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excl ude fluoropolyner. Wen |arge ceramc particles
(average size of at least 10 microneters) are 30 used
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EXAMPLES 20A 3-coat non-stick systemrepresentative
of the invention is sprayed onto test pans of snooth

hat have been treated only by washi
WoumAYi,] ha ﬂglh/fés%omosm

renove grease but not nechanically roughened.

aqueous di spersion conpositions of the priner,

m dcoat and topcoat are listed in Tables 1, 2 ,3 and
4 respectively. W) 2007/ 114941PCT/ US2007/ 008482

Ta?rﬁésv%émr p@é’@&% :hb@%%lcﬁcorﬁpoéﬂg%%&%e??%nqgt(‘f‘zom

W rmrwm mtr "’rﬁaﬁ %‘@5)#?%&? (B309); FHrepnigm m@_qmmn)

Sttt 66vics (fb) OtaBind3nidd (7] BRIAM Bibldd (Boo);

Pg‘ngMi:ren cal%sde 880) al%x?mr%g (280225) Zirconium carbide (2150);
titanium carbide (2470); silicon carbide (2500); aluminum boride {2500);
titanium boride (2850). it is thus apparent from the foregoing examples of
the ceramic from which the large ceramic particles used in the present

_ invention are made, that the ceramic is an inorganic compound, not a
single element. The ceramic might also be considered as an oxide,
nitride, boride, or carbide of a metal element, The large ceramic particle
component of the composition used in the present invention can be
particles of a single ceramic or a mixture of particles of different ceramics.
The preferred large ceramic particle is SiC. Ancther preferred large
ceramic particle is Al,O3. 7

In accordance with the present invention, the large: ceramic
partac!es are present in the avercoat and are also preferably present in the
primer layer.

The amdunt of large ceramic particies présent in the overcoat layer
is that which is effective to increase the abrasion resistance of this layer
preferably by at least 20% greater than the abrasion résistance of the
layer, but without the presence of the large ceramlc partlcles More
preferably, the large ceramic particles are present in an effective amount
o mc{ease the abrasion resistance by at least 50%, and even more
preferably by at least 100% as compared to thé layer without the large
ceramic particles. The amount of flucropolymer that is present in the
overcoat layer is at least sufficient (effective) amou nt to provide a
continuous film upon baking of the layer, wherein the flucropolymer forms
a matrix within which is dispersed the large ceramic particles. Significant
improvement in abrasion Tesistance is obtained when the content of large
ceramic particles is at least about 3 wt% based on the combined weight of
the large ceramic particles and the flucropolymer in the overcoat layer that
contains both of these components, preferably about 3 to 40 wt% based
on the combined weight of the large ceramic particles and ﬂuoropolymer in
the layer, the fluoropolymer content thereby bemg 96 to 60 wi%. This

-8-
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SOOI UM POLYNAPTHALENE SULFONATE 0.19 .68 0.00 0.00
0.16 0.81 PTFE 4.19 15.19 4.78 23.18 0.00 0.00 PEA

51.2.36 11.46 0.00 0.00 NONI ONI C SURF g2
%0%07@1‘%%‘0 67 0.00 0.14 0.00 M CA 0.00 0.00 0. 05 34

0.00 0.00 METHYL PYRROLI DONE 2.78 0:00 3.07 0.00

amount of fluoropolymer is sufficient to provide the film desired upon
baking of the coating obtained from the composition. Mpre preferably, the
large ceramic particles constitute abouf 5 — 40 wi%, most preferably abou‘t
5 to 20 wt%, both based on the combined weight of these particles and the
flueropolymer in the Iayer'that contains both of these éomponents, the '
_ fluoropolymer content thereby being 95 to 60 wt%. These proportions of
large c_éraim‘ic particles and fluoropolymer apply io each of the particle
sizes for the large ceramic particles disclosed above.

Additional components may be present in the overcoat layer of the
non-stick coating used in the present invention. For example, the avercoat
fayer may contain small particle size inorganic film hardener, i.e. inorganic
film hardener having an average particle size of less than 5 micrometers,
preferably less than about 3 micrometers, and more preferably less than
about 1 m'icrometer: The identity of the small particle size inorganic film
hardener can be the same as for the farge ceramic particies except that

. the large and small particles do not have to have the same particle

ldentity The presence of the small particles of | lnorgamc film hardener
tends not fo increase the abrasion resistance of the non-stick coating
obtained from the composition used in the present invention, but does
increase ’che’ha;rdness of the coating and thereby its d;urébility against .
scratching. Thus, the overcoat Iéyer used in the present invention can
contain 0 to about 30 wt% of the small partibies of inorganic film hardener.
Preferably about 5 to 30 wt% of these small particles are present, based
on the combined weight of large ceramic particles, flusropolymer, and
small particles of inorganic film hardener in a single layer, more preferably
about 8 to 20 wt%.

The overcoat layer used in the present invention preferably
contains no, i.e. is free of, adhesion promoter, An adhesion promoter is a
material normally present in the primer layer to adhere the primer layer to
the uncoated subsirate, such as of metal, glass or ceramic material. The
fluoropolymer, because of its non-stick property does not adhere to the
" uncoated substrate and thus does not perform the adhesion promoter

function. The fluoropolymer present in the ovércoat layer is also not an
adhesion promoter, notwithstanding that this fluoropolymer wili adhere this

-9-
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layer to an adjacent layer that contains flucropolymer during the baking
process, i.e. to provide intercoat adhesion. A small arhox,xnt of adhesion
promoter can be present in the overcoat composition used in the present
invention, however, 1o obtain intercoat adhesion when the laver onto which
the overcoat composition is coated does not contain flucropolymer. Since
the pre'sence of adhesion promoter in the layer formed from such
composition.tends {a) to detract from the non-stick property of the exposed
surface of such layer and (b) increases the difficulty in the spray
application of the composition in the form of an aqueous dispersion, the
amount of adhesion promoter should be as small as possible. Préferably,
the amount of adhesion promotef'present in the composition, if present, is
no greater than about 8 wt%, more preferably no greater than about 5
wt%, based on the weight of the flucropolymer in the overcoat layer. The
composition can also be substantially free of adhesion promeoter, i.e.
containing less than 2 wi%, preferably less than 1.5 wt%, and more
preferably less than 1 wi% adhesion promoter, these weights being based

- on the weight of the fluoropolymer in the compdsition.

