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Description
Technical Field

[0001] The present invention relates to a cold-rolled steel sheet, and a method of manufacturing a cold-rolled steel
sheet. The present invention also relates to a facility for manufacturing the cold-rolled steel sheet. Particularly, the present
invention relates to a cold-rolled steel sheet having excellent chemical convertibility and, at the same time, corrosion
resistance after coating which is evaluated by a hot brine dipping test and a composite cycle corrosion test, a method
of manufacturing the cold-rolled steel sheet, and an automobile member. The cold-rolled steel sheet of the present
invention can be preferably used as a high-strength cold-rolled steel sheet containing Si and having a tensile strength
TS of 590MPa or more.

Background Art

[0002] Recently, from a viewpoint of protecting a global environment, there has been a strong demand for improving
fuel economy of automobiles. Further, from a viewpoint of securing safety of an occupant at the time of collision, there
has been also a strong demand for the acquisition of high strength in a vehicle body of an automobile. In order to meet
these demands, efforts have been positively made so as to impart high strength to a cold-rolled steel sheet which
becomes a raw material for an automobile member and to reduce a thickness of the cold-rolled steel sheet thus achieving
simultaneously the reduction in weight and the acquisition of a high strength in a vehicle body of an automobile. Also,
many automobile members are manufactured by applying forming to a steel sheet and hence, the steel sheet which
becomes a raw material in such forming is required to possess excellent formability in addition to a high strength.
[0003] There have been proposed various methods forincreasing a strength of a cold-rolled steel sheet. As an effective
means for acquiring high strength without largely impairing formability, a solid solution strengthening method with addition
of Siis named. However, a case has been known where when a large amount of Si, particularly 0.5mass% or more Si
is added to a cold-rolled steel sheet, a large amount of Si containing oxide such as SiO, or an Si-Mn based compound
oxide is formed on an interface between a surface of the steel sheet and an oxide scale at the time of heating a slab, at
the time of hot rolling or during annealing afterward. This Si containing oxide remarkably lowers chemical convertibility.
Further, when the cold-rolled steel sheet is exposed to a severe corrosion environment such as a salt water spraying
test or a composite cycle corrosion test where moistening and drying are repeated after electrodeposition coating, peeling
of a coated film is liable to occur thus giving a rise to a drawback that a cold-rolled steel sheet exhibits inferior corrosion
resistance after coating.

[0004] To cope with the drawback that the Si containing steel sheet has, for example, patent literature 1 proposes a
high strength cold-rolled steel sheet where a slab is heated at a temperature of 1200°c or above at the time of hot rolling,
descaling is performed at a high pressure, a surface of the hot-rolled steel sheet is ground by nylon brush containing
abrasive grains before pickling, the sheet is dipped into a 9% hydrochloric acid tank twice to perform pickling so as to
lower Si concentration on a surface of the steel sheet.

[0005] Patent literature 2 proposes a high strength cold-rolled steel sheet where corrosion resistance is enhanced by
setting a line width of a filamentous oxide containing Si which is observed at a depth of 1 to 10m from a surface of the
steel sheet to 300nm or less.

[0006] Patent literature 3 proposes a technique for enhancing an oxide removing ability of a steel sheet by setting an
iron ion concentration (divalent) in a hydrochloric acid to a value which falls within a range of 0.5 to 18%.

[0007] However,in the high strength cold-rolled steel sheet described in patent literature 1, even when Si concentration
in the surface of the steel sheet is lowered before cold rolling, an Si containing oxide is formed in the surface of the steel
sheet by annealing performed after cold rolling and hence, the improvement of corrosion resistance after coating cannot
be expected.

[0008] In the high strength cold-rolled steel sheet described in patent literature 2, no problem arises with respect to
corrosion resistance in a corrosion environment such as a salt water spraying test stipulated in JIS Z2371. However,
the cold-rolled steel sheet cannot acquire sufficient corrosion resistance after coating in a severe corrosion environment
such as a hot brine dipping test and a composite cycle corrosion test.

[0009] That is, with the mere lowering of Si concentration in a surface of a steel sheet after hot rolling or the mere
reduction of an amount of filamentous oxide containing Si, a high strength cold-rolled steel sheet having excellent
corrosion resistance after coating cannot be acquired.

[0010] In the technique described in patent literature 3, SiO, is insoluble in a hydrochloric acid and hence, even when
iron ion concentration is set to a value which falls within a range of 0.5 to 18%, SiO, cannot be removed.

[0011] In view of the above, as a technique which overcomes the above-mentioned drawbacks, patent literature 4
discloses a technique which can enhance chemical convertibility by increasing reactivity of a steel sheet with a chemical
conversion treatment solution by removing an Si containing oxide concentrated on a surface of the steel sheet in an
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annealing step or the like by pickling and by further imparting an S-based compound to such a surface.

[0012] Patent literature 5 discloses a technique where a P-based compound is imparted in place of an S-based
compound described in patent literature 4.

[0013] Patentliterature 6 discloses, as a technique which can overcome the above-mentioned drawbacks, a technique
which enhances chemical convertibility by increasing reactivity with chemical conversion treatment solution. In this
technique, SiO, is removed by performing pickling using an oxidizing acid in a first stage and a Fe-based oxide formed
in the first-stage pickling is removed by performing pickling using a non-oxidizing acid in a subsequent second stage.

Citation List
Patent Literature
[0014]

PTL 1: Japanese Unexamined Patent Application Publication No. 2004-204350
PTL 2: Japanese Unexamined Patent Application Publication No. 2004-244698
PTL 3: Japanese Unexamined Patent Application Publication No. 64-62485

PTL 4: Japanese Unexamined Patent Application Publication No. 2007-217743
PTL 5: Japanese Unexamined Patent Application Publication No. 2007-246951
PTL 6: Japanese Unexamined Patent Application Publication No. 2012-132092

Summary of Invention
Technical Problem

[0015] Recently, with the aim of lowering of industrial waste (suppression of generation of sludge) and the reduction
in running cost, lowering of a temperature of chemical conversion treatment solution has been in progress. As a result,
compared to a conventional chemical conversion treatment condition, reactivity of the steel sheet with a chemical con-
version treatment solution with applied to a steel sheet has been largely lowered. Lowering of a temperature of a chemical
conversion treatment solution does not cause any problem because of the improvement in a surface adjusting technique
performed before chemical conversion treatment with respect to an ordinary steel sheet which has been conventionally
used and contains a small amount of alloy. However, with respect to a high-strength cold-rolled steel sheet to which a
large amount of Si is added, reactivity of the steel sheet with a chemical conversion treatment solution is remarkably
lowered due to the influence of Si containing oxide formed on a surface layer of the steel sheet during an annealing step
and hence, it is necessary to increase reactivity from a steel sheet side using any means. However, with the techniques
disclosed in patent literatures 4 and 5, even when a chemical conversion treatment solution is effective with respect to
a conventional ordinary steel sheet, a sufficient improvement effect capable of coping with lowering of a temperature of
a chemical conversion treatment solution cannot be expected with respect to a high-strength cold-rolled steel sheet
containing a large amount of Si. On the other hand, it has been known that with the use of the technique disclosed in
patent literature 6, the technique can cope with lowering of a temperature of a chemical conversion treatment solution
even with respect to a high-strength cold-rolled steel sheet containing a large amount of Si. However, with the technique
disclosed in patent literature 6, when the concentration of Fe is low, a pickling speed is slow so that an ability of removing
an Si containing oxide becomes insufficient, and when the concentration of Fe is high, an iron based oxide is formed so
that chemical convertibility and eventually corrosion resistance after coating are also deteriorated. Further, with the
technique disclosed in patent literature 6, reactivity between a chemical conversion treatment solution and a surface of
a steel sheet is high so that it is considered that a rate of occurrence of spot rust is increased during storage of a cold-
rolled steel sheet for a long period.

[0016] The presentinvention has been made in view of such circumstances, and it is an object of the present invention
to provide a cold-rolled steel sheet which is excellent in not only chemical convertibility but also in corrosion resistance
after coating, a method of manufacturing the cold-rolled steel sheet, and an automobile member. It is still another object
of the present invention to provide a facility for manufacturing such a cold-rolled steel sheet.

Solution to Problem

[0017] To overcome the above-mentioned drawbacks, inventors of the present invention have carried out a detailed
analysis of a steel sheet surface characteristic after annealing, and have made extensive studies with respect to a
method of increasing reactivity between a surface of a steel sheet and a chemical conversion treatment solution. As a
result, the inventors of the present invention have found that it is extremely important to apply strong pickling to a surface
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of a steel sheet which is continuously annealed after cold-rolling, to remove an Si containing oxide layer formed on a
surface layer of the steel sheet during annealing, to reduce a steel sheet surface coverage of an iron-based oxide formed
on the surface of the steel sheet by the above-mentioned strong pickling and to subsequently neutralize a residue of an
acidic solution by an alkaline solution after strong pickling for enhancing corrosion resistance after coating by preventing
the occurrence of point rust during storage of a cold-rolled steel sheet, and the inventors have completed the present
invention.

[0018] The present invention has been made based on the above-mentioned finding, and the gist of the present
invention is as follows.

[11 A method of manufacturing a cold-rolled steel sheet where first pickling is applied to a steel sheet which is
continuously annealed after cold rolling, second pickling is applied to the steel sheet subsequently and, thereafter,
neutralizing treatment is applied to the steel sheet using an alkaline solution.

[2] The method of manufacturing a cold-rolled steel sheet described in [1] where the alkaline solution has pH of 9.5
or more, and one or two or more selected from a group consisting of sodium hydroxide, sodium carbonate, sodium
hydrogen carbonate, orthophosphate and condensed phosphate are mixed into the alkaline solution.

[3] The method of manufacturing a cold-rolled steel sheet described in [1] or [2] where the neutralizing treatment is
performed in a state that a temperature of the alkaline solution is set to a value which falls within a range of 20 to
70°C, and a treatment time is set to a value which falls within a range of 1 to 30 seconds.

[4] The method of manufacturing a cold-rolled steel sheet described in any one of [1] to [3] where the first pickling
is performed using any one of a nitric acid, a hydrochloric acid, a hydrofluoric acid, a sulfuric acid and a mixture of
two or more of these acids.

[5] The method of manufacturing a cold-rolled steel sheet described in any one of [1] to [4] where the first pickling
is performed using either one of the following acidic solutions (a) and (b).

(a) The acidic solution containing a nitric acid and a hydrochloric acid, wherein concentration of nitric acid is
more than 50g/L and 200g/L or less, a ratio R1 of the concentration of hydrochloric acid to the concentration of
nitric acid (hydrochloric acid/nitric acid) is set to a value which falls within a range of 0.01 to 0.25, and the
concentration of Fe ion is set to a value which falls within a range of 3 to 50g/L.

(b) The acidic solution containing a nitric acid and hydrofluoric acid, wherein concentration of nitric acid is more
than 50g/L and 200g/L or less, a ratio R2 of the concentration of hydrofluoric acid to the concentration of nitric
acid (hydrofluoric acid/nitric acid) is set to a value which falls within arange of 0.01 to 0.25, and the concentration
of Fe ion is set to a value which falls within a range of 3 to 50g/L.

[6] The method of manufacturing a cold-rolled steel sheet described in any one of [1] to [5] where a non-oxidizing
acid is used in the second pickling.

[7] The method of manufacturing a cold-rolled steel sheet described in [6] where the non-oxidizing acid is any one
of a hydrochloric acid, a sulfuric acid, a phosphoric acid, a pyrophosphoric acid, a formic acid, an acetic acid, a citric
acid, a hydrofluoric acid, an oxalic acid, and an acid which is a mixture of two or more of these acids.

[8] The method of manufacturing a cold-rolled steel sheet described in [6] or [7] where the non-oxidizing acid is any
one of hydrochloric acid having the concentration of 0.1 to 50g/L, a sulfuric acid having the concentration of 0.1 to
150g/L and an acid which is a mixture of a hydrochloric acid having the concentration of 0.1 to 20g/L and a sulfuric
acid having the concentration of 0.1 to 60g/L.

