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ABSTRACT

In order to obtain a cold rolled steel sheet having

excellent press formability, a cold rolled steel sheet has,

on a surface thereof, an organic-inorganic composite film

containing: an organic resin; and a crystalline layered

material. The organic-inorganic composite film has an

average film thickness of 0.10 to 2.0 um and contains 0.5

part or more by weight of the crystalline layered material

as a solid with respect to 100 parts by weight of a solid

of the organic resin. The crystalline layered material

preferably is, for example, a layered double hydroxide

represented by [M2+1_XM3+X(OH)2] [A" ], /n*zH>O, where: M"Y is one
or more of Mg?*, ca?", Fe?", Ni*', and Zn*'; M’" is one or more

of A1%, Fe?*, and Cr®'; and A™ is one or more of OH T, CO5°,

Cl , and (SOy) 2
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| DESCRIPTION
COLb ROLLED STEEL SHEET
Field |
[0001] The present invent}on relates to a cold rolled
5 steel sheet having excellent press formability.
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Background

(0002] Cold rolled steel sheets are widely -used in
various fields with a focus on uses in automotive bodies.
For such uses, they are subjected to press-forming to be
made available for use. 1In particular, from a viewpoint of
recent strengthening of CO, emission reqgulations, usage
ratios of high-strength steel sheets tend to increase with
the aim to reduce weights of automotive bodies. However,
of cold rolled steel sheets, for those having a base
material with a strength exceeding 440 MPa, the higher the
strength of the base material, the higher the contact

‘pressure during press forming becomes and the more the

- hardness of the cold rolled steel sheet approaches the

hardness of a mold, and thus, there 1s a problem in that
scratches called mold galling are likely to occur, which
are formed by a cold rolléd steel sheet being galled by a
mold. More specifically, during continuous press forming,

molds are severely worn down, and this adversely affects

productivity of automobiles, by ruining the appearance of
molded articles, for example.

[0003] As a method for suppressing the occurrence of
mold galling in cold rolled steel sheets, a surface
greatment on molds is widely used. In this method, however,
adjustment of molds cannot be performed after a surface
treatment. Further, this method has another problem of
high cost. Therefore, there is a strong demand for cold

rolled steel sheets harder to cause mold galling {(with

improved mold galling resistance).
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2
10004 A large number of techniques have been reported

for forming lubricating films on the surfaces of cold
rolled steel sheets. Patent Literature 1 describes a
technique for forming on a steel sheet a lubricating film
containing: an alkali metal borate; and, as a lubricant, a
mixture of zinc stearate and a wax.

10005] Patent Literature 2 describes a technique for
forming on a steel sheet a lithium siiicate as a film

component with a wax and a metallic soap, which are added

thereto as lubricants.

[0006] Patent Literature 3 describes a lubricant-coated
steel sheet in which a polyurethane resin having a silanol

group or a hydroxy group is formed with a thickness of 1 to

15 pm, and which has excellent continuous formability in high

contact-pressure forming.
Citation List
Patent Literature

[0007]  Patent Literature 1: Japanese Patent Application
Laid~open No. 2007-275706

Patent Literature 2: Japanese Patent Application
Laid-open No. 2002-307613

Patent Literature 3: Japanese Patent Application
Laid-open No. 2001-2341169
Summary

Technical Problem
f0008] Howéver, although i1n Patent Literature 1 to 3,

lubricity is achieved by the lubricants or the like
contalned, required characteristics are not fully satisfied
particularly in parts under high contact-pressure like
high-strength cold rolled steel sheets.

[0009] It is an object of the present invention to

provide a cold rolled steel sheet having excellent press

formability, by which mold galling is hard to occur and
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elaborate press forming 1s possible, for difficult-to-form

materials such as a high-strength steel sheet on which the

contact pressure increases during press forming.