The adhesion promoter is generally does not contain fluorine.
Typicéal adhesion promoters are those used in primer layers, such as
colloidal silica and/or thermally stable polymers, typiééll'y called polymer
binders. While the polymer binder is generally non-fluorine containing, it

adheres fo the ﬂuoropdiymer as well as the substrate to which the primer

is applied. inthe present case, the adhesion promoter premotes intercoat
adhesion, especiélly when the primer, while containing polymer binder,
contains no fluoropolymer. Preferred polymer binders are those that are
soluble or solubiiized in water or a mixture of water and organic solvent for
the binder, which solvent is miscible with water. This solubtlity aids in the
blending of the binder with the fiuoropolymer component in the agueous
dispersion form.

An example of the binder component is polyamic acid salt, which -
converts to bolyamideimide (PALI upon baking of the éomposition. This
binder is preferred because in the fully imidized form obtained by baking
the polyamic acid salt, this binder has a continuous service temperature in
excess of 2560°C. The polyamic acid salf is generaily available as

-10 -
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69.47 0.00 69.97 0.00 TRI ETHANO Al
0.01 0.00 0.00 0.00 0.01 0.00 FURFURYL ALCOHOL. 3.58
0.00 4.01 0.00 3.76 0_00 DI ETHYLAM NOETHANCL

polyamic acid having an inherent viscosity of at least 0.1 as measured as
a 0.5 wi% solution in N,N-dimethylacetamide at 30°C. ltis dissolved in a
coalescing agent such as N-methylpyrrolidone, and a viscosity-reducing
agent, such a furfuryl alcohol and reacted with tertiaryf amine, prefel;ably
triethylamine, to form-the salt, which is soluble in water, as described in
greater detail in U.S. Pat. 4,014,834 (Concannon). The resultant reaction

" medium containing the polyamic acid salt can then be blended with the

fluocropolymer aqueous dispersion, and because the coalescing agent and
\rigdosity-reducing' agent are miscible in water, the blending produces a
uniform coating composition. The blending can be achieved by simple
mixing of the liquids together without using excess agitation so as to avoid
coagulaﬁon of the fluoropolymer aqueous dispersion. Examples of other
binders suitablé for use with the present ihvention Include polyamideimide
(PAl), polyimide (P1), polyphenylene sulfide (PPS), polyether sulfone
(PES), polyarylene-etherketone, polyetherimide, and poly(1,4(2,6-
dimethylephenyl) oxide) commonly known as polyphenylene oxide (PPO).
All of these resins are thermally stable at a femperature of at least 140°C.
Polyethersuifone is an amorphous polymer having a sustained use
temperature (thermal stability) of up to 190°C and glass transition
temperature of 220°C. Polyamideimide is thermalty stable at temperatures
of at least 260°C and melts at temperatures of at least 290°C.
Polyphenylene sulfide melts at 285°C. Polyaryleneethér-ketones are
thermally stable at temperatures of at least 250°C and meit at
temperatures of at least 300°C. '

For simplicity, only one polymer binder may be used to form the
adhesion promoter component, if present, of the overcoat layer. However,
multiple polymer binders are also contemplated for use in this invention.
This is particularly true for the use of polymer binder in the primer layer.
Preferred pb!ymer binders_ are at least one polymer selected from the
group consisting of PAl, PES, and PPS. This preference appliés the
polymer binder used in the primer and in the overcoat, if adhesion

promoter is present in the avercoat.

11 -



10

18

20

25

30

0.66 0.00 022 0.00 0.78 0.00 TRI ETHYLAM NE 1.31 0.00
1.44 0.00 1.57 0.00 Total 100.0 100.0 100.0 100.0

0 Primer A has both fl uoropol _
véﬁ %)09/&)&991 . ﬁ[gs;iﬁlng/roos:tsz

rimer B has fluoropolyner, 5 but no SI
C has SIC but no fluoropolyner. WO
2007/ 114941PCTf US2007/ 008482 Table 2 - M dcoat
Conpositions A, B Ingredients wt% M dcoat A M dcoat

BVt TRE ndhtstik)coalthg e e ﬁres%ﬂﬁ%hﬂgn may contain other
f Her materials having a Knoop hardness vaiue of less than 1200 in one or
more fayers making up the non-stick coating. Suitable additional fillers
include glass flake, glass bead, glass fiber, aluminum or zirconium silicate,
r_'nica, metal flake, metal fiber, fine ceramic powders, silicon dioxide,
barium sulfate, talc, etc. that might be used |n t‘he primer, overcoat and/or
topcoat layers. The non-stick coating may also contain pigment, the
amount of which will depend on the color desired and the pafticular
plgment being used. The pigment can be present in any of the primer,
overcoat and topcoat layers (compositions) used in the present invention.

Each of the layers of the non-stick coating'of the present invention

can be applied sequentially to the substrate by conventional means,

. preferably in the form of a liquid medium, and more preferably wherein the

liquid of the medium comprises water and the compo§itibn being applied
to the substrate is an aqueous dispersion. The primer can be any of the -
primers disclosed in the brior art,.typi'caliy containing adhesion promoter,
such as described above and fluoropolymer as the essential ingredients.
Multiple polymer binders can be used in the primer, especially when -
certain end-use properties are desired, such as flexibility, hardness, or
corrosion protection. Common cbmbinafion‘s include PAl /PES, PAI/PPS
_and PES/PPS. The adhesion promoter in the primer may also include a
combmatson of different adhesion promoters, e.g. colioidal silica and -
polymer binder. .

