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conductive pattern in Muchin is arranged such that it extends outwardly

20  from the central region of the inner surface of a cooking vessel toward the
outer peripheral region. This facilitates transfer of heat from the central
region to the outer region and assists in maintaining the entire cooking
surface at a uniform temperature, especially if the cooking vessel is placed
on a heating element that has a smaller diameter than the diameter of the

25  vessel's bottom.

However, as discussed in U.S. Patent No. 6,248 435 to Leck, itis
common to expose cookware o heating over the entire flat surface of the
cookware. Leck thus provides an improved heat fransfer release finish on
cookware by coating the cookware interior with a mixture of fluoropolymer

30  and magnetic flakes, such as stainless steel, and rnagneticany orienting
the flakes to run in the thickness direction of the coaling.

However, both of the above mentioned patenis rely on magnetically
otienting flake to achieve enhanced thermal properties of the release
coatings disclosed. The requirement fo magnetically induce orientation of
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the flakes to run in the thickness direction of the coating. However, both of
the above mentioned patents rely on magnetically orienting flake to
achieve enhanced thermal properties of the release coatings disclosed.
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flakes in a release coating, acts both as a reinforcing materialand effects
efficient heat fransfer. The flake in conjunction with silicon carbide

particles as an inorganic filler film hardener, achieves a synergistic effect;
providing both excellent heat iransfer properties and superior abrasion
resistance. Thus, the structure of the present invention is able 1o heat up
faster than cookware using known release coatings of the prior art while
retaining excellent release characteristics. By “heat up faster” is meant
that the release coating of this invention can reach a cooking temperature
of 400 °F (204 °C) in less time than a similar system that does not contain
a combination of magnetizable flake and silicon carbide particles.

Thus, in accordance with the present disclosure, there is provided a structure

comprising a substrate and a baked release coating on the: substrate, the coating

comprising an undercoat and a fluoropoiymer overcoat, wherein said undercoat contains

magnetizable flakes and a plurality of silicon carbide particles.

In one aspect, there is provided a structure comprising a substrate and a baked

release coating on the substrate, the coating comprising an undercoat and a fluoropolymer

overcoat, wherein said undercoat contains inorganic flakes having no induced orientation,

and a plurality of silicon carbide particles, said inorganic flakes consist essentially of

magnetizable flakes.



of 400 OF (204 C) in less time than a similar system that does not contain
a combination of magnetizable flake and silicon carbide particles. Thus, in

accordance with the present disclosure, there is provided a structure
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viscosity of at s o o . -
east 1 x 10 Pa-s at 380°C for simplicity in formulating the composition

20  and the fact that PTFE has the highest heat stabilify among the
fluoropolymers. Such PTFE can also contain a small amount of

comonomer modifier which improves film-forming capability during baking
(fusing), such as perfluoroolefin, notably hexafluoropropylene (HFP) or
perflucro(alkyl vinyl) ether, notably wherein the alkyi group contains 1 to 5
25  carbon atoms, with perfluoro{propy! vinyl ether) (PPVE) being preferred.
The amount of such modifier will be insufficient to confer melt-fabricability
to the PTFE, generally being no more than 0.5 mole%. The PTFE, aiso
for simplicity, can have a single melt viscosity, usually at least | x 10° Par-s,
but a mixture of PTFE’s having different melt viscosities can be used to
30 form the fluoropolymer component. Use of a single fluoropolymer in the
composition, which is the preferred condition, means that the
fluoropolymer has a single chemical identity and melt viscosity.
While PTFE is preferred, the fluoropolymer component can also be
melt-fabricable fiuoropolymer, either combined (blended) with the PTFE,
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least 1 x 108 Pa<s at 380C for simplicity in formulating the composition 20
and the fact that PTFE has the highest heat stability among the
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20 to about 60-100 x 10° Pars as determined at 372°C according to ASTM D-
1238.

The fluoropolymer component is generally commercially available
as a dispersion of the polymer in water, which is the preferred form for the
composition of the invention for ease of application and environmental

25  acceptability. By "dispersion” is meant that the fluoropolymers particles
are stably dispersed in the agueous medium, so that settling of the
particles does not occur within the time when the dispersion will be used;
this is achieved by the small size of the fluoropolymer particles, typically
on the order of 0.2 micrometers, and the use of surfactant in the agueous

30 dispersion by the dispersion manufacturer. Such dispersions can be
obtained directly by the process known as dispersion polymerization,
optionaily followed by conceniration and/or further addition of surfactant.

Alternatively, the fluoropolymer component may be a flucropolymer
powder such as PTFE micropowder. In which case, typically an organic

A
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wherein PAVE is PEVE and/or PPVE and MFA (TFE/PMVE/PAVE 15
wherein the alkyl group of PAVE has at least two carbon atoms). The
molecular weight of the melt-fabricable tetrafluoroethylene copolymers is
WRirAgoreel except that it be sufficient to be film-forming an8UFEUaReS #5476
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liquid will depend upon . .
for adhering a fluoropolymer-containing primer layer to substrates and for

20 film-forming within and as part of a primer layer. The fluoropolymer by
itself has little to no adhesion o a smooth substrate. The binder is
generally non-fluorine containing and yet adheres to the fluoropolymer.
Preferred binders are those that are soluble or solubilized in water or a
mixture of water and organic solvent for the binder, which solvent is

25  miscible with water. This solubility aids in the blending of the binder with
the fluorocarbon component in the aqueous dispersion form.

An example of the binder component is polyamic acid salt which
converts to polyamideimide (PAl) upon baking of the composition to form
the primer layer. This binder is preferred because in the fully imidized

30 form obtained by baking the polyamic acid sait, this binder has a
continucus service temperature in excess of 250°C. The polyamic acid
salt is generally available as polyamic acid having an inherent viscosity of
at least 0.1 as measured as a 0.5 wt% solution in N,N-dimethylacetamide
at 30°C. itis dissclved in a coalescing agent such as N-
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the identity of the polymer binder and whether a solution or dispersion 10

thereof is desired. Examples of such liquids include N-methylpyrrolidone,

butyrolactone, high boiling aromatic solvents, alcohols, mixtures thereof,
WG BRérs. The amount of the organic liquid will depen&‘oHUPETHaWA+76
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greatghdekalhibii® Efthposition of the present invention. However, multiple

binders are also contemplated for use in this invention, especially when

20 certain end-use properties are desired, such as flexibility, hardness, or
corrosion protection. Common combinations include PAI /PES, PAI/PPS
and PES/PPS.

The proportion of fluoropolymer and binder, especially if the

composition is used as a primer layer on a smooth substrate, is preferably

25 in the weight ratio of 0.5 to 2.0:1. The weight ratios of fluoropolymer to
binder disclosed herein are based on the weight of these components in
the applied layer formed by baking the composition after application to its
substrate. The baking drives off the volatile materials present in the
coating composition, including the salt moiety of the polyamic acid salt as

30  the imide bonds are formed during baking. For convenience, the weight of
binder, when it is polyamic acid salt which is converted to polyamideimide
by the baking step, can be taken as the weight of polyamic acid in the
starting composition, whereby the weight ratio of fluoropolymer to binder
can be determined from the amount of fluoropoiymer and binder in the
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4,014,8_34 (C_:oncannon). The resultant reaction medium containing the 5
pplyam!c acid salt can then be blended with the fluoropolymer aqueous
dispersion, and because the coalescing agent and viscosity-reducing
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the applied layer formed by baking the compositi I|c to it
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fluoropolymerto binder can be determined from& & amc H‘neg ndbook of
iste a

f|uoré,@bt| hardRasSiREBNetRlS and ceramics are
20  Chemistry, 77% Edition, 12-186,187 based on reference material from

Shackelford and Alexander, CRC Materials Science and Engineering
Handbook, CRC Press, Boca Raton FL, 1991. The film hardener
component imparts durability to the non-stick fluoropolymer composition
applied as a coating on a substrate by deflecting abrasive forces applied
25  to the coating surface and by resisting penetration of sharp objects that
have penetrated the fluoropolymer overcoat.
The silicon carbide particles of the inorganic film hardener
preferably have an aspect ratio (as defined above) of not greater than 2.5,
and more preferably not greater than 1.5. Preferred particles of this
30 invention, which are abie to deflect abrasive forces applied to a coating
containing the particles, have an aspect ratio of not greater than 2.5 and a
size wherein the largest diameter of the particle is at least 50% of the
coating thickness and does not exceed 125% of the coating film thickness.
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-6 WO 2006/066027 PCT/US2005/045476 starting composition. When

the composition of the invention is in the preferred aqueous dispersion

form, these components will constitute about 5 to 50 wt% of the total
VispBedieniz Silicon carbide particles 5 The undercoat of theH$fEEE13/045476
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Prefeifret dartTéladanftahien carbide (1800); tungsten carbide (1880}, alumina
(2025); zirconium carbide (2150); titanium carbide (2470); silicon carbide
(2500); aluminum boride (2500); titanium boride (2850).

