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US 3,655,604 to Strolle discloses a composition for priming a

25 surface to improve adhesion of a fluorocarbon polymer topcoat in a two-
coat system.

It is desirable to have a non-stick coating that has both good
adhesion to glass and good stain resistance while maintaining good
abrasion resistance characteristics.
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SUMMARY OF THE INVENTION

Briefly stated, and in accordance with one aspect of the present

invention, there is provided a coated article comprising: a glass substrate

having a surface, and b) a stain resistant, non-stick coating adhered to
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over coat conprising one of nor
embodlment of the present invention prowdes a coated article comprising:

a glass substrate having a surface, and b) a stain resistant, non-stick
coating adhered to the surface of said substrate, wherein said non-stick
coating comprises: i) a base coat comprising fluoropolymer and colloidal
silica, and ii) an overcoat comprising one or more polymer layers
containing inorganic filler film hardener, preferably ceramic particles.

A preferred embodiment of the present invention is a four-coat
system applied to the article. The present invention’s durability, adhesion
and stain resistance is shown by the test method results and comparative
examples contained herein. The four-coat system comprises four layers in
sequential order that include: 1) a base coat, 2) a primer layer, 3) a

midcoat or intermediate layer and 4) a topcoat.
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| ayer. A resultant composite structure can be baked to fuse all the
coatings at the same time to form a non-stick coating on the substrate.
When the fluoropolymer is PTFE, a quick high bake temperature is
preferred, e.g., for 5 min. at a temperature starting at 800°F (427°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 wt% PTFE and 50-30
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 baked primer layer or
intermediate layer thickness is measured with film thickness instruments
based on the eddy-current principle (ASTM B244) or magnetic induction
principle (ASTM B499) and will generally be between 5-20 micrometers.
The overcoat layer thickness will generally be from 10-25 micrometers (for
both the intermediate coat layer and the topcoat layer).
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of the present invention at least one polymer layer of the coated article of
the present invention contains fluoropolymer. This polymer layer
containing fluoropolymer is in addition to the fluoropolymer contained in
25 the base coat.

Another embodiment of the present invention is that one or more
layers of the primer and/or the intermediate layer of the coated article
contain fluoropolymer and/or ceramic particles. For example, the primer
may contain fluoropolymer and the intermediate layer may contain

30 ceramic materials or vice versa. Or, a primer may contain both ceramic
particles and fluoropolymer or, one or more of the intermediate layers may

contain both.
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r;,tlllc(a)1fhatsha:e ségctzlfél‘cl: surface area of 125-420 square meters per gram
and a pH of 8.4-9.9 at 25 C. Stabilizing additives can also be present in
the aqueous sol. Examples of stabilizing additives are sodium hydroxide,
ammonium hydroxide, and sodium aluminate. Typical of such colloidal
silcas are those sold by E.l.duPont de Nemours and Company as “Ludox
HS-40", “Ludox-HS","Ludox-LS”, "Ludox SM-30", "Ludox TM”, "Ludox-AS”,
and "Ludox-AM”. Mixtures of silicas can be used.
The colloidal silica is present in the composition at a concentration
of from about 10% through 80%, preferably 10-50%, more preferably 20-
35%, by weight of the total solids.
Optionally, the base coat can contain silicone resin. The silicone
resin comprises alkylphenyl polysiloxane resin having a 0-3 weight
percent (dry or wet) in the base coat.
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fluoropolymer has a single chemical identity and melt viscosity.

While PTFE is preferred, the fluoropolymer component can also
be melt-fabricable fluoropolymer, either combined (blended) with the
PTFE, orin place thereof. Examples of such melt-fabricable

25 fluoropolymers include copolymers of TFE and at least one fluorinated
copolymerizable monomer (comonomer) present in the polymer in
sufficient amount to reduce the melting point of the copolymer
substantially below that of TFE homopolymer, polytetrafluoroethylene
(PTFE), e.g., to a melting temperature no greater than 315°C. Preferred

30 comonomers with TFE include the perfluorinated monomers such as
perfluoroolefins having 3-6 carbon atoms and perfluoro(alky! vinyl ethers)
(PAVE) wherein the alkyl group contains 1-5 carbon atoms, especially 1-3

carbon atoms. Especially preferred comonomers include
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known as dispersion polymerization, optionally followed by concentration
and/or further addition of surfactant.