The primer contains adhesion promoter and the adhesion
promoters described above as possibly being used in the overcoat can be
used in the primer. The preferred adhesion proh‘loters used in the p'ri'mer
include at least one of PAIL, PES, and PPS. The primer may or may nof,
however, contain large ceramic particles and may exclude fluoropolymer.
When large ceramic particles (average éize of at ieast 10 micrometers) are -
used in the primer layer, tl’iey‘are brésent in an effective amount to
increase the abrasion resistance (dry SBAR) of the non-stick coating
wherein the overcoat also contains the large ceramic particles. Typically,
this will require the presence of at least 3 wit% of the large ceramic -
particles in the primer layer, based on the total weight of the primer layer

-12-
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(dry solids basis). The primer layer may also contain up to 60 wt% of the
large ceramic particles, based on the weight of the primer layer (dry solids
basis). The primer layer may also contain 'inorganic film hardener having
an average particle size of less than 5 micrometers as described above.
The use- of a fluoropolymer in the primer layer is preferred, but is not
necessary for the practice of the present invention. Thus, the primer can
be substantlal!y free of ﬂuoropolymer i.e. will contain Iess than 10 wt% of
fluoropolymer, preferab!y less than 5 wi% of ﬂuoropolymer based on the -
weight of solids in the primer layer composition. The reference to solids
weights herein refers to weight after baking.

Generally, the fluoropolymer will comprise 10 - 45 wt% of the primer
layer, when present in the primer layer, at least 70 wt. % of the midcoat -
layer, and at least 90 wt% of the overcoat layer. All of these weight '
percentages are based on solids. : ‘

Spray énd roller applications forming each layer are the most
convenient apblication methods, depending on the substrate being coated
with primer. Other well—knoWn coating methods including dipping ahd coil
coating are suitable. The overcoat can be applied by conventional
methods onto the primer layer prior to its drying. However, when the -
primer and overcoat compositions aré aqueous diépersions, the overcoat
composition can be applied to the primer layer preferébly after drying to
touch. The same is true for application of the topcoat layer to the |
overcoat, which than becomes the midcoat layer of the non-stick finish.
The topcoat composition can be any of the published topcoat
fluoropolymer compositions. When the primer layer is made by applying
the primer composition from ah organic solvent, and the overcoat layer is

. appfied from an aqueous medium, the primer layer should be dried so that

all water-incompatible solvent is removed before application of the
overcoat. The adhesion properties of the primer fo the substrate and
intercoat adhesion will manifest themselves upon drying and baking of the
overcoat layer together with the drying and baking of the primer {presence
mandatory) and topcoat (optionally present) fo form the non-st:ck finish on
the substrate

-13-
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ARQOVATI C HYDROCARBON 2.48 0.00 2. 73 0.00 CARBON BLACK
1.05 2.45 1.14 2.98 ULTRAMARI NE BLUE PI GVENT 0. 28

‘g?g&agb%%ol 32 ALUM NUM OXI DE 6. 56 15. 36 O. ng(‘ll?li§907/008482

.00 .4.56 11.97 CERI UM OCTOATE 0. 4
0.54 1.41 HYDROXYPROPYL CELLULGCSE 0.02 0.00 0.00 0.00
NONI ONC SURFACTANT 3. 74 0.00 4.02 0.00

The resultant composite layered structure can be baked to fuse all
the coatings at the same time to form a non-stick ﬁnish on the substrate.
When the fluoropolymer is PTFE, a quick high bake temperature is '
preferred, e.g., for 5 min. at a temperature starting at 800°F (427"0) and
rising to 815°F (435°C). When the ﬂuoropolymer in the primer or the
overcoat is a blend of PTFE and FEP, e.g., 50 - 70 wt% PTFE and 50-30
wi% FEP, the bake temperature may be reduced to 780°F (41 5*’0), rising
to B00°F (427°C) in 3 minutes (total bake time). :

The resultant coated substrate preferably has a primer layer that is
no greater than 0.6 mils (16 micrometers) thick, more preferably 0.3 to 0.5
mils (8 - 13 micrometers) thick. Preferably the midcoat layer is thicker
than the primer layer and is maore preferably at least 50% thicker. The
midcoat layer thickness after baking can be 0.5 to 1.0 mils (12.5to 15
micrometers) thick. Aﬁer baking the midcoat (layer) preferably has a
thickness that is greater than the minor dimension of the ceramic particles
present in the midcoat and less than the major dimension of these
particles. Preferably the midcoat layer is 0.6 to 0.9 mils (15 -23
micrometers) and the tfopcoat layer is 0.2 to 0.5 mils (5 - 12 micrometers)
thick. The thickness of the layers that contain large ceramic particles is
measured by the eddy-current principle (ASTM B244) after baking. The:
eddy current values reflect an average of values across the substrate

. including the height of large particle and the depth of the valleys between

particles. This method is further described under Test Methods as applied -
1o the building-up of the layers of coating on a substrate in the formation of
the non-stick coating. The primer layer thickness can also be measured

. on the baked non-stick coaﬁng by sectioning the coated substrate, e.g.

frying pan, and measuring the thickness from a micrograph obtained from
a scanning electron microscope (SEM). By using SEM, a distinction can

be made between the height of the large particles and the depth of the

valley between particles. SEM values that report the primer thickness in

the valley between particles are about 50% of reported eddy current

values.

-~ The substrate used in the present invention can be a metai or
ceramic, examples of which include aluminum, anodized aluminum,

- 14 -
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WATER 38.97 0.00 41.94 0.00 TRI ETHANOLAM NE 3. 90 0. 00
4.27 0.00 DI ETHYLAM NOETHANCOL 0.00 0.00 .0.08 0.00

WEE’&MMPXBRQJDONE 0.00 0.00 .0.30 0.00 FURFU%Tmszoomos:;sz

ALCOHOL 0. 00 0.00 0.37 0.00 TRI ETHYLANI | NE 0.00 0. 00

0.15 0.00-Total 100.0 100.0 100.0 100.0

cold-rolled steel, stainiess s{eel enamel, glass, ‘and pyroceram. These
materials may form the entire substrate or in the case of composite '
materials, Just the surface of the substrate. The substrate can be smooth,
i.e. having a surface profile of less than 50 microinches {1.25 micrometers)
as measured by a model RT 60 surfacé tester made by Alpa Co. of Milan,
Italy, and needs to be clean. For pyroceram and some glass, improved _
results are obtained by activation of the substrate surface such as by a
slight chemical efch, which is not visible to the naked eye, i.e., the surface
is still smooth. The substrate can also be chemically treated with an
adhesion agent such as a mist coat of polyamic acid salt, such as .
disclosed in U.S. Pat. 5,079,073 to Tannenbaum.