Solution to Problem

(0010] Much of the lubricity of lubricating films
depends on the lubricating performance of a lubricant in
the film, and it 1s considered that development of a novel

—

lubricant 1s required. The inventors of the present

invention have thus diligently performed studies to invent

a technique that utilizes deformation caused by an

interlayer slip of a crystalline layered material as a

lubricating mechanism. If the interlayer slip occurs by a
low stress, resistance when the slip occurs 1s expected to
be small even under a high pressure (contact pressure) and

excellent lubricity 1s expected to be achieved. To

discover specific crystalline layered materials, substances
in which layers are bonded by a weak bonding strength such
as an intermolecular force, hydrogen bonding, and
electrostatic energy, were extracted. It has been found

P

that by applying predetermined amounts of those extracted

crystalline layered materials on surfaces of cold rolled
steel sheets, slidability improves dramatically (sliding

resistance decreases). Further, it has been found that

from a viewpoint of adhesiveness upon applying the

crystalline layered materials, it is effective to mix the

crystalline layered materials with organic resins to form

organic-inorganic composite films. Furthermore, it has
been found that, as crystalline layered materials, layered
double hydroxides are suitable in which divalent and
trivalent metal hydroxides are bonded with anions by
electrostatic energy.

(0011] The present invention has been made based on the

foregolng findings, and a summary thereof is provided below.
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[0012]  [1] A cold rolled steel sheet having, on a
surface thereof, an organic-inorganic composite film
containing: an organic resin; and a crystalline layered

material, wherein the organic-inorganic composite film has

an average film thickness of 0.10 to 2.0 um and contains
0.5 part or‘more by weight of the crystalline layered
material as a solid with respect to 100 parts by weight of
a solid of the organic resin.

[9013] - [2) In [1] above, the cold rolled steel sheet
charactérized in that the crystalline layered material is a
layered double hydroxide represented by [M**; xM3*:(OH),] [A™
}x/n®ZH,0, wherein: M*' is one or more of Mgz*',. ca’*, re?t,
Ni®*, zn®*, Pb**, and Sn**; M is one or more of A1, Fe3*,
cr’*, 3/4zr*", and Mo’*; and A™ is one or more of OH, F,
CO3°", C17, Br~, (C204)%, I7, (NO3)~, (S04)%", (BrOs)-, (I03) ,
(V1a02¢) ", (51205)*7, (C104)7, (CH3C00)7, [CeHa(CO2)21%",
(CeHsCO0) ™, [CgHi16(CO2)2]1%, n(CgH17S04)~, n(Ci2H25S04) ",
n(Ci1gH37804) ", and SiO.*". \

{0014] (3] In [1l] above, the cold rolled steel sheet
characterized in that the crystalline layered material is a
layered double hy'droxide represented by [M2+1_xM3+x(OH)2] [A"
Jx/n®zH20, wherein: M*' is one or more of Mg**, ca®*, Fe?,
Ni”’, and Zn?*; M** is one or more of Al3+, Fe3+, and Cr’': and

A" is one or more of OH, C032', Cl™, and (S0Q,)%.
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10014a] [4] A cold rolled steel sheet comprising, on a

surface thereof, an organic-inorganic composite film

contalining: an organic resin; and a crystalline layered
material, wherein the organic-inorganic composite film has an
average film thickness of 0.10 to 2.0 pm and contains 0.5 part

or more by weight of the crystalline layered material as a

solid with respect to 100 parts by weight of a solid of the

organlc resin, whereln the crystalline layered material is a

layered double hydroxide represented by [M*"_4M’*, (OH)]
2+

(A" ],4/n*zH,0, wherein: M°" is one or more of Mg”} Cazﬂ I%¥+,

v 2+ 2+ 2+ 2 3 ‘ ~
Ni<*, Zn**", Pb**, and Sn“*; M’" is one or more of Al3’", Fe’*, cCr’*,

3/4Zr4+, and Mo *; and A™ is one or more of OH , F, CO32", Cl,

Br™, (C,04)°%7, I7, (NO3) , (S04)°7, (BrOs3)~, (IO3)”, (Vi10028)°7,
(Si,05)°7, (Cl0O4)~, (CH3COO)™, [Ce¢Ha(CO2)21°7, (CgHsCOO) ™,
[CgHi6(CO2)21%7, n(CgH17S04) 7, n(Ci2H25804) 7, n(CigH37S04) ", and S$i0,%7,

and a base material of the cold rolled steel sheet has a

strength exceeding 440 MPa.

