a phenomenon that needs to be prevented because the dimensional
accuracy of the curl portion of the can lid decreases.

[0005] To avoid such drawbacks of the DR material, high-strength steel sheet production methods using various
strengthening techniques are proposed.

[0006] For example, JP H8-325670 A (PTL 1) proposes a steel sheet that achieves a balance between strength and
ductility by combining strengthening by precipitation of Nb carbides and refinement strengthening by Nb, Ti, and B
carbonitrides. JP 2004-183074 A (PTL 2) proposes a strengthening method using solid solution strengthening by Mn,
P, N, etc. JP 2001-89828 A (PTL 3) proposes a steel sheet for cans that has a tensile strength of less than 540 MPa
using strengthening by precipitation of Nb, Ti, and B carbonitrides and has improved weld formability by controlling the
particle size of oxide-based inclusions. JP 5858208 B1 (PTL 4) proposes a steel sheet for high-strength containers that
has high strength by solute N as a result of increasing the N content and has a tensile strength of 400 MPa or more and
an elongation after fracture of 10 % or more by controlling the dislocation density in the steel sheet thickness direction.

CITATION LIST

Patent Literature

[0007]
PTL 1: JP H8-325670 A
PTL 2: JP 2004-183074 A

PTL 3: JP 2001-89828 A
PTL 4: JP 5858208 B1
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SUMMARY
(Technical Problem)

[0008] As mentioned above, the strength needs to be ensured in order to reduce the thickness. Meanwhile, in the
case where the steel sheet is used as a material of a can lid (for example, EOE) having a large amount of deformation,
the steel sheet needs to have high ductility. Furthermore, for favorable dimensional accuracy of the curl portion of the
can lid, local deformation when forming the steel sheet needs to be suppressed, i.e. the deformation in the forming needs
to be uniform (hereafter referred to as "uniform deformability"). Thus, a steel sheet for cans that is intended for the
foregoing uses is required to have high strength, high ductility (total elongation), and uniform deformability (dimensional
accuracy of curl portion) simultaneously.

[0009] PTL 1 has no mention of local deformation of the steel sheet. It is desirable to impart uniform deformability to
the steel sheet.

[0010] PTL 2 proposes achieving high strength by solid solution strengthening. However, strengthening the steel sheet
by excessively adding P facilitates local deformation, making it impossible to obtain uniform deformability.

[0011] PTL 3 uses strengthening by precipitation and grain refinement by Nb, Ti, etc. However, from the viewpoint of
weld formability and surface characteristics, not only Ti but also Ca and REM need to be added, and there is a problem
of degradation in corrosion resistance. Moreover, PTL 3 has no mention of local deformation of the steel sheet. It is
desirable to impart uniform deformability to the steel sheet.

[0012] PTL 4 has no mention of the shape of the curl portion of the can lid, and also has no mention of local deformation
of the steel sheet. It is desirable to impart uniform deformability to the steel sheet.

[0013] It could therefore be helpful to provide a steel sheet for cans that has uniform deformability and excellent
formability in addition to high strength and excellent ductility, and a method of producing the same.

(Solution to Problem)
[0014]

[1] A steel sheet for cans, comprising a chemical composition containing (consisting of), in mass%, C: 0.020 % or
more and 0.130 % or less, Si: 0.04 % or less, Mn: 0.10 % or more and 1.20 % or less, P: 0.007 % or more and 0.100
% or less, S: 0.030 % or less, Al: 0.001 % or more and 0.100 % or less, N: more than 0.0120 % and 0.0200 % or
less, Nb: 0.0060 % or more and 0.0300 % or less, and Cr: 0.040 % or less, with a balance being Fe and inevitable
impurities, wherein a ratio of Nb content in precipitates of less than 20 nm in size to Nb content in all precipitates is
40 % or more, an average interval of all precipitates is 30 nm or less, an upper yield stress after heat treatment at
210 °C for 10 min is 500 MPa or more and 640 MPa or less, and a total elongation after the heat treatment is 10 %
or more.

[2] A method of producing a steel sheet for cans, comprising: performing a hot rolling process of heating a steel
material at 1200 °C or more, hot rolling the steel material under conditions of a finish temperature of 850 °C or more
and a rolling reduction in a final stand of 8 % or more to obtain a rolled sheet, and coiling the rolled sheet in a
temperature range of 640 °C or more and 780 °C or less, the steel material having a chemical composition containing
(consisting of), in mass%, C: 0.020 % or more and 0.130 % or less, Si: 0.04 % or less, Mn: 0.10 % or more and
1.20 % or less, P: 0.007 % or more and 0.100 % or less, S: 0.030 % or less, Al: 0.001 % or more and 0.100 % or
less, N: more than 0.0120 % and 0.0200 % or less, Nb: 0.0060 % or more and 0.0300 % or less, and Cr: 0.040 %
or less, with a balance being Fe and inevitable impurities; performing, after the hot rolling process, a primary cold
rolling process of cold rolling the rolled sheet with a rolling reduction of 86 % or more; performing, after the primary
cold rolling process, an annealing process of soaking the rolled sheet in a temperature range of 660 °C or more and
800 °C or less, subjecting the rolled sheet to primary cooling to a temperature range of 600 °C or more and 650 °C
orless at an average cooling rate of 3 °C/s or more and less than 10 °C/s, and subjecting the rolled sheetto secondary
cooling to a temperature range of 150 °C or less at an average cooling rate of 10 °C/s or more; and performing a
secondary cold rolling process of cold rolling the rolled sheet with a rolling reduction of 0.1 % or more and 3.0 % or less.

(Advantageous Effect)

[0015] Itis thus possible to obtain a high-ductility and high-strength steel sheet for cans that has uniform deformability
and maintains corrosion resistance even against highly corrosive contents. Since the steel sheet has high strength, a
can can be reduced in thickness while ensuring high strength of the can body. Moreover, since the steel sheet has high
ductility, it is an optimal material for can body forming with a large amount of deformation such as beading or can
expansion used for welded cans, or flanging. That is, the steel sheet having uniform deformability can be subjected to
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such forming to produce a can product and a can lid product with favorable formability and high dimensional accuracy.
DETAILED DESCRIPTION

[0016] A steel sheet for cans according to one of the disclosed embodiments will be described in detail below.
[0017] First, the chemical composition of the steel sheet for cans according to one of the disclosed embodiments will
be described below. Herein, the unit "%" used with regard to the content of each component denotes "mass%" unless
otherwise specified.

