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an inorganic powder with a new Mohs hardness of 8 to fluororesin was

proposed in Japanese Kokoku Patent No. HEI 3[1991]-14194, and a method
for imparting sufficient hardness to fluororesin films by dispersing superfine
diamond particles in the topcoating layer was proposed in Japanese Kokai
Patent No. HEI 7[1995]-67784. However, these applications, fillers are
included in the fluororesins, thus heat and moisture infiltration can easily
occur, leading to substrate corrosion and problems of layer separation
between the substrate and primer layer or primer layer and topcoating layer,

or the primer layer interior.

Thus, it is desirable that the present invention provide fluororesin
coating films with improved penetration resistance, while maintaining
excellent wear resistance. It is further desirable that the present invention
provide products having fluororesin coating films with excellent wear
resistance and improved penetration resistance.
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products havmg the above described fluororesin coating film, where a product

is a cooking utensil.

DETAILED DESCRIPTION

The fluoropolymer used in this invention is melt-fabricable
fluoropolymer. Examples of such melt-fabricable fluoropolymers include
copolymers of TFE and at least one fluorinated copolymerizable monomer
(comonomer) present in the polymer in sufficient amount to reduce the
melting point of the copolymer substantially below that of TFE homopolymer,
polytetrafluoroethylene (PTFE), e.g., to a melting temperature no greater than
315°C. Preferred comonomers with TFE include the perfluorinated
monomers such as perfluoroolefins having 3-6 carbon atoms and
perfluoro(alkyl vinyl ethers) (PAVE) wherein the alkyl group contains 1-5
carbon atoms, especially 1-3 carbon atoms. Especially preferred
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application of a primer layer is a preferred embodiment of the present
invention. A more preferred embodiment of the present invention is a
fluororesin coating film that is formed on the substrate aided by the
application of a primer layer in which the primer layer contains a fluororesin.

Furthermore, the present invention provides products or other
instruments containing the above-described fluororesin coating films. An
example of products of the present invention with such fluororesin coating film
are cooking utensils.

The fluororesin coating films of the present invention have improved
penetration resistance, while maintaining excellent wear resistance.
According to the present invention, films resistant to blisters and coating-film
peeling, and having filler evenly dispersed on the coating film surface, are
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Examples of preferred fillers with a new Mohs hardness of 7 or higher
used in the present invention include diamond powder, corundum powder,
quartz rock powder, boron nitride powder, boron carbide powder, silicon
carbide, silica powder, mica powder, and powders of chrysoberyl, topaz,
beryl, garnet, quartz, garnet, fused zirconia, tantalum carbide, titanium
carbide, alumina, tungsten carbide, etc. Of these fillers, diamond powder,
corundum powder, quartz rock powder, boron nitride, boron carbide, silicon
carbide, alumina, silica powder, and mica powder are more preferred, while
diamond powder is the most preferred. These fillers may be used alone or as
mixtures of two or more.

While there are no special restrictions on the particle size of the fillers
having a new Mohs hardness of 7 or higher, those with a maximum particle
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tetrafluoroethylene homopolymer (PTFE) and/or modified PTFE containing
less than 1 wt% of a modifier such as hexafluoropropylene (HFP),
fluoroalkoxytrifluoroethylene, fluoroalkylethylene, chlorotrifluoroethylene, etc.
It is known that, in general, the penetration resistance improves with
increasing crystallinity of the coating film. Thus, when the intermediate
coating layer contains PTFE and/or modified PTFE, the average spherulite
diameter of the intermediate coating layer decreases, raising the crystallinity,
with the intermediate coating layer which greatly contributes to the
penetration resistance of the fluororesin coating films of the present invention.
Thus, the inclusion of PTFE and/or modified PTFE in the intermediate coating
layer is a preferred embodiment of the present invention.

The PTFE and/or modified PTFE included in the intermediate coating

layer can be obtained, e.g., by the radiochemical or thermal decomposition of
PTFE of a molding powder, fine powder, etc., or TFE polymerization in the
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An example of a preferred embodiment for forming the fluororesin
coating films of the present invention, is to apply a primer as an undercoating
to enhance the adhesion between the fluororesin coating material and
substrate, dried, coated with a fluororesin powder coating material as the
intermediate coating layer, baked to form the intermediate coating layer,
coated with a topcoat powder coating material, and baked again.

Such fluororesin coating films of the present invention can be formed
on various product surfaces. The resulting fluororesin coating films of the
present invention have improved penetration resistance while an excellent

- wear resistance is maintained, thus products having the fluororesin coating
films of the present invention have excellent durability.

The fluororesin coating films of the present invention display their
characteristics in particular when used on cooking utensils. The cooking
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Methods used for measuring the properties of the present invention

are described below.

(1) New Mohs hardness
The new Mohs hardness of each filler is determined according to the
materials list known in the art, and the MSDS specifications of each filler.

(2) Average particle diameter

Each filler was measured for the size profile by the wet laser
diffraction-scattering method (wet method) using the Microtrack MT3000
(manufactured by Nikkiso Co.), with the numerical value of 50% of the
diameter being given as the average particle diameter.
(3) Maximum particle diameter
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The coating was dried with hot air at about 120°C for 10 min and
coated with a powder coating material for intermediate coating a post-baking
thickness given in Table 1 to form an intermediate coating.

The intermediate coating was topped with a powder coating material
and baked at 400°C for 20 min to obtain a topcoating. The topcoating
thickness is given in Table 1.

3. Property testing

The test plates obtained were evaluated for corrosion resistance as a
measure of the penetration resistance and wear resistance by the methods
given below.