[0014b] [5] A cold rolled steel sheet comprising, on a

surface thereof, an organic-1norganic composite film

contalning: an organlc resin; and a crystalline lavered
material, wherein the organic-inorganic composite film has an
average film thickness of 0.10 to 2.0 pm and contains 0.5 part

or more by weight of the crystalline layered material as a

'

solid with respect to 100 parts by weight of a solid of the

organic resin, wherein the crystalline layered material 1s a

layered double hydroxide represented by [M*"_.M’", (OH)]
2+

- - - 2+ 2+
[A" ] 4/n* 2H20, wherein: M“" is one or more of Mg2+, Cca“, Fe",

Ni%*, and Zn?'; M’" is one or more of Al°", Fe’", and Cr’*; and A™

1s one or more of OH, COJF, Cl , and (SO4V%, and a base
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material of the cold rolled steel sheet has a strength

exceedling 440 MPa.

[0015] [6] In any of [1] to [5] above, the cold rolled steel

sheet characterized 1n that the organic resin 1s one or more

5 selected from an epoxy resin, a polyhydroxy polyether resin, a

polyester resin, a urethane resin, a silicone resin, and an

acrylic resin.

Advantageous Effects of Invention

[0016] According to the present invention, a cold rolled

10 steel sheet having excellent press formability with a small

sliding resistance in a part at which mold galling tends to
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occur, even when a contact pressure 1ncreases durlng press

forming.

Brief Description of Drawings

10017] FIG. 1 1s a schematic front view of a friction

coefficient measuring apparatus.

FIG. 2 1s a schematic perspective view 1llustrating a

first shape and dimensions of a bead © 1n FIG. 1 (bead

shape 1).

FIG. 3 1s a schematic perspective view 1illustrating a

second shape and dimensions of the bead 6 in FIG. 1 (bead

shape 2).

Description of Embodiments

(0018 A cold rolled steel sheet of the present

invention has an organic-inorganic composite film

containing on a surface of the cold rolled steel sheet an

organic resin and a crystalline layered material, and the

organic-inorganic composite film has an average film
thickness of 0.10 to 2.0 um and contalns 0.5 part by weight

or more of the crystalline layered material as a solid with

respect to 100 parts by weight of a solid of the organic
resin. These are the most important regquirements of the
cold rolled steel sheet of the present 1nvention.

-

[0019] By coating a predetermined amount of the

]

crystalline layered material on the surface of the cold

rolled steel sheet, slidability is improved dramatically.

P

A mechanism of lubrication of the crystalline layered

material contained in the organic-inorganic composite film

may be understood as follows. When a mold and a cold

rolled steel sheet slide, a shear stress 1s generated on a

]

surface of the cold rolled steel sheet due to an adhesive

force between the surfaces of the mold and the cold rolled

steel sheet. The presence of a crystalline layered

material between the cold rolled steel sheet and the mold
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causes deformation of the crystalline layered material due

to interlavyer slips and absorbance of a shear deformation

stress generated on the surfaces. Even after the cold

rolled steel sheet is worn down and the crystalline layered

material 1s scraped off from the surface of the cold rolled

steel sheet, the crystalline layered material adheres to

the mold and exhibits an effect of reducing the friction
resistance between the mold and the cold rolled steel sheet,

and thus even under a high contact-pressure condition

supposing a high-strength steel sheet, the effect 1is

achieved sufficiently. Further, containing the organic

resin in the organic-inorganic composite film 1is effective

from the viewpoint of adhesiveness upon coating and allows

the surface of the cold rolled steel sheet to be coated

with the crystalline layered material with a uniform

thickness.

[0020] The thickness of the organic-inorganic composite

film containing the organic resin and the crystalline

layered material (hereinafter may be simply referred to as

the organic-inorganic composite film), which 1s a thickness

when 1ts cross section is observed with a SEM, 1s 0.10 um

or more and 2.0 um or less as an averadge film thickness.

When the average film thickness 1s less than 0.10 um, it is

difficult to form the film uniformly on the surface of the

cold rolled steel sheet. When the average film thickness

exceeds 2.0 um, there 1is a concern that a spot weldability
that 1s important 1n automobile manufacture 1s decreased.

The thickness of the organic-inorganic composite film may

be measured from a result of observing an FIB-processed

cross section with a SEM with an acceleration voltage of 5

kV or less. Identification of a crystal structure about

whether the crystalline layered material 1s crystalline may
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be performed by thin-film X-ray diffraction.