Products having non-stick finishes of the present invention include
cookware, bakeware, rice cookers and inserts therefor, water pots, iron .
sole plétes, conveyors, chules, roll surfaces, cutting blades, etc. - |

' TEST METHODS

Dry SBAR Test: . _
A non«stickfpoéted substraie is evaluated for abrasion resistatnce of

the non-stick coaﬁngé using the SBAR test. This test is based on the
British Standard Specification for cookware BS 7069: 1988 in which the
coating 'system is subjected to an abrasive pad attached on a vertical arm
with reciprocal horizontal movement. The apparatus performs an arm
reciprocal horizontal movement of 100 mm £ 5 mm (4 in. +/- 0.25 in.) from
cylinder center at an average spaed of + 10 m/min. The abrasive pad (3M
Scotch-Brite 7447) is a random nylon web impregnated with phenolic resin ;
and aluminum oxide is secured to the cylinder and loaded to apply a total h
force of 15 N (mass of arm + dead weight =4.5 kg or 10 Ibs) on the |

" coating. The test sarnple'is prepared by coating a substrate as explained

in the Examples with drying and baking as specified.

The coated substrate is tested as prepared, without washing. The
coated substrate is fixed on a fixed support and the ioaded abrasive pad is
applied on the non-stick surface. The specimen is kept stationary and
the abrasive pad arm is moved backWards and forwards over a distance of
50 mm + 2.5 mm (2 in +/-0.1in) on both sides of the cylinder center point.
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"M dcoat A contains no SIC, and M dcoat B cont ai ns

SIC. Table 3- M dcoat Conpositions C - Al kl coat C

“kﬂ’g&’%h" M dcoat E M dcoat F M dcoat O M do%%‘érf@zommos-ssz

coat M dcoat J Type SIC F1000-0 (5-7p
(25.8) P320 (46.2) P1200 (15.3) P600 (25. 8) P600

- (25.8) P600 (25.8) P600 (25.8) Ingredients W% Wt

Wet ~ Wt
The abrasive pad is turned after 250 cycles and renewed after
another 250 cycles. This procedure is continued until metal is visible and
then the number of cycles for coating breakthrough is i'ecorded. Coating

 breakthrough is the final point of the test.

Release Test

The non-stick-coated pan is heated fo a range of from 374°F
(190°C } to 392°F (200°C ) and maintained in this temperafure range as’
meastired by a contact pyrometer on the substrate suiface throughout the
testing. An egg is fried in an unseasoned pan. To conduct the test an egg
is broken over the pan and cooked for 3 minutes. The egg is-!iﬁed With a
spatula and the pan is tilted to aflow for the egg to slide. The ease with
which the egg slides is assessed. The panis returned to the burner and

- the egg is turned over. The yolk of the egg is broeken with a spatula and

the egg is cooked for 2 more minutes. The egg is again lifted with a
spatula and the ease with which the spatula removes the egg from the

- non-stick coating is release rating for the coating. This release test is

repeated after each 7500 cycles of the SBAR test performed on the non-
stick coating. For all of the non-stick coatings of the following Examples,
including the Comparativé coatings, the egg was easily removed from the
non-stick surface by the spatula through the life of the coating in the SBAR
test, up to the time of the metal of the substrate first becoming visible. The
exception to this observation is the non-stick coating of Example 12in _
Table 8, wherein the release started to deteriorate at 45000 cycles.
Dried Film Thickness (DFT) _

The baked coating thickness is measured with a film thickness

instrument, e.g., Fisherscobe, based on the eddy-currént principle (ASTM
B244)., Because o% the presence of large particles in the coatings, the
thickness determination is done on coupons placed in the pan. To
prepare the coupons one coupon is attached to the ;méta! pan and two

- adjacent spots are taped prior to any application of the coating. The

primer is applied as specified in the examples and one tape is removed to
expose bare metal over which a second coupon is placed. The midcoat is
s‘ubéequentiy applied and the second tape is removed to expose over
which a third coupon is applied. Measurement of the first coupon provides

-16 -



Wet Vet Wet Wet Wit SIC 5.50 5.50 5.50 5.50 1.74
15.40 3.55 5.43 Mdcoat A 94.50 94.50 94. 50 94.50

60 96 _45 94.57 Mdcoats C, D, E, F’Pﬁﬁgszéﬁwooswz
vg@n‘ﬁ’g'iﬁr?%a]bout the same anount of SIC, but of

di fferent average particle size. Mdcoats G H, and I
contain the sane 10 average particle size SIC but in
different anounts. WD 2007/ 114941PCT/1JS2007/ 008482

PRI bRr S G i BReT T pE R gt ipboat
Measurement of the second coupon provides thickness of the midceat and -
topcoat. Measurement of third coupon provides thickness of the topcoat.
Individual values for primer thickness and midcoat thickness are
calculated by subfraction. Primer thickness is determined by subfracting '
the value of the thickness of the second coupon from the first coupon.
Midcoat ﬁ1ickness is determined by subtracting the thickness of the third
coupon from the second coupon. ’
Fluoropolymer

PTFE disbersion' DuPont TFE fluoropolymer dfépérsion with a
solids content of from 59 - 61wt% and RDPS of from 170 - 210
nanometers. PTFE fluoropolymer dlsperslon grade 30, is avaitable from
the DuPont Company, Wilmington, DE.