Results are given in Table 1.
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Wea{r‘? §isf&|n%e A test plates were prepared by the
procedure grven bel ow using the
Evaluated with the thrust-type friction wear testing method (JIS K-

7218)

The tester used was EFM-III-EN, manufactured by Orientech Co. The
counter part was an iron cylinder with an outer diameter of 25.6 ¢, internal
diameter of 20.0 ¢, and cross-sectional area of 2 cm?.

The wear test piece made contact with the counter part cylinder,
rotated at a sliding speed of 500 m/sec for 2 min at room temperature under a
zero load, then under a 10 kgf load for 10 min, and the loss by wear was
measured.

Application Examples 3 and 4

A test plate with layer thicknesses shown in Table 1 were prepared
similarly as in Application Example 1 using, as the powder coating material
for the topcoat, a PFA powder coating material MP102 mixed with glass
flakes with a new Mohs hardness of 7 in a 99:1 weight ratio.

The test plates obtained were subjected to the property evaluation
similarly as in Application Example 1. Results are given in Table 1.

Application Example 5
A test plate having the layer thickness shown in Table 1 was prepared
by repeating Application Example 1 using an intermediate coat powder
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new Mohs hardness of 7 in a weight ratio of 99:1.
The test plate obtained was tested for properties similarly as in
Application Example 1. Results are given in Table 1.

Comparative Example 1

A test plate having the layer thickness shown in Table 1 was prepared
by repeating Application Example 1 using the PFA powder coating material
MP-102 (manufactured by Mitsui-Dupont Fluorochemicals Co.) for a one-
layer coating, without the intermediate coat.

The test plate obtained was tested for properties similarly as in
Application Example 1. Results are given in Table 1.

Comparative Example 2

A test plate having the layer thickness shown in Table 1 was prepared
by repeating Application Example 1 using an intermediate-coat powder
coating material containing the PFA powder coating material MP-102
(manufactured by Mitsui-Dupont Fluorochemicals Co.) and diamond micron
powder (UF-445, manufactured by Diamond Innovation Co.) with an average
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by repeating Application Example 1 using an intermediate-coat powder
coating material containing the PFA powder coating material MP-102
(manufactured by Mitsui-Dupont Fluorochemicals Co.) and mica flakes
(Iridion 153, manufactured by Merck Co.) with an average particle diameter of
40 pm in a weight ratio of 99:1, and a topcoat powder coating material
containing the PFA powder coating material MP-102 and diamond micron
powder (UF-445, manufactured by Diamond Innovation Co.) with an average
particle diameter of 3 um in weight ratio of 99:1

The test plate obtained was tested for properties similarly as in
Application Example 1. Results are given in Table 1.

Comparative Example 5

A test plate having the layer thickness shown in Table 1 was prepared
by repeating Application Example 1 using the PFA powder coating material
MP-102 (manufactured by Mitsui-Dupont Fluorochemicals Co.) mixed with
glass flakes with a new Mohs hardness of 7 in a weight ratio of 99:1 for one-
layer coating, without the intermediate coat.
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UF-445) wth an average particle dianeter of 3 m”qMmin a
wei ght ratio of 99:1 . The test plate obtai ned was

W0 ewbaBstoOr properties simlarly as in Applicar¢DOnS2006/014804
Exanple 1. Results are given in Table 1. Application
Exanple 6 A test plate having the |ayer thickness
shown in Table 1 was prepared by repeating Application
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fl akes with a new Mohs hardness of 7 in a weight ratio
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properties simlarly as in Application Exanple 1.
Results are given in Table 1. Conparative Exanple 1 A
test plate having the |layer thickness shown in Table 1
was prepared by repeating Application Exanple 1 using
t he PFA powder coating material MP-102 (manufactured
by M tsui-Dupont Fluorochem cals Co.) for a onel ayer
coating, without the internediate coat. The test plate
obt ai ned was tested for properties simlarly as in
Application Exanple 1. Results are given in Table 1.
Conparative Exanple 2 A test plate having the |ayer
t hi ckness shown in Table 1 was prepared by repeating
Application Exanple 1 using an internedi at e-coat
powder coating material containing the PFA powder
coating material MP-102 (manufactured by M tsui-Dupont
Fl uorochem cals Co.) and dianond m cron powder
(UF- 445, manufactured by Dianond I nnovation Co.) with
an averageparticle dianmeter of 3 mMmin a weight ratio
of 99:1, and using the PFA powder coating nmateri al
MP-102 al one for a topcoat.
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The test plate obtained was tested for properties
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MP-102 (manufactured by M tsui-Dupont Fluorochem cals

Co.) mxed with glass flakes with a new Mohs hardness
w®@R006/11383@ wei ght ratio of 99:1 for onel ayer CcPEL/USIYPN6/014804
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that fall within the spirit and broad scope of the
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fluororesin coating filmconprising at |east two

| ayers formed on a substrate, said | ayers consisting

of at least one layer conppiapeg a filler with a new

Mohs hardness of 7 or higher and nelt-fabricable
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4. The fluororesin coating film according to Claim 2 or 3,
characterized in that the fluororesin coating film formed on the substrate
aided by the application of a primer layer.

5. The fluororesin coating film according to Claim 4, characterized

- in that the primer layer contains a fluororesin.

6. A product having a fluororesin coating film described in any of
Claims 1,2, 3 or 5.

7. A product according to Claim 6, wherein the product is a cooking
utensil.

8. A product having a fluororesin coating film according to claim 4.
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