(0021] The crystalline layered material is contained in

an amount of 0.5 part by weight or more as a solid with

P

respect to 100 parts by weight of a solid of the organic

—

resin. When the solid of the crystalline layered material

1s less than 0.5 part by weight, the amount of the

crystalline layered material contacting the mold when the

mold and the cold rolled steel sheet slide is small, and

thus the effect cannot be achieved sufficiently.

(0022] In the present invention, the crystalline layered
material 1s, from among unit crystal lattices, a crystal in

which plate-~shaped covalent bond crystals are layered over

one another with relatively weak bonding such as an
intermolecular force, hydrogen bonding, and electrostatic
energy. A layered double hydroxide having a structure
representable by [M2+1~XM3+X(OH)2J [A" ) x/n*2zH,0, in particular,

has a layered crystal structure, since anions that are

negatively charged are bonded with positively charged
plate-shaped divalent and trivalent metal hydroxides by

electrostatic energy 1n order to keep electric balance and

has stacked layers, and 1s preferably used as the

crystalline layered material of the present invention.

Being the layered double hydroxide indicated by [M°*,

<M>Tx (OH) 21 [A" ] 4/n*zH,0 is known to be identifiable by X-ray

diffraction and a substance representable by the formula is
known to be a layered crystal.

[0023] The M’ is preferably one or more of Mg?", ca?’,

Fe‘", Ni®*, zZn®*", Pb*", and Sn®'. 1In particular, Mg?*, ca?,
Fe‘’, Ni®*, and Zn** are more preferable because they have
been 1dentified as layered double hydroxide species that
are produced naturally or artificially and they are able to

exlst as layered double hydroxides stably.

[0024] The M’" is preferably one or more of Al’", Fe’,
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cr’*, 3/4zr*", and Mo®'. 1In particular, Al’*, Fe’', and cr’'

are more preferable because they have been ldentifled as

layered double hydroxide species that are produced

naturally or artificially and they are able to exist as

layered double hydroxides stably.

[0025]  The A™ is preferably one or more of OH™, F~, CGC3*,

— ——

Cl~, Br~, (C,04)%, I°, (NO3)~, (S04)°, (BrOs) , (IO03)T,

(V10028) °7, (Si20s)%7, (C1l0O4)7, (CH3CO0)~, [CeHa(CO2)2]°7,
(C¢HsCO0) ™, [CgHi6(CO2)21%7, n{(CgH17S04) 7, n(Ci12H25S04) 7,
n(C1gH37S0,4) ", and Si0,* . They have been confirmed to be

incorporated as interlayer anions of layered double
hydroxides, and they are able to exist as layered double

hydroxides. In particular, OH, COf%, Cl , and (SO4f% may
be used as the anions more preferably because they are
easier to be incorporated as the 1nterlayer anions than

other anions of layered double hydroxide species upon film

formation on a surface of a cold rolled steels sheet, and

the film formation is possible 1n a short period of time.

10026] Next, a method of producing an organic-inorganic

composite film on a surface of a cold rolled steel sheet
will be explained. First, a method of producing a

crystalline layered material will be described. Herein, a

method of producing a layered double hydroxide, which 1is a

crystalline layered material, in a powdery form, will be

described as an example. For example, a method of dropping
an anion-containing solution into a cation-containing

agqueous solution will be described. An agqueous solution

contalning any one or more anions of 1norganlc anions or

organic anions (A") is dropped into an agqueous solution

g

containing any one or more of divalent cations (M*) and

g

any one or more of trivalent cations (M**y. A 2.0-mole

NaOH solution 1s dropped to adjust the solution so that the

pH of the reaction suspension becomes 10 * 0.1. The
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divalent cations and trivalent cations present in the

reaction suspension exist 1n a colloidal form as hydroxides.
When one or more specific anibns from among OH-, F, CO3%7,
Cl™, Br~, (Cy04)°7, I7, (NO3)~, (S04)%7, (BrOs)~, (I03)7,
(V10028) °7, (S130s)°7, (ClO4)~, (CH3COO)~, [CgHa(CO2)21°,
(CeHsCOO) 7, [CgHig(CO2)2]1%7, n(CgH17S04) 7, n(Ci12H25504) 7,

n(C1gH32804) ", and Si0;* are dropped 1nto the suspension, the

hydroxides precipitate as a layered double hydroxide. The

obtalned precipitate is then separated using a centrifugal

separator and dried to obtain a powdery layered double

hydroxide. Whether the obtalned powdery substance 1s a

layered compound may be confirmed by X-ray diffraction.