[9] The method of manufacturing a cold-rolled steel sheet described in any one of [1] to [8] where the second pickling
is performed in a state that a temperature of the acidic solution is set to a value which falls within a range of 20°C
to 70°C, and a pickling time is set to a value which falls within a range of 1 to 30 seconds.

[10] The method of manufacturing a cold-rolled steel sheet described in any one of [1] to [9] where the steel sheet
contains, as a component of the composition thereof, 0.5 to 3.0mass% Si.

[11] The method of manufacturing a cold-rolled steel sheet described in [10] where the steel sheet further contains,
as components of the composition thereof: 0.01 to 0.30mass% C, 1.0 to 7.5mass% Mn, 0.05mass% or less P,
0.01mass% or less S, 0.06mass% or less A1, and Fe and unavoidable impurities as a balance.

[12] The method of manufacturing a cold-rolled steel sheet described in [11] where the steel sheet further contains,
as components of the composition thereof, one or two or more of elements selected from a group consisting of
0.3mass% or less Nb, 0.3mass% or less Ti, 0.3mass% or less V, 1.0mass% or less Mo, 1.0mass% or less Cr,
0.006mass% or less B and 0.008mass% or less N.

[13] The method of manufacturing a cold-rolled steel sheet described in [11] or [12] where the steel sheet further
contains, as the components of the composition, one or two or more of elements selected from a group consisting
of 2.0mass% or less Ni, 2.0mass% or less Cu, 0.1mass% or less Ca, and 0.1mass% or less REM.

[14] A cold-rolled steel sheet manufactured by the method of manufacturing a cold-rolled steel sheet described in
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any one of [1] to [13] where an Si containing oxide layer formed on a surface layer of the steel sheet is removed,
and a surface coverage of an iron-based oxide existing on a surface of the steel sheet is 40% or less.

[15] The cold-rolled steel sheet described in [14] where a maximum thickness of the iron-based oxide existing on
the surface of the steel sheet is 150nm or less.

[16] An automobile member formed by using the cold-rolled steel sheet described in [14] or [15].

[17] A facility for manufacturing a cold-rolled steel sheet where a first pickling device, a second pickling device, an
acid neutralizing treatment device, and a drying device are arranged in this order on a rear stage of a continuous
annealing device.

[18] The facility for manufacturing a cold-rolled steel sheet described in [17] where a water cleaning device is arranged
on a rear stage of the first pickling device, the second pickling device, and the acid neutralizing treatment device.
[19] The facility for manufacturing a cold-rolled steel sheet described in [17] or [18] where a water cleaning spray
device is arranged on an inlet side and/or an outlet side of one or more devices selected from a group consisting
of the first pickling device, the second pickling device, the acid neutralizing treatment device and the water cleaning
device.

Advantageous Effects of Invention

[0019] According to the present invention, it is possible to obtain a cold-rolled steel sheet being excellent in chemical
convertibility as well as corrosion resistance after coating. Further, according to the manufacturing method of the present
invention, a cold-rolled steel sheet having favorable chemical convertibility and favorable corrosion resistance after
coating can be manufactured easily and in a stable manner through usual cold-rolling step and pickling step by merely
adjusting a pickling condition.

[0020] Itis possible to provide a cold-rolled steel sheet being excellent in chemical convertibility even in a case where
chemical conversion treatment solution having a low temperature is used and also being excellent in corrosion resistance
after coating even in a severe corrosion environment such as a hot brine dipping test or a composite cycle corrosion
test even when the cold-rolled steel sheet contains 0.5 to 3.0mass% Si. In this manner, according to the presentinvention,
chemical convertibility and corrosion resistance after coating of a high strength cold-rolled steel sheet containing a large
amount of Si thus having a tensile strength TS of 590MPa or more can be largely improved and hence, the high strength
cold-rolled steel sheet can be preferably used as a reinforcing member of a vehicle body of an automobile or the like.

Brief Description of Drawings
[0021]

[Fig. 1] Fig. 1 is a view showing reflection electron images of surfaces of steel sheets which are cold-rolled steel
sheet standard samples No. a and No. b prepared for obtaining a surface coverage of an iron-based oxide.

[Fig. 2] Fig. 2is a histogram of the number of pixels with respectto gray values ofreflection electronimage photographs
of the cold-rolled steel sheet standard samples No. a and No. b.

[Fig. 3] Fig. 3 is a view showing a result of observation of a cross section of a steel sheet surface covering material
after a surface of a steel sheet is pickled using a non-oxidizing acid by a transmission-type electron microscope.
[Fig. 4] Fig. 4 is a graph showing a result of an energy distribution type X-ray (EDX) analysis of an iron-based oxide
observed in Fig. 3.

[Fig. 5] Fig. 5 is a graph showing a result obtained by measuring the distribution of O, Si, Mn and Fe in the depth
direction on a surface of a specimen shown in Table 2 by GDS.

Description of Embodiments

[0022] The detail of the presentinvention is described hereinafter. In the description made hereinafter, a unit of contents
of the respective elements of the composition of steel is set to "mass%", and "mass%" is expressed simply as "%" unless
otherwise specified.

[0023] In an annealing step using a continuous annealing furnace which is performed for imparting desired structure,
desired strength and desired formability to the cold-rolled steel sheet obtained through cold rolling by recrystallizing the
cold-rolled steel sheet, a non-oxidizing gas or a reducing gas is usually used as an atmospheric gas, and a dew point
is strictly controlled. Accordingly, in an ordinary general-use cold-rolled steel sheet having a low alloy content, oxidation
of a surface of the steel sheet is suppressed. However, in a steel sheet containing 0.5% or more Si or Mn, even when
the component or a dew point of an atmospheric gas is strictly controlled during annealing, Si, Mn or the like which is
easily oxidized compared to Fe is oxidized so that the formation of an Si containing oxide such as an Si oxide (SiO,) or
an Si-Mn based composite oxide on a surface of a steel sheet cannot be avoided. Although the structures of these
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oxides change depending on components of a steel sheet, an annealing atmosphere or the like, in general, it is often
the case where the structures of these oxides change depending on a mixture of components of a steel sheet and an
annealing atmosphere. Further, it has been known that the Si containing oxide is formed not only on a surface of a steel
sheet but also in the inside of a base steel and hence, an etching property of the surface of the steel sheet in chemical
conversion treatment (zinc phosphate treatment) which is performed as a surface treatment for electrodeposition coating
is impaired thus adversely affecting the formation of a sound chemical conversion treatment film.

[0024] On the other hand, recently, with the aim of reducing an amount of sludge generated at the time of chemical
conversion treatment and a running cost, lowering of a temperature of a chemical conversion treatment solution has
been in progress. As a result, compared to a conventional art, chemical conversion treatment can be performed in a
state where reactivity of a chemical conversion treatment solution with a steel sheet is extremely low. Such a change
in chemical conversion treatment condition does not cause any particular problem due to the improvement of a surface
adjustment technique or the like with respect to an ordinary steel sheet which has been used conventionally and contains
a small amount of alloy. However, with respect to a steel sheet which contains a large amount of alloy component,
particularly with respect to a high strength cold rolled steel sheet which aims at a higher strength by containing a large
amount of Si, the influence exerted by the above-mentioned change in chemical conversion treatment condition, that
is, lowering of a temperature of a chemical conversion treatment solution is extremely large. To cope with this situation,
with respect to a cold rolled steel sheet containing a large amount of Si, it is considered necessary to increase reactivity
of the steel sheet with a chemical conversion treatment solution by activating a surface of the steel sheet per se corre-
sponding to worsening of a chemical conversion treatment condition.

[0025] To cope with the above-mentioned worsening of the chemical conversion treatment condition, the inventors of
the present invention have made studies with respect to a method of enhancing chemical convertibility of a steel sheet.
As aresult, the inventors have found that a method is effective where a surface of a cold-rolled steel sheet after continuous
annealing is subjected to strong pickling using a nitric acid or the like as a pickling solution thus removing an Si containing
oxide layer on a surface layer of the steel sheet formed by continuous annealing or the like after cold rolling. Here, "Si
containing oxide" means SiO, or an Si-Mn based composite oxide formed along a surface of the steel sheet or a grain
boundary in the inside of the steel sheet at heating of a slab, after hot rolling or at annealing after cold rolling. Although
a thickness of a layer where the Si containing oxide is present changes depending on the composition of the steel sheet
or an annealing condition (temperature, time, atmosphere), the thickness is usually approximately 1um from a surface
of the steel sheet. Further, in the present invention, "removing an Si containing oxide layer" means that the Si containing
oxide layer is removed by pickling to a level that a peak of Si and a peak of O do not appear when the surface of the
steel sheet is analyzed in a depth direction by GDS (glow discharge atomic emission spectrochemical analysis).
[0026] The reason a strong acid such as a nitric acid is used as a above-mentioned pickling solution is that although
an Si-Mn based composite oxide is easily dissolved by an acid among Si containing oxides, SiO, exhibits insolubility
and hence, to remove SiO,, itis necessary to remove an Si containing oxide formed on a surface of a steel sheet together
with a base steel.

[0027] However, according to the studies made by the inventors, although chemical convertibility is largely improved
by removing an Si containing oxide layer present on a surface of a steel sheet by performing strong pickling using a
nitric acid or the like after continuous annealing, it is revealed that there are some cases where a steel sheet exhibits
inferior chemical convertibility. When the inventors have investigated a cause of the occurrence of such cases, the
inventors have made novel finding that although an Si-based oxide layer is removed by the above-mentioned strong
pickling using a nitric acid or the like, Fe which is dissolved from a surface of a steel sheet by pickling forms an iron-
based oxide, and this iron-based oxide is deposited and precipitates on the surface of the steel sheet and covers the
surface of the steel sheet thus lowering chemical convertibility, and when a residue of a pickling solution remains, a spot
rust occurrence ratio during storage of a cold-rolled steel sheet is increased so that the cold-rolled steel sheet exhibits
inferior corrosion resistance after coating.

[0028] The inventors have made further studies and, as a result of the studies, have found that, to reduce an adverse
effect which affects chemical convertibility, it is important to suppress the formation of an iron-based oxide on a surface
of a steel sheet so as to set a surface coverage of the iron-based oxide present on the surface of the steel sheet to 40%
orless. The inventors also have found that an iron-based oxide present on the surface of the steel sheet can be dissolved
and removed by performing pickling using a non-oxidizing acid after performing strong pickling. The inventors also have
found that it is important to remove a residue of an acidic solution which remains after pickling performed two times by
performing neutralizing treatment using an alkaline solution after performing pickling using a non-oxidizing acid.
[0029] Based on such findings, in the present invention, strong pickling is performed as first pickling so as to suppress
the formation of an iron-based oxide on a surface of a steel sheet and to remove an Si containing oxide layer present
on a surface of the steel sheet. Next, pickling is performed using a non-oxidizing acid as second pickling so as to set a
surface coverage of the iron-based oxide present on the surface of the steel sheet to 40% or less. Subsequently,
neutralizing treatment is applied to the steel sheet using an alkaline solution.

[0030] The inventors also have found that when a coverage of an iron-based oxide formed on a surface of a steel



10

15

20

25

30

35

40

45

50

55

EP 3 190 211 A1

sheet by pickling is set to 40% or less and, further, a maximum thickness of the iron-based oxide is set to 150nm or less,
chemical convertibility is further improved and corrosion resistance is also improved and, as a means to achieve such
effects, it is effective to properly set a pickling condition (concentration, temperature, time) and a non-oxidizing pickling
condition (acid concentration, temperature, time).

[0031] In the present invention, "iron-based oxide" means an oxide which contains iron as a main component where
an atomic percentage of iron among elements other than oxygen which constitute oxides is set to 30% or more. The
iron-based oxide is an oxide which is present on a surface of a steel sheet with a non-uniform thickness and differs from
a natural oxide film having a uniform thickness of several nm and being present as a layer. Further, it is understood that
an iron-based oxide formed on a surface of a cold-rolled steel sheet is amorphous based on the observation using a
transmission type electron microscope (TEM) or a result of analysis of a diffraction pattern obtained by an electron beam
diffraction.