C: 0.020 % or more and 0.130 % or less

[0018] It is important that the steel sheet for cans according to one of the disclosed embodiments has an upper yield
stress of 500 MPa or more and a total elongation of 10 % or more. To achieve this, it is important to use strengthening
by precipitation of NbC formed as a result of Nb being contained. The C content in the steel sheet for cans is crucial in
order to use strengthening by precipitation of NbC. Specifically, the lower limit of the C content needs to be 0.020 %. In
detall, if the C content is less than 0.020 %, the ratio of the Nb content in the precipitates of less than 20 nm in size to
the Nb content in all precipitates is less than 40 %, and the uniform deformability or the dimensional accuracy of the
height of the curl portion of the can lid degrades. If the C content is more than 0.130 %, hypo-peritectic cracking may
occur in a cooling process during steelmaking. In addition, the proportion of the precipitates with a precipitate size of 20
nm or more increases, and the proportion of the precipitates with a precipitate size of less than 20 nm to all precipitates
is less than 40 %, as a result of which the uniform deformability decreases. Further, the steel sheet becomes excessively
hard, and the ductility decreases. The upper limit of the C content is therefore 0.130 %.

[0019] If the C contentis 0.040 % or less, the increase of the deformation resistance in cold rolling is further reduced.
This makes it unnecessary to lower the rolling rate in order to prevent surface defects after the rolling. Moreover, the
ratio of the Nb content in the precipitates of less than 20 nm in size to the Nb content in all precipitates is more uniform.
Therefore, the C content is preferably 0.040 % or less from the viewpoint of productivity.

Si: 0.04 % or less

[0020] Siis an element that increases the strength of the steel by solid solution strengthening. To achieve this effect,
the Si content is preferably 0.01 % or more. If the Si content is more than 0.04 %, the corrosion resistance decreases
significantly. The Si content is therefore 0.04 % or less. The Si content is preferably 0.03 % or less.

Mn: 0.10 % or more and 1.20 % or less

[0021] Mn increases the strength of the steel by solid solution strengthening. To ensure the target upper yield stress,
the Mn content needs to be 0.10 % or more. The lower limit of the Mn content is therefore 0.10 %. If the Mn content is
more than 1.20 %, the corrosion resistance and the surface characteristics degrade. In addition, the ratio of the Nb
content in the precipitates of less than 20 nm in size to the Nb content in all precipitates is less than 40 %, so that local
deformation occurs and the uniform deformability decreases. The upper limit of the Mn content is therefore 1.20 %. The
Mn content is preferably 0.20 % or more and 0.60 % or less.

P: 0.007 % or more and 0.100 % or less

[0022] P is an element having high solid solution strengthening ability. To achieve this effect, the P content needs to
be 0.007 % or more. Moreover, limiting the P content to less than 0.007 % requires dephosphorization for a long time,
which considerably increases the production costs. The P content is therefore 0.007 % or more. If the P content is more
than 0.100 %, the ratio of the Nb content in the precipitates of less than 20 nm in size to the Nb content in all precipitates
is less than 40 %, so that local deformation occurs and the uniform deformability decreases. Further, the corrosion
resistance decreases. The P content is therefore 0.100 % or less. The P content is preferably 0.008 % or more and
0.015 % or less.

S: 0.030 % or less

[0023] The steel sheet for cans according to one of the disclosed embodiments has high C content and high N content,
and also contains Nb that forms precipitates which cause slab cracking. Accordingly, slab edges tend to crack in a
bending zone or straightening zone during continuous casting. To prevent such slab cracking, the S content is 0.030 %
orless. The S contentis preferably 0.020 % or less. Since limiting the S content to less than 0.005 % requires excessively
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high desulfurization costs, the S content is preferably 0.005 % or more.
Al: 0.001 % or more and 0.100 % or less

[0024] Alis an element contained as a deoxidizer. Al also forms AIN with N in the steel, thus reducing solute N in the
steel. If the Al content is excessively high, the formation of AIN increases, and the amount of N that contributes to
increased strength of the steel sheet as solute N described below decreases, so that the strength of the steel sheet
decreases. The Al content is therefore 0.100 % or less. If the Al content is less than 0.001 %, its effect as a deoxidizer
is insufficient, and solidification defects occur and the steelmaking costs increase. The Al content is therefore 0.001 %
or more. To enable Al to sufficiently function as a deoxidizer and achieve the strengthening effect by solute N, the Al
content is preferably 0.010 % or more and 0.060 % or less.

N: more than 0.0120 % and 0.0200 % or less

[0025] N is an element necessary for increasing the strength of the steel sheet by solid solution strengthening. To
achieve the solid solution strengthening effect, the N content needs to be more than 0.0120 %. If the N content is
excessively high, slab cracking tends to occur in a lower straightening zone in which the cast steel temperature decreases
in continuous casting. Moreover, the ratio of the Nb content in the precipitates of less than 20 nm in size to the Nb content
in all precipitates is less than 40 %, so that local deformation occurs and the uniform deformability decreases. The N
content is therefore 0.0200 % or less. The N content is preferably 0.0130 % or more and 0.0185 % or less.

Nb: 0.0060 % or more and 0.0300 % or less

[0026] Nb is an element having high carbide formability, and causes fine carbides to precipitate. This increases the
upper yield stress. In one of the disclosed embodiments, the upper yield stress can be adjusted by the Nb content. This
effect is achieved if the Nb content is 0.0060 % or more. The lower limit of the Nb content is therefore 0.0060 %.
Meanwhile, Nb causes an increase in recrystallization temperature. If the Nb content is more than 0.0300 %, a large
amount of non-recrystallized microstructure remains in the below-described annealing at a soaking temperature of 660
°C or more and 800 °C or less. In the case where a large amount of non-recrystallized microstructure remains, when
the steel sheet deforms, strain is non-uniformly applied to the steel sheet, and the total elongation decreases. Moreover,
the ratio of the Nb content in the precipitates of less than 20 nm in size to the Nb content in all precipitates is less than
40 %, so that local deformation occurs and the uniform deformability decreases. The upper limit of the Nb content is
therefore 0.0300 %. The Nb content is preferably 0.0080 % or more and 0.0200 % or less.

