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ABSTRACT
A coating including polycarbonate-unit-containing polyurethane resin and 5 mass%
or more of nonvolatile matter is applied to a traveling metal strip in a state in which the
surface temperature of the metal strip 1s 60°C or lower. Next, the coating apphied to the
metal strip 1s baked at 80-250°C, and a coating film having a film thickness of 0.3 um or
greater 1s formed on the traveling metal strip. The proportion of polycarbonate units to
the total mass of resin 1n the coating film 1s 10-80 mass%. The traveling metal strip 1s

then wound after being cooling to a surface temperature of 80°C or lower.



CA 02966322 2017-04-28

DESCRIPTION

Title of Invention

METHOD FOR PRODUCING COATED METAL STRIP

Technical Field
[0001] The present invention relates o a method for producing a coated metal strip which
has a metal strip and a coating formed on at least one surface of the metal strip, the coating

being a part to be joined to a molded article of a thermoplastic resin composition.

Background Art

[0002] Metal strips, metal sheets, press-molded articles made of a metal strip or metal
sheet, or so-called "shaped metal materials,” which are molded articles formed by casting,
forging, cutting, powder metallurgy or the like, are essential components for producing
various industrial products, such as automobiles. A composite produced by joining a
molded article of a resin composition to a shaped metal material 1s lighter than a
component made only of a metal and, on the other hand, is stronger than a component
made only of a resin. Such composites are used in electronic devices, such as ccllular
phones and personal computers.

[0003] As described above, a composite is produced by joining a molded article of a
resin composition to a shaped metal material. Therefore, high adhesion between the
shaped metal material and the molded article of a resin composition, joined to each other,
becomes important. In recent years, a method for producing a composite in which a
shaped metal material can be joined to a molded article of a resin composition with high
adhesion has been proposed (see, e.g., PTL 1).

[0004] In the method for producing a composite described in PTL 1, provided firstly 1s a

coated shaped metal material which has a shaped metal material and a coating formed on
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the surface of the shaped metal material, the coating including a polyurethane resin
containing a polycarbonate unit, and having a film thickness of 0.5 um or more. Secondly,
the coated shaped metal material provided is inserted into an injection molding die, and a
thermoplastic resin composition 1s injected into the injection molding die to thereby join a
molded article of the thermoplastic resin composition to the surface of the coated shaped
metal material. Accordingly, the coated shaped metal material can be joined to the
molded article of the thermoplastic resin composition with high adhesion in the composite
described in PTL 1. The examples of PTL 1 describe a composite having a metal sheet as
a shaped metal material, and show that a coated metal sheet can be joined to a molded

article of a thermoplastic resin composition with high adhesion.

Citation List
Patent Literature
[0005]

PTL 1

Japanese Patent Application Laid-Open No. 2013-226796

Summary of Invention

Technical Problem

[0006] In some cases, as a basc material for the coated shaped metal material as
described above, a metal strip, which needs winding, is used in place of the metal sheet,
which does not need winding. In such a case, when producing a coated metal strip
(coated shaped metal material), it is necessary to continuously perform a pretreatment and
coating formation on the surface of a metal strip unwound from a coil, and subsequently to

wind the resultant coated metal strip. However, when a coated metal strip 18 produced 1n

a manner as described in PTL 1, in some cases, adhesion between a metal strip and a
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coating becomes unsatisfactory, or a phenomenon (blocking) of joining between coated
metal strips adjacent to each other occurs in a coil after the winding.

[0007] An object of the present invention is to provide a method for producing a coated
metal strip which has a metal strip and a coating formed on/above at least one surface of
the metal strip, the coating being a part to be joined strongly to a molded article ot a
thermoplastic resin composition, and in which the adhesion between the metal strip and the

coating is excellent and blocking is less likely to occur.

Solution to Problem

[0008] The present inventors have found that the above object can be achieved by
adjusting the temperature of a metal strip during the application of a coating material and
the temperature of a coated metal strip during the winding to fall within predetermined
ranges, and conducted further studies to thereby complete the present invention.

[0009] Specifically, the present invention relates to the following method for producing a
coated metal strip.

[0009a] A method for producing a coated metal strip which has a metal strip and a coating
formed on at least one surface of the metal strip, the coating being a part to be joined to a
molded article of a thermoplastic resin composition, the method including: running a metal
strip; applying a coating material containing a polyurethane resin and 5 mass” Or more of
a nonvolatile component on the running metal strip in a state where a surface temperature
of the running metal strip is 60°C or lower, the polyurethane resin containing a
polycarbonate unit; baking the coating material applied on the running metal strip at a
temperature in a range of 80 to 250°C to form a coating having a film thickness of 0.3 um
or more on the running metal strip; cooling the running metal strip having the coating
formed thereon until the surface temperature becomes 80°C or lower; and winding the

running metal strip cooled after formation of the coating, wherein a ratio of the
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polycarbonate unit to a total resin mass in the coating is 10 to 80 mass%.