[0032] The present invention has been completed by making further studies based on the above-mentioned novel
findings.

[0033] Next, a method of manufacturing a cold-rolled steel sheet according to the present invention is described.
[0034] The present invention is characterized in that first pickling is applied to a steel sheet which is produced by
applying heating, hot rolling, cold rolling and continuous annealing to a steel material (slab) containing 0.5 to 3.0% Si,
for example, and second pickling is applied to the steel sheet subsequently and, thereafter, neutralizing treatment is
applied to the steel sheet using an alkaline solution. By performing such pickling and neutralizing treatment, chemical
convertibility and corrosion resistance after coating can be remarkably enhanced.

First pickling condition

[0035] After continuous annealing, a large amount of an Si containing oxide such as SiO, or an Si-Mn based composite
oxide is formed on a surface layer of a steel sheet. If this state is maintained as it is, chemical convertibility and corrosion
resistance after coating are extremely lowered. In view of the above, according to the manufacturing method of the
present invention, it is preferable to apply, as the first pickling, strong pickling to a cold-rolled steel sheet after annealing
using an acidic solution containing a nitric acid and a hydrochloric acid or an acidic solution containing a nitric acid and
a hydrofluoric acid. By performing first pickling, an Si containing oxide layer formed on a surface of the steel sheet is
removed together with a base steel.

[0036] Although an Si-Mn based composite oxide is easily dissolved by an acid among Si containing oxides, SiO,
exhibits insolubility against an acid. Accordingly, to remove an Si containing oxide including SiO,, it is necessary to
remove an oxide layer together with a base steel of a steel sheet by strong pickling. Accordingly, in the present invention,
as an acid which can be used as an acidic solution, a nitric acid which is a strong oxidizing acid can be favorably used.
Further, provided that an acid can remove an Si containing oxide layer, the acid may be a hydrofluoric acid, a hydrochloric
acid, a sulfuric acid or the like. That is, a kind of acid is not particularly specified. Further, an acid prepared by mixing
these two or more of acids may be used. It is also effective to accelerate dissolving of a base steel by adding a pickling
accelerating agent to an acidic solution or by using electrolytic treatment in combination with the use of an acid.
[0037] Further, as described previously, Fe which is dissolved from a surface of a steel sheet by pickling forms an
iron-based oxide, and this iron-based oxide is deposited and precipitates on the surface of the steel sheet and covers
the surface of the steel sheet thus giving rise to a possibility that chemical convertibility is lowered. To reducing a load
of second pickling by avoiding such lowering of chemical convertibility, it is preferable to suppress an amount of iron-
based oxide formed on a surface of a steel sheet. Due to the reasons described above, it is preferable to set the following
pickling condition.

[0038] To remove an Si containing oxide efficiently, in a case where an acidic solution containing a nitric acid and a
hydrochloric acid is used, it is preferable that the acidic solution contain the nitric acid and the hydrochloric acid such
that the concentration of nitric acid be set to a value which falls within a range of more than 50g/L to 200g/L or less, and
a ratio R1 (hydrochloric acid/nitric acid) of the concentration of hydrochloric acid having an oxide film breaking effect to
the concentration of nitric acid be set to a value which falls within a range of 0.01 to 0.25, and the concentration of Fe
ion (sum of bivalence and trivalence) be set to a value which falls within a range of 3 to 50g/L. It is more preferable that
the concentration of nitric acid be set to a value which falls within a range of 100g/L to 200g/L. It is more preferable that
the above-mentioned R1 be set to a value which falls within a range of 0.02 to 0.15. It is more preferable that the
concentration of Fe ion be set to a value which falls within a range of 3 to 25¢g/L. In a case where an acidic solution
containing a nitric acid and a hydrofluoric acid is used, it is preferable that the acidic solution contains the nitric acid and
the hydrofluoric acid such that the concentration of nitric acid be set to a value which falls within a range of more than
50g/L to 200g/L or less, and a ratio R2 (hydrofluoric acid/nitric acid) of the concentration of hydrofluoric acid having an
oxide film breaking effect to the concentration of nitric acid be set to a value which falls within a range of 0.01 to 0.25,
and the concentration of Fe ion (sum of bivalence and trivalence) be set to a value which falls within a range of 3 to
50g/L. It is more preferable that the concentration of nitric acid be set to a value which falls within a range of 100g/L to
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200g/L. It is more preferable that the above-mentioned R2 be set to a value which falls within a range of 0.02 to 0.15.
It is more preferable that the concentration of Fe ion be set to a value which falls within a range of 3 to 25g/L. When R1
and R2 are larger than 0.25 or when the concentration of Fe ion (the sum of bivalence and trivalance) is less than 3g/L,
a desired pickling speed cannot be acquired and hence, an Si containing oxide cannot be efficiently removed. On the
other hand, when R1 and R2 are smaller than 0.01 or when the concentration of Fe ion is larger than 50g/L, although
a desired pickling speed can be acquired, an amount of Fe ion in an acidic solution is large and hence, a large amount
of Fe-based oxide is formed on a surface of the steel sheet whereby an Fe-based oxide cannot be completely removed
by the second pickling. Accordingly, chemical convertibility and corrosion resistance cannot be improved.

[0039] Further, as a method of maintaining the concentration of Fe ion (the sum of bivalence and trivalence) at a value
which falls within a range of 3 to 50g/L, methods are considered including a method where when the concentration of
Fe ion exceeds 50g/L, an acidic solution is diluted, a method where a nitric acid or a hydrochloric acid is additionally
charged, and a method where an iron component in an acid is lowered by an iron removing device.

[0040] Further, a maximum thickness of an iron-based oxide can be set to 150nm or less by properly setting a pickling
condition (concentration, temperature, time). By performing the first pickling in a state where a temperature of an acidic
solution is set to 20 to 70°C and a pickling time is 3 to 30 seconds, the maximum thickness of the iron based oxide
becomes 150nm or less and hence, chemical convertibility is further improved and the corrosion resistance is also further
improved.

Second pickling condition

[0041] With mere strong pickling which is performed as the first pickling, it is difficult to control a surface coverage of
an iron-based oxide formed on a surface of a steel sheet to 40% or less in a stable manner. In view of the above,
according to the present invention, to more surely reduce an amount of iron based oxide formed on a surface of a steel
sheet by the above-mentioned first pickling, second pickling is performed. In the present invention, the second pickling
is preferably performed using an acidic solution made of a non-oxidizing acid, and an iron-based oxide is removed by
dissolving by second pickling.

[0042] As a non-oxidizing acid, one kind or two or more kinds selected from a group consisting of a hydrochloric acid,
a sulfuric acid, a phosphoric acid, a pyrophosphoric acid, a formic acid, an acetic acid, a citric acid, a hydrofluoric acid,
and an oxalic acid are preferably used. Although any acid may be used, a hydrochloric acid and a sulfuric acid which
are used commonly in a steel making industry may be preferably used. Among these acids, a hydrochloric acid can be
preferably used since a hydrochloric acid is a volatile acid so that a residue such as a sulfate group minimally remains
on a surface of a steel sheet after water cleaning unlike a sulfuric acid, and an oxide breaking effect by chloride ion is
large and the like. Further, a mixed acid prepared by mixing a hydrochloride acid and a sulfuric acid may be used.
[0043] Among these acids, from a viewpoint of preventing an insufficient removal of an iron-based oxide and the
degradation of a surface property of a steel sheet due to an excessive pickling, it is preferable to use any one of a
hydrochloric acid having the concentration of 0.1 to 50g/L, a sulfuric acid having the concentration of 0.1 to 150g/L, and
a mixed acid prepared by mixing a hydrochloric acid having the concentration of 0.1 to 20g/L and a sulfuric acid having
the concentration of 0.1 to 60g/L.

[0044] Itis preferable that the second pickling be performed in a state where a temperature of an acidic solution is set
to 20 to 70°C and a pickling time is 1 to 30 seconds. When a temperature of an acidic solution is set to 20°C or above
and a treatment time is 1 second or more, it is sufficient to remove an iron-based oxide remaining on a surface of a steel
sheet. On the other hand, when the temperature of an acidic solution is set to 70°C or below and a treatment time is 30
seconds or less, a surface of a steel sheet is not excessively dissolved so that there is no possibility that a new surface
oxide film will be formed. It is more preferable to set a temperature of an acidic solution to a value which falls within a
range of 30 to 50°C. Further, it is more preferable to set a pickling time to a value which falls within a range of 2 to 20
seconds.

[0045] Further, to acquire a steel sheet which is more excellent in chemical convertibility and corrosion resistance, it
is preferable to surely decrease a maximum thickness of an iron-based oxide present on a surface of a steel sheet after
the above-mentioned pickling to 150nm or less. For this end, it is preferable to properly increase the concentration of
an acidic solution consisting of a non-oxidizing acid. For example, when a hydrochloric acid is used, the concentration
of hydrochloric acid is preferably set to a value which falls within a range of 3 to 50g/L. When a sulfuric acid is used, the
concentration of sulfuric acid is preferably set to a value which falls within a range of 8 to 150g/L. Further, when a pickling
solution prepared by mixing a hydrochloric acid and a sulfuric acid is used, it is preferable to use an acid prepared by
mixing a hydrochloric acid having the concentration of 3 to 20g/L and a sulfuric acid having the concentration of 8 to
60g/L. Provided that the concentration of a pickling solution falls within the above-mentioned concentration range, a
thickness of an iron-based oxide can be surely decreased to 150nm or below and hence, chemical convertibility and
corrosion resistance after coating can be enhanced. Further, provided that the concentration of a pickling solution falls
within the above-mentioned concentration range, a surface of a steel sheet is not excessively resolved so that there is
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no possibility that a new surface oxide film is formed.
Neutralizing treatment condition

[0046] The present invention is characterized in that neutralizing treatment is further performed using an alkaline
solution after second pickling is performed.

[0047] When reactivity of a surface of a steel sheet is increased by removing an oxide formed during annealing by
pickling, a residue of a pickling solution remains and hence, there is a possibility that point rust occurs during storage
of a cold-rolled steel sheet. To suppress the occurrence of such spot rust, in the neutralizing treatment performed after
pickling and re-pickling, it is preferable to perform neutralizing treatment using an alkaline solution having pH of 9.5 or
more in which one kind or two or more kinds selected from a group consisting of sodium hydroxide, sodium carbonate,
sodium hydrogen carbonate, orthophosphate and condensed phosphate are mixed. Such an alkaline solution is used
for removing a residue of the pickling solution by neutralization. Also, when pH is less than 9.5, a residue of a pickling
solution cannot be completely neutralized. As the condensed phosphate, for example, sodium pyrophosphate, sodium
polyphosphate and the like are named. The above-mentioned pH is more preferably set to a value which falls within a
range of 10.0 to 12.0.

[0048] In performing neutralizing treatment using the above-mentioned alkaline solution, it is preferable that a tem-
perature of the alkaline solution be set to a value which falls within a range of 20 to 70°C, and a treatment time be set
to a value which falls within a range of 1 to 30 seconds. When a solution temperature of the alkaline solution is set to
20°C or above and the treatment time is set to 1 second or more, a residue of a pickling solution is sufficiently neutralized.
On the other hand, when a temperature of a pickling solution exceeds 70°C, an alkaline fume is generated. Further,
when a treatment time exceeds 30 seconds, a length of a facility is elongated so that a huge facility cost becomes
necessary. A temperature of the alkaline solution is more preferably set to a value which falls within a range of 30 to
50°C. It is more preferable to set a treatment time to a value which falls within a range of 2 to 20 seconds.

[0049] As described above, after continuous annealing, a steel sheet is subjected to first pickling and second pickling
and, then, the steel sheet is subjected to neutralizing treatment using an alkaline solution. Thereafter, the steel sheet is
formed into a product sheet (cold-rolled steel sheet) through usual treatment steps such as temper rolling.