20 Suitable additional fillers of lower Knoop harness values include
glass flake, glass bead, glass fiber, aluminum or zirconium silicate, mica,
metal flake, metal fiber, fine ceramic powders, silicon dioxide, barium
sulfate, talc, efc. ‘

Maanetizable flakes

25 The undercoat contains magnetizable flakes. Preferably, the
intermediate layer of the undercoat comprises the flakes. Further
preferably at least a portion of said flakes have no induced orientation. In
Muchin and Leck, orientation of the magnetizable flakes is disclosed and
purported to aid in the conduct of heat applied to the underside of a flat

30 bottom such as a fry pan from the primer to top surface of the coating.
Flakes which are exposed to magnetic force are oriented generally in the
direction of the thickness of coating.

Without the application of magnetic force to the coating, the
magnetizable flakes orient parallel to the piane. Thus, it has been found,
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30 in\{e_ntion, which are able to deflect abrasive forces applied to a coating
cpntammg .the particles, have an aspect ratio of not greater than 2.5 and a
size wherein the largest diameter of the particle is at least 50% of the

PO HH%¥ness and does not exceed 125% of the coatingPfiRUHEIY &L
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1glicatealnh, metal flake, metal fiber, fine ceramic powders, silicon

dioxide, basgyn ulialG, e EikViAEnREAmble AR AR TR wHiRROal

contains magnetizable tflakes. Preferably, the
dimension which is greater and or less than the thickness of the layer
formed from the coating composition which contains the flakes. The layer
(coating) thickness will generally be from 5 to 40 micrometers thick. The

20 flake size will then depend on the layer thickness desired. Particularly
useful are 316L stainless steel flakes having an average longest
dimension of from 20 to 60 micrometers, and normally, the flakes will be a
mixture of sizes in which a substantial proportion, preferably at least 40
wt%, has a longest dimension of at least 44 micrometers.

25 Preferred magnetizable flake-containing dry undercoat
compositions include those containing 70 to 90 wit% fluoropolymer, 2 fo
10 wt% magnetizabie flakes, more preferably 2 to 7 wi%, and 2 to 20
wit% SIC particles with 2 to 15wt% of polymer binder. The fluoropolymer
component is preferably a blend of 50 to 95 wt% PTFE and 5 to 50 wi%

30 melt-fabricable tetrafluoroethylene copolymer, such as PTFE/PAVE
described above, based on the combined weight of these two
fluoropolymers. In the liquid form, the liquid medium will generally
constitute 75 to 95 wt% of the combined weight of the liquid medium and
the three components described above.
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intermediate layer of the undercoat comprises the flakes. Further

preferably at least a portion of said flakes have no induced orientation. In

Muchin and Leck, orientation of the magnetizable flakes is disclosed and
WLiHHeted1d aid in the conduct of heat applied to the underBitRASGEHFBAS3B

bottg%&s a fry pan from the primer to top surface of the coating.
Flak ICh are exposed to magnetic force are oriented generalae/ in the

|
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carbide p es effects improved heat transfer properties over
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oriented shagializablelakes d hadtakesndhedsiang tapsirg.aRadd be
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u e po . For

thermally conductive that't mers in the release coating

simpiviy pratetrivopity siving dedassiting ke mibssitnsieisaetdayed iragae
relegge,6RiNg BetbhsiowRndaficath e fakiogsHent hanie faskthger

baking step is necessary before the release (non-stick characteristicéi?s
t

\ ase ( )
15 réalewacHiate iRy GhahiRRIeath S ARRIRIHESR AT ARHRAIRAVE UL
185limengiercudtitivis grealdhandtied|essithbaithatiidhkoespefithedalent is

(con TG} LIS AIGABIAR) BUHIN S B55 micrometers thick. The
20 flake sizEwwitipbigddmadng oystam lege bhickked sodfuseal tharteatags at
the same time to form a non-stick, release coating on the substrate. When
the fluoropolymer is PTFE, a quick high bake temperature is preferred,
20 e.g., for 5 min. at a temperature starting at 800°F (427°C) and rising to
825°F {440°C). When the fluoropolymer in the primer or the overcoat is a
blend of PTFE and FEP, e.g., 50-70 wi% PTFE and 50-30 wi% FEP, the
bake temperature may be reduced fo 780°F (415°C), rising to 800°F
(427°C) in 3 minutes (total bake fime). The baked undercoat layer
25 thickness is measured with film thickness instruments based on the eddy-
current principle (ASTM B244) or magnetic induction principle (ASTM
B499).
In preferred embodiments, the release coating of this invention has
a total dry film thickness of from 32 to 40 micrometers, with the undercoat
30 having a preferred DFT of 22 to 30 micrometers, and the overcoat having
a preferred DFT of 8 fo 10 micrometers. In the more preferred
embodiment the undercoat comprises a primer having a DFT of 7.5 to 10
and an intermediate layer of 15 to 22. ’
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useful are 316L stainless steel flakes having an average longest

dimension of from 20 to 60 micrometers, and normally, the flakes will be a

mixture of sizes in which a substantial proportion, preferably at least 40
WirgBe¢ B longest dimension of at least 44 micrometers. 2BP(EfefIs476
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tetrafluoroethylene copolymer, such as PTEE/PAVE described above,
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conyentionAldRE RS 1SR ARIHRNGH BRRICAIRNBHRBE 19'PRl SHMENIS:

application methods, depending on the substrate being 5 coated. Other
1QvellaRBRATdBYERG methods including dipping and coil coating are

suitI?ble- T eustickeoniing gﬁmgmsin@.n\savgag besarkioglpramaionieas
multj-co siem comprisi an undercoat and an oveycoat. T
g e N e R
by cenvenRonkdiBeti® dwotietisaniauetesat nssiegrioMahit<admingi10
Wh%&Rﬁg@%@%@g%%&%@g%@%@é%@sﬁs} AERMER B some

dispersions, the overcoat composition can be applied to the undercoat
1fayenipasdrprp wtbrasyinfie ehirnedmeAciviraatbs sabeladsmtace
B By SO s L
ncefbo BB DB T A SRR SElvE
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. When the
20  undercoat layer is a primer, it can be considered as the first flucropolymer-
containing layer on the substrate, and preferably the primer layer is
directly bonded to the substrate.

Performance Characteristics

The improved heat transfer of a structure of this invention is
25  manifested by the reduced ramp up time required once heat is applied to
the underside of the siructure to achieve cooking temperatures, e.g., as
demonstrated in the examples with heating to 400°F (204°C).
The enhanced thermal performance of the invention can be
Hlustrated using a confrolled heat source with IR monitoring. An
30 aluminum substrate (fry pan) is coated with the undercoat described in the
invention and a standard overcoat. The structure is compared {o a typical
prior art fluoropolymer non-stick undercoats having the standard overcoat
on the same aluminum base substrates and the same coating
thicknesses. The structures are compared side by side. The temperature

-1 -



removed before application of such next layer. The applied coating system

can be baked to fuse all the coatings at the same time to form a

non-stick, release coating on the substrate. When the fluoropolymer is
VT PBES/@@aick high bake temperature is preferred, 20 e.qg., PSITBIBANGS /4% 76
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a primer having a DFT of 7.5 to 10 and an intermediate layer, of 15 to 22.
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10he sghsteaierraschedihpeynpatatial widdbricau, withistapd drenbalet a faster
temperature, such as,metal and ceramic m of which include
aIun’iﬁ*‘%rﬁrﬁ,agnto8i§t’leac'i~i %?J%@H&Fﬁ P @a(lﬁq-%ﬁegg %@?élfpé%aﬁirﬁ#éss steel, enamel,
glass, and Pyeddendinal Shie Sytridaroomabseanis erReGOBREITaLE clad

suchas gt hlasting e iRmisa) etphing Lo rgerpirigs dhigwdanhich the

release coating can anchor. Preferably, however, the substrate has a

smodRnsaFhBEAIrRElY BRI RO alick SR B A SREIRARINGRER to
150ughegiihe BubsRtR sUbaee rifetiianambntisntioh. Helayes et divitgst

e T RS At B iR
up more uniformly and reach cooking temperature at a faster rate across
the entire surface of the pan as compared to the standard fluoropolymer
non-stick coating., The standard fluoropolymer non-stick coating shows

20  what is typically called a *hot spot” and does not heat up uniformly. This
éffect of better heat distribution of the invention is consistent across
subst'rates‘and coating types. This is exhibited by the equal gradient of |
color change across the visual surface of the invention as opposed to the
standard fluoropolymer coated pan. The advantage of the even heat

25  distribution allows the coated pan to cook foods more evenly across the
entire surface of the pan.