[0027] The powdery layered double hydroxide obtained as
described above and the organic resin are then mixed as
appropriate and stirred to prepare a coating composition.

For stirring, a coating disperser (a sand grinder) may be

used, for example. A stirring time 1s adjusted as

gr—
—

ficiently disperse the powdery layered

appropriate. To sul

double hydroxide 1in an organic solvent, the stirring time

1s preferably 30 minutes or more. The organic resin may be

one or more selected from epoxy resins, polyvhydroxy

polyether resins, polyester resins, urethane resins,

3

silicone resins, and acrylic resins. From the viewpoint of

corrosion resistance, 1n particular, with respect to an
epoxXy resin as a base material, its molecular weight 1is
preferably optimized as appropriate or a part of the resin

1s preferably modified with urethane, polyester, amine, or

the like, in order to i1mprove workability.

10028 ] Furthermore, as needed, an additive may be added,

P

which 1s one or more of: an organic coloring pigment (for

example, a fused polycyclic organic pigment, a

phthalocyanine organic pigment, or the like); a coloring

dye (for example, a water-soluble azo metallic dye or the
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like); an inorganic pigment (for example, titanium oxide or
the like); a conductive pigment (for example: metallic

powder such as zinc, aluminum, or nickel; 1ron phosphate;
antimony-doped tin oxide; or the like); a coupling agent
(for example, a titanium coupling agent or the like); a
melamine-cyanuric acid adduct; and the like.

[0029] Next, the obtained coating composition is applied

on the surface of the cold rolled steel sheet and baked.

Means for applying the obtained coating composition on the

surface of the cold rolled steel sheet is not particularly

limited. A roll coater is preferably used. For a heat-

drying (baking) treatment, a dryer, a hot stove, a high-

frequency induction heating furnace, an infrared furnace,

or the like may be used, but from the viewpoint of
corrosion resistance, the high-frequency induction heating

furnace 1is particularly preferable. Heat treatment 1is

preferably conducted within a range of 50 to 350° or

preferably 80 to 250°C in reached plate temperature. If a

heating temperature is less than 50°C, a large amount of a

solvent within the film remains and the corrosion

Jp—

resistance becomes insufficient. If the heating

temperature exceeds 350°C, it 1s not only non-economical

but also defects may occur in the film and degrade the

corrosion resistance. As described, the cold rolled steel

sheet having, on a surface thereof, the organic-inorganic
composite film containing the organic resin and the

crystalline layered material is obtained.

10030} Even if N, Pb, Na, Mn, Ba, Sr, Si, or the like 1is

incorporated into the organic-inorganic composite film due

to impurities being contained in the treatment liquiad used

= effect of

in the film forming treatment or the like, th

the present invention is not impailred.
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EXAMPLES
[0031] The present invention will be explained in

10

15

further detail with reference to examples. The layered
double hydroxide was produced by dropping an aqueous
solution containing any one or more anions of inorganic
anions or organic anions (A") (Composition of Aqueous
Solution 2 in Table 1) into an aqueous solution containing

any one or more of divalent cations (M?') and any one or
more of trivalent cations (M’*) listed in Table 1
(Composition of Aqueous Solution 1 in Table 1). A 2.0-mole

NaOH solution was dropped therein to adjust the solution so

that the pH of the reaction suspension became 10 * 0.1.

The obtained precipitate was then filtered and dried to
obtain a powdery layered double hydroxide. It was
ldentified to be a layered double hydroxide by X-ray
diffraction.

[0032]
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[0033] The coating compositions to be the organic-

inorganic composite films formed on the surfaces were
prepared by using organic resins listed 1n Table 2 as resin
compositions, mixing the layered double hydroxides produced
by the above-described method thereinto as listed in Table

3, and stirring using a cocating disperser (a sand grinder)

for 45 minutes.