[0009b] The method for producing a coated metal strip comprises a further step, wherein
the coating material further contains an oxide or a fluoride of a metal selected from the
group consisting of Ti, Zr, V, Mo, W, and a combination thereof.

S [0009¢] The method for producing a coated metal strip noted above comprises a further
step, wherein the coating material further contains one or more polycarbonate umt-free
resins selected from the group consisting of an acrylic resin, an epoxy resin, an urethane
resin, a polyolefin resin, a phenol resin, a polyester resin, a copolymer thereof, and a

modified product thereof.

10

Advantageous Effects of Invention
[0010] According to the present invention, a coated metal strip can be produced, in which
the adhesion between a metal strip and a coating is excellent and blocking is less likely to

occur, and which can be joined strongly to a molded article of a thermoplastic resin

15 composition.

Brief Description of Drawings

[0011] FIG. 1 schematically illustrates the constitution of a composite for evaluation of

joining strength between a coated metal strip and a molded article of a thermoplastic resin

20  composition.

Description of Embodiments

[0012] The method for producing a coated metal strip according to the present invention
is a method for producing a coated metal strip in which a coating to be joined to a molded
25  article of a thermoplastic resin composition is formed, the method including steps of 1)

providing a metal strip and running the metal strip, 2) applying a coating material on the
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running metal strip, 3) baking the coating material to form a coating, and 4) cooling the
metal strip (coated metal strip) having the coating formed thereon, and winding thec metal
strip.  Typically, these steps are performed continuously.

[0013] Hereinatter, each step of the method for producing a coated metal strip according
to the present invention will be described.

[0014] 1) First Step

In the first step, a metal strip 1s provided and run. For example, a reel on which a
metal strip 1s wound 1n a coil form i1s placed in a continuous coating line (CCL).
Subsequently, the continuous coating line 1s operated to feed and run the metal strip. The
distance and speed of running of the metal strip are not particularly limited, and can be set
appropriately in accordance with each step described below. In the fourth step described
below, the metal strip 1S wound again 1n a coil form in the continuous coating line.

[0015] [Metal Strip]

The metal strip 1s a base material to be coated which has a large length relative to its
width, and can be wound 1n a coil form. The mectal strip 1s not particularly limited by its
type. Examples of the metal strips include cold-rolled steel strips, zinc-coated steel strips,
Zn-Al alloy-coated steel strips, 7Zn-Al-Mg alloy-coated steel strips, Zn-Al-Mg-Si1
alloy-coated steel strips, aluminum-coated steel strips, stainless steel strips (including
austenitic, martensitic, ferritic, and ferrite-martensite duplex-phase stainless steel strips),
aluminum strips, aluminum alloy strips, copper strips, and copper alloy strips.

[0016] [Pretreatment]

Prior to the second step, the metal strip may be subjected to a pretreatment. For
example, degreasing or pickling may be performed on the metal strip as a pretreatment.
These pretreatments can be performed by an appropriate method known in the art in

accordance with the type of the metal strip. For example, degreasing can be performed by

subjecting the running metal strip to spraying of an alkaline treatment liquid, dipping 1n an
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alkaline treatment liquid, or an electrolytic treatment.
[0017] [Chemical Conversion Treatment]

Prior to the second step, a chemical conversion film may be formed on the metal
strip by applying a chemical conversion treatment liquid on the running metal strip surtace
followed by drying. The chemical conversion film 1s disposed on the metal strip surface,
and 1mproves adhesion between the metal strip and the coating, and corrosion resistance of
the metal strip.

[0018] The chemical conversion treatment for forming the chemical conversion film 1s
not particularly limited by its type.  Examples of the chemical conversion treatments
include chromate conversion treatment, chromium-free conversion treatment, and
phosphating treatment. The coverage of the chemical conversion film formed by the
chemical conversion treatment 1s not particularly limited as long as the coverage falls
within a range effective for improving the adhesion and corrosion resistance of the coating.
For example, the coverage of a chromate film can be adjusted such that the coverage
attains 5 to 100 mg/m? in terms of the total amount of Cr. The coverage of a
chromium-free film can be adjusted such that the coverage of a Ti-Mo composite film falls
within a range of 10 to 500 mg/m?, or the coverage of a fluoro acid film falls within a range
of 3 to 100 mg/m? in terms of the amount of fluorine or in terms of the total amount of
metal elements. The coverage of the phosphate film can be adjusted to 0.1 to 5 g/m”.
[0019] The coating amount of the chemical conversion treatment liquid 1s not particularly
limited as long as a desired amount of the chemical conversion film can adhere, and can be
appropriately adjusted 1in accordance with, e.g., the viscosity ot the chemical conversion
treatment liquid or method for applying the chemical conversion treatment liquid.