FEP dispersion: TFE/HFP flucropolymer dlSpEl’SIOﬂ with a sohds
content of from 54.5 - 56.5 wt% and RDPS of from 150 - 210 nanometers,
the resin having an HFP content of from 9.3 - 12.4 wit% and a melt flow
rate of 11.8 - 21.3g /10min measured at 372°C by the method of ASTM D-

' 1238 modified as described in U.S. Patent 4,380,618,
PFA dispersioh: DuPont PFA fluoropolymer dispersion with a solids
content of from 58-62 wt% and RDPS of from 185 - 245 nanometers, the
resin having an PPVE content of from 2.9 - 3.6 wi% and a melt flow rate of
1.3 -2.7g / 10 min measured at 372°C by the method of ASTM D-1238
modified as described in U.S. Patent 4,380,618. PFA ﬂuorobolymer
dispersion grade 335, is avajlable from the DuPont Company, Wilmington,
DE. |

- Polymer Binder

PALl is Torlon® Al-10 poly(amide-imide) (Solvay Advanced
polymers), a solid resin (which can be reverted to polyamic salt) containing
6-8% of residual NMP, '

Poiyamic acid salt is generally available as 'polyamic écid having an
inherent viscosity of at least 0.1 as measured as a 0.5 wi% solution in
N,N-dimethyfacetamiqe at 30°C. itis dissolved in a coalescing agent such
as N-methyl pyrrolidone, and a viscosity reducing agent, such as furfuryl
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2.09 4.89 PTFE 39.68 92.91 OLEIC ACID 1.21
M CA/ 1102/ TI N OXI DE 0. 37 0.87 DI ETHYLENE GLYCOL

ETHER 2. 41 AROVATI C HYDROCARBON 2.
'ﬁg‘?aﬁ;l\ﬂ%OME 0.57 1.33 NONIONI C SURFACTANT ‘%.5‘{3%32"“7’008482
WATER 36. 29 TFUETHANOLAM NE 4.58 Total 100.0 100.0

The prinmer is sprayed onto the al um num substrate and
dried at 150 F (66 C) for 10 m nutes. The mdcoat is

SRS AT B S B ThEPERRR o i

: cthet satgwhishfis sotuble inywatpraas 888¢FideiiB@rebtar dbail in U. S.

t 800 F-(427 O f 5
%‘gi &th%éjd]ﬁ?%%(r:ng]gw?ng film t(hl cknzessoz DFT) for
p$|lzgg n CJarbidécoat / topcoat is determ ned by coupons
[ d al i hed .
I ganehepRertbEupRiat BE ElolordRpiifis JCembies Gaon
nﬂE&K)(ML&uehrﬁsrﬁaanyosmeuers) /[ m dcoat 0.62 - 0.82 '
L S e PO S

PP esemted2618 £hﬁnto?&h@l%rbﬁbékﬁg‘éf]§§lﬁlél% Ry asi on
resi stance_of the 3-coat systemw th varying anounts

RN d*} Zes 380 SIS pisrometers averagr patigiaizeof t he

10 CPaZIHS SYBIRIY SficrohldtlsRRrSdk baitteidPdile

15

20

F1000-D = 5-7 micromelers average particle size _
The aVerage particle size is measured by sedimentation using FEPA-
Standard-43-GB 1984R 1993 resp. 1SO 8486 accordmg to information
provided by the supplier.

Aluminum Oxide

Aluminum oxide (small particles) are supplied by Aluminum ‘
Corporatidn of America — Grade SG A-16 with an éve_rage particle size
0.35-0.50 micrometers.

’ EXAMPLES |

A 3-coat non-stick system representative of the invention is
sprayed onto test pans of smooth aluminum that have been treated only
by washing to remove grease but not mechanically roughened. The
équeous dispersion compositions of the primer, niidcoat and topcoat are
listed in Tables 1, 2 ,3 and 4 respectively.
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15 are subjected to dry SBAR testing to eval uate
abrasion resistance. SIC particles in tPe m dcoat - %

' Abrasion test results of a 3-
“592 gﬁ?ﬁlﬂth SiC particles in the m dcoat arelg o\/vsnmiwr/{)08482
Table 5. The SiC particle size is maintained at 25.8
mcroneters while the %weight is varied. Great
i mprovenent in dry 20 SBAR results is seen even with
smal | amounts if SIC and increases with higher
| oadi ng of SIC particles. No SIC particles are

-present in tapke inePringeCdmbbsiBensA, B, ¥eH C

[oa}

2007/ 344941 RPCT US2007/-008482—Table Perfornmance
based—on—SHETEE g in M-deoat r;_ 1123
4 Dryf SBAR K cycle avg. 1-1-26.5 B5 4731 0 W3 FA"SE g )
i Wet | B3 EoWahglpP! 47p8vy
i i 0 oLfigmer8l 0o
523[ 083 411
3 : 2382 565| 27.45
SODIUM POLYNAPTHALENE G.19] @8 0.00[  G.00] 048] ©.81
SULFONATE
BTEE 4139] 1549 478| 2318 0.00] 0.00
PFA ' : 207| 751  2.38] 1148 0.00] ©0.00
NOMIONIC SUBFACTANT 0,95/ 0.00 0.67] 000]  0.14] 0.00
WICA — 800 0.00] 608|324 000 0.0
[METHYL PYRROLIDONE 2.78] 0.00 3.07] 0.0 333 0.00
CARBON BLACK 631 143 0.00] G.00 627] 1.32
ULTRAMARINE BLUE PIGMENT 1.76] 6.38 722 3502 155 7.65
ALUMINUM OXIDE 8.15) 29.54 6.00] 000 7.08] 35.02|
ZING OXIDE _ .00 0.0t 0.01] 004 5.00] 0.00
Sic. Foo0 ' 5.33( 19.30]  0.00] 0.00 230} 11.82
SiC, PA00 0.00] D.00 0.00] .00 2309| 11.82
HYDROXYPROPYL CELLULOBE 6.02] 0.00 0.06| 0.00 0:02[ ©.00
2A.7D.%'EETRAME1'HYL—5 DECVNE- 0.24] 0.00 6.00] 0.00 621 0.00
SQZTE’FE 63.09] 0.00] 6947 0.00] 65.07] 0.00
TRIE THANOLAMINE 061} 06.00 0.00] 000 0.61] 6.00
FURFURYL ALGOHOL ' 358 0.00 461| 000} 378 0.00
DIETHY L AMINOE THANOL 6.66] 0.00 072 0.00 0.78] 0.00
TRI ETHYLAMINE ' 1310 000 144] 006 157 6.00
Total ~100.0[ 100.0]  100.0] 100.0] 100.0| 100.0,