[0034]
Table 2
No. | Classification | Base resin
1 Amine-modified epoxy resin/Blocked isocyanate cured
y | | Urethane-modified epoxy resin/Blocked isocyanate cured
| Thermosetting resin . . . ,.
3 Epichlorohydrin type epoxy resin/Blocked isocyanate cured
4 Polyester type urethane resin/Melamine cured
5 | lonomer of ethylene-acrylic acid copolymer
g | Water-dispersible Ethylene-acrylic copolymer (Emulsion polymerization)
2| resin Styrene-acrylic copolymer
8 Polyurethane resin

[0035] As a steel sheet for a substrate of a coating, a
cold rolled steel sheet with a plate thickness of 0.7 mm
that had been subjected to temper rolling was used. The

surface of the cold rolled steel sheet obtained as

descrilbed above was subjected to an alkaline degreasing
Creatment, washed with water, and dried, and thereafter,

the above-described coating composition was applied thereon

by a roll coater and baked (heat dried) at a baking

temperature of 140°C as listed in Table 3. The film

thickness of the organic-inorganic composite film was
adjusted by the solid content of the coating composition

(heating residue) or a coating condition (e.g., a roll

force, a roll rotational speed, or the like).

[(0036] The average film thicknesses of the organic-
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inorganic composite films on the surfaces of the cold

rolled steel sheets obtained as described above were

measured, and the layered double hydroxides were identified.
As a method for evaluating press formability indicating the

case of elaborate press forming, measurement of kinetic

friction coefficients and evaluation of mold galling

resistances were conducted. Fach measurement method and

1dentification method are as follows.

[0037] (1) Method of measuring the average film

 aand

thickness of the organic-inorganic composite film

iy

A cross section of a film was sputtered at 45 degrees

using an FIB, the cross section was observed with an ultra-

low acceleration SEM, 10 points were extracted and measured,

and an average value thereof was regarded as an average

film thickness of that film.

[0038] (2) Method of identifying the lavyered double

hydroxides

gl—

Presence of the crystalline layered double hydroxides

was l1ldentified by an X-ray diffraction method. Peaks

obtained by the X-ray diffraction method using a Cu-Ka

radiation were compared with ICDD cards to identify the
layered double hydroxides. The matched cards were as

follows.

[0039] (a) Magnesium Aluminum Hydroxide Carbonate

Hydrate
ICDD card reference code: 01-089~-0460
[M@o.667R10.333 (OH) 2] [CO3° ] g.167° 0. 5H,0

(b) Zinc Aluminum Carbonate Hydroxide Hydrate

I1CDD card reference code: 00-048-1021
[Zng.71A10.29 (OH) 2] [CO3°7]¢.145 *H20

(c) Iron Carbonate Hydroxide Hydrate
ICDD card reference code: 00-050-1380
[Feo.67F€0.33 (OH) 2] [CO3°7 ) g.145°0. 33H,0
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(d) Iron Nickel Sulfate Hydroxide Hydrate

ICDD card reference code: 00-042-0573
[Nig.7s5Feq.25 (OH) 2] [S04° 1g.125°0. 5H,0

(e} Magnesium Aluminum Hydroxide Hydrate

9 ICDD card reference code: 00-038-0478

[Mgo.75RL0.25 (OH) 2] [OH Jg.25°0.5H;0
(f) Magnesium Iron Oxide Chloride Hydroxide Hydrate

ICDD card reference code: 00-020-0500

(Mgo.75Feg.25 (OH) 2] [Cl Jp.25°0.5H0
10 (g) Calcium Aluminum Hydroxide Chloride Hydrate

ICDD card reference code: 00~-035-0105
[Cag.e7A1p.33(OH) 2] [CL ]0.33°0.67H0

(h) Magnesium Chromium Carbonate Hydroxide Hydrate

ICDD card retference code: 00-045-1475

15 [Mgo.67CX0.33 (OH) 2] [CO3°7 ] 5.157* 0. 5H,0

(1) Iron Aluminum Oxide Carbonate Hydroxide Hydrate

ICDD card reference code: 00-051~-1527

[Feg.g7ALlo.33 (OH) 2] [CO3% 10,157 0. 5H,0
(7J) Nickel Aluminum Oxide Carbonate Hydroxide Hydrate