[0020] The method for applying the chemical conversion treatment liquid 18 not

particularly limited and can be appropnately selected from methods known in the art.

Examples of the methods for the application include roll coating, curtain flow, spraying,
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and dipping methods.

[0021} The drying condition of the chemical conversion treatment liquid may be
appropriately set in accordance with, e.g., the composition of the chemical conversion
treatment liquid. For example, a metal strip having the chemical conversion treatment
liquid applied thereon 1s continuously conveyed into a drying oven without being washed
with water, and heated until the temperature thereof reached to fall within a range of 50 to
250°C. The above can form a uniform chemical conversion film on the metal strip
surface.

[0022] 2) Second Step

In the second step, a predetermined coating material 1s applied on a metal strip
which is running under predetermined conditions.
[0023] [Coating Maternal]

The coating material contains a polyurethane resin containing a polycarbonate unit
as an essential component, and may contain a polycarbonate unit-free resin as an optional
component. The coating material may further contain a metal compound described below,
an additive and the like as necessary. Further, the coating material may contain a solvent
as necessary. The solvent is not particularly limited by its type as long as the solvent 1s a
liquid in which various components in the coating material can dissolve or disperse

uniformly, and which evaporates during the formation of the coating. The solvent 1s

preferably water, and in this case, the coating material 1s an aqueous emulsion.

[0024] The polyurethane resin containing a polycarbonate unit has a polycarbonate unit
in its molecular chain. The "polycarbonate unit" refers to a structure shown below 1n the
molecular chain of the polyurethane resin. The polyurethane resin containing the
polycarbonate unit has a skeleton (e.g., a benzene ring) and a functional group similar to
those of a thermoplastic resin contained in a molded article of a thermoplastic resin

composition described below. Accordingly, when a thermoplastic resin composition 1s
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thermocompression bonded to the coated metal strip, the polyurethane resin containing the
polycarbonate unit becomes compatible and bonds strongly with the thermoplastic resin
composition. Therefore, the polyurethane resin containing the polycarbonate unit,
contained 1n the coating, can improve the adhesion of a molded article of the thermoplastic

resin composition to the coating.

[0025]

CHs
-OE0~
Ch 5
N

[0026] The polyurethane resin containing a polycarbonate unit can be prepared, for
example, by the following steps. An organic polyisocyanate 1s reacted with a
polycarbonate polyol and a polyol having a tertiary amino group or a carboxyl group to
form a urethane prepolymer. A polyol other than the polycarbonate polyol compound, for
example, a polyester polyol or a polyether polyol, may be used in combination to an extent
that does not compromise the objects of the present invention.
[0027] The tertiary amino group of the produced urethane prepolymer 1s neutralized with
an acid or quaternized with a quaternizing agent, followed by chain elongation using water
to thereby form a cationic polyurethane resin containing a polycarbonate unit.
[0028] Alternatively, the carboxyl group of the produced urethane prepolymer 1is
neutralized with a basic compound, such as triethylamine, trimethylamine,
diethanolmonomethylamine, diethylethanolamine, caustic soda, or caustic potassium, and
conversed to a carboxylate to thereby form an anionic polyurethane resin containing a
polycarbonate unit.

[0029] The polycarbonate polyol is obtained through the reaction of a carbonate

compound, such as dimethyl carbonate, diethyl carbonate, ethylene carbonate, or propylene
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carbonate, with a diol compound, such as ethylene glycol, diethylene glycol, propylene
glycol, dipropylene glycol, neopentyl glycol, methylpentanediol, dimethylbutanediol, butyl
ethyl propanediol, diethylene glycol, triethylene glycol, tetraethylene glycol, 1,4-butanediol,
1,4-cyclohcxanediol, or 1,6-hexanediol. The polycarbonate polyol may be obtained by
chain elongation using an isocyanate compound.