.-Primer A has both fluoropolymer and SiC. Primer B has fluoropolymer,
5 butno SiC. Primer C has SiC but no fluoropolymer.
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- - - Mdcoat AGI DHMdcoat SICw % (Dry) Total
Solids 0.00 3.98 7.93 11.99 2988 M dcoat SIC parlide

' iGrons) - 25.8 25.8'25.8 25.8 M dcoat
@Iﬁ’é%g%g {/Mer)wt % (Dry) 78.19 75.08 71.99 eg G{Us2007/008452
54.83 Mdcoat SIC/SiC plus Fluoropolynmer. . W%

(Dry) - 5.03 9.92 14.84 35.27 SIC particles in the

m dcoat - Particle Size Effect Abrasion test results

of a 3-coat- systemwith- SIC particles in the 5

m dcoat are shown in Tables 6 and 7. The SiC particle
size in m dcoat ThBievat Midcd=t Gditpsdfiess Af gf rom 5-7

m cr omgters—to-46_mcronmet ek the Toading ratio of
ngiedisn ' hl ME

about 12w 9b-irr bRty £i]

h 1n T e-b - the samles
C b4 Tyt Ll T 13
al 50 have—SH-o—pariietes—-a—the Brrnas —thglarre
artl Clnn havit e o et oAl AT 5 A L\f l;gl: é{f‘r nr"_pﬁ—eqs
p CD TTAVT mg~a puarcrcorc ﬁ“d mAil\ = ) id am u- N
| n TablggF—the——sanptes—havs G I T LR s s L

10 pri NEBUMBsEEYNAP R ENE STTOW i MCEBRS
resul t gSMAFOMNTE sanpl es _having a_par
mcr onEPﬁAYE'cf?\LYP‘F\% m dcoat__ |wi t;:;%u

i results. for _samles co i n
superli Chﬁ P O

SLGE5Rar 11185 es

in t he liahge of—20-30 mi-crod
Conpari 25 o |
primer eg
Tabl e He
the pri
CARBON BLAGCK : 1.05 2.45 114 298
ULTRAMARINE BLUE PIGMENT 0.28 o068 050 13z
ALTOMINUM OXIDE _ _ 6.56] 1536 0.00] - 0.00
SiC ~' - : 0.00 B.O0| _ 4.56]  19.97
. ICERIUM OCTOATE .28 112 054 141
HYDROXYPROPYL GELLULOSE 0.02 000] _ 6.00] 0.0
INGNIONG SURFACTANT 374 gool ~ 4.02 D.00
WATER T 38.97 0.00] — 41.04 6.00
TRIETHANGLAMINE . 3.90 0.00 4.27 0.00
DIETHYLAMINOETHANOL 0.06 ) YT .00
METHYL PYRROLIDONE 0.00 0.00]  0.30 0.00
FURFURYL ALCOHOL 0.00 0.00}  0.37 0.00
[TRIETHYLAMINE 0.00 eodl 015 0.00{

Total 100.0 100.0 100.0 100.0

Midcoat A contains no SiC, and Midcoat B contains SiC.

Table 3 — Midcoat Compositions G - J

Fidcoat Cf Mideoat | Mideoat | Mideoat ] Midcoat | Midcoat |Mideoat 1| Midcoat
- G- H

, _ [} [ F J
Type SiC F1000-2 | PE0OO P320 | 1200 | PE00 Ps0D P600 PBOD
_ (5-7um) | (26.8) | (46.2) } (15.3) | (25.8) | (25.8) | (25.8) | (25.8)
Ingredients . ] Wi )

B "Wt Wet | Wet | Wei | Wat Wetl | Wet | Wet
Sic T[T 550 | 550 | 550 § 550 [ 174 | 15.40 | 8.65 | 543
Midcoat A 94.50 | 94.50 { 94.50 | 04.50 | 9826 | B4.6D | DBA5 | 0457

Midcoats C, D, E, F, and J contain about the same amount of SiC, but of
different average particle size. Midcoats G, H, and ! contain the same
10  average particle size SiC but in different amounts.
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Is present in the mdcoat reveals the nuch greater
ef fectiveness of the presence of the large SIC
Wahhd7ak@e i n the midcoat than in the priner. J@gysiermoss:
coating of Exanple 1 exhibits nmore than 40%

I mprovenent in SBAR abrasion resistance over that of
Conparative Exanple 2 with |l ess than 20 25% of the
anmount of SIC used in the prinmer of Conparative

Exanpte 2. WD 20Q7, 11494.,1PCT/ U§2007/ 808482 Table ft-
.Per f or mance base - M dcoat ,

with SIJTn Priner  hwesske Conp 2 Conp 3 Wik Dry
SBAR K cycle avg. 18.4 20.8 29M 42.0 38. 0 Bare¥y 3BAR
i mprovengnt vs. conp 2" - 13 57 128 106 Wei qemnA JA A
A A Pri RBHCPAEWERDry) 19 30 19. 30 19%-80 190380
" 19.301 PFEFfrer_ SIC particle size (imicronis9e 2548
BTFE 36.68 [92.91
OLEIC ACID , 1.21
MICA/TIOZ/TIN OXIDE 0.37 |0.87
DIETHYLENE GLYCOL MONOBUTYL ETHER 2.4
AROMATIC HYDROCARBON 2.95
CERIUM OCTOATE 0.57 |1.33
NONIONIC SURFACTANT 4,69
WATER _ 36.29
TRIETHANOLAMINE ' 4.58
Total ' 1000 |i00.0

The primer is sprayed onto the aluminum substrate and dried at
150 °F (66 °C) for 10 minutes. The midcoat is then sprayed over the dried
primer. The topcoat is applied (sprayed) wet on wet to the midcoat. The
coating is ferced.dfying_at 300°F (149°C) for‘10 minutes and then cured at
‘800 °F (427 °C) for 5 minutes. The dried coating film thickness (DFT) for
primer / midcoat / topcoat is determined by cdupons using the eddy
current anéﬂysis ésrdescribed above. In general the thicknesses are
- primer 0.31 — 0.55 mils (7.8 — 13.8 micrometers) / midcoat 0.62 - 0.82 mils .
(15.5 — 20.5 micrometers) / topcoat 0.2 — 0.48 mils {5 — 12 micrometers).