Cr:0.040 % or less

[0027] Cris an element that influences the composition of fine carbides and the average precipitate interval. In detail,
if the Cr content is more than 0.040 %, the ratio of the Nb content in the precipitates of less than 20 nm in size to the
Nb content in all precipitates is less than 40 %. Moreover, the average interval of all precipitates is more than 30 nm,
so that local deformation occurs and the uniform deformability decreases. In particular, the dimensional accuracy of the
height of the curl portion of the can lid formed as a result of being processed a plurality of times is impaired significantly.
The Cr content is therefore 0.040 % or less. The Cr content is preferably 0.037 % or less. Since limiting the Cr content
to less than 0.001 % requires excessively high steelmaking costs, the Cr content is preferably 0.001 % or more.
[0028] The balance other than the components described above consists of Fe and inevitable impurities.

[0029] The metallic microstructure of the steel sheet for cans according to one of the disclosed embodiments will be
described below. It is important that, in the metallic microstructure, the ratio of the Nb content in the precipitates of less
than 20 nm in size to the Nb content in all precipitates is 40 % or more and the average interval of all precipitates is 30
nm or less.

[Ratio of Nb content in precipitates of less than 20 nm in size to Nb content in all precipitates: 40 % or more]

[0030] The steel sheet for cans according to one of the disclosed embodiments has a microstructure of mainly ferrite
microstructure with precipitates of Nb-based carbides. Regarding the Nb content of the precipitates, it is important to
limit the ratio of the Nb content in the precipitates of less than 20 nm in size to the Nb content in all precipitates (hereafter
also referred to as "Nb content fraction of the precipitates of less than 20 nm in size") to 40 % or more.

[0031] If the Nb content fraction of the precipitates of less than 20 nm in size is less than 40 %, it is difficult to ensure
the uniform deformability or the dimensional accuracy of the height of the curl portion of the can lid. Although the
mechanism behind this is not clear, it is presumed that, if the Nb content fraction of the precipitates of less than 20 nm
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is less than 40 %, coarse precipitates increase and the local strength variation of the steel sheet increases, and conse-
quently the dimensional accuracy in curling decreases. The Nb content fraction of the precipitates of less than 20 nm
in size is therefore limited to 40 % or more. The Nb content fraction of the precipitates of less than 20 nm in size is
preferably 45 % or more.

[0032] The Nb content fraction of the precipitates of less than 20 nm in size is preferably 70 % or less. If the Nb content
fraction of the precipitates of less than 20 nm in size is 70 % or less, excessive strengthening of the steel sheet by
precipitation is prevented and the total elongation is further improved, without its effect being saturated.

[0033] The Nb content in the precipitates of less than 20 nm in size can be measured by the following method.
[0034] After a certain amount of a sample is electrolyzed in an electrolytic solution, the test piece is taken out of the
electrolytic solution and immersed in a solution having dispersibility. Following this, precipitates contained in the solution
are filtered using a filter with a pore size of 20 nm. Precipitates that have passed through the filter with a pore size of 20
nm together with the filtrate are precipitates of less than 20 nm in size. The Nb content is then analyzed for each of the
residue on the filter after the filtering and the filtrate, to determine the Nb content in the precipitates of 20 nm or more in
size and the Nb content in the precipitates of less than 20 nm in size. For the analysis of the Nb content, an analysis
method selected as appropriate from inductively coupled plasma (ICP) emission spectrometry, ICP mass spectrometry,
atomic absorption spectrometry, and the like may be used. Taking the sum of the Nb content in the precipitates of 20
nm or more in size and the Nb content in the precipitates of less than 20 nm in size to be the Nb content in all precipitates,
the ratio of the Nb content in the precipitates of less than 20 nm in precipitate size to the Nb content in all precipitates
is calculated.

[Average interval of all precipitates: 30 nm or less]

[0035] If the average interval of all precipitates is more than 30 nm, local deformation occurs in the below-described
can lid forming, causing the height of the curl portion to be non-uniform and resulting in a decrease in the dimensional
accuracy of the curl portion. The average interval is therefore 30 nm or less. The average interval is preferably 25 nm
or less.

[0036] The dimensional accuracy of the curl portion is evaluated as follows: First, a circular blank with a diameter of
67 mm is collected from the steel sheet, and sequentially subjected to shell forming and curling by press forming to
produce a can lid. The height of the curl portion of the produced can lid is measured at eight locations in the circumferential
direction using a height gauge, and the standard deviation oH of the height of the curl portion is calculated. In the case
where oH is 0.07 mm or less, the dimensional accuracy of the curl portion is evaluated as good.

[0037] Although the mechanism by which the average interval of all precipitates influences the dimensional accuracy
of the height of the curl portion is not clear, it is presumed that, by reducing the average interval of all precipitates, the
strain hardening behavior, thatis involved with the interaction between the dislocations and the precipitates, is stabilized.
[0038] Ifthe average intervalis 10 nm or more, excessive strengthening of the steel sheet by precipitation is prevented
and the ductility is further improved, without its effect being saturated. Accordingly, the average interval of all precipitates
is preferably 10 nm or more.

[0039] Inthe measurement of the average interval of all precipitates, the precipitates are observed using a transmission
electron microscope (TEM). An observation sample is produced by an extraction replica method after polishing the
surface layer of the steel sheet by electropolishing. The observation is performed on bright field images with 300,000
magnification at an accelerating voltage of 200 kV. Three images are taken for each sample. The taken images are
analyzed using image analysis software ("Particle Analysis" available from Nippon Steel Technology Co., Ltd.), and the
equivalent circular diameter and the area ratio of the precipitates are calculated. Taking the equivalent circular diameter
to be the precipitate size and the area ratio to be the precipitate volume fraction, the precipitate interval d is calculated
according to the following formula. The average of the precipitate intervals d calculated for the three images is taken to
be the average interval of all precipitates.

d=|(V2r

1/3
ler) — 1@

where d is the precipitate interval (nm), fis the precipitate volume fraction, and a is the precipitate size (nm).