[0030] The organic polyisocyanate 1s not particularly limited by its type. Examples of
the organic polyisocyanates include 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate,
m-phenylene diisocyanate, p-phenylene diisocyanate, 4,4'-diphenylmethane diisocyanate,
2,4'-diphenylmethane diisocyanate, 2,2'-diphenylmethane diisocyanate,
3,3'-dimethyl-4,4'-biphenylene dusocyanate, 3,3'-dichloro-4,4'-biphenylene diisocyanate,
1,5-naphthalene dusocyanate, 1,5-tetrahydronaphthalene diisocyanate, tetramethylene
diisocyanate,  1,6-hexamethylene  diusocyanate, dodecamethylene  diisocyanate,
trimethylhexamethylene diisocyanate, 1,3-cyclohexylene diisocyanate, 1,4-cyclohexylene
diisocyanate, xylylene diisocyanate, tetramethylxylylene diisocyanate, hydrogenated
xylylene  dusocyanate, lysine  dusocyanate, 1sophorone  diuisocyanate, and
4 4'-dicyclohexylmethane diisocyanate. These organic polyisocyanates may be used
alone or in combination.

[0031] As described above, the coating material may further contain a polycarbonate
unit-free resin as an optional component. The polycarbonate unit-free resin further
improves the adhesion of the coating to the metal strip. The polycarbonate unit-free resin
is not particularly limited by its type as long as the resin contains no polycarbonate unit in
its molecular chain. A polycarbonate unit-free resin containing a polar group 1s preferred
from the viewpoint of further improving the adhesion of the coating to the metal strip.
Examples of the types of the polycarbonate unit-free resins include epoxy resins,

polyolefin resins, phenol resins, acrylic resins, polyester resins, and polycarbonate unit-free

urethane resins. These resins may be used alone or in combination.
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[0032] Examples of the types of the epoxy resins include bisphenol A epoxy resins,
bisphenol F epoxy resins, and bisphenol AD epoxy resins. Examples of the types of the
polyolefin resins include polyethylene resins and polypropylene resins. Examples of the
types of the phenol resins include novolac resins and resol resins. The polycarbonate
unit-free polyurethane resin 1s obtained by copolymerization of a diol and a diisocyanate.
Examples of the types of the diols include diols other than polycarbonate diol, for example,
bisphenol A, 1,6-hexanediol, and 1,5-pentanediol. Examples of the types of the
diisocyanates 1nclude aromatic disocyanates, aliphatic diisocyanates, and alicyclic
diisocyanates.

[0033] The coating material contains the polyurethane resin containing a polycarbonate
unit such that the ratio of the polycarbonate unit to the total mass of the resin contained in
the coating 1s 10 to 80 mass%. When the ratio of the polycarbonate unit is less than 10
mass%, the adhesion of a molded article of a thermopléstic resin composition to the
coating may become unsatisfactory. On the other hand, when the ratio of the
polycarbonate unit 1s more than 80 mass%, the adhesion of the coating to a metal strip may
become unsatisfactory. The ratio of the polycarbonate unit to the total mass of the coating
can be determined by nuclear magnetic resonance spectroscopy (NMR analysis) using a
sample of the coating dissolved in chlorotorm.

[0034] Preferably, the coating material further contains an oxide or a fluoride of a metal
(valve metal) selected from the group consisting of Ti, Zr, V, Mo, and W, or a combination
thereof. Dispersing the metal compound(s) in the coating can further improve the
corrosion resistance of a coated metal strip. Particularly, the fluorides of these metals can
also be expected to suppress the corrosion at a film defect arca by virtue of their
self-repairing effects.

[0035] The coating material may further contain a soluble metal phosphate or complex

phosphate, or poorly soluble metal phosphate or complex phosphate. The soluble metal

10
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phosphate and complex phosphate further improve the corrosion resistance of the coated
metal strip by complementing the self-repairing effects of the above-mentioned metal
(valve metal) fluonide(s). The poorly soluble metal phosphate and complex phosphate
disperse 1n the coating to improve film strength. The soluble metal phosphate or complex
phosphate, or poorly soluble metal phosphate or complex phosphate is, for example, a salt
of Al, Ti, Zr, Hf, Zn or the like.

[0036] The coating material may further contain an additive, such as an etching agent, an
inorganic compound, a lubricant, a color pigment, a dye or the like, as necessary. An
etching agent improves the adhesion of the coating to the metal strip by activating the
metal strip surface. Examples of types of the etching agents include fluorides such as
hydrofluoric acid, ammonium fluoride, hydrogen fluorozirconate and hydrogen
fluorotitanate. An inorganic compound improves water resistance by densitying the
coating. Examples of types of the inorganic compounds include: sols of 1norganic oxides
such as silica, alumina, and zirconia; and phosphates such as sodium phosphate, calcium
phosphate, manganese phosphate, and magnesium phosphate. A lubricant can suppress
the occurrence of galling on the coated metal strip surface. Examples of types of the
lubricants  include: organic lubricants, such as fluorine-based lubricants,
polyethylene-based lubricants and styrene-based lubricants; and inorganic lubricants, such
as molybdenum disulfide and talc. A color pigment and dye impart a predetermined color
tone to the coating. Examples of types of the color pigments include inorganic pigments
and organic pigments. Examples of types of the dyes include organic dyes.