) The Examples presented in the tables‘below show an abrasion
resistance of the 3-coat system with varyihg amounts and sizes of SiC
particies in the midcoat of the coating system. Non—stick-coéted test pans
are subjected fo dry SBAR testiing to evaluate abrasion reSIstance '
SiC particles in the midcoat - % Loading

Abrasion test results of a 3-coat system with SiC particles in the
midcoat are shown in Table 5. The SIiC pariicle size is maintained at 25.8
micrometers while the % weight is varied. Great improvement in dry

~ SBAR resulis is seen even with small amounts if SiC and increases with

higher loading of SiC particles. No SiC particles are present.in the primer -
used (Primer B).
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25.8 25.8 25.8 25.8 Priner Fluoropolyner w% (Dry)
22.70 22.70 22.70 22.70 22.70 Mdcoat ACF J :

[ ICw % (Dry) Total Solids 0.00 11'9%)9r
%.Zg@ﬂiif.de M dcoat SIC particle size (mcrons /[}%903%08482
15.3 25,8 46.2 M dcoat Fl uoropolynmer wt % (Dry) 78.19

- 68.81 68.81 68.93 68.81 Mdcoat SIC/SIC plus
"Fl uoropol yner wt% (Dry) - 14.84 1484 1 14.67 14.84

Table § — Performance based on SiC Loading in Midcoat

Comp 1 1 2 3 4
Example .
Dry SBAR K cycle avg. 1.1 26.5 358 31.0 438
% dry SBAR :mprovement vs. comp § ~ 2280 3080 2660 3790
Primer . B |- B B B B
Primer SiC wit% 0.60 0.00 0.60 0.00 0.00
Primer SiC padicle size (mtcrons) - - - - -
Midcoat ' A G 1 D H
Midcoat SiC wt % (Dry) Total Solids 0;9_0 1 3.88 7.83 11.99 2988
Midcoat SIiC particle size {(microns) : ~— 258 25.8 258 25.8
Midcoat Fluoropolymer wt % (Dry) 78,18 75.08 71.89 638.81 54.83
Mideoat SiC /SiC pius Fiuoropolymer - 5.03 0.82 14.84 3527
wi% (Dry) : -

SiC particles in the midcoat — Particle Size Effect
Abrasion test results of a 3-coat system with SiC parﬁcles in the
5 midcoat are shown in Tables 6 and 7. The SiC particle size in midcoat is
- - varied in the range of from 5-7 micrometers to 46 micrometers at the
!oading ratio of about 12 wit% in the dry film. In Table 6, the samples also
have SiC particles in the primer, those particles having a particle size of
25.8 micrometers. In Table 7, the samples have no SiC particles in the
10  primer. The results show increased dry SBAR resuits of all samples '
- having a particle above 14 micrometers in the midcoat, with surprisingly
- superior results for samples containing SiC partiéles in ﬂie rahge of 20 -30
micrometers in the midcoat. Comparison of Comparative Exampie 2,
wherein the primer cont_aiﬁs 19.30 wt% SiC, with Example 1 of Table 5,
15 wherein no SiC particles are present in the primer and only 3.98 wit% SiC -
' is present in the mldcoat reveals the much greater effectiveness of the
presence of the large SiC partlcles in the midcoat than in the primer. The
coating of Example 1 exhibits more than 40% improvement in SBAR
abrasion resistance over that of Comparative Example 2 with less than
20  25% of the amount of SiC used in the primer of Comparative Example 2.
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5 Cal culation of % inprovenent: ((29.0-18.4) 18.4) X
100 Table 7- Performance based on SIC particle size
' , Wthout SICin Primer Exanple
%ﬁz%gf@%{AR K cycle ave 1.1 15.5 31.0 22.5
i nprovenent vs. conp 1 - 1280 2660 1900 Pri ner

Primer SIC W% 0.00 0.00 0.00 0.00 Priner SIC

particle size (mcrons) - - - - - lvlidcoat AF D
M dcoat SIC wt % Total Solids ' '

Table 6-— Performance based on SiC particle size in Midcoat,

g/::)l?fflké@)& (08482

with SiC in Primer

Comp 2] Comp3 | 5 & 7

Example .
Dry SBAR K cycle avg. 18.4 20.8 200 42.0 38.0
% dry SBAR improvement vs. comp 2* - 13 57 128 106
Primer A A A A A
Primer SiC wt?% (Dry) 19.30 19.30 19.30 | 19.30 | 19.30|
Primer SiC pariicle size {microns} -25.8 25.8 258 | 258 258
Frimer Fluorapolymer wi% (Dry) 2270 ) 2270 | 2270 | 2270 | 22.70
Midcoat A C E J E

- [Midcoat SiC wt % (Dry) Total Solids 0.00 | 11969 | 11.09 { 11.85 | 11.99
Midcoat SiC particle size (microns) - 5-7 15.3 258 45.2
Midcoat Fluoropolymer wt % (Dry) 78.10 | ©68.81 68.51 | 68.93 | 68.81
Midcoat SiC /SIC plus Fluoropolymer - 14.84 1484 | 14.67 | 1484
wi% (Dry)