[0050] Inthe presentinvention, a pickling method, that is, a method of bringing a steel sheet into contact with an acidic
solution described in the present invention is not particularly limited. As such a method, a method in which an acidic
solution is sprayed to a steel sheet, a method in which a steel sheetis dipped into an acidic solution and the like are named.
[0051] Further, it is preferable that first pickling and second pickling are continuously performed. By performing the
first pickling and the second pickling continuously, it is possible to prevent natural oxidation of a steel sheet after the
first pickling and hence, the steel sheet can be formed into a final product at a stroke whereby the product can be
manufactured at a low cost.

[0052] Also, in the present invention, water cleaning treatment may be performed after first pickling, after second
pickling and after neutralizing treatment respectively. Further, in performing first pickling, second pickling, neutralizing
treatment and water cleaning treatment respectively, additional water cleaning may be further performed on an inlet side
and/or on an outlet side of the respective treatments using a water cleaning spray. It is preferable that drying treatment
is performed using a dryer or the like after water cleaning treatment.

[0053] Next, the composition of the cold-rolled steel sheet according to the present invention is described.

[0054] In the present invention, it is preferable that the steel sheet has the composition which allows the steel sheet
to have a high strength such that the steel sheet can be used for forming a suspension member of an automobile and
also has favorable chemical convertibility.

[0055] In the composition of the cold-rolled steel sheet, the content of Si is preferably set to a value which falls within
arange of 0.5to 3.0%. Siis an element highly effective in increasing strength of steel (solid solution strengthening ability)
without largely deteriorating workability of steel and hence, Si is an effective element in achieving high strengthening of
steel. However, Si is also an element which adversely affects chemical convertibility and corrosion resistance after
coating. Due to such reasons, while it is preferable to add 0.5% or more of Si, when the content of Si exceeds 3.0%,
hotrolling property and cold rolling property are largely lowered thus givingrise to a possibility that productivity is adversely
affected or ductility of a steel sheet per se is lowered. Accordingly, when Si is added as a component of the composition,
the content of Si is preferably set to a value which falls within a range of 0.5 to 3.0%. The content of Siis more preferably
set to a value which falls within a range of 0.8 to 2.5%.

[0056] Itis permissible that the cold-rolled steel sheet contains components other than the above-mentioned compo-
nents within the component range of the ordinary cold-rolled steel sheet. However, in applying the cold-rolled steel sheet
of the present invention to a high strength cold-rolled steel sheet having a tensile strength TS of 590MPa or more which
is used for forming a vehicle body of an automobile or the like, it is preferable to set the contents of desired components
other than the above-mentioned components as follows.
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C:0.01t0 0.30%

[0057] C is an element which is effective in increasing strength of steel. C is also an element effective in forming
residual austenite having TRIP (Transformation Induced Plasticity) effect, bainite or martensite. When the content of C
is set to 0.01% or more, the above-mentioned effects can be obtained. On the other hand, when the content of C is
0.30% or less, lowering of weldability does not occur. Accordingly, the content of C to be added is preferably set to a
value which falls within a range of 0.01 to 0.30%, and the content of C is more preferably set to a value which falls within
arange of 0.10 to 0.20%.

Mn: 1.0to 7.5%

[0058] Mn is an element which has a function of increasing strength of steel by solid solution strengthening of steel,
a function of enhancing hardenability and a function of accelerating formation of residual austenite, bainite or martensite.
Such an effect can be realized by adding 1.0% or more Mn. On the other hand, when the content of Mn is 7.5% or less,
the above-mentioned advantageous effect can be obtained without the increase of cost. Accordingly, the content of Mn
to be added is preferably set to a value which falls within a range of 1.0 to 7.5%, and the content of Mn is more preferably
set to a value which falls within a range of 2.0 to 5.0%.

P: 0.05% or less

[0059] P is an element which does not deteriorate a drawability although P has a large solid solution strengthening
ability and is also an element effective for acquiring a high strength. Accordingly, the content of P is preferably set to
0.005% or more. Although P is an element which deteriorates a spot weldability, there arises no problem provided that
the content of P is set to 0.05% or less. Accordingly, the content of P is preferably set to 0.05% or less, and the content
of P is more preferably set to 0.02% or less.

S: 0.01% or less

[0060] S is an impurity element which is unavoidably mixed into steel. S is a harmful component which precipitates
as MnS in steel and lowers the stretch-flangeability of the steel sheet. To prevent the stretch-flangeability from being
lowered, the content of S is preferably set to 0.01% or less. The content of S is more preferably set to 0.005% or less,
and the content of S is still further preferably set to 0.003% or less.

A1: 0.06% or less

[0061] A1 isan element to be added as a deoxidizing agent in a steel making step. Further, A1 is an element effective
in separating non-metallic inclusion which lowers the stretch-flangeability as a slag. Accordingly, the content of A1 is
preferably set to 0.01% or more. When the content of A1 is 0.06% or less, the above-mentioned effects can be obtained
without increasing a cost of raw material. Accordingly, the content of A1 is preferably set to 0.06% or less. The content
of A1 is more preferably set to a value which falls within a range of 0.02 to 0.06%.

[0062] The cold-rolled steel sheet of the present invention may contain one or two or more of elements selected from
a group consisting of 0.3% or less Nb, 0.3% or less Ti, 0.3% or less V, 1.0% or less Mo, 1.0% or less Cr, 0.006% or less
B and 0.008% or less N in addition to the above-mentioned components.

[0063] Nb, Ti and V are elements which form carbide and nitride, make the microstructure fine by suppressing the
growth of ferrite in a heating step during annealing, and enhance formability, particularly the stretch-flangeability. Further,
Mo, Cr and B are elements which enhance hardenability of steel and accelerate formation of bainite or martensite.
Accordingly, Nb, Ti, V, Mo, Cr, and B may be added to the steel within the above-mentioned ranges. Further, N is an
element which forms nitride with Nb, Ti and V or is dissolved in steel in a solid solution state and hence, N contributes
to increasing of strength of steel. When the content of N is set to 0.008mass% or less, a large amount of nitride is not
formed and hence, breakage due to the formation of void at press forming is suppressed whereby the above-mentioned
effects can be obtained.

[0064] The cold-rolled steel sheet of the present invention may also contain one or two or more selected from a group
consisting of 2.0% or less Ni, 2.0% or less Cu, 0.1% or less Ca and 0.1% or less REM in addition to the above-mentioned
composition of components.

[0065] Ni and Cu are elements effective in accelerating formation of a low temperature transformation phase and
increasing a strength of steel. Accordingly, Ni and Cu which fall within the above-mentioned ranges may be added to
the steel sheet. Also, Ca and REM are elements which control a morphology of sulfide-based inclusion and enhance
the stretch-flangeability of the steel sheet. Accordingly, Ca and REM which fall within the above-mentioned ranges may
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be added to the steel sheet.

[0066] In the cold-rolled steel sheet according to the present invention, a balance other than the above-mentioned
components is Fe and unavoidable impurities. However, cases are not denied where the cold-rolled steel sheet according
to the present invention contains other components unless such components impair the effects of the present invention.
[0067] Next, a surface characteristic of a cold-rolled steel sheet according to the present invention is described. As
described previously, a cold-rolled steel sheet according to the present invention has a steel sheet surface from which
an Si containing oxide layer such as SiO, and an Si-Mn based composite oxide formed on a surface layer of the steel
sheet during annealing is removed. To acquire such a cold-rolled steel sheet, it is necessary to perform neutralizing
treatment using an alkaline solution after the first pickling and the second pickling.

[0068] Further, in acquiring the cold-rolled steel sheet according to the present invention, it is necessary to decrease
a surface coverage of an iron-based oxide present on a surface of a steel sheet to 40% or less besides the removal of
the Si containing oxide layer. This is because when the surface coverage exceeds 40%, an iron dissolving reaction
generated by chemical conversion treatment is obstructed so that a growth of chemical conversion crystals such as zinc
phosphate or the like is suppressed. However, in a case where a chemical conversion treatment solution having a low
temperature is used, particularly with respect to a cold-rolled steel sheet used in an application where extremely severe
corrosion resistance after coating is required as in the case of a suspension member of a vehicle which is exposed to
severe corrosion, a coverage of 40% or less is insufficient, and it is necessary to further decrease the coverage to 35%
or less. Itis preferable to set the coverage to 35% or less.

[0069] In the present invention, the above-mentioned surface coverage of an iron-based oxide is obtained as follows.
A surface of a steel sheet after pickling is observed using a scanning electron microscope (ULV-SEM) of an extremely
low acceleration voltage which can detect extreme surface layer information at approximately five fields of view with an
acceleration voltage of 2kV, a working distance of 3.0mm and a magnification of approximately 1000 times, and a
spectroscopic analysis is performed using an energy dispersion type X-ray spectrometer (EDX) thus obtaining a reflection
electron image. A binary coded processing is applied to the reflected electron image using an image analysis software,
for example, Image J thus measuring an area ratio of a black-colored portion, and a surface coverage of an iron-based
oxide can be obtained by averaging measured values of the respective fields of view. In addition, as the above-mentioned
scanning electron microscope (ULV-SEM) of an extremely low acceleration voltage, for example, ULTRA55 made by
SEISS Inc. may be named. Further, as the energy dispersion type X-ray spectrometer (EDX), for example, NSS312E
made by Thermo Fisher Inc. may be named.

[0070] Here, athreshold value used in the above-mentioned binary coded processing is described. A steel slab having
a steel symbol G shown in Table 3 of an example described later was subjected to hot rolling, cold rolling and continuous
annealing under a condition indicated at No. 93 of Table 4 in the example described later in the same manner so that
the steel slab was formed into a cold-rolled steel sheet having a sheet thickness of 1.8mm. Next, the cold-rolled steel
sheet after continuous annealing was subjected to pickling, water cleaning and drying under a condition shown in Table
1 and, thereafter, the cold-rolled steel sheet was subjected to temper rolling with elongation of 0.7% thus manufacturing
two kinds of cold-rolled steel sheets No. a and No. b which differ from each other in an amount of an iron-based oxide
on a surface of the steel sheet. Then, while using the cold-rolled steel sheet No. a as a standard sample having a large
amount of iron-based oxide and the cold-rolled steel sheet No. b as a standard sample having a small amount of iron-
based oxide, a reflection electron image was obtained with respect to the respective steel sheets under the above-
mentioned conditions using a scanning electron microscope. Fig. 1 shows reflection electron image photographs of the
steel sheets No. a and No. b, and Fig. 2 shows a histogram of the number of pixels with respect to gray values of the
reflection electron image photographs of the steel sheets No. a and No. b. In the present invention, a gray value (Y point)
which corresponds to an intersection (X point) of the histograms of No. a and No. b shown in Fig. 2 was set as a threshold
value. When surface coverage of an iron-based oxide was obtained with respect to the steel sheets No. a and No. b
using the above-mentioned threshold value, the surface coverage of the steel sheet No. a was 85.3% and the surface
coverage of the steel sheet No. b was 25.8%.

1"



EP 3 190 211 A1

olL:proe GL:pIoe 210|yo0IpAY+
8's¢ 0¢ (0)7 a110]yo0IpAY 0l oy 0G| -proe ouju q
GZ :p1oe 2110|y20JpAy+
€68 - - - ol oy 0G¢ -pioe ouju e
(116)
(-0os) uoljBJUddU0D (-0os)

(%) 8pIXO peseq awi Juswieal | (9,) @injesadwa | ploy awi Juawieal | (D,) @inesadwa | (1/6) uonesuasuod pioy Jo0Us
-uoJl Jo abesanod aoeung uonipuod Buipoid puodseg uonpuod Buipaid 3414 19918
[1 slqell
© 2 2 b & 3 5 S 2 3 3

12



10

15

20

25

30

35

40

45

50

55

EP 3 190 211 A1

[0071] To further enhance chemical convertibility and eventually corrosion resistance after coating, it is preferable
that, in addition to the condition that a surface coverage of an iron oxide on a surface of a steel sheet after second
pickling is 40% or below, a maximum thickness of the iron-based oxide be 150nm or less. This is because when the
maximum thickness of the iron-based oxide is 150nm or less, there is no possibility that a dissolving reaction of iron by
chemical conversion treatment is locally impaired, so that the precipitation of chemically converted crystals such as zinc
phosphate cannot be locally suppressed. The maximum thickness of an iron-based oxide may preferably set to 130nm
or less.