The coated substrate of the present invention may be in the form of
numerous articles of cookware such as frying pans, pois, casseroles,
woks, griddles, rice cookers and inserts therefor, as well as non cookware

30 items that beﬂefit from fast heat up times such as iron sole plates and the
like.



than 50 microinches (1.25 micrometers) as measured by a profilometer,
e.g. a PocketSurf(r) model surface tester made by Mahr GmbH of
Gottingen, Germany, and needs to be clean. For pyroceram and some 15
glassedmmepaved results are obtained by activation of the sub¥ttSXaFfedd 76

such as by a slight chemical et%gupm’ I&ﬁ_@bgsible to the naked eye,

i.e., the surface is still smooth. also be chemically
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(550-2R GN AL WELF WRSHRIRSS EHIBPX %@%%OF (204C) across the

ceramic surfeiee cAdiathbidntratens fretpenaiedothprambanshiés: pastadin

the V‘QEPas%f%thJ%%aéJéﬂQ&t&?the non-stick surface. For running the
procedure wet, the surface is lubricated by adding 50 ml of a dishwashing

20 solution containing 5g mild detergent in one liter (33 oz) solution. The dry
procedure is run without adding the detergent solution and all other
procedures remain the same. 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 cyliﬁder center point.

25 Tﬁa ébrasive pad is turned after 250 cycles and renewed after
another 250 cycles. This procedure is continued until metal is visible and
theﬁ 'the number of cycles for coating breakthrough is recorded. Coating
breakthrough is the final point of the test. Breakihrough pattern must be
similar to pictures in attachment

30
CONTACT METHOD - RAMP UP TiME TO COOK TEMPERATURE:

The test for measuring the effect of temperature ramping and heat

distribution by contact method is described as follows:

2132 .



source is transferred through the pan, the appearance of the viewed
surface begins to brighten until it reaches a luminescent golden
appearance. The aluminum pan coated with the undercoat invention 10
Fed éped i ’set point temperature and bright, gold appeara®§8 a6 285/8#6476
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|
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non cookware 30 items that benefit from fast heat up times such as iron
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test i€ SR80 SHHEErigh=d Value, meiiimm temperatirs, e s
temperature, slope calculation, rise and fall calculation, & peak difference.

Results are recorded in seconds {o reach a cooking temperature of 400 °F
(204 ). The data from each test can be compared to the directly to other
20 runs of data acquisition. |
Mechanical Tiger Paw Abrasion Test (MTP Abrasion Test)
As described in U.S. Patent 6,761,964 A1 to Tannenbaum, a

coated substrate is evaluated for abrasion resistance by continuously

rotating three weighted ballpoint pen tips on the surface of the coated

26  substrate while the substrate is heated and oscillated back and forth on a
shaker tébie. The equipment used for testing comprises a frame onto
which is mounted drive motor. Extending from the motor is a ceniral
flywheel drive shaft on which is positioned a flywheel (drive disc). The
drive disc is aluminum sheeting having a diameter of 7 inches (18 cm) and

30  thickness of 0.25 inch (0.64 cm). Housed within the frame is a shaker
table on which is mounted on a hot plate. The top of the hot piate
provides a surface for placing a test substrate such as a frying pan. The
vertical distance between surface and the botiom of the drive disc is

- 14 -



5 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
WELRPE8eA%Rbrizontal movement of 100 mm 5 mm (4 in. +/- BCIRNRY0RBHHE 76
cylinder.center.aty ) daf .10 0 ' :
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-13 \Wesilonerossu2nerETivng2006iha simsat equidistant angles from the
center (i.e., approximately 0, 120, 240 degrees). The channels are sized
to each house a ballpoint pen refill. Set screws are positioned in the side
20 wall of the disc at the location of each channel to lock the pen refills in
place during operation. The rotating disc as shown is stainless steel
having a diameter of 2.5 inches (6.4 cm) and thickness of 0.4 inch (1 cm).
The center of the disc accommodates a ball bearing and allows the disc to
be attached to the floating shaft by a coupling. The tiger paw head is free
25  to rotate around the floating shaft.
In operation, a fry pan with coated aluminum substrate is washed in
mild detergent to remove any dirt or oil. The test pan is placed on hot
plate with the aid of a removable centering rod femporarily installed in a
central drive shaft. The centering rod acts a plumb line for pan placement
30 on the surface of the hot plate after which the centering rod is removed.
For each test, three new pen refilis are installed in the channels of the tiger
paw head so that each refill exiends downward 3/4 inch (1.9 cm) from the
bottom of the disc. The tiger paw head is attached to the floating shaft
that extends down from the drive disc attached to the drive shaft. The
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The energy source was a specially made ceramic surface hot plate from
Wenesco, Chicago, IL. This hot plate has high uniformity control, will
decrease any point to point plate temperature variation to as close as 2%
WO The data acquisition was compiled using a temBErAtFREUS/045476

profilgs AR, PRIRRGS SR IMILDEn K BHINGIRR: MATAE Megr was

a Datapaq 9000 Tracker system with 6 temperature inputs. The hot plate
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tho oA P BRI S D BH R GRS e e P Beouple
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conngﬁmg)&pnmg F%'i‘]' gger (memory paq). The pan was placed on the
center of the calilorated 10t plate for 10 minutes. The pan was then
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softwarerRpeesaife Keyaralysis fapqhansoiine-p5oaiaadnplidePDaRieg

Value, max/min temperature, time at temperature, slope calculation, rise
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ballpoint pen tips on the surface of the coated 25 substrate while

substgrd it s Sen skt 3 seletipnerernraindesThrctrapmofthe
Buinsnaké useik er destibieeDinais e ek Enaeniiosuikgibis mauniadte. A

drive Cmgt%ra. Exter%;:iirtl from the nt;)tor isa ceanl?éLy)gheel drive fsﬁh ft on
whict? R PSR ES R IHERT AL &/ GIER SRR e QiR SRERRGIRWD
shee#naghabingnatdi aatedrodfigen glassrit8tion ran g 3tithick diresiidr0. Z5ata
inch ﬁQ-%‘E&F&%ﬁ'&?Hﬁ%}‘}’L‘H&' 'ihi'%?v}[%(“iﬂ% ?F%Qt?éﬂ‘? LA ARG WRIE RS is
mounted on a hot plate. The top of the Ot;E ate
reversed after each 15-minute period. Periodically the pen refill points are
20  inspected for build-up of coating. Buili-up coating is removed as
necessary.

Failure of the coating on substrate is monitored by observing the
oval-shaped paths that evolve as the points of the pen refills penetrate
through the coating to reach the bare metal substrate. By heating the

25 subsirate, the time to failure is accelerated. The longer the time to failure,
the better the durability of the non-stick coating.

At the end of each 15-minute cycle, the pan is evaluated according
to the following MTP numerical ratings:

30
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provides a surface for placing a test substrate such as a frying pan. The
vertical distance between surface and the bottom of the drive disc is -14
WO 2006/066027 PCT/US2005/045476 approximately"6 inches (15 cm).
Astaertingqosition, the flywheel drive shaft is perpendicularand emnsausdrs
with the hotx.ﬂsate. The stﬁkerptgble is mounted to the frame so that the
center of its reciprocating motion is coincident with the center of the
flywheel driv@ shaft: The @iestesnifotBatdgiprocating motion is
front-to-backg A tiger paveheasldg fH?Hé‘ttQ(%fEﬂ- m?sqﬁié(@tﬁiéﬁb ¥rg%|§ating

X

shaft positioned in support a shaft tube. The su‘pport tube is fle

connected through the dRAREORIPIRYERED (for it blastesherbelretes)
nbits on bothides-of thelgigs Bhavailhe eanaestigns athignal washers
10 are adde%to the shafbt\(l) P{;jovide ,additi?n | weight. The support tube is
mounted off-Center, approxﬁna't:'\g'ya"ﬁ%?fé : cm) from the flywheel drive
shaft. An adjistment scré@vdlearsiigiinst support the shaft tube and
permits alignment of the floating shaft articulated within the support shaft
tube. Also, positioned on the disc, 180 degrees from the support tube,is a
St igen BRI PR head is a rotating disc with

tiree channeis: pesdiontedTRgeH eResHIRI%Y idhe dise s dfistNer

angle% from the center (|.%tm%pl}nromg1atel g{(lzo, 240 degrees). The

channels are &izett 0 Ead L AN SaRKpeH Rt R X Rlainad &Re re The

posititri@aitesidelROralall sfitheadify patiseftocaitiingfmatirnhasselie
lock t s I ion,. The rotating disc as shawn
o st B S e o X S R g
of 0.4RR L EEMHYeterasebnidiectuhstiitstinssbinniod iedwatuanidbearmgnual

a5d allautoerdiseée pag %@@hﬁ%@ﬂﬂ&ﬂ%i%@ﬁfé%@%&Feéﬁ%emﬁre
tiger pawqﬂead |s&féee 5 to rotate around the floating shait. In operation,
a fry panWiti28 H%ii%fﬁ%@ﬁ%f@@mgﬂﬁﬁr matieetefgent to

remoesdaipelirbeloeil. The test pan is placed on hot

For each test, coated pans plus a control pan are tested on a
commercial gas stove top with sufficient bumers to cook all pans
20 simuitaneously. The control pan is a standard is a pan coated with a
known commercial cookware coating system for which the standard
properties being judged have been predetermined many times. The
temperature for the test is maintained ‘at 280°F (138°C) to 300°F (149°C)
as measured by a contact pyrometer on the substrate surface. The pans
25  are methodically rotated among all burhers.