[0040] The steel sheet for cans having the above-described chemical composition and microstructure can exhibit the
following mechanical properties. Typically, a steel sheet for cans is formed in a can shape and then subjected to paint
baking to yield a product can. The mechanical properties of the steel sheet for cans according to one of the disclosed
embodiments after heat treatment at 210 °C for 10 min which corresponds to paint baking treatment satisfy the following
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requirements.
[Upper yield stress: 500 MPa or more and 640 MPa or less]

[0041] To ensure the denting strength of a welded can, the pressure resistance of a two-piece can, and the like, the
upper yield stress needs to be 500 MPa or more. Obtaining an upper yield stress of more than 640 MPa requires
strengthening elements to be contained in large amount. Containing strengthening elements in large amount can hinder
the corrosion resistance, and also can decrease the ductility. Accordingly, the upper yield stress is 640 MPa or less.
The upper yield stress is preferably 520 MPa or more and 630 MPa or less.

[Total elongation: 10 % or more]

[0042] The total elongation needs to be 10 % or more. If the total elongation is less than 10 %, for example, there is
a possibility that cracking occurs in the production of a can formed by can body forming such as beading or can expansion.
If the total elongation is less than 10 %, there is a possibility that cracking occurs during can flanging. The lower limit of
the total elongation is therefore 10 %. The total elongation is preferably 11 % or more. The total elongation is preferably
30 % or less, because the dimensional accuracy of the can is further enhanced.

[0043] Theyield stress and the total elongation can be measured by the metallic material tensile testing method defined
in JIS Z 2241.

[0044] The desired yield stress and total elongation can be achieved by adjusting the chemical composition and
adjusting the cooling rate in continuous annealing. The yield stress of 500 MPa or more can be achieved in the following
manner: In continuous annealing, a steel sheet having the foregoing chemical composition is soaked, then subjected to
primary cooling in a temperature range of 600 °C or more at an average cooling rate of less than 10 °C/s, and then
subjected to secondary cooling to a temperature range of 150 °C or less at an average cooling rate of 10 °C/s or more.
The steel sheet is further subjected to secondary cold rolling with a rolling reduction of 3.0 % or less.

[0045] A tensiletestis conducted in accordance with the metallic material tensile testing method defined in JIS Z 2241.
In detail, a JIS No. 5 tensile test piece (JIS Z 2201) with the direction orthogonal to the rolling direction being the tensile
direction is collected, and subjected to paint baking equivalent treatment at 210 °C for 10 min. After this, a parallel portion
of the tensile test piece is provided with gauge marks of 50 mm (L) so that the center in the length direction of the parallel
portion will be a midpoint on a straight line connecting the gauge marks, and a tensile test conforming to JIS Z 2241 is
conducted at a tensile rate of 10 mm/min until the tensile test piece fractures. After the tensile test ends, in the case
where the position of the fracture is in a range of -1/2L to 1/2L where the midpoint of L is a zero point, the uniform
deformability is evaluated as good (i.e. no local deformation occurs). Although the mechanism by which the proportion
of the amount of the Nb-containing precipitates of less than 20 nm in precipitate size to the amount of all Nb-containing
precipitates influences the uniform deformability is not clear, itis presumed that, by controlling the particle size distribution
of the precipitates which contribute to increased strength of the steel sheet, the strain hardening behavior, thatis involved
with the interaction between the dislocations and the precipitates, is stabilized.

[0046] The thickness of the steel sheet for cans according to one of the disclosed embodiments is preferably 0.4 mm
or less.

[0047] Currently, thinner steel sheets are promoted for the purpose of reducing can production costs. However, making
a steel sheet thinner, i.e. reducing the thickness of the steel sheet, may cause a decrease in can strength. With the steel
sheet for cans according to one of the disclosed embodiments, such a decrease in can strength is prevented even in
the case where the steel sheet is thin. In the case where the steel sheet is thin, high ductility and high strength which
are effects according to the present disclosure can be exhibited remarkably. Accordingly, the sheet thickness is preferably
0.4 mm or less. The sheet thickness may be 0.3 mm or less, and may be 0.2 mm or less.

[0048] A method of producing the steel sheet for cans according to one of the disclosed embodiments will be described
below.

[0049] The steel sheet according to one of the disclosed embodiments can be produced by: performing a hot rolling
process of heating a steel material having the foregoing chemical composition at 1200 °C or more, hot rolling the steel
material under conditions of a finish temperature of 850 °C or more and a rolling reduction in a final stand of 8 % or more
to obtain a rolled sheet, and coiling the rolled sheet in a temperature range of 640 °C or more and 780 °C or less;
performing, after the hot rolling process, a primary cold rolling process of cold rolling the rolled sheet with a rolling
reduction of 86 % or more; performing, after the primary cold rolling process, a continuous annealing process of soaking
the rolled sheet in a temperature range of 660 °C or more and 800 °C or less, subjecting the rolled sheet to primary
cooling to a temperature range of 600 °C or more and 650 °C or less at an average cooling rate of 3 °C/s or more and
less than 10 °C/s, and subjecting the rolled sheet to secondary cooling to a temperature range of 150 °C or less at an
average cooling rate of 10 °C/s or more; and then performing a secondary cold rolling process of cold rolling the rolled
sheet with a rolling reduction of 0.1 % or more and 3.0 % or less.
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[0050] In the following description, each temperature is based on the surface temperature of the steel sheet, and the
average cooling rate is a value calculated based on the surface temperature. For example, the average cooling rate
from the soaking temperature to the temperature range of 600 °C or more is expressed as "(the soaking temperature -
the temperature range of 600 °C or more)/(the cooling time from the soaking temperature to the temperature range of
600 °C or more)".

[0051] As the steel material, a slab obtained by adjusting molten steel to the foregoing chemical composition by a
publicly known method using a converter or the like and then subjecting the molten steel to, for example, continuous
casting is used.

[Heating temperature of steel material: 1200 °C or more]

[0052] The heating temperature of the steel material in the hot rolling process is 1200 °C or more. If the heating
temperature is less than 1200 °C, the amount of solute N necessary for ensuring the strength in one of the disclosed
embodiments decreases, and the strength decreases. The heating temperature is therefore 1200 °C or more. In the
steel composition according to one of the disclosed embodiments, N is expected to mainly exist as AIN in the steel.
Hence, (Ntotal - NasAIN) obtained by subtracting the amount of N (NasAIN) existing as AIN from the total amount of N
(Ntotal) is regarded as the amount of solute N. To achieve the upper yield stress in the rolling direction of 500 MPa or
more, the amount of solute N is preferably 0.0121 % or more. To obtain this amount of solute N, the heating temperature
of the steel material is 1200 °C or more. The amount of solute N is more preferably 0.0130 % or more. To obtain this
amount of solute N, the heating temperature of the steel material is 1220 °C or more. The heating temperature of the
steel material is preferably 1350 °C or less, because the effect is saturated if the heating temperature is more than 1350 °C.