[0037] The ratio of a nonvolatile component in the coating material 1s 5 mass% or more.
When the ratio of the nonvolatile component in the coating material is less than 5 mass%,
it becomes difficult to form a coating with a desired film thickness (0.3 um or more), and

therefore, the joinability between the metal strip and a molded article of a thermoplastic

resin composition may become unsatisfactory. From such a viewpoint, the ratio of the

11
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nonvolatile component 1n the coating material 1s preferably 5 mass% or more, and more

preterably 8 mass% or more.
[0038] [Method for Applying Coating Material]

One of the teatures of the method for producing a coated metal strip according to the
present invention 1S application of a coating material in a state where the surface
temperature of a running metal strip 1s 60°C or lower. When a coating material 1s applied
on/above a metal strip 1n a state where the surface temperature of the metal strip 18 more
than 60°C, the coating material applied on the metal strip solhidifies quickly, so that a
normal coating with high adhesion cannot be formed. The method for adjusting the
surface temperature of a metal strip to 60°C or lower 1s not particularly limited. For
example, the metal strip may be cooled by water cooling, radiational cooling, air cooling or
the like until the surface temperature of the metal strip becomes 60°C or lower. The
length of the running line, the running velocity of the metal strip, or the like 1s
appropriately adjusted. From the above viewpoint, the surface temperature of the metal
strip during the application of a coating matenal 1s preferably 60°C or lower, and more

preferably 40°C or lower.

[0039] The amount of the coating material to be applied on the metal strip 1is
appropriately adjusted so that the film thickness of a coating becomes 0.3 pm or more, 1n

accordance with, e.g., the viscosity of the coating material or method for applying the
coating material. When the film thickness of a coating 1s less than 0.3 uwm, 1t becomes
difficult to uniformly cover the metal strip surface with the coating. Accordingly, when a

metal strip and a molded article of a thermoplastic resin composition are joined, fine voids
are formed between the metal strip and the molded article of a thermoplastic resin
composition, and thus the adhesive strength of the molded article of a thermoplastic resin

composition to the metal strip may become unsatistactory. On the other hand, the upper

limit of the film thickness of the coating is not particularly limited, but preterably 20 pm or

12
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less. No significant performance improvement 1s recognized with the film thickness of
the coating of more than 20 um, and it 1s also disadvantageous in terms of production and
the cost. The method for measuring the film thickness of the coating is not particularly
limited and can be appropriately selected from methods known in the art. Examples of
the methods tor measuring the film thickness of the coating include gravimetric method,
x-ray fluorescence method and methods using an infrared film thickness meter.
[0040] The method for applying the coating material is not particularly limited and can
be appropnately selected from methods known 1n the art. Examples of the methods for
applying the coating material include roll coating, curtain flow, spraying, and dipping
methods.
[0041] 3) Third Step

In the third step, the coating material applied in the second step 1s baked to form a
coating on a running metal strip.
[0042] The baking temperature of the coating material 1s in a range of 80 to 250°C.
When the baking temperature 1s lower than 80°C, the adhesion between the metal strip and
the coating, and the joinability between the coating and a molded article of a thermoplastic
resin composition decrease, due to residual moisture in the coating, incomplete fusion
between emulsion particles in the coating material, or the like. From such a viewpoint,
the baking temperature of the coating material is preferably 80°C or higher, and more
preferably 100°C or higher. On the other hand, when the baking temperature 1s higher

than 250°C, polymerization in the coating components occurs excessively, and the
joinability between the coating and a molded article of a thermoplastic resin composition

may decrease. From such a viewpoint, the baking temperature of the coating material 1s

prefcrably 250°C or lower, and more preferably 230°C or lower.
[0043] The method for baking the coating material 1s not particularly limited, and the

metal strip having a coating material thereon may be heated using a dryer or an oven. For

13
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example, in the case of using a dryer, 1t 1s suffice to blow hot air to the coating material.

The method tor heating by the oven is not particularly limited and can be appropriately
selected from methods known 1n the art. Examples of the methods for heating by the
oven Include methods using a hot air heating system, a far-infrared system, a near-infrared
system, a high frequency heating system and a resistance heating element system.