[0072] The maximum thickness of an iron-based oxide is obtained as follows.

[0073] Firstly, 10 pieces of extraction replicas by which a cross section of a steel sheet having a length of approximately
8um with respect to a width direction of the steel sheet can be observed were prepared by focused ion beam (FIB)
working from a surface of the steel sheet after pickling. Next, using a transmission electron microscope (TEM) equipped
with an energy dispersion type X-ray spectrometer (EDX) capable of investigating local information of the cross section,
the cross sections of 8um of the respective replicas were continuously photographed with an acceleration voltage of
200kV and at a magnification of 100,000. As one example, Fig. 3 shows a photograph obtained by observing a cross
section of a coating layer formed by first pickling present on a surface of a steel sheet by a transmission electron
microscope (TEM), and Fig. 4 shows a result of an EDX analysis of the coating layer. It is understood from Fig. 4 that
the coating layer is formed of an iron-based oxide and hence, a distance between a line A indicating a base steel of the
steel sheet and a line B indicating the most largest portion of the iron-based oxide layer shown in the photograph of the
cross section in Fig. 3 was measured with respect to all of ten replicas, and the maximum thickness among the measured
maximum thicknesses is assumed as the maximum thickness of the iron-based oxide. Further, it is needless to say that
the sizes and the number of the above-mentioned replicas, measurement conditions by the TEM and the like are provided
as only one example, and may be changed as desired.

[0074] The cold-rolled steel sheet obtained by the above-mentioned method exhibits excellent chemical convertibility
and also exhibits excellent corrosion resistance after coating which is evaluated by a hot brine dipping test and a
composite cycle corrosion test and hence, the cold-rolled steel sheet can be preferably used for producing automobile
member.

Example 1

[0075] The present invention is described in more detail by reference to examples.

[0076] Steel having the composition containing 0.125% C, 1.5% Si, 2.6% Mn, 0.019% P, 0.008% S and 0.040% A1
and comprising Fe and unavoidable impurities as a balance was manufactured in such a manner that molten steel was
produced by an ordinary refining process including a converter treatment, a degassing treatment and the like and molten
steel was formed into steel materials (slabs) by continuous casting. Next, the slabs were reheated to a temperature of
1150 to 1170°C and, thereafter, were subjected to hot rolling where a finish rolling completion temperature is set to a
value which falls within a range of 850 to 880°C, and were wound up into coils at a temperature of 500 to 550°C thus
forming hot-rolled steel sheets having a thickness of 3 to 4mm. Next, scales were removed from the steel sheets by
applying pickling to these hot-rolled steel sheets and, thereafter, cold rolling was applied to the steel sheets thus obtaining
cold-rolled steel sheets having a thickness of 1.8mm. Next, continuous annealing was performed where these cold-
rolled steel sheets were heated to a soaking temperature of 750 to 780°C and were held for 40 to 50 seconds and,
thereafter, these steel sheets were cooled to a cooling stop temperature of 350 to 400°C from the soaking temperature
at a cooling rate of 20 to 30°C/second and were held for 100 to 120 seconds at a cooling stop temperature range.
Thereafter, pickling, water cleaning and drying were applied to surfaces of the steel sheets under conditions shown in
Table 2-1 to Table 2-2 (hereinafter, Table 2-1 and Table 2-2 being also collectively referred to as Table 2). Thereafter,
temper rolling was applied to the steel sheets at a rate of elongation of 0.7% thus obtaining cold-rolled steel sheets No.1
to No. 82 shown in Table 2.

[0077] Specimens were sampled from the above-mentioned respective cold-rolled steel sheets. Surfaces of the steel
sheets were observed using a scanning electron microscope (ULV-SEM; made by SEISS Inc.; ULTRA55) at an extremely
low acceleration voltage at five fields of view with an acceleration voltage of 2kV, a working distance of 3.0mm and a
magnification of 1000 times, and spectroscopic analysis was performed using an energy dispersion type X-ray spec-
trometer (EDX; made by Thermo Fisher Inc.; NSS312E) thus obtaining reflected electronimages. A binary coded process-
ing was applied to the reflected electron images using an image analysis software (Image J) while setting gray values
(Y points) corresponding to intersection points (X points) of histogram of the above-mentioned standard samples No. a
and No. b as threshold values thus measuring area ratios of black-colored portions, and an average value of the area
ratios at five fields of view was obtained and the average value was set as a surface coverage of an iron-based oxide.
[0078] Further, specimens were sampled from the above-mentioned respective cold-rolled steel sheets, and spot rust
generation evaluation of the cold-rolled steel sheets was carried out under the following conditions. After a chemical
conversion treatment and a coating treatment were applied to the specimens under the following conditions, specimens
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were subjected to three kinds of corrosion tests consisting of a hot brine dipping test, a salt water spraying test and a
composite cycle corrosion test, and then, the corrosion resistance after coating was evaluated. Further, the distribution
of O, Si, Mn and Fe in the depth direction on surfaces of the specimens sampled from the respective cold-rolled steel
sheets were measured using a GDS.

(1) Spot rust generation evaluation during storage of cold-rolled steel sheets

[0079] After anti-rust oil was applied to the above-mentioned respective cold-rolled steel sheets, the cold-rolled steel
sheets were left outdoors while preventing influences from external factors such as dusts. Presence or non-presence
of generation of spot rust on the cold-rolled steel sheets was checked after approximately one month elapsed from
starting the test. The evaluation "O" is given to cases where the specimens had no spot rust, and the evaluation "X" is
given to cases where the specimens had spot rust.

(2) Chemical conversion treatment condition

[0080] A chemical conversion treatment was applied to specimens sampled from the above-mentioned respective
cold-rolled steel sheets using a degreasing agent: FC-E2011, a surface conditioner: PL-X and a chemical conversion
treatment agent: palbond PB-L3065 made by Nihon Parkerizing Co., Ltd. such that a coating weight of chemical con-
version treatment coating was set to 1.7 to 3.0g/m2 under two conditions, that is, the standard condition and the com-
parison condition under a low temperature by lowering a temperature of a chemical conversion treatment solution.

<Standard Condition>
Degreasing step: treatment temperature 40°C, treatment time 120 seconds

[0081] Spray degreasing and surface adjustment steps: pH 9.5, treatment temperature room temperature, treatment
time 20 seconds

[0082] Chemical conversion treatment step: temperature of chemical conversion treatment solution 35°C, treatment
time 120 seconds

<Temperature lowering condition>

[0083] Condition where a temperature of chemical conversion treatment solution in the above-mentioned standard
condition was lowered to 33°C

(3) Corrosion test

[0084] Electrodeposition coating was applied to surfaces of the specimens to which the above-mentioned chemical
conversion treatment had been applied by electrodeposition paint: V-50 made by NIPPONPAINT Co., Ltd. such that a
film thickness of electrodeposition coating is set to 25um, and the specimens were subjected to the following three kinds
of corrosion tests.

<Hot brine dipping test>

[0085] A crosscut flaw having a length of 45mm is formed by a cutter on a surface of the above-mentioned specimen
(n=1, "n=1" meaning that the number of specimens is 1) to which chemical conversion treatment and electrodeposition
coating were applied and thereafter, the specimen was dipped into 5mass% NaCl aqueous solution (60°C) for 360 hours.
Then, the specimen was cleaned with water, was dried, and an adhesive tape was adhered to the cut flaw portion.
Thereafter, a tape peeling test in which the adhesive tape is peeled was performed, and a maximum total width of peeling
including left and right sides of the cut flaw portion was measured. When the maximum peeling total width is 6. Omm or
less, it is determined that the specimen is not defective. When the maximum total width of peeling is 5.0mm or less, it
can be evaluated that corrosion resistance of the specimen in the hot brine dipping test is favorable.

<Salt water spraying test (SST)>
[0086] A crosscut flaw having a length of 45mm is formed by a cutter on a surface of the above-mentioned specimen

(n=1) to which chemical conversion treatment and electrodeposition coating were applied and, thereafter, the specimen
was subjected to a salt water spraying test for 1200 hours in accordance with a neutral salt water spraying test stipulated
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in JIS Z2371:2000 using 5mass% NaCl aqueous solution. Thereafter, a tape peeling test was carried out with respect
to the crosscut flaw portion, and a maximum total width of peeling including left and right sides of the cut flaw portion
was measured. When the maximum total width of peeling is 5. 2mm or less, it is determined that the specimen is not
defective. When the maximum total width of peeling is 4.0mm or less, it can be evaluated that corrosion resistance of
the specimen in the salt water spraying test is favorable.

<Composite cycle corrosion test (CCT)>

[0087] A crosscut flaw having a length of 45mm is formed by a cutter on a surface of the above-mentioned specimen
(n=1) to which chemical conversion treatment and electrodeposition coating were applied and, thereafter, the specimen
was subjected to a corrosion test where one cycle formed of salt water spraying (5mass% NaCl aqueous solution: 35°C,
relative humidity: 98%) X 2 hours — drying (60°C, relative humidity: 30%) X 2 hours — wetting (50°C, relative humidity:
95%) X 2 hours was repeated 120 times, was cleaned with water and, thereafter, was dried. Then, a tape peeling test
was carried out with respect to the cut flaw portion, and a maximum total width of peeling including left and right sides
of the cut flaw portion was measured. When the maximum total width of peeling is 7.8mm or less, it is determined that
the specimen is not defective. When the maximum total width of peeling is 6.0mm or less, it can be evaluated that the
corrosion resistance of the specimen in the composite cycle corrosion test is favorable.

[0088] The result of the above-mentioned test is shown in Table 2 together with the condition for the test.

[Table 2-1]
Re First pickiing condition Second pickling condition Neutralization candition
Acid concentrafion Feion Temperature | Trealment time Acid concentralion | Temperature | Treatment time Atkali pH Temperature | Trealment fime
{gf) conc?n,gaﬁon {°C) (sec} {of) {°C}) {sec.) {°C) (sec)
g
i nitric acid:150 55 40 10 - - - - - -
2 + hydrochloric acid:0.1 40 1 sodium 1] 2
3 | hydrochioric acid:15 10 palyphasphate 30 20
KN 30 pHa.7 30 20
ER hydrochloric acid:10 20 1 trisodium 4 19
B 10 phosphate 40 10
7 30 pH11.5 a0 10
hydrochloric acid: 10 40 sodium
8 1 pyrophosphale 50 5
] pH11.0
9 10 B -
sodium
10 30 pyrophosphate &0 5
pHi1.0
1 hydrochlonc acid:10 70 1 sodium 40 5
| 12| 10 hydroxide A0 5
5N K] pH12.1 a0 5
14 hydrochioric acid:50 0 i sodium 50 20
15 10 carbonate 50 20
i | 0 pH10.3 50 70
7 hydrochionc acid:100 40 ] sodium &0 30
18| i hydrogen 60 0
19 B e | a 0
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{Continued)
Ne First pickling condilion Second plekding condition Meuiralization condition
Acid concentration Feion Temperalure | Trealment ime Acid concenfration | Temperalure | Treabment time Alkali pH Temperature | Trealment time
{gf) canc?n/gaﬁun {°C) {sec.} {gh) {°C) {sec.) {°C} {sec.)
g
2} nitrc acid:50 73 40 10 hydrochloric acid:0.1 40 1 sodium 30 0
21 - 10 polyphosphate 0 0
37| hydrofluoric acid:50 0 pHo.z 30 0
23 hydrochlonic acid: 10 20 1 irisodium 40 9
7 10 phosphate 40 10
% | 36 pH1iS ) 10
| 26 | hydrochloric acid:10 40 i sodium &0 5
2 10 pyrophosphale 50 5
EN 0 pH11.0 50 5
| 29 hydrochloric acid:10 70 1 sodium 40 5
30 10 hydroxide 40 5
K 30 pHiZ1 40 5
ER hydrachloric acid:50 40 1 sodium 50 20
33 10 carbonale 50 20
E 30 pH10.3 50 0
35 hydrochloric acid: 100 40 1 sodivm 60 0
36| 10 hydrogen 60 30
a7 30 i 0 30
{Continued)
e Surface characleristic Generation of spol ust Tolal widih of peeling after corrosion test {mm) Remarks
Surface coverage of not presentio Temperature of chemical conversion ireatment solulion
iron-based oxide present:x
(%) 35°C | 33C
Hot brine Salt waler Compound cycle
dipping test | spraying lest corrosion lest
1 728 X 6.3 5.5 79 8.3 comparison example
2 394 o 4.9 3.9 57 59 present invention example
3 351 o 47 39 56 57 present invention example
4 30.2 o 45 36 5.1 5.2 present invenfion example
5 39.2 o 48 40 59 56 present invenlion example
& 359 0 48 38 5.3 54 present invenlion example
7 3.1 o 4.7 3.7 5.2 5.2 present invention example
] 354 L 46 37 5.2 5.5 present invention example
9 .3 % 4.5 38 48 5.0 comparison example
10 257 o 4.1 33 4.5 4.6 present invention example
11 A o 4.3 35 4.7 50 present invention example
12 252 o 4.2 31 4.2 43 present invention example
13 224 o 38 30 4.1 4.3 present invention example
14 0.0 o 4.2 32 4.7 4,7 present invention example
15 259 o 4.4 3.4 44 46 present invention example
16 213 a 36 30 3.9 4.2 present invention example
17 499 o 54 4.3 6.6 6.6 present invention example
18 547 o 5.7 48 7.1 7.3 present invention example
19 599 o 59 5.2 7.4 75 present invention example
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{Continued)
Ne | Surface characterislic | Generation of spot rust Total widih of peeling after corvosion test (mmy) Remarks
Surface coverage of not present:o Temperature of chemical conversion treatment solulion
iron-based oxide present:x
{%) 35°C 33°C
Hot brine Salt water Compound cycle
N dipping test | spraying test carrosion lest