[Finish temperature in hot rolling process: 850 °C or more]

[0053] If the finish temperature in the hot rolling process is less than 850 °C, the Nb content fraction of the precipitates
of less than 20 nm in size is less than 40 %, and local deformation occurs in the tensile test. The finish temperature in
the hot rolling process is therefore 850 °C or more. The finish temperature in the hot rolling process is preferably 855
°C or more. Increasing the finish temperature in the hot rolling process more than necessary may hinder the production
of a thin steel sheet. For example, if the finish temperature is high, scale formation on the steel sheet surface becomes
noticeable, and the surface characteristics are impaired. Specifically, the finish temperature is preferably 950 °C or less.
The finish temperature is more preferably 945 °C or less.

[Rolling reduction in final stand: 8 % or more]

[0054] The rolling reduction in the final stand in the hot rolling process is 8 % or more. If the rolling reduction in the
final stand is less than 8 %, the average interval of all precipitates is more than 30 nm, and the standard deviation of
the height of the curl portion of the can lid is more than 0.07 mm, so that the dimensional accuracy of the height of the
curl portion of the can lid decreases. The rolling reduction in the final stand is therefore 8 % or more. To reduce the
standard deviation of the height of the curl portion of the can lid, the rolling reduction in the final stand is preferably 10
% or more. The rolling reduction in the final stand is preferably 15 % or less, from the viewpoint of the rolling load.

[Coiling temperature: 640 °C or more and 780 °C or less]

[0055] Ifthe coiling temperature in the hot rolling process is less than 640 °C, the Nb content fraction of the precipitates
of less than 20 nm in size is less than 40 %, and local deformation occurs in the tensile test. The coiling temperature is
therefore 640 °C or more. If the coiling temperature is more than 780 °C, part of ferrite in the steel sheet after the
continuous annealing coarsens and the steel sheet softens, so that the upper yield stress is less than 500 MPa. The
coiling temperature is therefore 780 °C or less. The coiling temperature is preferably 660 °C or more and 760 °C or less.
[Pickling]

[0056] Atfter this, pickling is preferably performed according to need. The conditions of the pickling are not limited as
long as surface layer scale of the steel sheet can be removed. Scale may be removed by a method other than pickling.
[0057] Next, cold rolling is performed twice, with annealing being provided therebetween.

[Rolling reduction in primary cold rolling: 86 % or more]

[0058] The rolling reduction in the primary cold rolling process is 86 % or more. If the rolling reduction in the primary
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cold rolling process is less than 86 %, strain applied to the steel sheet in the cold rolling decreases, making it difficult to
achieve an upper yield stress of 500 MPa or more in the steel sheet after the continuous annealing. The rolling reduction
in the primary cold rolling process is therefore 86 % or more. The rolling reduction in the primary cold rolling process is
preferably 87 % or more and 94 % or less.

[0059] One or more other processes may be performed as appropriate after the hot rolling process and before the
primary cold rolling process. The primary cold rolling process may be performed immediately after the hot rolling process,
without performing pickling.

[0060] In the annealing process after the primary cold rolling, the steel sheet is soaked in a temperature range of 660
°C or more and 800 °C or less, and subjected to primary cooling that involves cooling to a temperature range of 600 °C
or more at an average cooling rate of less than 10 °C/s. The steel sheet is then subjected to secondary cooling that
involves cooling to a temperature range of 150 °C or less at an average cooling rate of 10 °C/s or more.

[Soaking temperature: 660 °C or more and 800 °C or less]

[0061] The soaking treatment in the annealing process is performed at a temperature of 660 °C or more and 800 °C
or less. If the soaking temperature is more than 800 °C, sheet passage troubles such as heat buckling are likely to occur
in the annealing. Moreover, part of ferrite grains in the steel sheet coarsens and the steel sheet softens, resulting in an
upper yield stress of less than 500 MPa. If the annealing temperature is less than 660 °C, the recrystallization of ferrite
grains is imperfect, and non-recrystallized microstructure remains. In the case where non-recrystallized microstructure
remains, when the steel sheet deforms, strain is non-uniformly applied to the steel sheet, as a result of which local
deformation occurs and the total elongation decreases. The soaking temperature is therefore 660 °C or more and 800
°C or less. The soaking temperature is preferably 680 °C or more and 760 °C or less.

[0062] If the holding time at a soaking temperature of 660 °C or more and 800 °C or less is 60 sec or less, the
segregation of C contained in the steel sheet to ferrite grain boundaries is further suppressed, and thus the precipitation
of carbides in the cooling in the annealing process can be prevented. Consequently, the amount of solute C which
contributes to increased strength of the steel sheet can be maintained, and accordingly the upper yield stress can be
ensured stably. The holding time at a soaking temperature of 660 °C or more and 800 °C or less is therefore preferably
60 sec or less. If the holding time is 5 sec or more, the soaking temperature is more stable when the steel sheet passes
rolls in the soaking zone. Accordingly, the holding time is preferably 5 sec or more.

[Primary cooling: cooling to temperature range of 600 °C or more and 650 °C or less at average cooling rate of 3 °C/s
or more and less than 10 °C/s]

[0063] After the soaking, the steel sheet is cooled to a temperature range of 600 °C or more and 650 °C or less at an
average cooling rate of less than 10 °C/s. If the average cooling rate is 10 °C/s or more, the precipitation of carbides is
facilitated during the cooling, and the amount of solute C which contributes to increased strength of the steel sheet
decreases, as a result of which the upper yield stress decreases. If the average cooling rate is less than 3 °C/s, the Nb
content fraction of the precipitates of less than 20 nm in size is less than 40 %, and the dimensional accuracy of the
height of the curl portion of the can lid decreases. The average cooling rate is therefore 3 °C/s or more. If the cooling
stop temperature in the primary cooling after the soaking is less than 600 °C, the precipitation of carbides is facilitated
after the primary cooling, and the amount of solute C which contributes to increased strength of the steel sheet decreases,
as a result of which the upper yield stress decreases. The cooling stop temperature is therefore 600 °C or more. The
cooling stop temperature in the primary cooling after the soaking is more preferably 620 °C or more. If the cooling stop
temperature in the primary cooling after the soaking is more than 650 °C, the Nb content fraction of the precipitates of
less than 20 nm in size is less than 40 %, and the dimensional accuracy of the height of the curl portion of the can lid
decreases. The cooling stop temperature is therefore 650 °C or less.