[0044] The baking time of the coating material 1s not particularly limited as long as a
coating having high adhesion to a metal strip can be formed. The baking time of a
coating material can be appropriately adjusted in accordance with, e.g., the baking

temperature or the baking method.

[0045] 4) Fourth Step

In the fourth step, the metal strip (coated metal strip) having a coating formed
thereon 1s cooled and wound 1n a coil form.
[0046] One of the features of the method for producing a coated metal strip according to

the present invention is the surface temperature of the coated metal strip being 80°C or

lower during winding of the coated metal strip. When a coated metal strip 1s wound while

its surface temperature is more than 80°C, joining (blocking) between coated metal strips

adjacent to each other in the wound state occurs in some cases. From the above
viewpoint, the surface temperature of the metal strip during the winding is preferably 80°C

or lower, and more preferably 60°C or lower.

[0047] The temperature of the coated metal strip immediately after the baking of the

coating material 1s 80°C or higher in the third step, and therefore, the coated metal strip 1s
cooled until the surface temperature becomes 80°C or lower in the fourth step as the first

process. The method for cooling the coated metal strip 1s not particularly limited, and, for
example, the metal strip can be cooled by water cooling, air cooling, radiational cooling or
the like. For example, water cooling is performed by dipping the coated metal strip 1n

water. Air cooling is performed by blowing cold air to the coated metal strip. The

14
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coated metal strip cooled to have a temperature of 80°C or lower 1s wound on a reel.

[0048] As described above, a coated metal strip can be produced, in which the adhesion
between a metal strip and a coating 1s excellent and blocking 1s less likely to occur, by
adjusting the temperature of the metal strip during the application of a coating material and
the temperature of the coated metal strip during the winding to fall within predetermined
temperature ranges.

[0049] In the above embodiment, a method for producing a coated metal strip in which a
coating 1s formed on one surface of a metal strip 1s described. Howecever, 1in the method for
producing a coated metal strip according to the present invention, a coating may be formed
on both surfaces of a metal strip, in accordance with use. For example, by using 2-coat
2-bake type continuous coating line (CCL), after a coating 1s formed on one surface of a
metal strip in the first coater, another coating may be further formed on the other surface of
the metal strip in the second coater. In this case, a molded article of a thermoplastic resin
composition is to be joined to both surfaces of the coated metal strip.

[0050] The thermoplastic resin constituting a molded article of a thermoplastic resin
composition, which i1s to be joined to the coated metal strip produced by the above
production method, is not particularly limited by its type. Examples of the types of the
thermoplastic resins include acrylonitrile-butadiene-styrene (ABS) resins, polyethylene
terephthalate (PET) resins, polybutylene terephthalate (PBT) resins, polycarbonate (PC)
resins, polyamide (PA) resins, and polyphenylene sulfide (PPS) resins, and combinations
thereof. Among them, as described above, a thermoplastic resin containing a benzene
ring which is also included in the polycarbonate unit is preferred, and a PBT resin or a PPS
resin is particularly preferred. Further, the shape of the molded article of a thermoplastic

resin composition is not particularly limited, and may be appropriately selected 1n

accordance with use.

[0051] Hereinafter, the method for producing a coated metal strip according to the

15
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present invention will be described in detail with reference to Examples. However, the

present invention 1s not intended to be limited by these Examples.

Examples
[0052] 1. Production of Coated Metal Strip

(1) Provision of Metal Strip

As base materials to be coated for coated metal strips, two types of metal strips,
namely stainless steel strips and molten Zn-Al-Mg alloy-coated steel strips were provided.
[0053] A. Stainless Steel Strip

'As stainless steel strips, steel strips composed of SUS430 with No.4 finish, having a
thickness ot 0.8 mm, were provided.
[0054] B. Molten Zn-Al-Mg Alloy-coated Steel Strip

As molten Zn-Al-Mg alloy-coated steel strips, moiten /Zn-6 mass% Al-3 mass% Mg
alloy-coated steel strips having a coating coverage of 45 g/m” on one side were provided.
The base steel strips were cold-rolled steel strips (SPCC) having a thickness of 0.8 mm.
[0055] (2) Preparation of Coating Material

Various coating materials each having a nonvolatile component 1in a range of 4 to
60% were prepared by adding a polycarbonate unit-containing resin, a polycarbonate
unit-free resin, and various additives to water. Each coating material was supplemented

with 0.5 mass% of ammonium fluoride (Morita Chemical Industries Co., Ltd.) as an

etching agent, 2 mass% of colloidal silica (Nissan Chemical Industries, Ltd.) as an
inorganic compound, and 0.5 mass% of phosphoric acid (Kishida Chemical Co., Ltd.).
[0056] As a polycarbonate unit-containing resin, a polyurethane resin (dry solid content:
30 mass%) containing 90 mass% of polycarbonate umit, which was prepared by a resin
manufacturer as a product under test, was used.