20 38.6 o 48 39 58 59 present invention example

21 359 o 4.7 a7 53 5.5 present invention example

22 324 o 4.1 36 5.2 5.1 present invention example

23 8.4 =) 49 39 5.5 5.6 present invention example

24 369 o 48 as 56 5.7 presenl invention example

25 335 o 46 35 5.4 5.2 present invention example

pii 35.9 o 4.7 38 64 59 presen invention example

27 32.3 o 45 36 5.2 54 present invention example

28 284 o 4.3 3.6 4.9 49 present inveniion example

29 31.9 o 45 36 5.1 5.4 present invention example

30 269 o 42 3 4.6 4.8 present invention example

31 24.0 [5) 39 3.2 4.3 4.5 present invention example

32 311 o 4.2 34 4.5 5.2 present invention example

33 255 E 4.1 3.3 4.2 4.8 present invention example

34 22.1 & 38 3.2 38 41 piesent invention example

35 458 o 5.2 4.1 6.1 6.3 present invention example

36 §5.2 o 5.7 448 71 7.3 present invention example

7 62.0 o 6.0 5.1 7.2 7.8 present invention example

[Table 2-2]

Ne First pickiing condition Second pickling condition Neulralization condition

Acid concentration Feion Temperature | Trealment ime Acid concentration | Temperature | Trealment fime Alkali pH Temperature | Treatment lime
{of) w"c?r;!‘;alx‘ﬂﬂ "¢} {sec) {oh {°C} (sec) °Ch {sec)
g

38 | nitric acid:150 49 40 10 sulfuric acid:0.1 40 1 sadium 30 20

39 * 10 polyphosphate ) )
30| hydrochioric acid:15 ] pHa.7 0 ]
41 suluric acid:75 2 i tnsodium 40 10
42 ] 10 phosphale 40 10
43 | K] pHI1S ] 10

44 sulfuric actd:75 40 1 sodium 50 5

45 10 pyrophosphale 50 5
E ki) pHIL0 )
| 47 | suffuric acid:75 0 1 sodium 40 5

48 10 hydroxide 40 §
K 30 pHiZ1 40 5
| 50 | sulfuric acid:150 40 1 sodium 50 20

51 10 carbanale 50 20
E3 30 pHi0.3 50 2
=R sulfuric acid:200 40 1 sodium 60 30
EXl 10 hydrogen &0 El]

55 0y iy 80 0
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{Continued)
e First pickiing condition Becond pickling condition Neulralizalicn condilion
Acid concentration Feion Temperature | Trealment time Acid concentration | Temperalure | Treatment time Alkali pH Temperature | Trealment ime
concentralion {sec.) {°C) {sec.} {°C) {sec}
o
| 56 | nilric acid:50 81 40 10 sulfuric acid: 0.1 40 1 sodium 30 20
EA - 10 polyphosphate 30 0
| 58 | hydrofluoric acid:50 30 pHa.7 30 20
| 59 | sulfuric acid:75 20 1 trisodium 40 10
.50 10 phosphate 40 10
| 81 30 pHI1S 40 10
| 62 sulfuric acid:75 40 1 sodium 50 5
| 63 10 pyrophosphale £) 5
| 64 | 30 pHILE 50 5
| 65 | sulfusic acid:75 0 1 sodium 40 5
|66 | 0 hydroxide ]
s 30 pHi21 a0
| 68 ] sulfuic acid:150 40 1 sodium 50 0
| 69 | 10 carbonate 50
| 70| 0 pH10.3 50 0
L7 sulfuric acid: 200 40 1 sodium B0 30
72| 10 hydrogen 60 30
7 10 e 80 2
|74 | nilic acid:150 82 40 10 hydrochloric acid:5 40 i sodium 40 10
| 75 | + * 10 hydrogen 40 10
76 | hydrochloric acid:15 sulfuric acid:5 0 Cﬂ::g‘gte a0 10
[ 77 | nilnic acid 150 73 L) 10 ydrochionc acid: 10 40 [ sodium 40 70
78 | - + 10 fhydrogen 40 10
79 | hydrochloric acid: 15 sulfuric acid:50 10 Cmﬂgie 0 10
nitric acid:50 101 40 10 hydrochloric acid:5 40 1 sodium 40 10
L 81 | * + 10 hydragen 40 10
gy | hydrofluoric acid:5% sulfuric acid:5 0 Cag?:gg'e 10 10
{Continued)
Ne | Surface characleristic | Generalion of spot rust Tolal widih of pegling afler corrosion test (mm) Rematks
Surface coverage of not present:o Temperalure of chemical conversion Ireatment solution
iron-based oxide present:x
{%) 35°C | 3¢
Hot brine Sall water Compound cycle
dipping test | spraying lest corrosion lest
38 39.4 o 49 41 58 5.8 present invention example
39 35.2 o 48 40 55 5.7 present invention example
40 30.3 o 46 38 5.2 5.3 present invention example
41 389 o 4.7 4.1 5.8 5.9 present invention example
42 359 o 4.6 39 55 5.7 present invention example
43 3.2 o 4.4 36 5.4 5.3 present invenlion example
44 349 o 47 3.7 5.5 57 present invention example
45 30.2 ) 4.6 38 5.3 5.3 present invention example
46 25.8 o 4.2 a5 49 4.9 present invention exampls
47 308 o 45 36 5.3 5.5 present invention example
48 25.0 o 4.2 34 48 4.9 present inveation example
43 228 ) 40 32 44 47 present invention example
50 30.3 0 45 34 5.3 55 present inveniion example
51 25.9 o 4.3 3.1 45 49 present invention example
52 21.0 i 4.1 31 4.1 45 prasent invention example
53 49, o 5.3 4.3 6.5 6.8 present invention example
54 551 o 57 4,7 7.2 7.3 present invention example
55 62.3 E 59 5.1 7.5 7.6 present invention example
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(Continued)
Ne | Surface characleristic | Generation of spol rust Total width of peeling after corrosion test {mm) Remarks
Surface coverage of nol present:o Temperalure of chemical conversion freatment solution
iron-based oxide present:x
(%) 35°C | 33%cC
Hot brine Salt water Compound cycle
dipping test | spraying tesi corrosion test

56 39.6 0 5.1 39 5.8 6.2 present invention example
57 36.2 o 48 3.7 5.6 59 present invention example
58 325 = 47 3.5 5.5 5.7 present invenlion example
59 391 o 48 4.1 59 62 present invention example
60 37.0 o 4.7 40 57 59 presenl invention example
61 337 o 48 a8 5.5 5.7 present invention example
62 36.1 o 48 3.9 5.8 5.8 present invention example
63 32.5 [} 4.7 35 54 56 present invention example
o4 28.4 o 45 35 49 53 present invention example
65 323 o 4.6 36 5.4 5.6 present invention example
66 26.7 o 43 34 46 5.0 present invenlion example
67 245 o 4.3 31 4.5 49 present invantion example
68 31.2 a 46 35 5.1 5.2 present invention example
69 25.5 o 43 5 49 5.1 present invention example
70 224 o 4.1 36 4.4 48 present invenlion example
74 50.3 o 5.3 4.5 6.5 6.7 present invenlion example
72 557 S 5.7 4.7 7.3 7.5 present invenlion example
73 61.3 = 58 5.1 75 75 present invenlion example
74 54 o 48 38 55 59 present invention example
75 30.5 o 4.3 39 49 5.0 present invention example
76 26.1 o KE] 33 45 4.7 present invention example
77 331 o 43 35 5.2 57 present invention example
78 311 a 41 35 48 5.2 prasent invention example
79 25.7 o 38 34 47 48 present invention example
80 35.5 © 4.5 37 53 55 present invention example
81 308 ) 4.5 35 48 52 present invenlion example
82 26.9 o 42 33 45 49 presenl invenlion example

[0089] From Table 2, it is understood that the steel sheets of the present invention examples where pickling was
performed under the conditions which conform to the present invention after continuous annealing exhibit favorable
chemical convertibility and favorable corrosion resistance after coating such that the generation of spotrustis suppressed,
and the maximum total width of peeling is small in all of the hot brine dipping test, the salt water spraying test and the
composite cycle corrosion test. Particularly, it is understood that all cold-rolled steel sheets where a surface coverage
ofaniron-based oxide is 40% or less exhibit excellent corrosion resistance after coating in a severe corrosion environment.
It is ascertained from the result obtained by measuring the distribution of O, Si, Mn and Fe in the depth direction in
surfaces of the respective steel sheets on Table 2 by a GDS that a peak of Si and a peak of O did not appear in the
steel sheets which were subjected to pickling under the conditions which conform to the present invention so that an Si
containing oxide layer was sufficiently removed. As references, profiles of O, Si, Mn and Fe in the depth direction when
a surface analysis was performed by the GDS with respect to the specimens of the present invention example No. 2
and the present invention example No. 7 on Table 2 are shown in Fig. 5.

Example 2

[0090] Steels Ato O containing compositions shown in Table 3 were manufactured in such a manner that molten steel
was produced by an ordinary refining process including a converter treatment, a degassing treatment and the like, and
molten steel was formed into steel slabs by continuous casting. Hot rolling was applied to these steel slabs under hot
rolling conditions shown in Table 4, and the steel slabs are formed into hot-rolled steel sheet having a thickness of 3 to
4mm, scales were removed from surfaces of the steel sheets by applying pickling to these hot-rolled steel sheets and,
thereafter, cold rolling was applied to the steel sheets thus obtaining cold-rolled steel sheets having a thickness of 1.8mm.
Next, after first pickling and second pickling were applied to the cold-rolled steel sheet under conditions shown in Table
5 after continuous annealing performed under conditions shown in Table 4 in the same manner, the steel sheet was
cleaned with water, and neutralizing treatment was applied to the steel sheet, water cleaning and drying were applied
to the steel sheet. Temper rolling with elongation of 0.7% was applied to the steel sheet thus obtaining cold-rolled steel
sheets No. 84 to No.107.

[0091] Specimens were sampled from the above-mentioned respective cold rolled steel sheets obtained in such a
manner and, in the same manner as the example 1, after surface coverage of the iron-based oxide on the surface of
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the steel sheet after pickling was measured, the specimen is subjected to the following tensile test and the corrosion
resistance test after coating. Further, the distribution of O, Si, Mn and Fe in the depth direction on surfaces of the
specimens sampled from the respective cold-rolled steel sheets was measured using a GDS.