[Secondary cooling: cooling to temperature range of 150 °C or less at average cooling rate of 10 °C/s or more]

[0064] In the secondary cooling after the primary cooling, the steel sheet is cooled to a temperature range of 150 °C
or less at an average cooling rate of 10 °C/s or more. If the average cooling rate is less than 10 °C/s, the Nb content
fraction of the precipitates of less than 20 nm in size is less than 40 %, and local deformation occurs in the tensile test.
The average cooling rate is preferably 12 °C/s or more. If the average cooling rate is more than 30 °C/s, not only the
effect is saturated, but also the cooling line takes excessively high costs. The average cooling rate in the secondary
cooling is therefore preferably 30 °C/s or less. The average cooling rate is more preferably 25 °C/s or less. In the
secondary cooling, the steel sheet is cooled to 150 °C or less. If the cooling stop temperature is more than 150 °C, the
amount of solute C which contributes to increased strength of the steel sheet decreases, and the upper yield stress
decreases. The cooling stop temperature is preferably 145 °C or less. If the cooling stop temperature is less than 100
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°C, not only the effect is saturated, but also the cooling line takes excessively high costs. The cooling stop temperature
is therefore preferably 100 °C or more. The cooling stop temperature is more preferably 120 °C or more.

[0065] A continuous annealing device is preferably used in the annealing. One or more other processes may be
performed as appropriate after the primary cold rolling process and before the annealing process. The annealing process
may be performed immediately after the primary cold rolling process.

[Rolling reduction in secondary cold rolling: 0.1 % or more and 3.0 % or less]

[0066] The steel sheet according to one of the disclosed embodiments needs to have a total elongation of 10 % or
more even as an ultra-thin material. In one of the disclosed embodiments, when the secondary cold rolling after the
annealing is performed with the same rolling reduction (20 % or more) as typical DR material production conditions,
strain introduced during forming increases, as a result of which the total elongation decreases. Moreover, the strain
hardening of the steel sheet is non-uniformly introduced in the secondary cold rolling. Hence, if the rolling reduction is
excessively high, when deforming the produced steel sheet, local deformation occurs, and the uniform deformability is
insufficient. For these reasons, the rolling reduction in the secondary cold rolling is 3.0 % or less. To enhance the uniform
deformability of the steel sheet, the secondary cold rolling ratio is desirably low. The rolling reduction in the secondary
cold rolling is preferably less than 1.0 %. Meanwhile, the secondary cold rolling has a function of imparting surface
roughness to the steel sheet. To uniformly impart surface roughness to the steel sheet, the rolling reduction in the
secondary cold rolling needs to be 0.1 % or more. The rolling reduction in the secondary cold rolling is preferably 0.2 %
or more and less than 1.0 %.

[0067] The steel sheet for cans according to one of the disclosed embodiments is obtained in the above-described
way. In one of the disclosed embodiments, various processes may be further performed after the secondary cold rolling
process. For example, a coating layer may be formed on the surface of the steel sheet for cans according to one of the
disclosed embodiments. Examples of the coating layer include a Sn coating layer, a Cr coating layer as in tin-free steel,
a Ni coating layer, and a Sn-Ni coating layer. Processes such as paint baking treatment and film lamination may also
be performed.

[0068] Since the film thickness of the coating, the laminate film, or the like is sufficiently small relative to the sheet
thickness, its influence on the mechanical properties of the steel sheet for cans is negligible.

EXAMPLES

[0069] Each steel having the chemical composition indicated in Table 1 with the balance being Fe and inevitable
impurities was obtained by steelmaking in a converter, and continuously cast to obtain a steel slab. The obtained steel
slab was subjected to hot rolling with the steel material heating temperature, the rolling finish temperature, the final stand
rolling reduction, and the coiling temperature indicated in Tables 2 and 3. After the hot rolling, pickling was performed.
The steel sheet was then subjected to primary cold rolling with the rolling reduction indicated in Tables 2 and 3, subjected
to continuous annealing under the continuous annealing conditions indicated in Tables 2 and 3, and then subjected to
secondary cold rolling with the rolling reduction indicated in Tables 2 and 3. The obtained steel sheet was subjected to
typical Sn coating to obtain a Sn coated steel sheet (tinned sheet-iron).

[0070] The steel sheet obtained in the above-described manner was subjected to heat treatment equivalent to paint
baking treatment at 210 °C for 10 min, and then a tensile test was conducted to measure the upper yield stress and the
total elongation. In addition, the corrosion resistance and the precipitates were studied. Further, can lid forming was
performed, and the height of the curl portion of the can lid was measured. The measurement methods and the study
methods are as follows.

[0071] The tensile test was conducted in accordance with the metallic material tensile testing method defined in JIS
Z 2241. In detail, a JIS No. 5 tensile test piece (JIS Z 2201) with the direction orthogonal to the rolling direction being
the tensile direction was collected from the Sn coated steel sheet, and subjected to paint baking equivalent treatment
at 210 °C for 10 min. After this, a parallel portion of the tensile test piece was provided with gauge marks of 50 mm (L)
so that the center in the length direction of the parallel portion would be a midpoint on a straight line connecting the
gauge marks, and a tensile test conforming to JIS Z 2241 was conducted at a tensile rate of 10 mm/min until the tensile
test piece fractured. The uniform deformability was evaluated as pass (good) in the case where the position of the fracture
was in a range of -1/2L to 1/2L where the midpoint of L is a zero point, evaluated as pass (excellent) in the case where
the position of the fracture was in a range of -1/4L to 1/4L, and evaluated as fail in the case where the position of the
fracture was not between the gauge marks.