[0057] As polycarbonate unit-free resins, were used a polycarbonate unit-free
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polyurethane resin (HUX-232; dry solid content: 30 mass%, ADEKA Corporation), an
epoxy resin (ADEKA Resin EM-0434AN; dry solid content: 30 mass%, ADEKA
Corporation), a polyolefin resin (HARDLEN NZ-10035; dry solid content: 30 mass%,
Toyobo Co., Ltd.), and a phenol resin (TAMANOL E-100; dry solid content: 52 mass%,
Arakawa Chemical Industries, Ltd.) (see Table 1).
[0058] (3) Formation of Coating and Winding of Coated Metal Strip

The following steps were performed while the metal strip was 1n a running state 1n a
continuous coating line.  Each metal strip was degreased by dipping for 30 seconds 1n a
pH 12 aqueous alkali solution for degreasing (SD-270; Nippon Paint Co., Ltd.) with a
solution temperature of 60°C. Subsequently, the degreased metal strip was allowed to
pass a water spray-washing zone to remove alkaline components from the metal strip
surface. The cleaned metal strip was then allowed to pass a hot air-dryer zone for drying
and subjected to radiational cooling as necessary, and the surface temperature of the metal
strip was adjusted to a predetermined temperature within a range ot 30 to 70°C.
[0059] A coating material was applied to both surfaces of the metal strip having the
adjusted surface temperature using a roll coater. Subsequently, without cleaned with
water, the metal strip having the coating material applied thereon was allowed to pass a hot
air-dryer zone to adjust its surface temperature (baking temperature) to 60 to 260°C for
baking the coating material.
[0060] The coated metal strip was cooled using a blower until the surface temperature
became 30 to 90°C, and subsequently wound in a coil form using a coil winding device.
[0061] Regarding each coated metal strip produced by these above steps, in Table 1 are
shown the type of the base material to be coated, the ratio of the polycarbonate (PC)
unit-containing resin, the ratio of the polycarbonate (PC) unit-free resin, the ratio of the
polycarbonate (PC) unit to the total resin mass, the ratio of the nonvolatile component 1n

the coating material, the metal strip temperature immediately before the application, the
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baking temperature, the winding temperature, the film thickness of the coating, and the

category.
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[0001] 2. Evaluation of Coated Metal Strip

(1) Evaluation for Blocking Resistance

Each coated metal strip wound in a coil form was put through a recoiling line, and
rewinding was performed at the line speed of 100 m/min. Based on the sticking state at this
time between coated metal strips adjacent to each other, the blocking resistance of each
coated metal strip was evaluated. Each coated metal strip was evaluated as “Good” when no
sticking was recognized, and as “Poor” when sticking was recognized.
[0002] (2) Evaluations for Adhesion of Coating and Joinability to Molded Article of
Thermoplastic Resin Composition

For each coated metal strip, a composite of the coated metal strip and a molded article
of a thermoplastic resin composition was prepared for use in evaluation for the adhesion of

the coating and the jointability to the molded article of a thermoplastic resin.

[0003] A polyethylene terephthalate (PBT) resin composition (NOVADURAN 5710F40;

melting point: 230°C, Mitsubishi Engineering-Plastics Corporation) was provided as the
thermoplastic resin composition. This thermoplastic resin composition contains 40 mass%

glass fiber as a filler.

[0004] FIG. 1 schematically illustrates a composite for evaluation. As shown in FIG. 1, a

test piece of the coated metal strip 10 of 30 mm width and 100 mm length was cut out from

each coated metal strip. The test piece of the coated metal strip 10 was inserted mnto an

injection molding die, and a thermoplastic resin composition in a molten state was injected

into a cavity of the injection molding die. The shape of the cavity is of 30 mm width, 100

mm length and 4 mm thickness. On one end, in the region having a width of 30 mm and a

length of 30 mm, the thermoplastic resin composition is in contact with the coated metal strip

10. The injection of the thermoplastic resin composition into the cavity is followed by

cooling solidification to obtain a composite 30 for evaluation.