Calculation of % improvement: ((29.0-18.4) + 18.4) x 100

Table 7- Performance based on SiC particle size in Midcoat, _

without SIC in Primer

Exampie Comp 1 8 9 10
Dry SBAR K cycle ave 1.1 1861 1.0 ] 225
% dry SBAR improvement vs. comp 1 - 1280 | 2660 1200
Primer - B B B B
Prirner SiC wi% 0.C0 0.00 | 0.00 .00
Primer SiC particle size {microns) - - - - —
Midcoat A F D E
Midecoat SIC wt % Total Solids 0.00 11.99) 11,99 | 11.99
Midcoat SiC particle size {microns) — 15.3 | 25.8 46.2
Midcoat Fluoropalymer wi% (Dry) 78.1% |68.81]) 68.81 | £8.81
Midcoat SiC /SIC plus Fluoropolymer - 1484 14.84 | 1484
wit% (Dry) )

Comparison of system with and without flucropolymer in primer
Abrasion test results of a 3-coat system with primers A
{fluoropolymer) and C {no fluoropelymer), both coated with midcoat B -

(13.2 wit% SiC based on combined weight of SIC and fluoropolymer) are

shown in Table 8. The SiC average particle size in the midcoat is 25.8

micrometers.
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~0.00 11.99 11.99 11.99 Mdcoat SiC particle size

(microns) 15.3 25.8 46.2 M dcoat Fl uoropol yner w %

9 68.81 68.81 68.81 Mdcoat SIC /Sl
‘l‘é U%Qr”&%%ﬁner W %D - 14.84 14.84 14.84 10 dertsiRnsise

"~ Conparison of systemw th and w thout fl uoropolyner

in primer Abrasion test results of a 3-coat
systemwi th prinmers A (fluoropolynmer) and C (no

“fluoropol ymer), both coated with nidcoat B (13.2 wt %

SI C based on. conbi ned wei ght of .Si C and

“f 1 uor opol yreig gar Pnﬁié@wayémﬁﬂhﬁv&héut Ailerciidiyrader age
part|c|e SlLze. . lnt coat mcroneters.

-23- WD gZ’h‘g Thhlel?g ..
Primer L rSB@?ﬁW%?"Bm'f FJ. uorobofer | Exafdle {11 12
nmey , SEO Pk . AN c pPino i
o Cor [P S iy, 4 o2 e A g S
. jPAmer'SiC particle size (microns) | | 258 | .25.8/35.0

(M Cr ons) s Fiusrepsiymer wi% (Ory) 2370 0.00

Midcoat B B

Midcoat SIC wt % (Dry) Total Solids 11.57 11.87

Midcoat SIC particle size {microns) 258 | 268

Midcoat Fluoropolymer wi% ©ry) 78.95 T78.95

Midcoat SiC fSiC plus Fluoropolymer 13.17 T 13417

wi% (Dry) ,

In another Example'of the present invention, a primer having no
fluoropolymer is used in combination.with a midcoat that has no adhesion
promoter. The primer is similar to primer C, except thai the SiC is enfirely

P60, i.e. making up 25.2 wt% of the dry weight of the primer composition.
The midcoat is simitar to midcoat D, except that the amount of SiC is
11.7 wi% based on the dry weight of the composition. As in the case of
midcoat D, the midcoat composition used in this Example ha's no PAl
adhesion promoter. The topcoat is the same composition as in Table 4.
The primer, midcoat, and topcoat compositions are sequentially a'pp]ied to
a substrate {aluminum frying pan) in the same manner as set forth above |
to form a non-stick coating on the substrate. The coaﬁn'g thicknesses
(dry) are 0.45 mil (11.3 micrometers) for the primer layer, 0.76 mif (19
micrometers) for the midcoat layer, and 0.37 mil (9.3 micrometers) for the
topcoat layer. The SBAR test result on this coating is 39,000 cycles.
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CONPOS itrdMmeisrs o l“m'&iféa%eétheﬂb@asﬂom rﬁistam:@l ePShid coating as
t opcoat S Iy applied to a
substrQF%rﬁﬁT%ﬁﬁ?ﬁfj gﬁé?g the same manner as

sgr f offhb subewatd of élarnﬁﬂammmfrstéud et ioh gaﬂrcetrm:c

50t Ao PRI SR P il v BB
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Ul 1 ESE RIBYERRIareRiohe R TEG S BEHSS plebuDrainG ceramic
CLAI MBpadicesstihg aneaviasige smmift ametaskw@ﬁbtdiﬁeters '
ereo n ercoa an ner a
P oS SURE Il @ ind e ain S8 ol shRtncBas Bahesion
comorl ﬁrdmotékaﬁﬂqmbymy fardopslymkf.ect i ve anount of

B TendhBRbheRoREL T ihecRl S8 Bof bk Ghdus o des o

- resist w@fc@a@w@i @mpmemmpdmrmnaae frey dffsgidiceramic

SBAR net hog:g 2. The substrate of claim1l wherein said-
amount PRFICES:  ceranic 10particles is at |east 3 w %

based We@bﬁsﬁ@!&bﬂtﬁﬁmlv@'ﬁ&reﬁfa&ﬁﬂ‘&an isdFyEnic film

partic)es, and. said f Hor.Q ner al d over.coa |
D he Rl Piscoseent t 1885 et aud Per Ahé eai ayrcoat,
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at | east mchf_geters. The substrate of claim1l-
PMEF =conpri ses adhesi on 15pronot er "and

opt i oNThé BubstratercfukhiMiTe wherein the thickness of said overcoat is
, at least 50% gréater than the thickness of said prirne'r. _
8. The substrate of claim 1 wherein said primer has a thickness of
about' no greater than 0.6 mils (5.1 to 16 miorometers) and Said
overcoat has a thickness of 0.6 to 0.9 mils (15 to 23 micrometers).
9.  The substrate of claim 1 wherein said overcoat contains adhesion
promoter in an amount of up to 10 wi% based on the weight of said -
fluoropoiymer. '

- 10.  The substrate of claim 9 wherein said adhesion promoter is

selected from the group consisting of polyamideimide, poiyether
sulfone, and polyphenylene sulfide.
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5. The substrate of claim1l wherein said non-stick
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