Ratio of Nb content in precipitates of less than 20 nm in precipitate size to Nb content in all precipitates

[0072] The Sn coating of the Sn coated steel sheet was peeled away and cut to an appropriate size. The test piece
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of about 0.2 g was subjected to constant-current electrolysis with a current density of 20 mA/cmZ2 in a 10 % AA-based
electrolytic solution (10 vol% acetylacetone-1 mass% tetramethylammonium chloride-methanol). The test piece with
precipitates adhering to its surface after the electrolysis was taken out of the electrolytic solution, and immersed in a
sodium hexametaphosphate aqueous solution (500 mg/l, hereafter "SHMP aqueous solution"). Ultrasonic oscillation
was applied to peel the precipitates away from the test piece and extract the precipitates into the SHMP aqueous solution.
The precipitates contained in the solution were then filtered using a filter with a pore size of 20 nm. The residue on the
filter and the filtrate after the filtering were analyzed using inductively coupled plasma (ICP) emission spectrometry, and
the absolute amount of Nb in each of the residue on the filter and the filtrate was measured. The measurement value
for the residue on the filter indicates the amount of precipitates of 20 nm or more in size, and the measurement value
for the filtrate indicates the amount of precipitates of less than 20 nm in size. Taking the sum of the Nb content in the
precipitates of 20 nm or more in size and the Nb content in the precipitates of less than 20 nm in size to be the Nb content
in all precipitates, the ratio of the Nb content in the precipitates of less than 20 nm in precipitate size to the Nb content
in all precipitates was calculated.

Corrosion resistance

[0073] The coating weight of the Sn coating on the Sn steel sheet per side was set to 11.2 g/m2, and the number of
sites observed as holes as a result of the Sn coating thinning was counted. The observation was performed in a meas-
urement area of 2.7 mm2 using an optical microscope with 50 magnification. The corrosion resistance was evaluated
as pass in the case where the number of sites was 20 or less, and evaluated as fail in the case where the number of
sites was 21 or more.

Can lid forming

[0074] A circular blank with a diameter of 67 mm was collected from the Sn coated steel sheet, and sequentially
subjected to shell forming and curling to produce a can lid. The height of the curl portion of the produced can lid was
measured at eight locations in the circumferential direction using a height gauge, and the standard deviation cH of the
height of the curl portion was calculated. The dimensional accuracy of the height of the curl portion was evaluated as
pass in the case where cH was 0.07 mm or less, and evaluated as fail in the case where cH was more than 0.07 mm.
[0075] The evaluation results are indicated in Tables 2 and 3.

Table 1

mass%

Steel No. C Si Mn P S Al N Nb Cr Remarks
1 0.036 | 0.01 | 0.25 | 0.009 | 0.012 | 0.021 | 0.0153 | 0.0142 | 0.027 Ex.
2 0.126 | 0.02 | 0.31 | 0.011 | 0.009 | 0.038 | 0.0151 | 0.0139 | 0.032 Ex.
3 0.022 | 0.01 | 0.28 | 0.010 | 0.016 | 0.024 | 0.0156 | 0.0141 | 0.029 Ex.
4 0.039 | 0.01 | 0.33 | 0.008 | 0.013 | 0.026 | 0.0152 | 0.0138 | 0.014 Ex.
5 0.027 | 0.04 | 0.24 | 0.013 | 0.010 | 0.029 | 0.0149 | 0.0143 | 0.018 Ex.
6 0.020 | 0.02 | 1.08 | 0.011 | 0.014 | 0.032 | 0.0155 | 0.0124 | 0.026 Ex.
7 0.024 | 0.01 | 0.13 | 0.008 | 0.011 | 0.025 | 0.0167 | 0.0137 | 0.034 Ex.
8 0.035 | 0.01 | 0.57 | 0.012 | 0.015 | 0.031 | 0.0147 | 0.0140 | 0.025 Ex.
9 0.025 | 0.01 | 0.20 | 0.010 | 0.009 | 0.038 | 0.0172 | 0.0145 | 0.019 Ex.
10 0.030 | 0.02 | 0.22 | 0.057 | 0.011 | 0.022 | 0.0148 | 0.0113 | 0.023 Ex.
11 0.033 | 0.01 | 0.29 | 0.008 | 0.015 | 0.024 | 0.0147 | 0.0118 | 0.003 Ex.
12 0.034 | 0.02 | 041 | 0.012 | 0.028 | 0.039 | 0.0171 | 0.0125 | 0.024 Ex.
13 0.033 | 0.02 | 0.29 | 0.011 | 0.010 | 0.027 | 0.0153 | 0.0147 | 0.039 Ex.
14 0.029 | 0.01 | 0.32 | 0.014 | 0.019 | 0.075 | 0.0172 | 0.0153 | 0.035 Ex.
15 0.036 | 0.01 | 0.35 | 0.009 | 0.016 | 0.003 | 0.0146 | 0.0126 | 0.031 Ex.
16 0.032 | 0.02 | 0.27 | 0.010 | 0.018 | 0.059 | 0.0164 | 0.0139 | 0.026 Ex.

1"