(1) Mechanical characteristic

[0092] A tensile test is performed in accordance with the stipulation of JIS Z 2241: 1998 using a JIS No.5 tensile test
specimen (n=1) stipulated in JIS Z 2201: 1998 sampled from a direction orthogonal to the rolling direction (C direction)
thus measuring a tensile strength TS.

(2) Spot rust generation evaluation during storage of cold-rolled steel sheets

[0093] After anti-rust oil was applied to the above-mentioned respective cold-rolled steel sheets, the cold-rolled steel
sheets were left outdoors while preventing influences from external factors such as dusts. Presence or non-presence
of generation of spot rust on the cold-rolled steel sheets after approximately one month was checked. The evaluation
"O"is given to cases where the specimens had no spot rust, and the evaluation "X" is given to cases where the specimens
had spot rust.

(3) Corrosion resistance after coating

[0094] Specimens were prepared by applying chemical conversion treatment and electrodeposition coating to spec-
imens sampled from the respective cold-rolled steel sheet under the same condition as the example 1. In the same
manner as the example 1, the specimens were subjected to three kinds of corrosion tests consisting of a hot brine
dipping test, a salt water spraying test (SST) and a composite cycle corrosion test (CCT) and, then, the corrosion
resistance after coating was evaluated.

[0095] The result of the above-mentioned test is shown in Table 5.
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[0096] It is understood from Table 5 that the high strength cold-rolled steel sheet of the present invention example
where the steel sheet contains 0.5% or more Si, and a surface coverage of iron-based oxide on the surface of the steel
sheet to which neutralizing treatment is performed by applying pickling twice under the condition which conforms to the
present invention is set to 40% or less not only is excellent in chemical convertibility and corrosion resistance after
coating but also has a high strength of 590MPa or more of tensile strength TS. It is ascertained from the result obtained
by measuring the distribution of O, Si, Mn and Fe in the depth direction by a GDS that a peak of Si and a peak of O did
not appear in any steel sheets which were subjected to pickling under the conditions which conform to the present
invention so that an Si containing oxide layer was sufficiently removed.

Example 3

[0097] Steel having the composition containing 0.125% C, 1.5% Si, 2.6% Mn, 0.019% P, 0.008% S and 0.040% Al
and comprising Fe and unavoidable impurities as a balance was manufactured in such a manner that molten steel was
formed into steel materials (slabs) by continuous casting. The slabs were reheated to a temperature of 1150 to 1170°C
and, thereafter, were subjected to hot rolling where a finish rolling completion temperature is set to a value which falls
within a range of 850 to 880°C, and were wound up at a temperature of 500 to 550°C thus forming hot-rolled steel sheets
having a thickness of 3 to 4mm. Scales were removed from the steel sheets by applying pickling to these hot-rolled steel
sheets and, thereafter, cold rolling was applied to the steel sheets thus obtaining cold-rolled steel sheets having a
thickness of 1.8mm. Next, continuous annealing was performed where these cold-rolled steel sheets were heated to a
soaking temperature of 750 to 780°C and were held for 40 to 50 seconds and, thereafter, these steel sheets were cooled
to a cooling stop temperature of 350 to 400°C from the above-mentioned soaking temperature at a cooling rate of 20 to
30°C/second and were held for 100 to 120 seconds at a cooling stop temperature range. Thereafter, first pickling and
second pickling were applied to surfaces of the steel sheets under conditions shown in Table 6-1 to Table 6-2 (hereinafter,
Table 6-1 and Table 6-2 being also collectively referred to as Table 6) and, then, the steel sheets were washed with
water, neutralizing treatment was applied to the steel sheets, and the steel sheets was washed with water and was dried.
Thereafter, temper rolling was applied to the steel sheets at a rate of elongation of 0.7% thus obtaining cold-rolled steel
sheets N0.108 to No.162 shown in Table 6.

[0098] Specimens were sampled from the above-mentioned respective cold-rolled steel sheets and, using the above-
mentioned method, a surface coverage of iron-based oxide generated on the surface of the steel sheets by pickling and
a maximum thickness were measured.

[0099] Further, specimens were sampled from the above-mentioned respective cold-rolled steel sheets, and spot rust
generation evaluation during storage of the cold-rolled steel sheets was carried out under the following conditions and,
after a chemical conversion treatment and a coating treatment were applied to the specimens under the following
conditions, specimens were subjected to three kinds of corrosion tests consisting of a hot brine dipping test, a salt water
spraying test and a composite cycle corrosion test, and then, the corrosion resistance after coating was evaluated.
Further, the distribution of O, Si, Mn and Fe in the depth direction on surfaces of the specimens sampled from the
respective cold-rolled steel sheets was measured using a GDS.

(1) Spot rust generation evaluation during storage of cold-rolled steel sheets

[0100] After anti-rust oil was applied to the above-mentioned respective cold-rolled steel sheets, the cold-rolled steel
sheets were left outdoors while preventing influences from external factors such as dusts. Presence or non-presence
of generation of spot rust on the cold-rolled steel sheets after approximately one month was checked. The evaluation
"O"is given to cases where the specimens had no spot rust, and the evaluation "X" is given to cases where the specimens
had spot rust.

(2) Chemical conversion treatment condition

[0101] A chemical conversion treatment was applied to specimens sampled from the above-mentioned respective
cold-rolled steel sheets using a degreasing agent FC-E2011, a surface conditioner: PL-X and a chemical conversion
treatment agent: palbond PB-L3065 made by Nihon Parkerizing Co., Ltd. such that a coating weight of chemical con-
version treatment film was set to 1.7 to 3.0g/m?2 under two conditions, that is, the standard condition and the comparison
condition under a low temperature by lowering a temperature of a chemical conversion treatment solution.
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<Standard Condition>
Degreasing step: treatment temperature 40°C, treatment time 120 seconds

[0102] Spray degreasing and surface adjustment steps: pH 9.5, treatment temperature room temperature, treatment
time 20 seconds

Chemical conversion treatment step: temperature of chemical conversion treatment solution 35°C, treatment time 120
seconds

<Temperature lowering condition>

[0103] Condition where a temperature of chemical conversion treatment solution in the above-mentioned standard
condition was lowered to 33°C

(3) Corrosion test

[0104] Electrodeposition coating was applied to surfaces of the specimens to which the above-mentioned chemical
conversion treatment had been applied by electrodeposition paint: V-50 made by NIPPONPAINT Co., Ltd. such that a
film thickness of electrodeposition coating is set to 25um, and the specimens were subjected to the following three kinds
of corrosion tests under more severe condition than the example 1.

<Hot brine dipping test>

[0105] A crosscut flaw having a length of 45mm is formed by a cutter on a surface of the above-mentioned specimen
(n=1) to which chemical conversion treatment and electrodeposition coating were applied and thereafter, the specimen
was dipped into 5mass% NaCl aqueous solution (60°C) for 480 hours. Then, the specimen was cleaned with water, was
dried, and an adhesive tape was adhered to the cut flaw portion. Thereafter, a tape peeling test in which the adhesive
tape is peeled was performed, and a maximum total width of peeling including left and right sides of the cut flaw portion
was measured. When the maximum peeling total width is 6.0mm or less, it is determined that the specimen is not
defective. When the maximum peeling total width is 5.0mm or less, it can be evaluated that corrosion resistance of the
specimen in the hot brine dipping test is favorable.

<Salt water spraying test (SST)>

[0106] A crosscut flaw having a length of 45mm is formed by a cutter on a surface of the above-mentioned specimen
(n=1) to which chemical conversion treatment and electrodeposition coating were applied and, thereafter, the specimen
was subjected to a salt water spraying test for 1400 hours in accordance with a neutral salt water spraying test stipulated
in JIS Z2371:2000 using 5mass% NaCl aqueous solution. Thereafter, a tape peeling test was carried out with respect
to the crosscut flaw portion, and a maximum total width of peeling including left and right sides of the cut flaw portion
was measured. When the maximum total width of peeling is 5. 2mm or less, it is determined that the specimen is not
defective. When the maximum total width of peeling is 4.0mm or less, it can be evaluated that corrosion resistance of
the specimen in the salt water spraying test is favorable.

<Composite cycle corrosion test (CCT)>

[0107] A crosscut flaw having a length of 45mm is formed by a cutter on a surface of the above-mentioned specimen
(n=1) to which chemical conversion treatment and electrodeposition coating were applied and, thereafter, the specimen
was subjected to a corrosion test where one cycle formed of salt water spraying (5mass% NaCl aqueous solution: 35°C,
relative humidity: 98%) X 2 hours — drying (60°C, relative humidity: 30%) X 2 hours — wetting (50°C, relative humidity:
95%) X 2 hours was repeated 150 times, was cleaned with water and, thereafter, was dried. Then, a tape peeling test
was carried out with respect to the cut flaw portion, and a maximum total width of peeling including left and right sides
of the cut flaw portion was measured. When the maximum total width of peeling is 7.8mm or less, it is determined that
specimen is not defective. When the maximum total width of peeling is 6.0mm or less, it can be evaluated that the
corrosion resistance of the specimen in the composite cycle corrosion test is favorable.