[0005] Regarding each composite 30, the coated metal strip 10 and the molded article 20 of

20
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the thermoplastic resin composition were pulled in the opposite directions on the same plane

at a rate of 100 mm/min, and the strength at break (peel strength) was measured. At this
‘time, the broken portion was observed to see where the peeling was occurred, i.e., between
the metal strip and the coating, or between the coating and the molded article 20. . The
5 composite 30 was evaluated as "Poor" when the peel strength was less than 1.0 kN, as "Fair"
when the peel strength was 1.0 kKN or more and less than 1.5 kN, as "Good" when the peel
strength was 1.5 kKN or more and less than 2.0 kN, and as "Excellent" when the peel strength
was 2.0 kN or more. The composite 30 having the peel strength of less than 1.0 kN (Poor) .

was determined to be unacceptable due to its incapability of meeting for practical use.

10  [0006] (3) Results

Regarding each coated metal strip, in Table 2 are shown the category, the coated metal

strip number, the evaluation result for the blocking resistance, the evaluation result for the

peel strength and the peeling position.
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[0070] As shown in Table 2, the composite of Comparative Example 1 had a too low

ratio of the polycarbonate unit in the coating, and thus had unsatistactory joining strength
between the coating and the molded article. The composite of Comparative Example 2
had a too high ratio of the polycarbonate unit in the coating, and thus had unsatisfactory
adhesion between the metal strip and the coating. Each of the composites of Comparative
Examples 3 and 4 had a too small amount of the nonvolatile component in the coating
material, so that a thick coating could not have been formed, and thus had unsatisfactory
peel strength. Since the coating was too thin, a peeling position could not have been
confirmed. As for the composite of Comparative Example 5, the temperature ot the metal
strip during the application of the coating malterial was too high, and thus the adhesion
between the metal strip and the coating was unsatistactory. As for the composite of
Comparative Example 6, the temperature during the baking of the coating material was too
low, and thus the adhesion between the metal strip and the coating and joining strength
between the coating and the molded article were unsatisfactory. As for the composite of
Comparative Example 7, the temperature during the baking of the coating material was too
high, and thus joining strength between the coating and the molded article was
unsatisfactory. As for the composite of Comparative Example 8, the temperature of the
coated metal strip during the winding was too high, and thus blocking resistance was

unsatisfactory. Since the coating in the composite of Comparative Example 9 was too

thin, peel strength was unsatisfactory, and a peeling position could not have been
confirmed.
[0071] On the other hand, regarding each of the coated metal strips of Examples 1 to 9,

blocking resistance was excellent, and further, adhesion between the metal strip and the
coating, and joining strength between the coating and the molded article were also
excellent. Most of the peeling positions were inside the molded articles (internal break),

but peeling occurred at the interface between the coating and the molded article 1n some
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cases.

[0072] As can be seen from the above results, according to the method for producing a
coated metal strip according to the present invention, a coated metal strip can be provided,
in which a coating to be joined strongly to a molded article of a thermoplastic resin
composition is formed, the adhesion between a metal strip and the coating is excellent, and
blocking is less likely to occur.

[0073] This application claims priority based on Japanese patent Application No.

2014-227042, filed on November 7, 2014.

Industrial Applicability

[0074] The coated metal strip produced by the method for producing a coated metal strip
according to the present invention is excellent in joinability to a molded article of a
thermoplastic resin composition, and therefore, suitably used in the fields of, e.g., various

electronic devices, consumer electronics, medical equipment, automobile bodies, car

accessories, and constructional materials.
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The cmbodiments of the present invention for which an exclusive property or privilege

1s claimed are defincd as follows:

1. A method for producing a coated metal strip which has a metal strip and a
coating formed on at least one surface of the metal strip, the coating being a part to be joined to
a molded article of a thermoplastic resin composition, the method comprising:

running the metal strip;
applying a coating material containing a polyurethane resin and 5 mass% or
more of a nonvolatile component on the running metal strip 1n a state where a surface

temperature of the running metal strip 1s 60°C or lower, the polyurethane resin

containing a polycarbonate unit;
baking the coating matenal applied on the running metal strip at a temperature

in a range of 80 to 250°C to form the coating having a film thickness of 0.3 um or more

on the running metal strip;

cooling the running metal strip having the coating formed thereon until the
surface temperature becomes 80°C or lower; and
winding the running metal strip cooled after formation of the coating, wheren:

a ratio of the polycarbonate unit to a total resin mass in the coating 1s 10

to 80 mass%.

2. The method for producing a coated metal strip according to claim 1, wherein:

the coating material further contains an oxide or a fluoride of a metal selected

from the group consisting of Ti, Zr, V, Mo, W, and a combination thereof.

3. The method for producing a coated metal strip according to claim 1 or 2,

wherein:

25
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the coating material further contains one or more polycarbonate unit-free resins
selected from the group consisting of an acrylic resin, an epoxy resin, an urethane resin,
a polyolefin resin, a phenol resin, a polyester resin, a copolymer thereof, and a modified

product thereof.
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