10

15

20

25

30

35

40

45

50

55

EP 3 845 678 A1

(continued)
mass%
Steel No. Cc Si Mn P S Al N Nb Cr Remarks
17 0.024 | 0.01 | 0.31 | 0.013 | 0.015 | 0.013 | 0.0158 | 0.0146 | 0.017 Ex.
18 0.033 | 0.01 | 0.24 | 0.012 | 0.010 | 0.027 | 0.0193 | 0.0142 | 0.033 Ex.
19 0.028 | 0.01 | 0.34 | 0.015 | 0.014 | 0.019 | 0.0124 | 0.0160 | 0.029 Ex.
20 0.023 | 0.02 | 0.30 | 0.008 | 0.011 | 0.024 | 0.0182 | 0.0124 | 0.009 Ex.
21 0.035 | 0.02 | 0.32 | 0.011 | 0.017 | 0.036 | 0.0133 | 0.0171 | 0.021 Ex.
22 0.032 | 0.03 | 0.23 | 0.015 | 0.008 | 0.016 | 0.0146 | 0.0287 | 0.024 Ex.
23 0.027 | 0.02 | 0.26 | 0.011 | 0.015 | 0.022 | 0.0157 | 0.0074 | 0.005 Ex.
24 0.031 | 0.01 | 0.29 | 0.013 | 0.012 | 0.025 | 0.0154 | 0.0198 | 0.009 Ex.
25 0.026 | 0.02 | 0.31 | 0.009 | 0.017 | 0.029 | 0.0150 | 0.0082 | 0.016 Ex.
26 0.193 | 0.02 | 0.24 | 0.014 | 0.020 | 0.031 | 0.0147 | 0.0135 | 0.025 | Comp. Ex.
27 0.166 | 0.01 | 0.36 | 0.010 | 0.014 | 0.027 | 0.0153 | 0.0141 | 0.032 | Comp. Ex.
28 0.141 | 0.01 | 0.28 | 0.009 | 0.009 | 0.034 | 0.0160 | 0.0157 | 0.018 | Comp. Ex.
29 0.025 | 0.01 | 0.33 | 0.012 | 0.015 | 0.028 | 0.0149 | 0.0114 | 0.053 | Comp. Ex.
30 0.014 | 0.02 | 0.19 | 0.015 | 0.011 | 0.034 | 0.0152 | 0.0136 | 0.027 | Comp. Ex.
31 0.018 | 0.02 | 0.41 | 0.017 | 0.024 | 0.040 | 0.0165 | 0.0183 | 0.034 | Comp. Ex.
32 0.029 | 0.05 | 0.27 | 0.014 | 0.016 | 0.037 | 0.0151 | 0.0145 | 0.023 | Comp. Ex.
33 0.037 | 0.02 | 1.46 | 0.009 | 0.021 | 0.024 | 0.0147 | 0.0172 | 0.028 | Comp. Ex.
34 0.026 | 0.01 | 0.04 | 0.011 | 0.018 | 0.036 | 0.0154 | 0.0150 | 0.022 | Comp. Ex.
35 0.028 | 0.02 | 0.35 | 0.016 | 0.014 | 0.022 | 0.0156 | 0.0141 | 0.130 | Comp. Ex.
36 0.033 | 0.01 | 0.30 | 0.014 | 0.010 | 0.124 | 0.1690 | 0.0168 | 0.035 | Comp. Ex.
37 0.025 | 0.01 | 0.28 | 0.012 | 0.017 | 0.029 | 0.0242 | 0.0134 | 0.012 | Comp. Ex.
38 0.034 | 0.02 | 042 | 0.009 | 0.013 | 0.045 | 0.0225 | 0.0146 | 0.024 | Comp. Ex.
39 0.030 | 0.02 | 0.24 | 0.018 | 0.011 | 0.038 | 0.0114 | 0.0172 | 0.018 | Comp. Ex.
40 0.027 | 0.02 | 0.37 | 0.016 | 0.015 | 0.031 | 0.0019 | 0.0149 | 0.025 | Comp. Ex.
41 0.033 | 0.02 | 0.23 | 0.011 | 0.019 | 0.024 | 0.0137 | 0.0336 | 0.031 | Comp. Ex.
42 0.029 | 0.01 | 041 | 0.017 | 0.022 | 0.037 | 0.0171 | 0.0542 | 0.033 | Comp. Ex.
43 0.034 | 0.02 | 0.38 | 0.010 | 0.014 | 0.025 | 0.0164 | 0.0035 | 0.027 | Comp. Ex.
44 0.026 | 0.01 | 0.45 | 0.014 | 0.017 | 0.030 | 0.0152 | 0.0056 | 0.019 | Comp. Ex.
45 0.028 | 0.01 | 0.37 | 0.125 | 0.013 | 0.026 | 0.1520 | 0.0056 | 0.019 | Comp. Ex.

Note: Underlines indicate outside range according to present disclosure,
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[0076] As can be seen from Tables 2 and 3, in each Example (Ex.), a high-ductility and high-strength steel sheet for
cans having superior uniform deformability was obtained. Further, the corrosion resistance and the dimensional accuracy
of the height of the curl portion of the can lid were superior.

INDUSTRIAL APPLICABILITY

Claims

A steel sheet for cans, comprising

a chemical composition containing, in mass%,

C: 0.020 % or more and 0.130 % or less,

Si: 0.04 % or less,

Mn: 0.10 % or more and 1.20 % or less,

P: 0.007 % or more and 0.100 % or less,

S: 0.030 % or less,

Al: 0.001 % or more and 0.100 % or less,

N: more than 0.0120 % and 0.0200 % or less,
Nb: 0.0060 % or more and 0.0300 % or less, and
Cr: 0.040 % or less,

with a balance being Fe and inevitable impurities,

wherein a ratio of Nb content in precipitates of less than 20 nm in size to Nb content in all precipitates is 40 % or more,

an average interval of all precipitates is 30 nm or less,
an upper yield stress after heat treatment at 210 °C for 10 min is 500 MPa or more and 640 MPa or less, and
a total elongation after the heat treatment is 10 % or more.

A method of producing a steel sheet for cans, comprising:

Itis thus possible to obtain a steel sheet for cans having high strength, excellent ductility, and excellent uniform
deformability. The steel sheet for cans also has favorable corrosion resistance even against highly corrosive contents.
Such a steel sheet for cans is optimal mainly for use in a three-piece can produced using can body forming with a large
amount of deformation, a two-piece can produced by forming a bottom portion in several %, and a can lid.

performing a hot rolling process of heating a steel material at 1200 °C or more, hot rolling the steel material
under conditions of a finish temperature of 850 °C or more and a rolling reduction in a final stand of 8 % or more
to obtain a rolled sheet, and coiling the rolled sheet in a temperature range of 640 °C or more and 780 °C or
less, the steel material having a chemical composition containing, in mass%, C: 0.020 % or more and 0.130 %
or less, Si: 0.04 % or less, Mn: 0.10 % or more and 1.20 % or less, P: 0.007 % or more and 0.100 % or less,
S: 0.030 % or less, Al: 0.001 % or more and 0.100 % or less, N: more than 0.0120 % and 0.0200 % or less,
Nb: 0.0060 % or more and 0.0300 % or less, and Cr: 0.040 % or less, with a balance being Fe and inevitable
impurities;

performing, after the hot rolling process, a primary cold rolling process of cold rolling the rolled sheet with a
rolling reduction of 86 % or more;

performing, after the primary cold rolling process, an annealing process of soaking the rolled sheet in a tem-
perature range of 660 °C or more and 800 °C or less, subjecting the rolled sheet to primary cooling to a
temperature range of 600 °C or more and 650 °C or less at an average cooling rate of 3 °C/s or more and less
than 10 °C/s, and subjecting the rolled sheet to secondary cooling to a temperature range of 150 °C or less at
an average cooling rate of 10 °C/s or more; and

performing a secondary cold rolling process of cold rolling the rolled sheet with a rolling reduction of 0.1 % or
more and 3.0 % or less.
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