In operation, the test pans position are placed on the burners and
heated to within the specified temperature range. The pans are subjected
to the following cooking process.

An egg is fried in an unseasoned pan. The egg is cooked for 3

30 minutes. The egg is lifted with a spatula and the pan is tilted fo allow for
the egg to slide. The ease with which the egg slides is assessed. The
pan is returned to the burner and the egg is turned over. The yolk of the
egg is broken with a spatula and the egg is cooked for two more minutes.
The egg is again lifted with a spatula and the ease with which the egg

- 17 -



plate with the aid of a removable centering rod temporarily installed in a
central drive shaft. The centering rod acts a plumb line for pan placement
30 on the surface of the hot plate after which the centering rod is
Fethaekico®20r each test, three new pen refills are installed ir¢haiskaxsmness

of the.tiger -. . that h, refill extends downward 3/4,inch (1.9
o) B I CBRHE R SRR e At
floatif§raftT itapaxismlerdeles froraaiaictriVbelRerdgditsad fo fnd driter

shaftghhsviged¥& %QQQJ%QQZ?OR,@TMSZOOS/MSMG weignt'of'the
tiger(Saw head and floatin% shaft is regulated. In the equipment

illustrated, tHE%elgftNe GRRERAAZERIFABOY. ¥ RLaeBH it SRR dhthe
foatipgshafasidwashiesstallgarpetinzaltly 1t g)dthadigesnnswdieat one

j dth llpoi [ [ 0
oo TG PR st SO AR R R B SRR e

g. Théhest pléidddplaead@oiharity thantesdsiisspatity pandhedhéenddriora
temperuss fitDRfe il SAF W%ﬁlé”%éj?gbf\élgﬁﬂ&ﬁ%%%ﬁ%'ﬁﬁ fifRnto

temperature as determined by infrared temperature measurement on 10

the sUPYHEREEH 2D THER A SUHd LIS eTo8 BiRstisdPaRERme the
Hy|uippaeritsivipeiveieddia Begipdhiyalaaker table oscillation and tiger paw

and around DS SUMBC Y PENCCL LRV EOhCUAES TSI b Eapmato
head satstori i3 camssiied ¢t 3@iwldticnkipdtondacte pFhaspeidroétbe o5 20
shakehighicsle sRAolad S AhbrekiaRbiastgaHaNanaAPLAUNL s s
counter records the humber of cycles completed. A timer counts down

each REIHRRE wRing dherigpssinhradidmmraiparadsiaiand saeachaan

is recitiethatiderpiwiieiienvalardhsr iniaton ot terdgsrumanshead is
T o RS A R B e e
necesteeptidiaildigled tomdositmgpbihsiistrateris sivonitorpdrivng otheepaing are
the removed from the burners, contents are emptied and each pan is washed
thoroughly with a detergent solution. The pan is rinsed in clear water and
20  wiped dry.

The pans are returned to the burner and the cooking procedure
beginnin§ w?th placing one tablespoon of oil in the center of the pan is; |
repeated. _

~ After every 4 cooks, an egg is fried as described above and the pan

25  israted for release and scratch. At the end of every 7 cooks (or if 7 cooks
cannot be compieted, at the end of each day) each pan is filled with a
detergent solution of 2 cups of water, 1 teaspoon of liquid detergent and 3
teaspoons of sait. The detergent is brought to a boil and a lid is placed
over the pan. The pan is removed from the burner and allowed fo stand

30 overnight. The next day the cycle begins with frying an egg and rating the
pan. Testing continues until a pan is determined o have a scratch rating of
5 at which time testing stops. Scratch uses the same scale as that used in
the TP test. The release scale is listed below.



oval-shaped paths that evolve as the points of the pen refills penetrate
through the coating to reach the bare metal substrate. By heating the 25
substrate, the time to failure is accelerated. The longer the time to failure,
THe WVEHOIAE durability of the non-stick coating. At the end dRdAEFR005/045476
15-minute cuflesinpan ifeNalie dapeOL i mAed tJosaa I how
. numerical ratings: 30 -16 WO 2006/066027 PCTIUS2005/045476 "1"0 -
Nevepell $rerassidps @ulihg s muehoTing s99RIEIRAS BF BRboth
substrates} Roughenings@fefegace (for grit blasted substrates) 5 7 Lines
to metal (ogtside and/o%ljnsidq? \% Oval beginning outside 5 Oval
complete Accelerated iﬁ@’r 2 Cooking (ATP) 10 The Accelerated
Figer Paw &ooking test {Scag accelerated lower temperature version of the
Tiger Paw gooking test gxplained above, The test evaluates substrates
such as fry pans for cooking performance and abrasion resistance by
exposing tie coating syS@&#™ cycles of acid, salt and fat and detergent.
The substrgte is subjectgdriogesat@nd the manual 15 rotation of a tiger
paw head during cooking. The food cycles, temperature conditions and
numﬁwtiger paw head rotations are altered as explained below. For
10ach test, goatetetonsptusacohiasy pdry pantestediontad domsriemphhigh
Sto"?etﬁpBe"é/%%”g&%gi%bég&%%@n%o@mQﬁ%&%ﬁwH?&SPH&%r@e
control pan1s"a standard 1S a pan cOated with a known commercial
cookwiarsitsodeiy spetelm rtiskhikhitple daleseriptionpbiedetisgirigosd

havebegnasedetniminad- RPEYIiMes, Tinss temparaike festtheatasidsure of
maintained at 280F (138C) to 300F (149C)
mar and scratch from ¢ommon cooking abuse.

15 Dried Film Thickness (DFT)
The baked coating thickness is measured with a film thickness

instrument, e.g., Fisherscope, based on the eddy-current principle (ASTM
B244).

20 EXAMPLES
Fluoropolymer
PTFE dispersion: DuPont TFE fluoropolymer resin dispersion grade

30, available from the DuPont Company, Wilmington, DE.
FEP dispersion: TFE/HFP fluoropolymer resin dispersion with a
25  solids content of from 54.5-56.5 wit% and RDPS of from 150-210
nanometers, the resin having an HFP content of from 9.3-12.4 wt% and a
melt flow rate of 11.8-21.3 measured at 372°C by the method of ASTM D-
1238 modified as described in U.S. Patent 4,380,618.
PFA dispersion: DuPont PFA fluoropolymer resin dispersion grade
30 335, available from the DuPont Company, Wilmington, DE.
Polymer Binder
PAl is Torlon® Al-10 poly(amide-imide) {Amoco Chemicals Corp.), a

solid resin (which can be reverted to polyamic salt) containing 6-8% of
residual NMP.



as measured by a contact pyrometer on the substrate surface. The pans

25 are methodically rotated among all burners. In operation, the test pans
position are placed on the burners and heated to within the specified
EMesdRedrange. The pans are subjected to the followingPETHFAYPS/045476
process. A'“P%%‘#ﬁi@@éid‘@ﬁf‘ié‘%%‘ﬁ@?& 81816 908 Shae AR HAliRg an

30 mjnutes. The eggg Is lifted with a spatula and the pan s tilted to allow
i

for tHNEHRIHY SRS AE R ARSI RRiIIPHsY EHPSIRIASIWh G selitignTiRe
pan isi/Etdimethiodbetduine aasoethe leagdisduriedinesodhe valk ffdhesuch

is brokenwith | he eqq is copked f .
The 85 M NSEICIRRCs AL MAH o LA A REU EHER & S0l o
WO 2008K066022REH WER 0S50y SiTBestvetsfatiteidthifiechbiasedam
the Sﬁ?é%gﬁ%{&%{?g.éﬁﬂg%sﬁ"\ﬁ&%?”% ﬂeggﬁb’éd Txﬂ%r%ﬁ%a‘%@@ﬁ fplpa for

scratch. The pan is rinsed in hot water and wiped o th a paper towel.
CookPRiehhé& RiAEHbErrsEBBARBI is placed in the center of the 5 pan. A

prefogiredihaaibiia erapatiyssalted with 1/4 teaspoon of salt on one side is
placed salt side down qn the oil. The patty is cooked for 3 minutes._Then
B M 15 piac S GRS L O SORE Y s KRETE S LRG|
With ¢eSiQ, dviukibth Geenestigené aispd ondve gethofstsiinatintddiossths
and each fourt@i&aﬂtninto EhH%SO ghr;exi é?gat 5:% [[erquog[e}daggr% the 1 Eglansgs
wiped out with a paper towel. Two cups oz§) o?prepareé’?o%l gl
mixture (30 oz.RoAtHIe: sadce;t10/8 miprsmibi8ryimeatcryisaapdesttioleatie
pan and simmeged for 20 mj ut During this 20-minute simmer period
the scratch abSFgegézast is pge?go“rri%}dn J%Eﬁ'gﬁ%%rﬁgr%?%%\?vvﬁreaﬁ %‘ﬁ%ﬁﬂﬁ%
is stirred in eadh B0 £5 wishBthel terigamdieas irearcaeatage atetioldosisd