20 ICDD card reference code: 00-015-0087
[Nig.g7ALlp. 33 (OH) 2] [CO3°7, 0H ]g.157*0.5H,0

[0040] (3) Method of measuring the kinetic friction

coefficients

To evaluate the press formability (in particular, the

25 press formapbility in drawlng and inflow portions) the

kinetic friction coefficient of each sample was measured as

follows. FIG. 1 1s a schematic front view illustrating a

friction coefficient measuring apparatus. As illustrated

in the figure, a kinetic friction coefficient measuring

30 specimen 1 taken from a sample 1s fixed to a specimen stand
2, and the specimen stand 2 is fixed to an upper surface of
a slide table 3, which 1s horizontally movable. On a lower

surface of the slide table 3, a slide table support 5,
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which has rollers 4 contacting the lower surface and 1is

vertically movable, 1s provided, and a first load cell 7

for measuring a pressing load N to the kinetic friction

coefficient measuring specimen 1 from a bead 6 by pushing

5 up the slide table support 5 1s attached to the slide table
support 5. To measure a sliding resistance force N for
moving the slide table 3 horizontally with the above-

described pressing force being acted, a second load cell 8

1s attached to one end of the slide table 3. As a

10 lubricating oil, the PRETON R352Z2L manufactured by Sugimura

Chemical Industrial Co., Ltd. was applied on the surface of

the kinetic friction coefficient measuring specimen 1 to

conauct tests.

[0041] FIG. 2 1s a schematic perspective view

15 1llustrating a first shape and dimensions of the bead 6

used (hereinafter, bead shape 1). It 1s slid with a bottom

surface of the bead ¢ pressed against the surface of the

ﬁ
p—

kinetic friction coe;

ficient measuring specimen 1. The

shape of the bead 6 illustrated in FIG. 2 1s formed of: a

20 width of 10 mm; a length in a specimen sliding direction o:

T it

12 mm; and curved surfaces with a curvature of 4.5 mmR at

portions of both ends in the sliding direction, and the

pead’s bottom surface, against which the specimen 1is

pressed, has a plane with a width of 10 mm and a length in

25 the sliding direction of 3 mm.

(0042] FIG. 3 1s a schematic perspective view

1llustrating a second shape and dimensions of the bead 6

used (hereinafter, bead shape 2). It 1s slid with a bottom

surface of the bead 6 pressed against the surface of the

30 kinetic friction coeffilclent measuring specimen 1. The

shape of the bead 6 1llustrated in FIG. 3 1is formed of: a

width of 10 mm; a length in the specimen sliding direction

N

of 69 mm; and curved surfaces with a curvature of 4.5 mmR
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at lower portions of both ends in the sliding direction,

and the bead’s bottom surface against which the specimen 1s

pressed has a plane with a width of 10 mm and a length 1in

the sliding direction of ©0 mm.

0043]  The measurement of kinetic friction coefficients

was conducted under three conditions 1n which the pressing

loads N were 400, 1200, and 1600 kgf at room temperature

(25°C) so that contact pressures supposing press forming of
a high-strength steel sheet are exerted. The specimens’
drawing speed (a horizontal moving speed of the slide table

3) was 100 cm/min or 20 cm/min. Under these conditions,

the pressing load N and the sliding resistance force F were

measured, and the kinetic friction coefficient p between

the sample and the bead 6 was calculated by the equation: u

= F/N.

(0044 ] Combinations of the bead shape, pressing load,

and drawing speed are as follows:

-

Condition 1: Bead shape 1, a pressing load of 400 kgf, and

p—

a drawing speed of 100 cm/min

Condition 2: Bead shape 1, a pressing load of 1200 kgf, and

)

a drawing speed of 100 cm/min

Condition 3 Bead shape 1, a pressing load of 1600 kgf, and

a drawing speed of 100 cm/min

Condition 4: Bead shape 2, a pressing load of 400 kgf, and

a drawing speed of 20 cm/min

(0045) Method of evaluating mold galling resistance

In addition to the kinetic friction coefficient, 1in
cold rolled steel sheets, mold galling 1is likely to occur

because a cold rolled steel sheet and a mold adhere to each
other in portions having a long sliding distance and the

sliding resistance increases. Using the friction

coefficient measuring apparatus 1llustrated in FIG. 1,
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therefore, sliding tests were repeated 50 times, and mold
galling resistance was evaluated, with a count of how many

repeated times the kinetic friction coefficient 1ncreased

by 0.01 or more being regarded as a repeat count of mold

T

f no increase 1n the kinetic

galling occurrences.

friction coefficient was recognized even after the sliding
tests were repeated 50 times, the repeat count was regarded
as 50 times or more. The test were conducted, like the
above-described (3) method of measuring the kinetic

friction coefficient, under the above-described conditions

1 to 3 so that a contact pressure supposing press forming
of a high-strength steel sheet was realized.