[0108] The result of the above-mentioned test is shown in Table 6.
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[Table 6-1]
Ne First pickiing condition Second pickling condition Neutralization condition
Acid concentration Feion Temperature | Treatment lime Acid concentration | Temperatore | Trealment time Alkali pH Temperature | Trealment ime
{gl con:gn;;atiun {°C) [sec.) (oM {*C) {se.) {°C) {sec.)
L
108 nitric acid:150 129 40 10 - - : : A H
108 *+ 1 sodium 30 20
| 110 | hydrochloric acid:15 40 10 hydrochlorc acid0.1 40 i polyphosphale 30 1]
KR K] pHI.7. £l 20
12 ] 1 . 50
713 | m 0 hydrochtede acid: 3 40 10 smmg‘H“;%‘g"“a’e 50 5
4 30 : 50 5
115 1 sodium 40 ]
E 40 10 hydrochiodc acid:10 40 10 pyiophosphate 40 0
|17 k] pHI1O 4 0
| 18 | i sodium hyd 60 g
| 119 | 40 10 hydrochioric acid:50 40 10 carbonate 60 0
120 k] pHE6 ] 18
|12 nilnc acid:50 83 1 sodium 0 20
| 122 | + 40 10 hydrochieric acid:0.1 40 i polyphosphale D 20
| 123 | hydroflvaric acid:50 30 pHI.7 0 20
| 124 | i 50
75 ] 4 10 hydeachioric acid: 3 o g sodium carbonate 50 ;
725 E] e 50 5
| 127 | 1 sodium 40 ¢
| 128 | 40 10 hydrochioric acid:10 40 10 pyrophosphate a0 i
KEN ) pH11.0 40 Q
130 1 sodium hydrog 60 10
D__Tf_ 40 10 hydrochloric acid:50 4G 10 carbonale &) 10
132 30 pHAG ] i
{Continued}
e Surface characteristic Generation of spol rust Total width of peeling alter corasion test (mm) Remarks
Surface caverage of Maximum thickness of nol presentic Temperature of chemical conversion 3¢
iron-based oxide iron-based owide prasent:x treatment sofulion: 35°C
{%} {am} Hot brine Sait waler Compound cycle
dipping test | spraying lest corrosion test
08 726 214 % 5. B .4 comparison example
09 39. 56 o 4, 4.2 .9 present invenlion example
10 35.2 56 el 4, 4.1 i 8 present invention example
111 01 81 a 8 44 5, ¥l present invenlion ol
112 8.1 48 o 48 42 5. 5.7 present invention example
3 332 47 a 48 4.1 5, 58 present invention example
4 27, 143 o K] 4.2 5.7 59 present invention example
] 35, g o 47 4. 5. 58 present invention example
16 30. 3 o) 4.4 . 1 56 present invention ph
Kl 26.2 123 o 4. 4 X 3 oresent invention example
18 D, 92 o 4, . present invenlion example
12 5.3 86 o 4, 5 4, K present invention example
120 1.5 85 o 4, X 4, 46 present invention example
21 385 163 < 5. 3 . 5 present invention example
| 122 363 185 o 5.5 4.5 . . present invention example
23 2.7 158 o 5.3 4.3 . . presen invention example
124 7.9 47 o 51 4. 58 6.2 present invention example
125 4.3 46 o 47 4. 7 60 present invention k
26 283 47 o 49 4. £ 59 present lon example
[ 127 35. 45 o 8 4.0 8 [l prasent invention example
|28 33, 43 o 47 4. 57 5. present invention example
29 28, 47 o 8 4. 5, present invention example
130 32. 116 < 4.7 4. 1 present i ol
1 26. 119 ) 45 3. 4. present nvention example
137 225 17 o 44 39 5. 5 present invention example
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[Table 6-2]
W First pickiing condition Second pickling condition Neutralization condition
Acid concenlration Feion Temperature | Trealment time Acid concentsation | Temperature | Trealment ime Alkali pH Temperature | Trealmen! time
concentration {°C) {sec) {gf) {°C) {sec) {°C} {sec)
(g
T35 witAc acia: 160 739 1 sodium 30 pii)
KEEN + sulfuric acid:0.1 40 10 polyphosphate D 70
(9% | hydrochloic acid:15 K] pH.7 ] i}
95 1 ] 5
17 sulfuric acid: & 40 E sodiumH%%ﬂ;mata i) g
EE ) pH1B. = T
EETN 40 10
L133 ] 1 Sodim 0 10
|40 sulfuric acid:75 40 i} pyrophosphate ) i)
Kl 30 pH11.0 40 0
122 ] 1 sodium g 1]
| 143 | sulfuric acid: 150 a0 10 carbonate 60
144 0 pHES 0]
| 145 nitfic acid 50 [13 ] SeRdium K] il
| 145 | - sulfuric acid:0.1 40 10 polyphosphale 30 2
147 | hydrofuosic acid:50 Kl pHa.7 36 a
48 1 . 50
49 suluric acid: 8 40 10 ”ﬂmgﬁ)‘%"“m i :
| 150 40 10 30 5 50 5
|51 | 1 sodium 40
162 sulfuric acid75 40 10 pyrophosphale 40
153 | 30 pHi1g a0
|75 1 sodium hydrogen ] 0
155 sulluric acid:150 40 i carbonale [i
156 30 pHI6 1] [
157 nitnic acid: 150 78 hydrochionc acid:5 1 sodium hydrogen Eh] i
158 + 40 10 + 40 10 carbonaie 0 0
159 | hydochloric acid:15 sulfusic acid:5 30 pHE8 ) ]
Y60 [ niinc avid50 59 hydrachionc acid:5 1 sodium hydrogen 0 0
161 + 40 10 + 40 10 carbonale 0 10
462 | hydrofluoric acid:50 sulfuric acid: 10 30 pHE.6 40 10
{Continued}
Ne g ; . " Remarks
Surface characteristic Generalion of spof rust Total width of peefing after conosion lest {mm)
Surlace coverage of Maximum thickness of not presento Temperature of chemical conversion 30
iron-based oxide iron-based oxide prasent:x ireaiment solulion: 36°C
(%) {nm) Holbrine | Gal waler Cempound cyce
dipping test | spraying test corrosion s N
33 39.4 158 ) 4. 4.2 5.7 . present invenlion example
134 35. 155 o | LN 57 present invention example
135 0. &l o 3. [X1) 55 . piEsent invenlion example
36 3. 45 o 7 (K] 54 X present invention example
37 33, 5 B 45 g ; 5. present inveriion example
138 28. 148 > ) 3! 5 present invention exampie
39 35. 121 o 4, 4, . X present invention example
40 30. 17 o 3 54 ] present invention example
41 258 15 [5) E) 55 . prasent nvenlgcn example
42 0.3 89 o ) 38 5.3 5. presen invention example
43 2658 83 © 45 37 50 K] present invention example
44 215 B @ 44 3. 5 ) present invention example
45 394 166 o X] 44 [ . present | example
46 KiK] 763 5 55 i X . present invenlion exampie
47 2.1 162 o 54 4 v present invenlion example |
48 7.7 48 o 49 5. present invention example
143 36 45 o 4] 5. 58 prasent invention exampie
150 575 a7 ) 5. 1 57 LY present invention examplz
51 354 43 B . L g 58 present mvemfon example
5¢ 326 45 ] 4 3, k] .1 present invenlion example
53 284 46 o 4.8 3. 58 2 present invention example
54 K[ B ) ¥ 358 556 7 present invention example
5 757 2 > ] ] 55 ) present invention exarmple
155 2.6 5 © 45 L ¥ 5.6 present invention example
57 359 153 e a7 7 - 5. present inventlon example
158 kil 64 S 3 B } 3 cresent invenlion example
159 265 154 E) . X 5.5 b, present invention example
160 354 138 o 4. | 57 5.8 presen §nvemi0n example
161 305 142 [ 4.7 . 57 50 presen mveni!on example
162 27.3 135 ) 46 36 5.4 5.7 present invention example
[0109] Itis understood from Table 6 that the steel sheet of the present invention example where pickling is applied to

the surface of the steel sheet after annealing under a condition that a surface coverage of iron-based oxide on the surface
of the steel plate after re-pickling is set to 40% or less, and a maximum thickness of the iron-based oxide is 150nm or
less had a small maximum total width of peeling in any of the hot brine dipping test, the salt water spraying test and the
composite cycle corrosion test which were performed under the conditions where the test times were long and the test
environments were severe compared to the example 1 and hence, the steel sheets exhibit extremely favorable corrosion
resistance after coating. Further, it is ascertained from the result obtained by measuring the distribution of O, Si, Mn and
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Fe in the depth direction by a GDS that a peak of Si and a peak of O did not appear in the steel sheets which were
subjected to pickling under the conditions which conform to the present invention so that an Si containing oxide layer
was sufficiently removed.

Industrial applicability

[0110] A cold-rolled steel sheet manufactured by the present invention can possess not only excellent chemical con-
vertibility and corrosion resistance after coating but also a high strength and hence, the cold-rolled steel sheet can be
preferably used as a raw material for forming automobile members and also as a raw material for forming members
which are required to possess the substantially similar property as the automobile member in other fields such as
household electric appliances and architecture.

Claims

1. A method of manufacturing a cold-rolled steel sheet, wherein first pickling is applied to a steel sheet which is
continuously annealed after cold rolling, second pickling is applied to the steel sheet subsequently and, thereafter,
neutralizing treatment is applied to the steel sheet using an alkaline solution.

2. The method of manufacturing a cold-rolled steel sheet according to claim 1, wherein the alkaline solution has pH
of 9.5 or more, and one or two or more selected from a group consisting of sodium hydroxide, sodium carbonate,
sodium hydrogen carbonate, orthophosphate and condensed phosphate are mixed into the alkaline solution.

3. The method of manufacturing a cold-rolled steel sheet according to claim 1 or 2, wherein the neutralizing treatment
is performed in a state that a temperature of the alkaline solution is set to a value which falls within a range of 20
to 70°C, and a treatment time is set to a value which falls within a range of 1 to 30 seconds.

4. The method of manufacturing a cold-rolled steel sheet according to any one of claims 1 to 3, wherein the first pickling
is performed using any one of a nitric acid, a hydrochloric acid, a hydrofluoric acid, a sulfuric acid and a mixture of
two or more of these acids.

5. The method of manufacturing a cold-rolled steel sheet according to any one of claims 1 to 4, wherein the first pickling
is performed using either one of the following acidic solutions (a) and (b).

(a) The acidic solution containing a nitric acid and a hydrochloric acid, wherein concentration of the nitric acid
is more than 50g/L and 200g/L or less, aratio R1 of the concentration of the hydrochloric acid to the concentration
of the nitric acid (hydrochloric acid/nitric acid) is set to a value which falls within a range of 0.01 to 0.25, and
the concentration of Fe ion is set to a value which falls within a range of 3 to 50g/L.

(b) The acidic solution containing a nitric acid and hydrofluoric acid, wherein concentration of the nitric acid is
more than 50g/L and 200g/L or less, a ratio R2 of the concentration of the hydrofluoric acid to the concentration
of the nitric acid (hydrofluoric acid/nitric acid) is set to a value which falls within a range of 0.01 to 0.25, and the
concentration of Fe ion is set to a value which falls within a range of 3 to 50g/L.

6. The method of manufacturing a cold-rolled steel sheet according to any one of claims 1 to 5, wherein a non-oxidizing
acid is used in the second pickling.

7. The method of manufacturing a cold-rolled steel sheet according to claim 6, wherein the non-oxidizing acid is any
one of a hydrochloric acid, a sulfuric acid, a phosphoric acid, a pyrophosphoric acid, a formic acid, an acetic acid,
a citric acid, a hydrofluoric acid, an oxalic acid, and an acid which is a mixture of two or more of these acids.

8. The method of manufacturing a cold-rolled steel sheet according to claim 6 or 7, wherein the non-oxidizing acid is
any one of hydrochloric acid having the concentration of 0.1 to 50g/L, a sulfuric acid having the concentration of 0.1
to 150g/L and an acid which is a mixture of a hydrochloric acid having the concentration of 0.1 to 20g/L and a sulfuric
acid having the concentration of 0.1 to 60g/L.

9. The method of manufacturing a cold-rolled steel sheet according to any one of claims 1 to 8, wherein the second

pickling is performed in a state that a temperature of the acidic solution is set to a value which falls within a range
of 20°C to 70°C, and a pickling time is set to a value which falls within a range of 1 to 30 seconds.

34



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

EP 3 190 211 A1

The method of manufacturing a cold-rolled steel sheet according to any one of claims 1 to 9, wherein the steel sheet
contains, as a component of the composition thereof, 0.5 to 3.0mass% Si.

The method of manufacturing a cold-rolled steel sheet according to claim 10, wherein the steel sheet further contains,
as components of the composition thereof: 0.01 to 0.30mass% C, 1.0 to 7.5mass% Mn, 0.05mass% or less P,
0.01mass% or less S, 0.06mass% or less Al, and Fe and unavoidable impurities as a balance.

The method of manufacturing a cold-rolled steel sheet according to claim 11, wherein the steel sheet further contains,
as components of the composition thereof, one or two or more of elements selected from a group consisting of
0.3mass% or less Nb, 0.3mass% or less Ti, 0.3mass% or less V, 1.0mass% or less Mo, 1.0mass% or less Cr,
0.006mass% or less B and 0.008mass% or less N.

The method of manufacturing a cold-rolled steel sheet according to claim 11 or 12, wherein the steel sheet further
contains, as components of the composition thereof, one or two or more of elements selected from a group consisting
of 2.0mass% or less Ni, 2.0mass% or less Cu, 0.1mass% or less Ca, and 0.1mass% or less REM.

A cold-rolled steel sheet manufactured by the method of manufacturing a cold-rolled steel sheet described in any
one of claims 1 to 13, wherein an Si containing oxide layer formed on a surface layer of the steel sheet is removed,
and a surface coverage of an iron-based oxide existing on a surface of the steel sheet is 40% or less.

The cold-rolled steel sheet according to claim 14, wherein a maximum thickness of the iron-based oxide existing
on the surface of the steel sheet is 150nm or less.

An automobile member formed by using the cold-rolled steel sheet described in claim 14 or 15.

A facility for manufacturing a cold-rolled steel sheet, wherein a first pickling device, a second pickling device, an
acid neutralizing treatment device, and a drying device are arranged in this order on a rear stage of a continuous
annealing device.

The facility for manufacturing a cold-rolled steel sheet according to claim 17, wherein a water cleaning device is
arranged on a rear stage of the first pickling device, the second pickling device, and the acid neutralizing treatment
device.

The facility for manufacturing a cold-rolled steel sheet according to claim 17 or 18, wherein a water cleaning spray
device is arranged on an inlet side and/or an outlet side of one or more devices selected from a group consisting
of the first pickling device, the second pickling device, the acid neutralizing treatment device and the water cleaning
device.
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