{gvolutions in aPcI v__\_/iselgiée_giog r%ﬂ:dr vr\{{te ésrg more r%\éoilautions,i%a size
counter clockwise " direction. AT the conclusion oftha 20 mitte ke

period, the panB e&820rem@adeti-fro ritierbuneters, menteats @ qragiitsl sinel

each pan is Wa;éhﬁgo = 36.5 + 1.5 micrometers mean average particle size

P 240 = 445+ 2.0 micrometers mean average patticle size
The mean average patticle size (dssp ) Is measured by
20  sedimentation using FEPA- Standard-43-GB 1984R 1993 resp. IS0 8488
according to information provided by the supplier.
Other Inorganic Film Hardener

Aiuminum oxide {small parlicles) are supplied by Aluminum
Corporation of America ~ Grade SG A-18 with an average particle size
23 0.35-0.50 micrometers
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 aqueous
dispersion compositions of the primer, intermediate coat and an overcoat.
30 The dried coating thicknesses (DFT) for primer/infermediate layer/overcoat
are determined from eddy current analysis to be 0.4 mils (10.2

micrometers)/0.7 mils (17.8 micrometers)/0.3 mils (7.6 micrometers).
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thoroughly with a detergent solution. The pan is rinsed in clear water and
20 wiped dry. The pans are returned to the burner and the cooking
procedure beginning with placing one tablespoon of oil in the center of

e PasGasoedpeated. After every 4 cooks, an eqg is fried as BEBERBEE/045476

abovekarzd%@é"’pﬁﬁﬁ&ﬁé&&@@ﬂgwwﬁ@i@@t?ndﬁwm.tiégeﬁﬁmgmbms&mfery
7 cooks . (or if 7 coo cannot complete , the Ol eac av).e
s dhe e e SR IA AR, SRRV el

qugi@hdﬁbi;gé.nt and 3 teaspoons of salt. The Qetergent is brought to a
ol and a lghio e QY74 B8 PR DS ARIBAEEIREGERIRAY Hrer

and allowed to Stand 30 overnight. The next day the cycle begins with
frying #h°Eg§Rna rfanfyravevtisan] T dtisgeeniair eaalitithepapiayed over
detefinge0-Rmve 2 Akt sRlIngRhRal Wil RdEsiRE:6tBRRe

Scratch uses the same_scale as that used in the TP test. The release

scald VTR BRIGHR!- 10 R THEI BRSO SRS AIGHIBABR RS of 800
Releesg4DFbE) fhes aleaseyating is determined by assessing how easily
the egg slides and how much of the e jcks o t an. 5 -- Excellent
ey gootieBrePEe Rl s R ey R ne T )
160atedrsplugttites suclvaldray frynpeerasusabfect€l) tolesserickest Riggults for all
tempg)f aggqﬁipé?j C igg*éls,i@g common household metal cooking
s (for whisk

utensr K, spatula, sk, knife). A description of the test is described
in US 5,250, 356 (Batzar) column 3, lines 11 -64. The test is a measure of

mar and scratch from common-ggakiqg-atsesoat

~ Ingredients Weight Percent
PTFE (solids in aqueous dispersion) . 39.677
Water 36.591
Octylphenolpolyethoxy Surfactant 4612
PFA (solids in agueous dispersion) 2.089
Mica lriodin 153 from Merck 0.371
Cerium Ocloate 0.580
Oleic Acid 1.030
Triethanolamine 4.591
Butylcarbitol 2.395
Acrylic Resin 5470
Hydrocarbon Solvent 2.884
' 100.000

15
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15 Dried Film Thickness (OFT) The baked coating thickness is measured
with a film thickness instrument, e.g., Fisherscope, based on the
eddy-current principle (ASTM B244). 20 EXAMPLES Fluoropolymer
Wﬂﬁ@ﬁiﬁ@@ﬁsron DuPont TFE fluoropolymer resin drspersmﬁgra%?éﬂwﬂ'iﬁ

- 54.5-56.5 wt% and RDPS of from 150-210 nanometers the resin having
an HrRrente pyahiPtotnpdsidontVeanthappelt flow rate of 11.8-21.3
measured at 372C by the method of ASTM D- 1238 modified as described
in U.S. Patent 4,380,618. PFA drspersron DuPont PFA fluoropolymer

(Amoco Chemlcals Corp ) a solrd resin (Whrch can be reverted to

polyadit-sdlt) containing 6-8% of residual NMP. 1g WO208%/066027
PCTRES 20051045476 Pbtyam'tb-abidsalt tsjgeneratty-axgitatieas
polyamic_acid having an inherent viscosity of at least 0.1 as measured as
a 0.5MtFd% GuilidemiaaMentgifdiknnisiasgtamide at 30C. 1t4s%8solved in a
coakﬁgﬂq@gggq@g&gegggﬁgﬁé;ybwrror| one, and a visgasity reducing

age 1t such.as furfuryl 5 alcohol and reactet. with tertiary amine,

prefeFABIMR&IsNine to form the salt wHich is solublSSif8Rater, as
descrhieghineigassdpiall in U.S. patent 4,014,834 (Comcafwon). Silicon

Carhlrln Particles-Silicon-carbide-st |pn|1or1 [\ V] EInI{frncthnhmrnrl{

TS o

Ken E@ﬁ*@rﬁmﬁo (ESK), Munich Germarly are used in'& @grrety of sizes

and|rviétiesolamine 0.003
N-Methylpyrrolidone 3.051
Ultramarine Blue Pigment 7.181
Ludox AM Polysilicate 1.073
Sodium Naphthalenesulfonic Acid 0.011
Alkylphenolethoxy Surfactant ' 0.617
Mica/Titanium Dioxide/Tin Oxide 0.044
Kaolin - 0.217

100.000
5
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P1200 = 3.0 0.5 micrometers mean average particle size P1000 =4.5

0.5 micrometers mean average particle size P 800 = 6.5 1.0 micrometers
mean average patrticle size P 600 = 9.3 1.0 micrometers mean average
peone/4e875 P 400 = 17.3 1.5 micrometers mean average(Fartiziessitd76
P 32 paLticle si 280 = 36.5
Al St R e L B S S
micrometers mean average particle size The mean average particle size

(dsS50) is measureq Ry eieseélimentation rlng l—tPAv\;éggﬁgpg;czéﬁiub

1984R-1993resp SO 8486--according to-information provided by the
supplier. Other Inorganlc Film Hardener Aluminum OXIde (small partlcles)
are >9ﬁ[ﬂ@(kbydﬁlmau@¢u€dmﬁmﬁl) of America - Gragie 45§ A-16 with

~la
an ge-particte-size-25-6-35-0-50-miergmeters-A-3 snﬁ* pon-stick

system Tepresentative of the invention is spfayed onto t&845hs of
smotﬁ}ch’iuhﬁnumqmmﬂmﬁhe‘antmaated only by Washlng gBemove

gred St IILET n,é d-The-agueous—h Wﬁﬁ———————»
co DOSI'[lCth of the @J%jg;éylr?? k%nééacfl] zte coat and an overgcoat. 30 The

drie j@é&ﬁi‘gﬁlﬂ@knesses (DFT) for primer/intermediate |ay:@Aévercoat

are ORIREMISHIA B EYE AR B Ealysis 10 be 04 mits (o

micriemeters)/0. 7 mils (17.8 micrometers)/0}3 mils (7.6 micrometers). -20

wo |Jdiematne Bive Pigeenbs/045476 the'brinief IdyerRwp

intermgdjaﬂem@gseare I|§[ed in Tables of ech example )G
AN ed_in.Table.1. The

ed onto the alumlnum substr ate and dried t%450 OF (66
C) f()ﬂﬁxeéthautESmTﬁw intermediate coat is tHen sprayed ovezsthe dried

on-wet-to-the mtnrmerhg

prlrﬂeﬁ iI\'.: tO \.. atis appnctJ\oplayed)—‘v‘Ve. o Aetto-t cHate
coat ﬁ@ oa |nq is cured by baking at a temperature of S?Og

Acrylic Resin 4540
Hydrocarbon Solvent | 2.798
Sodiumnaphthalenesulfonic Acid 0.057

100.000
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OF (427 C) for 5 minutes. Pans are subjected to tests to determine 1)
abrasion resistance, 2) 10 ramp up time to cooking temperature, and 3)
release. Test Results for all system are listed in Table 16. Table | -
lereeiciigredients Weight Percent PTFE (solids in aqueBt$/US2005/645476

dispersion) 39.67 7c Waish 3t Qrbipbenalpeie

4.612 PFA (solidsin-agueous dispersion) 2.

Yefaigrfactant
ica Triodin 153 from

Merck 0.371 Cerium Octoate 0.590 Oleic Acid 1.030 Triethanolamine

4.59TaBetvlcRrhitel Z 3Rp Aitidie Resindh.£40 2Hydrocarbon Solvent
2.884 100.000 15 -21 WO 2006/066027 PCT/US2005/045476
'‘Comparative Ekample 1 -- No SIC patrticles, No magnetizable flakes

Table 2 - Primer Gogpdigititsn - Comp. Ex 1 Ingredie¥ifsiytit Bditceatcent ]
PAI="15:089Water 68:438PTFE (solidsimaqueous dispersion) 4968
FEP_(solids in aqueous dispersion)_3.232 Furfuryl Alcohol 3.982
Diettfféthdnolamine 0.718 Triethylamine 1.436 5.08¢9

Water 68.438

PTFE (solids in agueous dispersion) 4.908

FEP (solids in aqueous dispersion) 3.232

Furfuryl Alcohol 3.882

Diethylethanolamine 0.718

Triethylamine 1.436 T

Triethanolamine 0.003

N-Methylpyrrolidone 3.051

Ultramarine Blue Pigment 7.181

Ludox AM Polysilicate 1.073

Sodium Naphthalenesulfonic Acid 0.011

Alkylphenolethoxy Surfactant 0.617

MicafTitanium Dioxide/Tin Oxide 0.044

Kaolin ' 0.217

100.000

-4 .




Triethanolamine 0.003 N-Methylpyrrolidone 3.051 Ultramarine Blue
Pigment 7.181 Ludox AM Polysilicate 1.073 Sodium Naphthalenesulfonic
Acid 0.011 Alkyiphenolethoxy Surfactant 0.617 Mica/Titanium
BidRMeri2Oxide 0.044 Kaolin 0.217 100.000 5 -22 WO 2806/0E8EPH5476

F’CT/#%%?QQWéﬁﬁéﬁiﬁé@ﬁfé#&@@&%h@%’oﬁ%E?c?i jon - Comp.

Ex | Ingredients Weight Percent PT

E (solids in aqueous dispersion)

31.428 Water 40.423 Octylphenolpolyethoxy Surfactant 4,963 PFA

(solds in"aqueoUs|fiFpaisHen) 5.681 Carbdn Black YagnivEErEdHanium
Dioxide/Tin-Oxide-0.704 Ultramarine-Blue.-Rigment.0.235 _Cerium.
Octpate 0.550 Oleic Acid 1.206 Triethanokamine 4.366 Butylcarbitol
2.28P Priryiciesinadsdbudispeesidrgn Solvent 2.798 330agm
napWM@%@@éﬁW
pcT/U8%605/045476 '

Qctylphenolpolyethaxy Surfactant 4.248

PFA (solids in agueous dispersion) 6.132

Stainless Steel Flake 3161 Water 1.592

grade

Amorphous Silica 0.184

PAl-1 0.052

Cerium Octoate 0.590

Oleic Acid 1.030

Triethanolamine 4.646

Butylcarbitol 2.424

Acrylic Rasin 4.880

Hydrocarbon Solvent 2.889

Sodiumnaphthalenesulfonic Acid 0.034

100.000

e
(9]



Comparative Example 2 - No SiC particles Table 4 Primer Composition -

Comp. Ex. 2 Ingredients Weight Percent PAI -1 5M089 Water 68.438
PTFE (solids in aqueous dispersion) 4.908 FEP (solids in aqueous
Wi peeeisR)23.232 Furfuryl Alcohol 3. 982 DlethylethanolamFF%TGJ5‘)@85/945476

Triethylamine }x436

Ultr

amarine BlGe Pigmen

SRYROHIRRE 3.051
€ 1.073 Sod

ium

Naphthalenesulfonic Acid 0. 011 Alkylphenolethoxy Surfactant 0.617

Micafhibae g Pripi¥i dothiso@itide 0. Q44K aoling0.217 100.000 5 -24 WO
2006/066027 PCT/US2005/045476 Table 5 Intermediate Layer

Composition Comp EX. 2 Ingredients Weight Percent PTFE (solids in

aqu ]
Surfa
Stegl Flake 316L Water 1 592 qrade Amor hous Slllca 0. 184
PAI -~ 1 4,646
Water 82.629
PTFE (solids in aqueous dispersion) 4,192
FEP (solids in aqueous dispersion) 2.850
Furfuryl Alcohol 3.579
Diethylethanolamine 0.656
Triethylamine 1.311
Triethanolamine 0.012
i N-Methylpyrrolidone 2.785
Silicon Carbide particles (amps* = 10 5.326
~micrometers)
Carbon Black Pigment 0.311
Ultramarine Biue Pigment 1.762
Aluminum Oxide (0.35-0.50 8.1563
micrometers)
Ludox AM Polysilicate 0.546
Sodium Naphthalenesulfonic Acid 0.176
Alkylphenolethoxy Surfactant 0.642
Hydroxypropyl Celluiose 0,024
100.000

*amps = average mean particle size

-8 -



PAI-1 0.052 Cerium Octoate 0.590 Oleic Acid 1.030 Triethanolamine
4.646 Butylcarbitol 2.424 Acrylic Resin 4.880 Hydrocarbon Solvent

2.889 Sodiumnaphthalenesulfonic Acid 0.034 100.000 or WO
WOOS566627 PCT/US2005/045476 Comparative Example BCII§2005/045476
maoqeiiahliakRediatla fye BeriTRRSion, R, B 3

Ingredients Weight Percent PAI - 1 4.646 Water 6 PTFE (solids in
aqueous dispersion) 4.192 FEP (solids in agueous dispersion) 2.850

Fu

furyl Alcohol 3 ﬁ@%m&gylethanolamln 0.656 wg@mqjggegrﬁ 31T
iethanelamine 2 .N-Methvip done 85...S a arbide
:)-eril:tlcles (amps* = 10 5.326 mlcrometers) varbon Black Plgment 0.311
UItﬂalPrTeFrEleBlide iﬁlgmmm% a&&eﬁdwmnum Oxide (0.3%6.5863.153
AN a-0- 046 S odutim-Nanhthalanacildfanie

AC j\’{yél fers) tudox Al Polysticate-8:946- Sodium-Napfyigionestitonie

Octylphenclpolyethoxy Surfactant 3722

PFA (solids in aqueous dispersion) 5.012

Aluminum Oxide 6.562

Carbon Black 1.046

Ultramarine Blue Pigment 0.279

Mica/Titanium Dioxide/Tin Oxide 0.734

Hydroxypropyl Cellulose ‘ 0.019

Cerium Ocloate 0.491

Oleic Acid 0.921

Triethanolamine 3.907

Butylcarbitol 2.037

Acrylic Resin 5.130

Hydrocarbon Solvent 2.490

Sodiumnaphthalenesulfonic Acid 0.057

100.000

The examples presented below have varying amounts and sizes of SiC
particles in the primer layer in conjunction with S8 flakes in the
intermediate layer.
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Alkylphenolethoxy Surfactant 0.642 Hydroxypropyl Cellulose 0.024
100.000 5 ramps = average mean particle size -26 WO 2006/066027
PCT1US20051045476 Table 7 iritermeoiate Layer Composition - Comp.
TR 2Urddlents Weight Percent PTFE (solids in aqueous BfSHERG#45476

28.486 Water 39. Q7 Oityiphenoipoiigthitsyimesiaeiabhver22 PFA
(solids in aqueousTdispersion) 5. Aluminum Oxide 6.562 Carbon
Black 1.046 Ultramarine Blue Pigment 0.279 Mica/Titanium Dioxide/Tin
OxideBid 3¢ - EyninexypoanybsitituosExaffieCerium Octoate 0.491 Oleic
Acid 0.921 Triethanolamine 3.907 Butylcarbitol 2.037 Acrylic Resin
5.130 Hydrocarbon Solvent 2.490 Sodiumnaphthalenesulfonic. Acid
0.057 100.000 Tiegesdirmites presented bielow havd@gitiesssdlints and

sizes-of-Si€—5partictes i the primer tayeriinconjunction with SS flakes in
the_intermediate layer. -27 WO 2006/066027 PCT/L IQ7ﬂ£5/9645476

Exafmple-11SS in the Intermediate Laver

Water 62.629
PTFE (solids in aqueous dispersion) 4192
FEP (solids in agueous dispersion) 2.850
Furfuryl Aicohal 3.579
Diethylethanoclamine 0.656
Triethylamine 1.311
Triethanolamine 0.012
N-Methylpyrrofidone 2.785
Silicon Carbide particles (amps®* =10 | 5.326
micrometers)
Carbon Black Pigment 0.311
Ultramarine Blue Pigment 1.762
Aluminum Oxide (0.35-0.50 8.153
micrometers)
Ludox AM Polysilicate 0.946
Sodium Naphthalenesulfonic Acid 0.176
Alkylphenolethoxy Surfactant 0.642
Hydroxypropyl Celluiose 0.024
100.000

5 *amps = average mean particle size
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Table 8 - Primer Composition - Example | Ingredients Weight Percent PAI
-14.646 Water 62.629 PTFE (solids in aqueous dispersion) 4.192 FEP
(solids in aqueous dispersion) 2.850 Furfuryl Alcohol 3.579
Eiepiaeriolamine 0.656 Triethylamine 1.311 TriethanolBRTif&§95/£25476
N-MeLyipy aliflance2id85 L HjisondripdidriBa ieRaipmps” = 10 5.326
micrometers) Carbon Black Pigment 0.311 Ultramarine Blue Pigment
1.762 Aluminum Oxide (0.35-0.50 8.153 micrometers) Ludox AM

Polysilicate 0. 946;n‘gwuwntglaphﬂ1alenesu fonlc Aa%i@ﬁﬁpement
shenolathox 1t-0-642H 0
f(ljlzb 000 5 amps = average mean partlcle 5ize 28 WO 2006/66027

PCTRUSE(86l04 54 26 e abtei®Bpentgyniediate Layer Corﬂbx%ﬂon -
Example-Tingredients-Weight-Percent-—PTFE(sotidsin S
dispersion)_33.980_Water 37.319 Octylphénolpolyethoxy Surfactant
4.248ctyiphgsolpvietbepedudaiigirsion) 6.132 4.248
PFA (solids in aqueous dispersion) 8.132
Stainless Steel Flake 316L Water 1.592
grade
Amoarphous Sifica 0.184
PAL-1 0.052
Cerium Qctoate 0.580
Oleic Acid 1.030
Triethanolatine 4.646
Butylcarbitol 2.424
Acrylic Resin 4.880
Hydrocarbon Solvent 2.889 B
Sodiumnaphthalenesulfonic Acid 0.034
100.000




Stainless Steel Flake 316L Water 1.592 grade Amorphous Silica 0.184
PAI-1 0.052 Cerium Octoate 0,590 Oleic Acid 1.030 Triethanolamine
4.646 Butylcarbitol 2.424 Acrylic Resin 4.880 Hydrocarbon Solvent

¥ @gHs8Edtimnaphthalenesulfonic Acid 0.034 100.000 2a P@ANIS2065/045476
20061066027 B S04 Ry DA ISR AR QRN the
Intermediate Cayer Table rimer Composition - Example 2 Tngredients
Weight Percent PAI -1 4.646 Water 62.629 PTFE (solids in aqueous
disp&egidn)i 4. LPnEECospsittoadibeusstisersion) 2.850 Furfuryl
Alcohol 3.579 Diethylethanolamine 0.656 Triethylamine 1.311
Triethanolamine 0.012 N-Methylpyrrolidone 2.785 Silicon Carbide
particles (amps* =la@r&3a8s micrometers) Carbon BlaeigRtdreerrd.311

Ultramarime Blue Pigment-1-762—Atominum Oxide(0;35-0-50-8:153

PAl - 1 4.646
Water 62.629
PTFE (solids in aqueous dispersion) 4.192 }
FEP (solids in agueous dispersion) 2.850
Furfuryl Alcohol 3.579
Diethylethanolamine 0.656
Triethylamine 1.311
Triethanolamine 0.012
N-Methylpyrrolidone 2.785
Silicon Carbide particles {amps™ = 10 5.328
micrometers)
Carbon Black Pigment 0.311
Ultramarine Blue Pigment 1.762
Aluminum Oxide (0.35-0.50 8.153
.micrometers) , ‘
Ludox AM Polysilicate _ 0.9486
Sodium Naphthalenesulfonic Acid ' 0.1786
Alkylphenolethoxy Surfactant 0.642
Hydroxypropyi Cellulose 0.024
' - 100.000

5  “*amps = average mean particle size




micrometers) Ludox AM Polysilicate 0.946 Sodium Naphthalenesulfonic
Acid 0176 Alkylphenolethoxy Surfactant 0,642 Hydroxypropyl Cellulose
0.024 100.000 5 *amps = average mean particle size -30 WO
YOPSAS86E27 PCT/US2005/045476 Tattle 1'1 Intermediate PEYEIS2005/045476
Compgsitiony 1&@[%@@&&09&\% lePEmNSIGhLReIeSMnfplE & (solids in
aqueous dispersion) 27.309 Water 39.687 Octylpheno ?polyethoxy
Surfactant 3.600 PFA (solids in aqueous dispersion) 4.802 Carbon Black

1.002 Ultramaringrigrifetganent 0.267 Alyminum Oxjde; R 285c&fainiess
SteeHlake-316L-Water-1:557—grade-Mica/Fitanium-Dioxide/Tin-Oxide
0.703 Amorphous Silica 0.180 Hydroxyprgpy! Cellulose 0.079 PAI-1
0.05 PTC&Eigniidacinatpetz0diieisidn)d 0.882 Triethargfadothe 3.743
But/.* hitot-1-952 Auyiig Rca_iu 4914 h“y_ﬁuuafbui’rsxgl.g%fgt?z.zgl
Sodiumnaphthalenesulfonic Acid 0.226

Octylphenolpolyethoxy Surfactant 3.600

PFA (solids in agueous dispersion) 4,802

Carbon Black 1.002

Ultramarine Blue Pigment 0.267

Aluminum Oxide 6.285

Stainless Steel Flake 316L Water 1.557

grade

Mica/Titanium Dioxide/Tin Oxide 0.703

Amorphous Silica 0.180

Hydroxypropyl Cellulose 0.079

PAL-1 0.051

Cerium Ocloate 0.470

Oleic Acid 0.882

Triethanolamine 3.743

Butylcarbitol 1.952

Acrylic Resin 4914

Hydrocarbon Solvent 2291

Sodiumnaphthalenesulfonic Acid 0.226

100.000




100.000 -31 WO 2006/066027 PCT1US2005/045476 Example 3 - SS in
the Intermediate Laver Table 12 Primer Composition - Example 3
Ingredients Weight Percent PAIl -1 4.784 Water 61.795 PTFE (solids in
WaLRSBE5E3persion) 2.868 FEP (solids in aqueous dispersiBRY/O875/045476

Furfuryl Alcohol 4.%@iﬁ@ylgtgwlQﬂg@ﬁtgmgdigggeL%%mine 1.350
Triethanolamine O.ITZ"I%- etnylpyrrolidone 2. imcon Carbide
particles (amps* = 20 9.990 micrometers) Carbon Black Pigment 0.178
Ultramadieq BRigniigmenigbéRiomumianmpiegde (0.35-0.50 6.580
micrometers), Ludox AM Polysilicate 0.744 Sodium Naphthalenesulfonic
Acid 0.013 Ethoxylated Acetylenic Diols 0.370 Alkylphenolethoxy
Surfactant 0,152 @gateieMica Flake 0.200]100.000 VBetghipsscanterage
mean-particte-size-=32-WO-2006/066027- P THIS2005/045476 - Tabte 13
Intermediate Layer Composition - Example|3

PAL~1 4.784
Water 61.795
PTFE (solids in aqueous dispersion) 2.868
FEP (solids in aqueous dispersion) 1.937
Furfuryl Alcohol 4.605
Diethylethanolamine 0.675
Triethylamine 1.350
Triethanolamine 0.172
N-Methylpymrolidone 2.866
Silicon Carbide particles (amps* = 20 9.990
micrometers)
Carbon Biack Pigment 0.178
Ultramarine Blue Pigment : ' 0.721
Aluminum Oxide (0.35-0.50 6.580
_micrometers)
Ludox AM Polysilicate 0.744
Sodium Naphthalenesulfonic Acid 0.013
Ethoxyiated Acetylenic Diols 0.370
Alkyiphenolethaxy Surfactant 0.152
Coated Mica Fiake 0.200
' 100.000

5 *amps = average mean particle size
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Ingredients Weight Percent PTFE (solids in aqueous dispersion) 33.980
Water 37.319 Octylphenolpolyethoxy Surfactant 4.248 PFA (solids in
agueous dispersion) 6.132 Stainless Steel Flake 316L Water 1.592
BRI hous Silica 0.184 PAI-1 0.052 Cerium Octoat@ Gr85300 kx4 76
Acid #8380 13 1RIEARCARIE 464 € JAMDISRIBIOL Ed2thpherylic Resin

4.880 Hydrocarbon Solvent 2.889 Sodiumnaphthalenesulfonlc Acid

0.034 100.000 5 -33 WO 2006/066027 PCT/US2005/045476 Example 4

SS flakes in the Integrea@@ate Layer Table 14 Primer@ergiasiiionnt
Example-4-Hingredients-Weight Percent--BAL-1-4.710--Water-66:159
PTHKE (solids in aqueous dispersion) 4.310; FEP (solids in aqueous
dispet3ioh (20889 iranfleyldishetdo#69 Diethylethanokngid@ 0.665
Triei'wic&g{'me 1:329~Friethanotamine6:01 37316
Octylphenolpolyethoxy Surfactant 4.248
PFA (solids in agueous dispersion) 6.132
Stainless Steel Flake 316L Water 1.562
grade
Amorphous Silica 0.184
PAI-1 0.052
‘Cerium Octoate 0.590
QOleic Acid 1.030
Triethanolamine 4646
Butylcarbitol 2.424
Acrylic Resin 4,880
Hydrocarbon Solvent 2.889
Sodiumnaphthalenesulfonic Acid _ 0.034
100.000
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N-Methylpyrrolidone 2.823 Silicon Carbide particles (amps* = 20 2.571
micrometers) Carbon Black Pigment 0.278 Ultramarine Blue Pigment
1.614 Aluminum Oxide (0.35-0.50 7.390 micrometers) Ludox AM
PEyaMt820.867 Sodium Naphthalenesulfonic Acid 0.159 FEIRORAIEY3476
Acetylenic DiolsQ 228 idMkY/BReRQlel U AERRL BiR A aver
Hydroxypropyl CEINUIOSE U021 T00.000 5 *amps = average niean particle
size -34 WO 2006/066027 PCT/US20051045476 Table 15 intermediate
Layer4mpenpositioner ExanpRisiddngredianipd/aight Percent PTFE (solids
in aqueous dispersion) 33.980 Water 37.319 Octylphenolpolyethoxy
Surfactant 4.248 PFA (solids in aqueous dispersion) 6.132 Stainless
Steel Flake 316L Wgtedi&r892 grade Amorphous SilitveiQtt $FerBait1

0.052—-Cerium-Octoate-0-590-Oteic-Acid-1:p30—Triethanotamine-4:646
Butylcarbitol 2.424 Acrylic Resin 4.880
PAI -1 4.710
Water 66.159
PTFE (solids in aqueous dispersion) 4,310
FEP (solids in aqueous dispersion) 2.880
Furfuryl Alcohol 3.469
Diethylethanolamine 0.665
Triethylamine 1.329
Triethanolamine 0.011
N-Methylpyrrolidone 2.823
Silicon Carbide particles (amps* = 20 2.571
micromeiers)
Carbon Black Pigment 0.278
Ultramarine Blue Pigment 1.614
Aluminum Oxide (0.35-0.50 7.390
micrometers)
Ludox AM Polysilicate 0.867
Sodium Naphthalenesulfonic Acid 0,159
Ethoxytated Acetylenic Diols 0.222
Alkylphenolethoxy Surfactant 0.522
Hydroxypropyl Cellulose 0.021
100.000

5 *amps = average mean particle size
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Hydrocarbon Solvent 2.889 Sodiumnaphthalenesulfonic Acid 0.034
100.000 Performance Testing - Abrasion, Mar, Ramp Up Time to Cooking
5 Temp, and Release Test pans coated as described in Comparative
B892 3 and Examples 1-4 are subjected to AIHAT Strafereesp45476
MTP ARSI TR ncRARL AP ACHRIE LR 0BRg T gR 4The results

are shown in Table 16. Superior abrasion resistance of the Examples 1 -

4 of the invention are 10 indicated by the SBAR tests (both wet and dry)

andithe MTP test. ;ﬁg@;énw and scratcTt r&stancew@mjg@@@g@y the
AIH Roleg heo-iavention nhse mle A00d-as
con /entlonal prior art cookware Results of|the contact test show that the
pansHT HE’e(ecahainptesqoéctbsdmmmm)heat up to a cookiogmmperature
of 456 Ag\aﬂq €)in-15-much-reduced-time—The-syner ffeet-of-SIiC
particles and stainless -35 WO 2006/066027 PCT/US ?3‘5?’6‘? 5476 steel
flake Sethierenipobeeitsyof Sckatmn system used in cooka#@ provides
MUCHBROTOS RIS F e BB S SIS B SteT [Teat Up o Coggt
tem ratufr(: and still provides Ec%od leaset -364) ) U U C Cw0000O0
N N StaUpI#3m Sl ake 66 Water 1592

grade

Amorphous Silica 0.184

PA[-1 0.052

Cerium Octoate 0.580

Oleic Acid 1.030

Triethanclamine 4.646

Butylcarbitol 2.424

Actylic Resin 4.880

Hydrocarbon Solvent 2.889

Sodiumnaphthalenesulfonic Acid 0.034

100.000

. Performance Testing - Abrasion, Mar, Ramp Up Time to Cooking

5 Temp, and Release

Test pans coated as described in Comparative Examples 1 - 3 and
Examples 1- 4 are subjected to AlHAT scratch test, MTP Abrasion Test,
SBAR, and Accelerated Cooking Test. The resulis are shown in Table 16.
Superior abrasion resistance of the Examples 1 — 4 of the invention are
10 indicated by the SBAR tests (both wet and dry) and the MTP fest. Good
mar and scrafch resistance is evidenced by the AIHAT test. Release of
the inventions of these examples is as good as conventional prior art
cookware. Results of the contact test show that the pans in the examples
of this invention heat up to a cooking temperature of 400 °F (204 °C) in
15 much reduced time. The synergistic effect of SiC particles and stainless

-35.
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sted! flake in the undercoat(s) of a coating system used in cookware
provides much improved abrasion resistance, faster heat up to cooking
temperature and still provides good release.
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CLAIMS What is claimed is : 5 1 A structure comprising a substrate and a

baked refase coating-en—the-substrate;-the-coating-comprising-an
undercoat and a flygopolyrfler overcoat, wherein said undefcoat cgntains
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flakes having no induced orientation, and a plurality of silicon carbide
particles, said inorganic flakes consist essentially of 10 magnetizable
flakes. 2. The structure of claim 1 wherein said magnetizable flakes are
stainless steel. 3. The structure of claim 1 wherein said undercoat
comprises a primer layer and an intgimisate layer positioned between

s%&r{q&e&gﬁ &?ssaid overcoat, wherein said intermediate layer
c 4. The structure of claim 3 wherein said silicon carbide
particles are supplied to said release coating via said primer layer. 5. The

structure of clainaR whesehssidifptarsnssiaie: laver-udkey (eRERISESAg on
fluoropolymer. 20 6. The str:ﬁ):ture of claim 3.or 4 wherein said primer

layer further cBYnSHRRESHISTSHBNIREP P HHRSALERAR G134 3
wherein said niagraiabie fakewateviserppliediiarsiic aateronealiatetayganic

8. The structurg.Qf claim 3, whsln saichiniesmpdiate Laméwmrsa%ém

comprises a fluoropolymer. 9. The structure of claim 3, wherein sai
primer layer fuREIAEORRSIRESaR AP BNISaHES Fpies i GeasriiBhCRim 3
wherein said inteigmetliatsdd aygeturther contains aluminum oxide. 30 11.

The structure [ in.sai ate.i lnum. 12, The
Structure 51 oagg o e T e s AU flefaee,
structure of clafAiteyssiRRErein said silicon carbide particles have a

mean aveyage P titlacsize 47 dheniangRepdinbaiid 3r82boat cbdides a primer
micrometers. 114. The structyre ofgla%inl lor4 whereéﬂ s?id silicon, carbide
Ric 02

particles have ST 806 %rén 8 AL RIS V(\S?%rﬂ)%itdéa ggner and

about 45 micrem@engrcoat, wherein said intermediate layer contains the flakes.

4. The structure of claim 3 wherein said silicon carbide particles are
supplied to said release coating via said primer layer.

8. The structure of claim 3 wherein said intermediate layer further
comprises a fluoropolymer.

6.  The structure of claim 3 or 4 wherein said primer layer further
comprises a fluoropolymer.

7. The structure of claim 3 wherein said magnetizable flakes are
supplied via said intermediate layer.

8.  The structure of claim 3 wherein said intermediate layer further
comprises a flucropolymer.

9.  The structure of claim 3, wherein said primer layer further contains
aluminum oxide.

10.  The structure of claim 3 wherein said intermediate layer further
contains aluminum oxide.

11.  The structure of claim 1 wherein said substrate is gluminum.

12.  The struciure of claim 1 wherein said substrate is stainiess stesl,
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13.  The structure of claim 1 or 4 wherein said silicon carbide particles
have a mean average particle size in the range of about 3 to about
100 micrometers.

14, The structure of claim 1 or 4 wherein said silicon carbide particles

have a mean average particle size in the range of about 5 to about
45 micrometers.
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