(004 6] The test results thus obtained are listed in
Table 3 with the conditions.

(0047 ]
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[0048] The following has become clear from the test

results listed in Table 3. No. 1 1s an example not
containing a crystalline layered material and a comparative

example with respect to the present invention. The

comparative example has high kinetic friction coefficients
and poor mold galling resistances. Nos. 2 to 27 are
examples containing organic resins and crystalline layered
materials and are examples of the present invention. The
inventive examples of Nos. 2 to 27 have lower kinetic
friction coefficients and better mold galling resistances

than the comparative example of No. 1.

Industrial Applicability

(004 9] The cold rolled steel sheet of the present

invention 1s excellent in press formability; and therefore

applicable in wide-ranging fields with a focus on uses 1n

automotive bodies requiring difficult-to-form materials.

Reference Signs List

[0050] 1 Friction coefficient measuring specimen
Specimen stand

Slide table

Rollers

Slide table support
Bead

First locad cell
Second load cell

Rail

Pressing load

M 2 WO 0 ~J oY U b W N

Sliding resistance force
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CLAIMS:
1. A cold reoclled steel sheet comprising, on a surface

thereof, an organic-inorganic composite film containing: an
organic resin; and a crystalline layered material, wherein the
organic-inorganic composite film has an average film thickness
of 0.10 to 2.0 ym and contains 0.5 part or more by weight of
the crystalline layered material as a solid with respect to

100 parts by weight of a solid of the organic resin,

wherein the crystalline layered material 1s a layered

double hydroxide represented by [M*";_yM**, (OH)2] [A" 1x/n* zH20,

wherein:

' 2 v 2 2+ 2+
M’* is one or more of Mg‘", ca®", Fe“", Ni‘*, Zn®", Pb*",

+
and Sn2;

M3* is one or more of Al’Y, Fe’', cr’', 3/4zr*", and

Mo>": and

A" is one or more of OH, F, CO32', Cl , Br, (CZO4)2',
T-, (NO3)~, (S04)%7, (BrOs)”, (IO3)”, (Vig028)°®, (8i20s)%7, (ClO4)7,
(CH3CO0) ™, [CeHa(CO2)21%7, (CeHsCOO)™, [CgHie(CO2)21%7, n(CgH17S04) 7,
n(Ci1,H25804) ", n(Ci1gH37804)", and Si04*", and

a base material of the cold rolled steel sheet has a

strength exceeding 440 MPa.

2. A cold rolled steel sheet comprising, on a surface

thereof, an organic-inorganic composite film containing: an

ol 4

organic resin; and a crystalline layered material, whereln the

organic-inorganic composite film has an average film thickness

of 0.10 to 2.0 um and contains 0.5 part or more by welght of
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the crystalline layered material as a solid with respect to
100 parts by weight of a solid of the organic resin, whereln

the crystalline layered material is a layered double hydroxide

represented by [M2+1_XM3+X(OH)2] [A"" ] 4/n* 2H,0, wherein:

M** is one or more of Mg?', Ca®', Fe®", Ni**, and zn**;

3+

M3* is one or more of Al3+, Fe”", and cr3*; and

A" is one or more of OH, CO32', Cl , and (SO4)2', and

a base material of the cold rolled steel sheet has a

strength exceeding 440 MPa.

3. The cold rolled steel sheet according to claim 1
or 2, wherein the organic resin is one or more selected from an
epoxXy resin, a polyhydroxy polyether resin, a polyester resin,

a urethane resin, a silicone resin, and an acrylic resin.
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/ 4.5 mmR

e

‘——__—

SPECIMEN SLIDING
DIRECTION




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings

