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30 noted above with respect to the dianond particl es,
Knoop hardness is a scale for describing the
resistance of a material to indentation or
scratching. The film hardener conponent of the priner
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- 17 - Scratch (0 to 10): The scratch rating
is determ ned by a visual conparison of pictures of
standard test substrates at specified ratings of 10,
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i nherent viscosity of at least 0.1 as neasured as a
0.5 wt% solution in N, N-di net hyl acetam de at 30C. It
is di ssol ved in a coal escing agent such as N-nethyl

0 ?one and a viscosity reducing agent,Pé%gbogﬁ%ﬂﬁzz
‘7‘10 1al cohol and reacted with tertiary am ne,

preferably triethyl amne to form20 the salt which

is soluble in water, as described in greater detail

in US. patent 4,014,834 (Concannon). D anond
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4. 0 coRfPcine M the aqueous dispersion form,
An example of the binder component is polyamic acid salt whlch
converts to polyamideimide (PAl) upon baking of the composition to form
25  the primer. 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 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 30°C. ltis dissolved in a coalescing agent such as N-methylpyrrolidone,
and a viscosity-reducing agent, such a furfuryl alcchol and reacted with
tertiary émine, preferably 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 céntaining the polyamic acid salt can then
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wt % Carbon black 0.31 0.31 0.31 U trarnarin blue
pignent 1.76 1.75 1.73 Al um num oxi de 8.15 8.08 8.02
Silicon carbide 5.33 5.28 5.24 D anond particle 0.00

4 1. PTFE (SO|IdS i n aqueous dlsperS|on
wo fi gy Anor phous silica 0.95 0.94 0.93 FE C?l Spbosfasrons

i n aqueous dispersion) 2.88 2.85 2.83 Polyanlde i mde
pol ymer 4.65 4.61 4.67 4, 4cMet hyl enedi aniline 0.01
0.01 0.01 Sodi um napht hal enesul fonic acid 0.18

be blended with the fluoropolymer aqueous dispersion, and because the
coalescing agent and viscosity-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
5 agitation so as to avoid coagulation of the fluoropolymer aqueous
dispersion. Examples of other binders suitable for use with the present
invention include polyamideimide (PAl), polyimide (Pl), polyphenylene
sulfide (PPS), polyether sulfone (PES), polyarylene-etherkétqne, ,
polyetherimide, and paly(1 ,4(2,6-din‘iethylephenyl)oxide) commonly known
10 as polyphenylene oxide {(PPQ). All of these resins are thermally stab!e at
a temperature of at least 140°C. Polyethersulfone is an amorphous
) ho!ymer having a sustained use temperature (thermal stability) of up to
190°C and glass transition témperature of 220°C. Polyamideimide is
thermally stable at temperatures of at least 250°C and melts at
156 temperatures of at least 290°C. Polyphenylene sulfide melts at 285°C.
Polyaryleneether-ketones are thermally stable at temperatures of at least
250°C and melt at temperatures of at least 300°C.
When the primer composition is applied as a liquid medium,
wherein the liquid is water and/or organic solvent, the adhesion properties
20  will manifest themselves upon drying and baking of the primer layer '
together with baking of the next-applied layers of fluoropolymer to form
the non-stick coating on the substrate.
For simplicity, only one binder may be used to form the binder
component of the primer used in the present invention. However, multiple
25 binders are also contemplated for use in this invention, especially when
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
30 composition is used as a primer on a smooth substrate, is preferably in the
weight ratio of 0.5 {0 2.0:1. The weight ratios of fluoropolymer to binder
disclosed herein are based on the weights of these components in the
applied layer formed by baking the composition after application to its

-8-



0.17 0.17 Hydroxypropyl cellulose 0.02 0.02 0.02
Et hoxyl ated acetylenic diols 0.24 0.24 0.24 Water
62A7 61.94 51.42 Triethanolamne 0.01 0.01 0.01

_ ol pol yet hoxy surfactant 0.53 0 62 0 ‘
\%é{%ﬁk@ﬂg{l Pé%ms%Lo.u%(%Mﬁzz

hanol am ne 0.66 0.65 0.64 Triethyl am ne

1.30 1.29 Furfuryl alchohol 3.58 3.55 3.52
N- Met hyl pyrrol i done 2.78 2.76 2.74 Total 100.00
100. 00 100. 00
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substrate. The baking drives off the volatile materials present in the
coating composition, including the salt moiety of the polyamic abid sait as
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 amouht of fluoropolymer and binder in the
starting composition. When the composition of the invention is in the
prefefred aqueous dispersion form, these components will constitute about
5 to 50 wit% of the total dispersion.

The primer, the midcoat, or both, of the present invention may

further comprise ceramic particles of an inorganic film hardener
component. The term ceramic particle as used herein means that the
particle is a sintered body which is a mixture bf amorphous and crystalline
phases. The inorganic film hardener component in the primer is one or
more non-metallic filler type materials that are inert with respect to the

other componenis of the compoesition and thermally stable at the eventual

baking temperature which fuses the fluoropolymer and binder. The film
hardener is water insoluble so that it is typically uniformly dispersible but
not dissolved in the aqueous dispersion fdrm of the composition of the
inveniion. The ceramic particles of the film hardener of this invention
preferably comprises large and small partiéles. The large ceramic

pa rticles have an average particle size of at least 14 micrometers,
preferably at least 20 micrometers, more preferably at least 25
micrometers and even more preferably at least 35 micrometers.

The ceramic particles of inorganic film hardener preferably have a
Knocop hardness of at least 1200, and more preferably of at least 1500. As
noted above with respect to the diamond particles, Knoop hardness is a
scale for describing the resistance of a material {o indentation or
scratching. The film hardener component of the primer imparts durability .
to the non-stick fluoropolymer composition applied as a coating on a
substrate by deflecting abrasive forces applied to the coating surface and

-9-



-22 - Table 2
ratio in dry fi
1.0 3.1 2.0 6.0

- Mdcoat Conposition D anond | oading
ilmw%in dry filmvol% 0.0 0.0 1.6
4.0 Ingredients. w% Carbon bl ack

wo S747ddgh 1. 03 1.02 U tramarin blue pignent @c2@sthoedire
0.28 0.27 Alum num odds 6.56 6.52 6.47 6.39

Mcal TiO2/ Tin oxide 0.73 0.73 0.72 0.71 D|armnd

particle 0.00 0.68 1.33 2.63
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by resisting penetration of sharp objects that have penetrated the

fiuoropolymer overcoat.

The large ceramic particles of inorganic film hardener preferably

‘have an aspect ratio of not greater than 2.5, and more preferably not

greater than 1.5. By aspect ratio is meant a ratio of the Ionéest diameter
of a particle to the greatest distance of a dimension measured
perpendicular to the longest diameter (major axis) of a particle. The
aspect ratio is a means of qu,antifyfng a preferred particle shape and
orientation. Particles with a high aspect ratio are flat or elongated, unlike

the preferred particles of this invention, which are preferably more
‘spherical and more closely approach an aspect ratio of 1.

Examples of inorganic filler film hardeners include inofganic oxides,
carbides, borides and nitrides having a Knoop hardness of at least 1200.
Preferred are inorganic oxides, nitrides, borides and carbides of zirconium,
tantalum, titanium, tungsten, bdron, aluminum and beryllium. Particularly
preferred are silicon carbide and aluminum oxide. Typical Knoop
hardness values for preferred inorganic compositions are: zirconia (1200);
aluminum nitride (1225); beryllia (1300); zirconium nitride (1510);
zirconium boride _‘(1 560); titanium nitride (1770); tantalum carbide (1 800);
tungsten carbide (1880); alumina (2025); zirconium carbide (2150);
titanium carbide (2470); silicon carbide (2500); aluminum boride (2500)'
titanium boride (2850).

The primer preferably contains ceramic particles of inorganic film

hardener of preferably large and small particles. The small ceramic .

particles of film hardener are preferably less than 10 micrometers in
average particle size, more preferably less than 5 micrometers average
particle size, and even more preferably in a range of 0.1 t0 1.0
micrometers average particle size. Preferably the primer layer contains
more than 30 wi% of ceramic particlés of inorganic film hardener, and
more preferably at least 35 wt%. Generally, the ceramic particles of
inorganic film hardener will not exceed 60 wt% of the primer composition.
With respect to the midcoat, the inorganic film hardener can be any
of the inorganic film hardeners described above with respect to the primer
except that the particle size of the ceramic particles of film hardener in the

-10 -



PTFE (solids in aqueous dispersion) 28.39 28.20 28.01
27.64 PEA (solids in aqueous dispersion) 5.01 4.98
4.95 4.88 Sodi um napht hal enesul fonic acid 0.20 0.20

Hydr oxypr opyl. cellul ose 0.02 0.02 Q
B 06780 6 4o 0. 48 0. 48 Acrylic pg)lc?/ﬁ]esr%u erezz

12.83 12.74 12.65 12.49 Butylcarbitol 2.04 2.02 2.01
1.98 Aeic acid 1.03 1.02 1.02 1.00 Water 32.38 32.16
31.94

midcoat will be less than the thickness of the midcoat so as to be entirely
contained within such layer. Preferably the size of the ceramic particles of
film hardener particles used in the midcoat are the small particle sizes
preferred for the primer. Preferably the midcoat contains at least 8 wt%

5 ceramic particles of inorganic film hardener, and rmore preferably 10 to 30
wi% thereof. The identity of the inorganic film hardener of the ceramic
particles of film hardener in the primer and the midcoat can be the same or
different, and the same is true for the identity of the large and small
ceramic particles of film hardener in the primer,

10
Other Fillers
In addition to the large ceramic particles and small ceramic particles
of inorganic filler film hardener, the non-stick coating compositions of this
invention may contain other filler materials having a Knoop hardness value
15  of less than 1200. Suitable additiona! fillers -include glass flake, glass
bead, glass fiber, aluminum or zirconium silicate, mica, metal flake, metal
fiber, fine ceramic powders, silicon dioxide, barium sulfate, talc, etc.

Coating Application i
20 The compositions used in the present invention can be applied to

substrates by conventional means. Spray and roller applications forming
each layer are the most convenient application methods, depending on the
substrate being coated. Other well-known coating methods including
dipping and coil coating are suitable. The midcoat composition can be
25 applied by conventional methods to a primer prior to its drying. However,
when the primer and midcoat comp'ositions are aqueous dispersions, the
midcoat composition can be applied to the primer preferably after drying to
touch. The same is frue for application of the overcoat composition to the
midcoat. When the primer is made by applying the composition from an
30 organic solvent, and the midcoat is applied from an aqueous medium, thé
primer should be dried so that all water-incompatible solvent is removed
before application of the midcoat.
A resultant composite structure can be baked to fuse all the

coatings at the same time fo form a non-stick coating on the substrate.
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31.52 Triethanolamne 3.91 3.88 3.85 3.80 Aromatic
hydr ocarbon 2.49 2.48 2.46 2.43 Cctyl phenol pol yet hoxy
surfactant 2.60 2.58 2.56 2.53 Total 100.00 100. 00

wO0uP070k60. 00 Table 3 Overcoat Conposition P@M}Bﬂ]ﬁdﬁﬂéﬂ

~loading ratio indry filmw%0.0 3.3 indry film
vol % 0.0 2.0 Ingredients wt% M ca/Ti 02/ Tin oxide
0.37 0.37 PTFE (solids in aqueous dispersion) 39.68
39.11
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~ When the fluoropolymer is PTFE, a qu'ick high bake temperature is

preferred, e.g., for 5 min. at a temperature starting at 800°F (427°C) and
rising to 815°F (435°C). When the fluoropolymer in the undercoat or the
overcoat is a blend of PTFE and FEP, e.g., 50 to 70 wt% PTFE and 50 to
30 wt% FEP, the bake temperature may be reduced to 780°F (415°C),
rising to 800°F (427°C} in 3 minutes (total bake time).

The coated substrate of the invention preferably has a primer that is
no greater than 0.5 mils (13 micrometers) thick, more preferably 0.4 to 0.5
mils (10 to 13 micrometers) thick. Preferably the midcoat is thicker than
the primer and is more preferably at least 50% thicker. Preferably the
midcoat léyer is 0.7 to 0.9 mils (18 to 23 micrometers} and the overcoat is
0.3 to 0.5 mils (8 to 12 micrometers) thick. The thickness of the primer
described herein 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. The primer thickness can also be measured by
sectioning the pan and measuring the thickness from a micrograph_
obtained frorﬁ 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 Vélley bétween particles. SEM values that report the primer
thickness in the valley between particles are about 50% of reported eddy
current values. The thickness of the mldcoat and overcoat descnbed
herem are measured by the eddy—current principle.

The substrate of the present invention canbe a metal or ceramic,
examples of which include aluminum, anodized aluminum, cold-rolled
steel, stainless steel, enamel, glass, and pyroceram. The substrate can
be smooth, i.z_a. having a surface profile of less than 50 microinches (1 25
micrometers) as measured by a model RT 60 surface tester made by Alpa

- Co. of Milan, ltaly, and needs to be clean. For pyroceram and some glass,

im;:iroved results are obtained by activation of the substrate surface such

as by a slight chemical etch, which is not visible to the naked eye, i.e., the
surface is still smooth. The substrate can also be chemically reated 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.
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PFA (solids in aqueous dispersion) 2.09 2.06 D anond
particle 0.00 1.42 Ceriumoctoate 0.58 0.57 Acrylic
pol yrrer 12.93 12.74 Butylcarbito | 2.42 2.38 deic

1.22 1.21 Water 30.13 29.70 Triet han%%&ﬁmmmzz

aci-d
WP BYNTOE3 Aromati c hydrocarbon 2.96 2. 92

Cctyl phenol pol yet hoxy surfactant 3.03 2.99 Tot al
100. 00 100. 00 :
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Products having non-stick finishes of the present invention include
cookware, bakeware, rice cookers and inseris therefor, water pots, iron
sole plates, conveyors, chutes, roll surfaces, cutting blades, etc.

TEST METHODS

SBAR TEST:

A coated substrate is evaluated for abrasion resistance of the non-
stick coatings 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
reciprbcal horizontal movement of 100 mm £ 5 mm (4 in. +/- 0.25 in.) from
cylinder center at an averagé speed of £ 10 m/min. The abrasive pad (3M
Scotch-Brite 7447) is a random nylon web impreghéted with phenaolic resin

and aluminum oxide and is secured to the cylinder and loaded to apply a

total force of £15 N (mass of arm + dead weight =4.5 kg or 10 Ibs) on the
coating. The test sample is prepared by coating a substrate as explained
in the examples with drying and baking as specified. The coated substrate
is washed with clear water and dried gently before teSting. The test is run
on dry and wet substrates as explained below. '

The coated substrate is fixed on a fixed support and the loaded
abrasive pad is applied on the non-stick surface. For running the
procedure wet, the surface is lubricated by adding 50 m! of a dishwashing
solution containing 5g mild detergent in one liter (33 oz) of solution. The
dry procedure is run wit_hoﬁt 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 x 2.5 mm (2 in.
+/-0.1 in.) on both sides of the cylinder center point. '

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 recorded. Coating
breakthrough is the final point of the test.
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The prinmer is sprayed onto the al um num substrate and
dried at 150 F (66 C) for 5 mnutes. The m dcoat is
then sprayed over the dried 10 prinmer. The overcoat

d (sprayed) wet on wet to the mdc
%Q?B@é)&ﬂ?s forced air dried at 300F (1490 ?%?ng%ﬂﬂ&‘smmzz
m nutes and then cured at 800 F (427 C) for 5
m nutes. The dried coating filmthickness (DFT) -23-
WO 2007/ 070601PCT/ US2006/ 047622 for prinmer / mdcoat
/ overcoat |s determ ned by edd current anal yS|s to
be & , " )

mis (18 4 ggééf&fbrsaaﬁé ﬁr@hldﬁe& fdr%b@aé‘ioﬁ‘réésfa?tc&%ylo

m cronet er exa gt esent ed bel ow show an
abr RoNYRUPERY setatice thyperwrighied. kedirping pepdipsan e surface of

var W8 goafBaudlibstand whilé e efibdliAS W ettt drid @&utldie& B&ck and

di fferent placenment of the coating. Test pans
Subjfedhen a @ha:!@mawgt "éhﬁ:ltem pauipIE Ased da p&ﬁpaautbﬁ MTP

rlesuﬁﬁra SR Tddt %W%hﬁ'o@s@ﬁbé@lﬁ PgsPi i 78hd 3, 9f U.S. Patent

Abrasion test results of a 3-coat systemwit
di a¥mP, pat.L64te Jannenhausy BHYE. are .shown in Tabl e 4.

The di amgpg, B?étHrP'aWbéﬁWﬂﬂé@@at@ﬂ'a‘ﬁﬁhldu% ¥§l‘5ét?éjce idlwashed
the range o m croneters at the ding ratio

of dnei %tf:fgeméo a&ryow PRY dif pr oiky ﬁ*@?fe"%n aggrhan a hot

180 e [AtERLBY BHEBAH d?\ée:bn‘ichféb@é’éﬁt@h R@%u téMb&aﬁ@ installed in a
m cronet er di anond Ral‘tl cles, formance is

15 mgaHal dfyoshaftal ?M%'W&’F’é@ts ?M’EM"%%E%H'&&?W?M
resig aaeﬁaéé oﬁm‘eqazst afet:ﬁferwl&h ﬂ'ieae%}’ﬁénﬁi?éd = @i‘ndv%d The

h I
t ? t%ténr%rq'a ﬁ%ﬁt%@ &zﬁhe( %&%5 8* %9%1 RAvHhga g\"dﬁfﬁ Rewy Phead is

0 0 LHissWith cHannILfoiPRusing thR bdloift ferlrefld tHit @re free of

0.0 0.0 0.0,0.0 Diampnd i n
15  damage prior to use. Foreach |'?es.t,mla‘u'ee new pen refills are installed in

&

channels of the tiger paw head so that each refill extends downward 3/4
inch (1.9 cm) from the bottom of a rotating disc. The tiger paw head is
attached fo a floating shafi that extends down from the drive disc attached
~ to the drive shaft. The weight of the tiger paw head and floating shatft is
20 regulated. In the equipment illustrated in U.S. Patent No. 6,761,964, the
weight is approximately 400 g. The combined weight of the floating shaft
and washers (all approximately 115 g), the tiger paw head (approximately
279 g), and the ballpoint pen points (approximately 10 g) totals 404 g. The
' coUnterbaléncing weight also totals approximately 400 g.
25 The hot plate is turmed on and the test substrate (pan) is heated to
a temperature of 400°F +/- 10°F (204°C +/- 6°C). When the pan reaches
 test temperature as determined by infrared temperature measurement on
the substrate surface, the pen refills are lowered onto the pan and the
equipment is activated to begin the shaker table oscillation and iiger paw
30 head rotation. In this way, the testing equipr;lent rotates the pens against
and around the surface of the coated substrate. The speed of tiger paw
head rotation is controlled at 30 rotations per minute. The speed of the
shaker table is controlled for 30 back and forth oscillations per minute. A
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Medi an particle size (mcroneters) 60 38 29 17 9 1
Loading ratio in dry film(w) cto 2.9 2a 2.9 2.9
2.9 2.9 Loading ratio in dry film(vol% 0.0 2.0 2.0

.0 2.0 SBAR wet (cycles) 3,600 4,7
‘%?8??%’“%’,6@0 5. 500 3,750 MA/ (M n/rating) 165/ 2oy ot
280/ 5 25515 19515

10

15

20

25

30

counter records the number of cycles completed. A timer counts down

- each 15-minute period of tiger paw rotation in a particular direction. Data

is recorded at 15-minutfe intervals. The rotation of the tiger paw head is
reversed after each 15-minute period. Periodically the pen refill points are
inspected for build-up of coating. Built-up coating is removed as
necessary. '

Failure of the coating on the substrate (pan) 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 subsirate. By
heating the substrate, 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:

10 - New Pan
9 - Grooves in coating
8 - First nick to metal (for smooth substrates)
Roughening of surface (for grit blasted substrates)
7 — Lines to metal (outsidé and/or inside)
6 - Oval beginning outside
5 - Oval complete

Acceleréted Cooking With Tiger Paw Test (ATP)

A coated substrate such as a fry pan is evaluated for cooking
performance and abrasion resistance by exposing the coating system to
cycles of acid, salt and fat while the substrate is subjected to heat and the
manual rotation of a tiger paw head. The test substrate is also subjected
to detergent during multiple cieéning operations between food cycles. A
scouring pad of synthetic fibers (Dobie) is used during the cleaning cycles.

'For each test, coated pans plus a control pan are tested on a
commercial gas stove fop with sufficient burners to cook all pans
simultaneously. The control pan is a standard pan coated with a known
commercial.cookware coating system for which the standard properties
being judged have been predetermined many times. The temperature for
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190/5 19015 20 Di anond particles in the m dcoat
Abrasion test results of a 3-coat systemwi th di anond
particles in the mdcoat are shown in Table 5. The

‘%%@;ﬁqmp@rtl cle size in the midcoat is vari egrhiRadoba7s22
range of to 60 microneters at different |oading 25

rati os of 1 6, 3.1 and 6.0 % in the dry film All
exanpl es show i nproved abrasi on resi stance over the
control pan. Superior abrasion resistance is

i cr OREE: S HARGe Al ¢1461% L0 Cla dgi 2 (205 Ca s measured by

1- 104 c@ﬁ%t PPOATRIEROh 8% SsdtRRe ishirfabe OThdlpaRs aye Fhethodlcally
~with (t:; ter Ioa ing of dianpnd particles as shown in

Exan'iSH aled pmong @l ﬁel@umers The scraich portipgpfdhe test is conducted

Abr a@em@ arti?ﬁzlr %taﬂiﬁ@acpf s?m.m% tisey ﬁé@aruésérfbeﬁﬂbsmﬂ;r the MTP
%ar i cl es gqoa Hp écont ro

tfs?téhﬂ*‘ﬁfir Ea"I;E'ef 3 arﬂ*%‘h‘ﬂﬁ ‘*H"F%’ﬁé %IFO'eW%h’G’ed’a“Po'm
' 0 BerDrddille #atGire fReloftdndl pROLED Wsd. NneidRMcald? the test, five

38 zfgoﬁtemar@o%rapﬁgeofﬁﬂ'%'eagk'sﬁbfa?v { pSlergatsoldtion 18 prepared:

ltem 1: Hamburger - ground meat is formed into hamburger patties
and salted heavily on one side. |

10 ltem 2: Onions - 16 tablespoons of salt are added to a #10 can of
onions.

ltem 3: Tomato sauce - 8 tablespodns of salt are added to 32 oz.

tomato sauce and diluted to yield one gallon and then mixed

thoroughly.
15 ltem 4: Pancakes - Ready-mix pancake batter is prepared
according to package instructions. 4 tablespoons of salt are added

per 1gallon of mix.

Iltem 5: Eggs - 4 dozen eggs, 1 cup water, 4 tablespoons salt are

) mixed in a blender.
20 Detergent: 3 capfuls of liquid detergent in 3 galions of hot water.

In operation, the test pans position are placed on the burners and
heated to within the specified temperature range. The pans are subjected
to five sequential cooking processes. '

Cook 1: Two tablespoons of vegetable oil are placed in the center

25 of the pan. A preformed hamburger patty salted heavily on one side is
placed salt side down on the oil. The patly is cooked for 5 minutes. Then
a lid is placed on the fry pan and the patty is cooked for five more minutes
with the lid on. The paﬁy is then turned over and the patty is allowed to
cook for five more minutes with the lid on. '

30 Cook 2: A half-cup of onions is added to each pan and allowed fo
simmer without a lid for five minutes. Water is added if necessary fo keep
the ingredients from burning.
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0.0 3.13.13.13.1313.1Loadingratioindry film
(vel% 0.0 2.0 2.0 2.0 2.0 2.0 2.0 D anond in priner
(wt% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 SBAR wet (cycles)

wo 890mém0 19, 000 17,500 14,1100 9,500 6, 500 pEURs2006/047622
(mn/rating) 165/5 420/9 420/ 9 420/9 42017 42016

360/5 Table 5- continued Exanple

10

15

20

25

30

Cook 3: Two cups (16 oz.) of prepared fomato sauce mixture is
added to each pan and the lid is replaced. When the tomato sauce
mixture has been added to all pans, the hamburger patty is removed and
the mixture is allowed fo simmer for 15 minutes. During this 15-minute
simmer period the scratch abuse test is performed using the tiger paw
head. The mixture is stirred in each pan with the tiger paw head in a
circular pattern for 25 revolutions in a clockwise direction and for 25 more
revolutions in a counter clockwise direction. At the conclusion of the 15-
minute simmef pério'd, the pans are removed from the bumers, contents
are emptied and each pan is washed thoroughly with a detergent solution.
The pan is rinsed in clear water and wiped dry.

Cook 4: The pans are then returned to the burners in a rotated
position and heated to within the specified temperature range. F_'aincake
batter is poured into the center of the pan to form a pancake 5 to 6 inches
in diametef. The pancake is aliowed to cook until well done and then
tumed over to cook on the other side. All pancakes are removed. Each
pan is quenched in hot water /detergent solution and washed thoroughly.
The pans are rinsed and then dried.

Cook 5: The pans are again returned to the bumers in a rotated
position and heated to within the specified temperature range. In '

- sequence each pan is covered with approximately 8 oz. of beaten egg

mixture. The mixture is stirred in each pan with the tiger paw head in a
circular pattern for 25 revolutions in a clockwise direction and for 25 more
revolutions in a counter clockwise direction. When the eggs are
completely cooked, the pans are 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 wiped dry.

After every 5 cooks the pans are rated for scratch. During cook 4

" any problems with release aré noted. The pans are then returned fo the

burners in a rotated position and heated to within the specified
temperature range. Testing is resumed beginning with cook 1
(hamburger). Testing continues until a pan js determined to have a
scratch rating of 5 described below at which time testing stops.
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1-14 1-15 1-16 1-17 1-18 1-19 Dianond in topcoat
(wt% 0.0 0.0 0.0 0.0 0.0 0.0 D anond in internedi ate

coat

Medi an particle size (mcronmeters) 38 29
L6ading ratio in dry film (W% }c8vkefenszezz
1.0

17
‘%‘zéé’g’ﬁ’% %0 6.0 Loading ratio in dry film (wt%
0

1.0 1.0 4

10

15

20

25

30

4.0 4.0 Dianond in primer (% 0.0 0.0

Scratch (0 to 10): The scratch rating is determined by a visual
comparison of pictures of standard test substrates at specified ratings of

'10, 9,7, 5. The rating of 10 is for a new pan and the rating of 5 signifies a

pan with so much abrasion wear that the homremaker woulddiscard the

pan.

Mechanical Abrasion and Release Test (MAR)
A coated substrate such as a fry pan is evaluated for both abrasion

resistance and release. 7

A coated substrate is evaluated for abrasion resistance of the non-
stick coatings in modified SBAR tesi. The abrasive pad (3M Scotch-Brite
7447} is secured to the cylinder and loaded to apply a total force of £15 N
(mass of arm + dead weight =4.5 kg or 10 Ibs) on the coating. The testis
run on wet condition with the detergent solution. The abrasive pad is
turned after 1,000 cycles and renewed after another 1,000 cycles. Afier a
specified number of cycles, the arm is halted and the test pan is washed
by water and dried. Then the coating film thickness is measured and a
release test is performed at the center of the track formed by the abrasive
pad. As described below, the release test is a means of determining the
ability of the non-stick coating to reiease an egg. This procedure is
continued until metal is visible. The film thickness is measured with a film
thickness instrument described later. Abrasion is expressed by the loss of
filmlthickness as a function of the number of abrasion cycles.

Release Test

The pan is heated fo a range of 374°F (180°C ) to 392°F (200°C )
and maintained in this femperature range as measured by a contact
pyrometer on the substrate surface thfoughout the testing. An egg is fried
in an unseasoned pan. To conduct the test an egqg is broken over the pan -
and cooked for 3 minutes. The egyq is lifted with a spatula and the pan is
tilted to 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 2
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0.0 0.0 0.0 0.0 SBAR wet (cycles) 10,500 10, 250
7,250 18,500 18,500 13,000 MIP (m n/rating) 420/ 9
420/ 9 420/ 7 42019 42019 420/9 10 Di amond particles

e
<

&z@g%ﬂgo\iercoat Abrasion test results of a p3prERb60a7622

W't h di anond particles in the overcoat are

shown in Table 6. The di anond particle size in the
overcoat is varied in the range of 1 to 60

mcroneters at the loading ratio 15 3.3 ww% in the

dry film H gh MIP abrasion resistance at 420 nmin

wi t Hmeeg mitydesf Theijeggdp @aain liftes) with pspatdp anddhe ease with

01 aHEh B £46 SdedMd dhrbHingM ¢hsoBAR the Whlcadughalbl®

contro

pan. Abr asi on resi stance

3- coxeleasasidapcriped belawond particles in the overcoat
Exanpl e Rdies &0 {63159' ThedRickse rafing & detédnihedbylassessing

‘Di anond i n. t opcoat

.5

10

15

20

25

30

how easily the egg slides and how much of the egg sticks to the pan.

5 - Excellent

4 - Very good

3 -~ - Good

2 - Fair

1 - Severe

0 - Very Severe
AIHAT

A coated substrate such as a fry pan is subjected to a series of high
temperature cooking cycles using common household metal cooking
utensils (fork, spatula, whisk, 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 cooking abuse. |

Dried Film Thickness (DFT)
The baked coating thickness is measured w:th a film thickness

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

Flﬂoropo!vmer

PTFE dispersion: DuPont TFE fluoropolymer dispersion with a
solids content of 59 to 61wi% and RDPS of 170 to 210 nanometers.
PTFE fluoropolymer dispersion grade 30, is available from the DuPont

", Company, Wilmington, DE. ' (

FEP dispersion: TFE/HFP fluoropolymer dispersion with a solids
content of 54.5 to 56.5 wt% and RDPS of 150 to 210 nanometers, the
resin having an HFP content of 8.3 to 12.4 wt% and a melt flow rate of
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Medi an particle size (mcroneters) - 60 38 29 17 9 1
Loading ratio in dry film(w% 0.0 3.3 3.3 3.3 3.3
3.3 3.3 Loading ratio In dry film(vol% 0.0 2.0 2.0

wWoQoi/000681 O 2. 0 Di anond i.n internedi ate coat Howod4eooe/o47622
0.0 0.00.00.00.00.00.0 Danmond in primer (W%
0.0 0.0 0.0 0.0 0.0 0.0 0.0 SBAR wet (cycles)

10

15

20

25

30

11.8 to 21 .3@ /10min 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 dispersion with a solids

| content of 58 to 62 wi% and RDPS of 185 to 245 nanometeré,’ the resin

having an PPVE content of 2.9 to 3.6 wt% and a melt flow rate of 1.3 to
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 fluoropolymer
dispersion grade 335, is available from the DuPont Company, Wilmington,
DE.

Polymer Binder
PA! is Torlon® AI-10 poly{amide-imide) (Solvay advanced

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

Polyamic acid salt is generally available as 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. !t is dissolved in a coalescing agent such
as N-methyl pyrrolidone, and a viscosity reducing agent, such as furfuryl

‘alcohol and reacted with tertiary amine, preferably triethyl amine to form

the salt which is soluble in water, as described in greater detail in U.S.
patent 4,014,834 (Concannon).
Biamond particles

Synthetic mono-crystalline micronized diamond particles are used
in a variety of sizes and mixtures. Various sizes which are used are:
60.24 micrometers median particle size
37.82 micrometers median particle size
28.93 micrometers median pértic!e‘ size
17.49 micrometers median pairticle size
8.61 micrometers meaién ﬁarticle size
1.26 micrometers median particle size
The particle size distribution and mass median particle size (d50)
are measured by Microtrac-X100 laser diffraction & scattering particle size
analyzer available from Microtrac Inc. PA, USA.
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3,600 5,000 4,750 6,750 7,750 5,700 5,250 MIP

(mn/rating) 165/5 420/9 420/ 9 420/9 420/9 42019

420/ 9 5Exanple 2 Simlar to Exanple 1, a
n-stick systemis sprayed onto test

vg?m ?;ﬁmlgﬁ?um num The exanpl es presented bel ow@ﬁ%ﬁ%ﬁ“ﬁz

abrasi on resistance of the 3-coat systemw th varying

anounts and sizes of dianond particles in the both

m dcoat and primer. Test pans are 10 subjected to

SBAR (both wet and dry) and MIP to eval uate abrasion

resi st ance. The results are shown in Table 7.
As qn&g%n ﬁﬁe}—l@njd%ﬁe -2 and 2-3, the presence of the
|cIeS| he primer in conjunction with

the Sﬂl@ﬂb@ﬂrlndthl bit much inproved SBAR wet and MIP
abr asi on '
é?%eria%él%‘i@&g:rﬁi%n 0 EkfrGs raagfa@npﬁémp@ £ &mbH

ei t her i mer m dcoat al one as

Bn EEE&M)I Wunichs Gamemydsadsad.11. The val ue of

sl 5tdd | s BLOPRRANIEA] Sucthde phAfd e dooat to
optimze the coat m can e see

conmpe a‘gerﬁgarnalrmlestevw niedared by @ﬂdmntpum using FEPA-
si z I t

5. %}Eﬂg%gﬁ-%fg{% 1%8%?0‘%)199%(9%3931\.%@34@ Eﬁ:&{i q';’:ozﬁﬁ?rﬂffation
di anodded bydheaddyelien m dcoat shoul d be determ ned

By consi dering the dianond particle size to be added
I'n primer and total filmthickness of the coating. If
par tAlgmgnisinA@gden both the prinmer and mi dcoat are too

| arge wit

di anond r{gr f’ﬁé‘f‘%’%&& ex Ftg g‘eﬂ om tlmeﬂl r%lggltilﬁ?rg

t he Gupoeaticn off Anepisa b<CmiedS A-16with amp ﬁagrag@ pRiticlgrsize
the 4 88%, %Y %Bm&gg pul l ed out during oscillati-on,

no |l onger “bel ng able to anchor the f 1 uoropol ymer

18oat i ng which confers rel ease characteristics. Such

action sinulates what will pegppiiggler abrasive use

of the coated product —__WIN 6 W %I oading of

di anond particles with 29 nﬁ&ﬁ&lﬁ.?.érs in the mdcoat,

bot ' SBARy %fk%xdiﬂnmétm(%%@n rEsrbsbAagGe 8 Fné .ﬁpéemmﬂ is sprayed

as shown in - I n comparison wth

1- 1&nto test pans cémmtamlwnmm had heye P&ﬁ@é"@ﬁ%‘i‘ eoafsbv
2§b°%a§hlﬁ§; ﬁ??erflg{fe ‘@?éas@%t%o@%ﬂhaﬁldalllﬁéud{ﬂ&%eo%e aqueous

cycles) f dry in"conmparison with the coating

Wit rmsnergmn %nran@ﬁtjmpﬁapi ihe|ratner, midcoatigid euesppptare listed in
2- 7, TAHI88MNd PR 4 rédRetildlyt he midcoat. coat are a

bl end of three sizes 29, 17 9 at 3.0, 1.5, 1.5 wt%
respectively. Wder particle size distribution by

bl ending of different particle sizes shows |ess 10

i mprovenent for SBAR abrasion resistance, indicating
a preference for a narrow particle size distribution.
For this invention, it is preferred to use- particles
of a single size, rather than bl ends of particles
having different sizes. 15Table 7 Abrasion resistance
of 3-coat systemw th dianond particles in both
prinmer and m dcoat Exanple 1-1(control) 2-1 2-2 2-3
2-4 2-5 2-6 2-7 Dianond in topcoat - (w% 0.0
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0.0 0.0 0.00.00.00.00.0>Oanond in Internediate
coat Medi an particle size (mcroneters) 38
29 . 17 29 29 17 29, 17, 9 Loading ratio in dry film
wWoMo9n7060@ 3.1 3.1 3.1 3.1 6.0 6.0 3.0, 1.5, BRCEHUS2006/047622
Loading ratio in dry film(vol% 0.0 2.0 2.0 2.0 2.0
4.0 4.0 2.0, 1.0, 1.0 Dianond In priner

Table 1 - Primer composition

Diamond loading ratio in dry film wi% 0.0 2.8 57
' in dry film vol% 0.0 2.0 4.0
Ingredients wi%
Carbon black 0.31 031 0.31
Ultramarin blue pigment 1.76 1.76 1.73
Aluminum oxide 8.15 8.08 8.02
Silicon carbide ' _ 5.33 5.28 5.24
- Diamond particle ‘ 0.00 0.84 1.68
PTFE {solids in agueous dispersion} 4,19 4,16 412
Amorphous silica 0.95 0.94 0.93
FEP {solids in agueous dispersion) 288 2.85 2.83
Polyamide imide polymer 4.65 4.61 4.87
4.4-Methylenedianiline 0.01 0.01 0.01
Sodium naphthalenesulfonic acid 0.18 .17 G.17
Hydroxypropyl cellulose : 0.02 0.02 0.02
Ethoxylated acetylenic diols 0.24 0.24 0.24
Water 6247 61.94 51.42
Triethanclamine 0.01 0.01 0.01
Octylphenolpolyethoxy surfactant 0.53 0.52 052
Diethylethanolamine 0.66 0.65 0.64
Triethylamine 131 1.30 1.29
Furfuryt alchohol 3.58 3.55 - 3.52
N-Methylpyrrolidone 2.78 276 2.74
Total 1006.00 100.00 100.00
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Medi an particle size (micrometers) 38 38 38 38 38 38
38 Loading ratio in dry film(w% 0.0 29 2.9 2.9 5.7
2.9 2.9 2.9 Loading ratio in dry film(vol% 0.0 2.0

@09@]08%4 02.020 2.0 SBARdry (cycles) 2890006047622

Table 2 - Midcoat Composition

Diamond loading rakio in dry film wi% 0.0 16 a1 6.0
in dry film vol% 0.0 1.0 20 4.0
Ingredients . . With
Carbon black 1.05 1.04 1.03 1.02
Ultramarin blue pigment 0.28 0.28 - 0.28 027
Aluminum oxide . 6.56 6.52 6.47 6.39
Mica/TiO2/Tin oxide . 0.73 073 0.72 0.71
DHamond particle 0.00 0.68 1.33 263
PTFE (solids in aqueous dispersion) 28.39 °  28.20 28.01 27.64
PFA (solids in aqueous dispersicn) 5.01 4.498 4,95 488
Sodium naphthalenesulfonic acld 0.20 020 -0.20 0.20
Hydroxypropy! cellulose 0.02 0.02 0.02 0.02
Cerium octoate 0.49 049 0.48 0.48
Acrylic polymer 12.83 12.74 12.65 12.49
Butylcarbiiol 2.04 2.02 2.01 1.08
Qleic acid 1.03 1.02 1.02 " 1.00
Water 3238 32.16 3t.94 31.52
Triethanolamine 3.91 3.88 3.85 3.80
Aromafic hydrocarbon 249 2.48 246 2.43
Octyiphenolpolyethoxy surfactant 2.60 2.68 2.56 2.53
Total . 100.60 100.00 100.00 100.00
5 Table 3 Overcoat Composition
Diamond loading ratic in dry film wi% 0.0 3.3
in dry film vol% 0.0 2.0
Ingredienis wi¥h

Mical/TiO2/Tin oxide 0.37 Q.37

PTFE (solids in agueous dispersion) 39.88 39.11

PFA (solids in agueous dlspersion) 2.09 2.06

Diamond particle _ 0.00 1.42
- Cerium octoate 0.58 0.57

Acrylic polymer 12.93 12,74

Butylcarbitol _ 2.42 2.38

Oleic acid . 1.22 1.21

Water 30.13 29.70

Triethanolamine 4.569 4.83

Aromatic hydrocarbon 2.96 2.92

Ogtylphenelpolysthoxy surfactant 3.03 2.99

Total 100.00 180.00

The primer is sprayed onto the aluminum substrate and dried at
150 °F (66 °C) for 5 minutes. The midcoat is then sprayed over the dried
10 primer. The overcoat is applied (sprayed) wet on wet to the midcoat. The
coating is forced air dried 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) -
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SBAR vvet (0YOl es)- 3,600 9, 750 21, 500 20, 500 21, 500

28, 750 17,125 19, 000 MW (i n/rati ng) 165/5 420/ 9

420/ 9 420/ 9 420/9 420/9 420/9 420/9 Exanple 3

wO SeoTtoesr t 0 Exanple 1, a 3-coat non-stick Systrareioso47622
sprayed onto test pans of snooth alum num The

exanpl es presented bel ow show an abrasi on resistance

of the 3-coat systemw thout SiC particles in the

primer but with 3.1 wt % di anDnd particl es of

diff Iy ei. ther .pri,mer

aque@tgma\ zpéfﬁé ?{1}1 Ie-ﬁ%qat ﬂ%‘?ém{']e yﬁﬁ?’lﬁﬁ'ﬂlﬁ"e@ gnalysis to

ar e 504 tot@8 mits (nzmbei BmicFesictaraNs04r e e 18totas

SBA| t rasion, resistance.

} 273“}%“6?%qu§5%§$§@183@ L

di anond pHre EMrepies[ﬁreamﬁédlmmv sbowain abrasialr esistamoe of the
% 0, . ngredi en %0

B tono B St Wttty ol s s SEREMARY daics in e

1. s3liti¢nent placemeand of the coating. Test pans are subjected to SBAR wet

and MTP to evaluate an abrasion resistance.

Diamond part_icleé in the primer

10 Abrasion test results of a 3-coat system with diamond particles in
the primer are shown in Table 4. The diamond particie size in the primer
is varied in the range of 1 to 60 micrometers at the loading ratio of 2.9 wi%
in the dry film. All particle sizes show some improvement over the control
pan. With 38 micrometer diamond particles, SBAR wet performance is

15  much improved at 14,250 cycles.

Table 4 Abrasion resistance of 3-coat system with

_ diamond particles in the primer
Example 1-1 (control)  1-2 1-3 14 1-6 1-6 37

Diamengd in topcoat (wi%h) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diamond in intermediate coat (wi%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diamand in primer
Median particle size {micrometers) - 60 a8 29 17 9 1
Loading ratio i dry fim {wi%) 0.0 X:] 29 2.9 29 20 2.8
Loading ratio in dry film {vol%) 0.0 2.0 2.0 2.0 2.0 2.0 20
SBAR wet {cytles) 3,600 4,750 14,250 8,000 5,250 5,500 3,750
MTE (minfrating) 165/5 420/0 280/5  2u5/5  195/5 1905 190/5

20
Diamond particles in the midcoat
Abrasion test results of a 3-coat system with diamond particles in
the midcoat are shown in Table 5. The diamond particle size in the
midcoat is varied in the range of 1 to 60 micrometers at different loading
25 ratios of 1.6, 3.1 and 6.0 wi% in the dry film. All examples show improved
abrasion resistance over the control pan. Superior abrasion resistance is
indicated by both SBAR wet and MTP for 38 and 29 micrometer diamond
particles in Examples 1-9 and 1-10. Good abrasion resistance is also
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8.61 8.55 Silicon carbide 0.00 0.00 Diarmond particle
0.00 0.75 PTFE (solids in aqueous dispersion) 4.43
4.39 Anorphous silica 1.00 0.99 FEP (solids in
i spersion) 3.04 3.01 Polyanmide imd

éﬁgﬁ%gg 4, 4" - thhylenedlanlllneyo 01 0.01 EFQ@E%EE@WGH
naphthalenesulfonic acid 0.19 0.18 Hydroxypropyl
cellul ose 0.03 0.03 Ethoxyl ated acetyleni C diols 0.26
0.25 Water 65.98 65.48 Triethanol am ne 0.01 0.01
Cct yl phenol pol yet hoxy surfactant 0.56 0.55
Di etyplatciamithagreater Godling obdiamond particles as shown in Examples

1-17 to 1-19.

Table 5 Abrasion resistance of 3-coat system with

5 . diamond particles in the midcoat
Example 1.1 {controf) 18 1-9 110 1-11 1-12 1-13
Diamond in fopcoat (wi%) 0.0° 0.0 0.0 0.0 0.0 0.0 0.8
. Diamond in intermediate coat
Median particle size (micrometers} - 60 38 29 17 9 1
Loadiny ratio in dry fitm {s1%) 0.0 3.1 341 3.1 3.1 3.1 3.1
Loading ratio in dry film (vol%) 0.0 2.0 2.0 2.0 20 2.0 2.0
Diamond in primer (wi%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SBAR wet (cycles) 3,600 8760 19,000 17500 14,000 9,500 6,500
MTP (minfrating) 165/5 42013 420/9 420/9 42007 420/6 360/5
‘Table 5 — continued
Example 1-14 1-15 1«16 1-17 1-18 1-19
Diamond in topcoat {wi%) 0.9 2.0 0.0 00 0.0 . 0.0
Diamond in intermediate coat
Median paiticle size (micrometers) _ 38 29 17 38 29 17
Loading ratio in dry film (wi%) 1.8 1.6 186 80 6.0 6.0
Loading ratio in dry film {wt%) 1.0 1.0 1.0 4.0 4.0 4.0
Diamond in primer {wi%} 0.0 0.0 0.0 0.0 0.0 0.0
SBAR wet (cycles) 10,500 40,250 7,260 18,500 18,500 13,000
MTP (min/rating) 420/8 420/9 42017 420/9 42019 420/9

10

Diamond particles in the overcoat
Abrasion test results of a ‘3-coat system with diamond particles in

the overcoat are sh'own in Table 6. The diamond particle size in the

overcoat is varied in the range of 1 to 60 micrometers at the loading ratio
15 3.3 wit% in the dry film. High MTP abrasion resistance at 420 min with

ratings of 9 is shown in ali sizes of the diamond particles with improved

SBAR results over the control pan.
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Triethylam ne 1.38 1.37 Furfuryl alchohol- 3.78 3.75

N- Met hyl pyrrolidone 2.94 2.92 Total 100.00 100.00 5

No Si C but dianond particles in the prinmer Abrasion

&8%0%3&%“ of a 3-coat systemwi thout SIC %tr/d%ﬁoﬁmmﬁzz
dranond particles in the primer are shown in Table

The di anond particle size is varied in the range of 1

to 60 mcroneters at a constant loading ratio 3.1 wt%

in the dry film 10Conparison of SBAR wet and MIP
abrasi on resistance of Exanples 3-1 to 3-3 wth

Exarifalde GJAbraﬁ@mreslsémo&nﬁapa& sustem vt digennd particles in the

i mpr Sefit Wi th diarmond particles of targeted size
in tﬁg p[|[113[ wth greater |rmrnvpm:nt nf ahrasian

123~ 124 1-25

G %Eidp%ﬁ‘éﬁmancﬁmaémgo presents, - 28, Taple ¢ .

Abras,_u%gragosfl, Siale@ Of 3-qwoat st enaa\NI t hasit St butaa 3.3
Wi t h_igkagandn @en daebes | m.d he o] nerae Exanhple 301 20 20
( congiprashdn enmedile poaptutd) [y a%;nd_l_ﬁ_t-op&a 094 000 Q28 0O
0.0 .d.l.l‘ .‘.54 il S P n/FDC nUp\C 00 0.0
0.0 0.0 @Bm&kﬂ pri meg goo é\@ﬁll amvd@arkml e 73keZ€ 500 5,250
(m Cr omet @frShinfrating) 165/5 420/9 42013 420/9  420/9 42009 420/

5 Example 2
Similar to Exampie 1, a 3-coat non-stick system is sprayed onto test
pans of smooth aluminum. The examples presented below show an
abrasion resistance of the 3-coat system with varying amounts and sizes
of diamond particles in the both midcoat and primer. Test pans are
10 subjected to SBAR (both wet and dry) and MTP to evaluate abrasion
resistance.
The results are shown in Table 7. As shown in Examples 2-2 and
2-3, the presence of the diamond particles in the primer in conjunction with
the midcoat exhibit much improved SBAR wet and MTP abrasion
15 resistance compared to diamond particles either in the primer or in the
midcoai alone as shown in Examples 1-3, 1-10 and 1-11. The value of
selecting the proper particle size for the midcoat to optimize the coating
system can be seen when comparing Example 2-1 with 38 micrometer
particle size to Examples 2-2 to 2-7 having particle sizes of 9, 17, and 29
20 micrometers. The particle size of diamond to be added in midcoat should
be determined by considering the diamond particle size to be added in
primer and tota! film thickness of the coating. If particle sizes in both the
primer and midcoat are foo large with respect to the total {ilm thickness,
the diamond particles which extend from the undercoat to the overcoat will
25 be caught in the abrasive pad of the test equipment and pulled out during
oscillation, no lenger being able to anchor the fluoropolymer coating which
confers release characteristics. Such action simulates what will occur

under abrasive use of the coated product.
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60 aa 29 Loading ratio in dry film(w% 0.0 3.1 3.1
3.1 Loading ratio in dry film(vol% 0.0 2.0 2.0 2.0
SID (26 micronmeters) In dry primer (wt% 18.9 0.0 0.0
Wb ShoSBARIwet (cycl es) 3,600 4,550 3, 750 3, 850CkAUR2006/047622
(mn/rating) 165/5 420/9 225/5 17015 5 No SICin the
primer but dianond particles in the m dcoat Abrasion
test results of a 3-coat systemw thout SICin the
primer but with dianond particles in the mdcoat are

shown in e .. The di.anond part.i cl | |
i deoat R0 8RR Toqinn f ARRThEREERS Wil 28 hifrarpeters in the
?t I traricoat) botinSBAR dhd (TR BbmsSod redisStance ahe indpypved as shown
ilm 10 i son of .SBAR. P, abr asi on
r esi 'Etéﬁ%‘g”q‘gg' ﬁ?ﬁ"@?r'ﬁgrhwftﬁ%{%egﬁ' canpl es 1-8
to 1-13 dbspusidliiyeSBABdfarmanee dhpeadisrapalit@ntimes for wet and
arti.cl to t Ldcoat es Lal | : .
Bor 1715018 Buffes (fodb06 B ERRE BbAin cortibal QPR the conting
of 3Jwittemit sy sti@mondtpastitlesSI C in the priner 15but with
gl grrgng g?crgté)?elnggsﬂel il‘?t Qﬁn{gn%cr%ﬂicle@ﬁm@ hfidcbst cdaPare a blend
of three sizes 29, 17, 9 at 3.0, 1.5, 1.5 wit% respectively. Wider particle
size distribution by blending of different particle sizes shows less
10 improvement for SBAR abrasion resistance, indicating a preference for a
narrow particle size distribution. For this invention, it is preferred to use

particles of a single size, rather than blends of particies having different

sizes.
16 Table 7 Abrasion resistance of 3-coat system with diamond particles in
both primer and midcoat
Examgle 1-1(control} _2-1 22 2-3 2-4 2-5 2-6 2-7
Diamond in topcoat (wi%h) 0.0 0.0 0.0 0.0 0.0 00 00 0.0
Diamend in intermediate coat )
Median particle size {micrometers) - 38 29 AT . 29 29 7 29,17.9
Loading ratio in dry fitm {(wi%) 0.0 3.1 3.1 3.1 3.1 6.0 6.0 30,15 15
Loading ralio in dry film (vol%6) 0.0 2.0 2.0 2.0 2.0 4.0 40 20, 10, 1.0
Biamonct [n primer
Median padicle size {micrometers) - 38 38 38 38 a8 38 38
Loading ratio in dry film (wi%) 0.0 289 28 29 5.7 29 28 20
Loading ratio in dry film (vol%) - 0.0 2.0 2.0 20 4.0 2,0 2.0 "2._0
SBAR dry (cycles) 26.900 - - - - 163000 - -
SBAR wet (cycles) 3,600 9750 21,500 20,500 21,500 28,750 17,125 19,000
MTP (rinfrating) 165/5  A20/0 42049 490/9  420/8 _ 420/0 42000  420/9
Example 3
20 Similar to Example 1, a 3-coat non-stick system is sprayed onto test

pans of smooth aluminum. The examples presented below show an

abrasion resistance of the 3-coat system without SiC particles in the

primer but with 3.1 wit% diamond particles of different sizes in either primer

or midcoat. The agueous dispersion primer compositions without SiC are
25 listed in Table 8. Test pans are subjected to SBAR wet and MTP to '

evaiuate an abrasion resistance.
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3-9 Diarmndintopéoat (% 0.0 0.0 0.0 0.0 0.0 0.0
Di anond in mdcoat Media n particle size
(mcrometers) 60 38 29 17 9 1 Loading ratio in dry

dry film(v

ol 2.0 2.0 2.0 2.0 2.0 2.0 Dianond in

primer (% 0.0 0.0 0.0 0,0 0.0 0.0 SiC (26 microm
eters) in dry primer (W%

5

10

Table 8 Primer composition without SiC but with diamond particles

Diamond loading ratio in dry filtn wi% 0.0 3.1
~indry film vol% 0.0 2.0
ingredients wt%

Carbon black 0.33 0.33
Ultramarin blug pigment 1.B6 1.85
Aluminum oxide 8.61 8.55
Silicon carbide 0.00 0.00
Diamond parficle 0.00 0.75
PTFE (solids in agueous dispersion) = 4.43 4.39
Amorphous silica 1.00 0.99
FEP {solids in-aguecus dispersion) 3.04 3.01
Polyamide imide polymer 491 487
4 4 -Methyienedianiline 0.01 0.01
Sodium naphthalenesuifonic acid 0.9 0.18
Hydroxypropyl cellulose 0.03 0.03
Ethoxylated acetylenic diols 0.26 0.25
Water ©5.98 65.48
Triethanclamine 0.01 0.01
Octylphenolpolyethoxy surfactant 0.56 0.55
Diethyiethanolamine 0869 0.69
Triethylamine 1.38 1.37
Furfuryl aichohol 3.78 3.75
N-Methylpyrrolidone 2.94 2.92
Total 100.00 100.00

No SiC but diamond particles_in the primer _
Abrasion test results of a 3-coat system without SiC but with

diamond particles in the primer are shown in Table 8. The diamond
particle size is varied in the range of 1 fo 60 micrometers at a constant
loading ratio 3.1 wit% in the dry fiim.

Comparison of SBAR wet and MTP abrasion resistance of
Examples 3-1 to 3-3 with Examples 1-2 to 1-7 shows that there is modest
improvement with diamond parficles of targeted size in the primer with
greater improvement of abrasion resistance if ceramic particles of SiC |
(inorganic film hardener) are also present.
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0.0 0.0 0.0 0.0 0.0 0.0 SBAR wet (cycles) 3,750

16, 500 16,500 9,500 3,600 3,800 MIP (m n/rating)

42019 420/9 42019 420/7 420/ 7 175/5 Exanple 4 The

WS aRhsseRr esented in Tables 11 and 12 show eg§szoo6/047622
rel ease ratings and loss in dry filmthickness

agai nst the nunber of abrasion 20 cycles of the

3-coat systemw th dianond particles in the mdcoat.

The primer conposition is the same as shovvn in Tabl e

1, without _the dianond particles. The m dco

conposi ti onahiesd shrasien sraistapce ok Aaat EX?@T'EW@EO‘M L1
3.1 wt%in dry fihgeith eBavhd ;saﬁabbenaqe plifer

overr‘rmf {"ﬁnthI tion.is as th\mn N

teeod %o
protﬁlﬁ.{ahdmp&a@arrpl e 4-Z21n Iabl e 11 shovvs fhat t he test
pans Bidat fitds segwiertetson W th 38 m crdnet efs di s¥ond
parti b“la%fai“ﬂ“‘tylﬁ'@“fﬁﬂdcoat cont? nue 136 5 r&tei véla
ratlggm ey ed L elsase. o >Rs shﬁg(vn E>§§rrp| e
4_1 b > P = P T s
t hi ckness fmnwsthﬁczeaoatl ng thasto has45m3 dizaswonds.sso
particles iMPimnmtishws poor d8W5asi oo esi2effsanc#omnd
bare nmetal is exposed just after 7,000 cycles. In
contrast, the coating with diamond particles in the

i d iCdn r pupdiemongd pagiglesd te pudcoat | ess
filmthi CKE‘:%%?DH 23f résfuﬁg‘oﬁgfﬁébmﬁ‘t’@rﬂ viatHdeh S?@qr@ﬂ{é primer
cycles. The loss in t hi ckness as shown

Ex anipitavith Qlamq%pa@@@ ] ms migegatane shawa 'ﬂlTaWﬁw&O The

par tdighhdhick Aeind hikebapr! vHRY iA9Ré rikhe bhe kSBY
resisting abrasion forces. This is the reason

goodMisgemetars at éhe sapstantpgdingrgtiodnt wgainithg diy 1 %hﬂ

19 anOBfhpRAESH of SBAIiﬁ:eTéhH Mip ﬂasibﬁ Ir@§§@nbatdf f ExBmples 3.4
agai nst the nunbe abrasi on cyc| es

( coritpr%ﬁ)%ﬂzExmielen@ torgh3 fhawsz‘hﬁswﬂﬁ?ﬁcﬁ qf @Eém
(W %idndhdparitiagiothd midddit eapedy aﬂtdfPQéerCdeﬁ‘tlélé es. .

(mcrometers) 38 Loading ratio in dry f

(wt9%0.03.1 Di amond i | | primer Median partlcle si ze
- (m crpamkersAbrdstiiliddistandd 6f 3-todf ¥ydtemiviiié SHSICAA tRe primer
15 but with diamond particles in the midcoat
Example 3-4 3-5 3-8 3-7 3-8 3-9
Diamond in topcoat (wt%) 0.0 0.0 8.0 0.0 - 0.0 0.0
Diamond in midcoat
Median particle size (micrometers) 60 38 29 17 9 1
Loading ratio in dry film {wi%) . 31 3.1 31 3.1 3.1 ' 3.1
Loading ratio in dry film {(vol%} 2.0 2.0 2.0 2.0 2.0 2.0
Diamond in primer {wi%)} 0.0 2.0 0.0 0.0 0.0 0.0
SiC (26 micrometars) in dry primer (wt%) 0.0 0.0 0.0 0.0 0.0 .0
SBAR wet (cycles) 3,750 16,500 16,500 8,500 3,600 3,800
MTP (min/rating) 42079 420/9 420/9 42Q/7 42017 175/5
Example 4

The Examples presented in Tables 11 and 12 show egg release
ratings and loss in dry film thickness against the number of abrasion
20 cycles of the 3-coat system with diamond particles in the midcoat.
The primer composition is the same as shown in Table 1, without
the diamond particles. The midcoat composition has 38 micrometer
diamond particles with 3.1 wi% in dry film as shown in Table 2. The
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Abrasion cycles (-)Egg release (rating) 0 4-5 4-5 4-5
4-4 1000 3-5 2-3 3-4 3-4 2000 3-4 2-3 3-5 3-4 3000

3-4 3-3 3-4 3-4 5000 3-4 2-2 4-4 3-4 7000 3-4 3-3 4-4
wo dotidfed 4-4 4-4 17000 4-4 3-4 28000 PCT/US2006/047622

10

15

overcoat composition is as shown in Table 3. The abrasion resistance of
the coating and release is evaluated by Mechanical Abrasion and Release

~ test protocol. Example 4-2 in Table 11 shows that the test pans of this

invention with 38 micrometers diamond particles in the midcoat continue io
receive a rating of good egg release.

As shown Example 4-1 in Table 12, the measured loss in dry ﬁlm
thickness for the coating that has no diamond particles in it shows poor
abrasion resistance and bare metal is exposed-just after 7,000 cycles. In
contrast, the coating with diamond particles in the midcoat in Example 4-2
is clear evidence of less film thickness loss from abrasion even after
28,000 cycles. The loss in film thickness as shown in Example 4-2
Hlustrates that that the hard diamond particles anchor the fluoropolymer
coating, thereby resisting abﬁrasioh’ forces. This is the reason why good
egg release lasts longer for the coating with diamond particles.

Table 11 Egg release ratings against the number of abrasion cycles,

Example 4-1 {control) 4-2
_ ) Run 1 Run 2 Run 1 Run 2
Diamond in topcoat (wi%) 0.0 0.0
Diamond in midcoat '
Median particle size (micrometers) - 38
Loading ratio in dry film (wi%) 0.0 3.1

Giamond in primer
Median particle size (micrometers) - ‘ -

Loading ratio in dry film (wi%) 0.0 ' 0.0
* Abrasion cycles (-) - Egg release (rating)

0 4-5 A-5 45 44

1000 35 2-3 34 34

2000 3-4 2-3 3-5 3-4

3000 34 3-3 3-4 3-4

5000 3-4 2-2 4-4 34

7000 34 3-3 4.4 4-4

11000 - - 4-4 4-4

17000 o S - 4.4 3-4

28000 - - 3-4 34
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3-4 3-4 - 30 - Table 12 Loss in dry filmthickness
agai nst the nunber of abrasion cycles Exanple 4-1
(control) 4-2 Run 1Run 2. Run 1Run 2 Dianond in
woReEAtwstimt 29 0.0 0.0 Dianond in internedi at ecradboos/047622
Medi an particle size (mcroneters) Loading ratio in

dry film(w% - 0.0 38 3.1 Dianond in primer Median
particle size (mcroneters) Loading ratio in dry film
(W% 0.0 0.0 Abrasion cycles (-) DFT | oss

gmoC'E%lalngtﬁlig%Qn%fgéu?m%hlgkrg%sosgg%%'ggt he huinber of abtadion cycles

Example : 4-1 (control) 4-2
Run 1 Run2 ' Runi Run 2
Diamond in topcoat (wi%) _ DO 0.0
Diamond in intermediate coat
Median particle size {micrometers) - 38
Loading ratio in dry film (wt%) 0.0 3.1

Diamond in primer
Median particle size {micrometers) - -
L.oading ratio in dry film (wi%) 0.0 . 0.0

Abrasion cycles {-} DFT loss {micrometers)
' 0 0.0 0.0 0.0 0.0
1000 -7.3 -8.5 -0.8 0.0
. 2000 -11.8 -17.9 -1.2 08
3000 -14.8 -20.0 -1.4 -1.0
5000 ~18.2 -24.4 -1.4 2.5
7000 -21.5 25.9 2.3 2.5
11000 - - 3.4 -3.4
17000 - - -3.5 -36
28000 - - -52 5.3

3-coat systems with diamond particles in the midcoat or in both

5  midcoat and primer as described in Examples 1-9 and 2-5 are evaluated
for abrgsion resistance under cooking conditions by the Accelerated
Cooking with Tiger Paw test and the AIHAT test. A release test is
performed with a pan after dry SBAR failure. The results are shown in

. Table 13. Mar and scratch resistance under cooking conditions are the

10  same or much improved as compared to the coating performance without

any diamond particles. As shown in Example 4-4, good egg release still
remains even after 163,000 abrasion cycles at dry SBAR failure.
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-14.8 -20.0 -1.4 -1.0 5000 -19.2 -24.4 -1.4 -2.5 7000
-21.5 -25.9 -22 -2.5 11000 - -3.4 -3.4 17000 -3.5
-3.6 28000 -5 2 -6.3 3-coat systens w th-di anond
weanbd7ebesr in the mdcoat or in both 5 m dcoatcang2006/047622
primer as described in Exanples 1-9 and 2-5 are

eval uated for abrasion resistance under cooking
conditions by the Accel erated Cooking with Tiger Paw
test and the AIHAT test. A release test is perforned

S houFatte 19 fireSiog Tobran s thieade viskr o2hie fieions

cooki ng condltions are the 10 sanme or rnuch i nproved

A s ot oo e shomn s KNI § g oqY o ad
reIeBEEEﬁﬂﬂEEEEE@Eﬁhs_euen_aLLer 182 000 ahr 89 an 0.0
cycl Bgmand idinfergBde ¢t [ ure. - 31 - Table 13

Abr asiMdiiioh @articé SpcEniaditkiers) ease under cooki ngs 29

condi tl_lo%,al@qggﬂlﬁﬁn(h%)(control) 493 4-4 Diaggnd in gg

t OPCBErobd ™ phmsr

Median particle size (micrometers) - - 38
Loading ratic in dry fitrm (Wi%) 0.0 0 219

Accelerated Cooking with TP (cocks!ratiﬁg) 10046, 100/6  100/6, 100/68  100/6, 100/6

AIHAT {cycles/rating) _ 1076, 10/6, 10/5 1077, 1067, 10/7 107, 1047, 1047
Egg release after dry SBAR failure '
Total cycles at failure (cycles) 26,800 - 163,000
Egg release (ratiqg) 3-3 - 34
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0.0 0.0 Dianond in internmedi ate coat Medi an
particle size (mcronmeters) - 38 29 Loading ratio in
dry film(w% 0.0 3.1 6.0 Dianond in prinmer

Medi an particle size (mcronmeters) _ 36 Loading
ratio in dry film(w% 0.0 O 2.9 Accel erated Cooki ng
with TP (cooks/rating) 100/6, 100/6 100/6, 10016
100/ 6, 100/6 Al HAT (cycles/rating) 10/6, 10/6, 10/5
10/ 7, 10/7, 10/7 10/7, 10/7, 10/7 Egg rel ease after
dry SBAR failure TotalC l.es at failure (cycles)
26,900 163,000 Egg rel ease ﬁ\fiati ng) 3-3

1. A structure comprising a substrate and a non-stick coating applied to said substrate, said
coating comprising an undercoat and an overcoat wherein said undercoat comprises a primer
adhering to said substrate, the primer comprising a non-fluoropolymer containing polymer binder,
and said undercoat further comprises a midcoat, wherein said midcoat comprises a fluoropolymer

and a plurality of diamond particles.

2. The structure of claim 1, wherein said primer comprises diamond particles.
3. The structure of claim 1, wherein said overcoat comprises a fluoropolymer.
4. The structure of claim 1, wherein the diamond particles have a median particle size of

greater than 1 micrometer.

5. The structure of claim 1, wherein the diamond particles have a median particle size of

greater than 10 micrometers.

6.  The structure of claim 1, wherein the diamond particles have a median particle size ranges
from about 10 to 60 micrometers. '

7. The structure of claim 1, wherein the diamond particles have a median particle size ranges
from about 15 to 50 micrometers.

8. The structure of claim 1, wherein said undercoat further comprises ceramic particles of
inorganic film hardener, wherein the ceramic particles of said inorganic film hardener have a

Knoop hardness of greater than 1200.

9. The structure of claim 8, wherein the ceramic particles of inorganic film hardener
comprises silicon carbide particles. o

10. A structure comprising a substrate and a non-stick coating applied to the substrate, said
coating comprising an undercoat and an overcoat, wherein the overcoat comprises diamond

particles, and the undercoat
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3-4 CLAIMS 1. A structure conprising a substrate

and a non-stick coating applied to said substrate,

sai d coating conprising an undercoat and an over coat

wherei n sai d undercoat conprises a prinmer adhering to

sai d substrate, the primer conprising a

non-fl uoropol ynmer contai ni ng pol yner binder, and said

undercoat further conprises a mdcoat, wherein said

m dcoat conprises a fluoropolyner and a plurality of
complﬁheﬁ aaogfipaiopbigines contdning pelysier bistler & flabropblgingt, hnd ceramic

ein said rlner conpri ses di anpnd particles. 3.
Pamcl?ﬁ% W iRoKEpRIF BB HA BT AR B eI Fgols oF ingegnic film hardener

have m%lme@ Jflg}@[&%hmgg@ 4. The structure of claim
1 erein the dianond particles have a nedi an

11. p’&hft sticareoizdainf 10ymdatedr the dmmond partictsarbevera median Farticle size of

gmm&ﬁﬁmﬂ?%ﬂ&% &rcla|n11 wherei n the di anond particles

ave a Hedian particle size of greater than 10

12, miles anetues (Sf claif. 1 1Th@eetd the tan@dnd paticki havk,a whd#iepditicle size
tP @a”& Qartlcles have a nedi an particle size

ranges irofy akout | S PUBEPMeE™ 0 60 ni crometers. 7. The
structure of claim1, wherein the dianond particles
have a nedi an particle size ranges from about 15 to
50 mcroneters. 8. The structure of claim1l1, wherein

- sai d undercoat further conprises ceram c particles of

inorganic filmhardener, wherein the ceramc
particles of said inorganic film hardener have a
Knoop hardness of greater than 1200. 9. The
structure of claim8, wherein the ceram c particles
of inorganic filmhardener conprises silicon carbide
particles. 10. A structure conprising a substrate
and a non-stick coating applied to the substrate,
said coating conprising an undercoat and an overcoat,
wherei n the overcoat conprises dianond particles, and
t he undercoat conprises a non-fl uoropol ymner
cont ai ni ng pol yner binder, a fluoropolyner, and
ceramc particles of an inorganic film hardener,
wherein the ceramc particles of inorganic film
har dener have a Knoop hardness of greater than 1200.
11. The structure of claim 10, wherein the di anond
particles have a nedian particle size of greater than
1 mcroneter. 12. The structure of claim 11, wherein
t he di anond particles have a nedian particle size
ranges fromabout 1 to 60 m croneters.

34