Alternatively, the fluoropolymer component may be a

25 fluoropolymer powder such as PTFE micropowder. In which case,
typically an organic liquid is used in order to achieve an intimate mixture of
fluoropolymer and polymer binder. The organic liquid may be chosen
because a binder dissolves in that particular liquid. If the binder is not
dissolved within the liquid, then the binder can be finely divided and be

30 dispersed with the fluoropolymer in the liquid. The resultant coating
composition can comprise fluoropolymer dispersed in organic liquid and
polymer binder, either dispersed in the liquid or dissolved in order to
achieve the intimate mixture desired. The characteristics of the organic
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manuf act.urer. ﬂch di spersi ons can be abta

ed
di °e8 Q'WnB)P”t"?Fé Bredesybsigtagangdion 'E‘b‘é‘?@n'ﬂﬁ Within and as
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t héo fl smmmibdujosﬁateco‘ﬁpmbmﬂbr wertmaﬂy ﬁGn#Iuonn@nohw‘rﬁng and

wd h as, PIFE m whi ch case,
P PEagReea 10 dng HipioPoimery Pretaredibets arethose that are
ac '%bﬁ}bq’e Bf‘sbl%lllﬁgﬂﬁw aXdrdrs o xturfe| lbi‘%é’tgg EKH%rrggrﬂg solvent for
pol ymer bi nder e organic |1
bectiambmdar bulmdlarsowem;csl meTible V\tltlhnax/auear Thiswdubilitycidslin the
he,.bi nder i.s not olved within the [iqguid,

20, bleiied Bf Fadrinediviga e w;ocamﬂnmnmrﬁén aqueous

di YRYer§iEnbink the fluoropolynmer in the liquid. The
resultant coating conposition can conprise
f | uor op&nyexampliesyfé¢he bihden compmnieat isi pplyameratid palt wiich

2: nger?%s H Bglg/ar%ldc'eolr%ﬁdsee&,&l? utpgﬁ bla'kl%léI gf tﬁ([: cghspsé%%t?{)%dtolfgrm
the primer layer. This binder is preferred because in the fully imidized

25 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°C. It is dissolved in a coalescing agent such as N-

30  methyipyrrolidone, and a viscosity-reducing agent, such a furfuryl alcohol
and reacted with tertiary amine, preferably triethylamine, to form the salt,
which is soluble in water, as described in greater detail in U.S. Pat. No.
4,014,834 (Concannon). The resultant reaction medium containing the

polyamic acid salt can then be blended with the fluoropolymer aqueous
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achieve the intimate m xture desired. The
characteristics of the organic 7 WO 2008/ 063560

WEMBEEE07/ 024070 |iquid will depend upon theCT/US2007/024070
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mbfaﬁfém thediqmid is watenandier %@aﬁiﬁﬁoblﬁﬂt .tbgadhaslomropertles
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tota @%Hﬁn@@ﬁﬁﬁlﬁ ﬁﬂéﬂngl'ﬁfethﬁlﬁ’@éffates general |y

1 s HBPUAG, SR b AaP sy A Lo L Hefih b8 Hirfer gomponent

solafithe composltiohi dfitize gresentirivention. #owederuliblebinders are
and organic solvent for the binder, which solvent is

m s rentgmplatedier userin thisipvantion, wppariady wheneertain end-

15 G, AU ed B SRS oA BTER
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bi rstetectionp @usivnohcopsinatiors inciude FAIL/PES, FAI/RRS wat S
to ol kam dei m de (PAlI) upon baking of the conposition

¥-he prinmer |layer. This binder is preferred

bec_ause ‘LH% %&1 yiﬁgrl ¥ AUB8b4 ?ﬁme?gﬂﬁ%ﬁmeﬁgéﬁg%i%w*'the

baki ng t am c acid'sa s bi

C ordanmpesitiorsisrusediead & ppatetiayer dma KOS soﬁstﬁéﬁs preferably
pol. c acid salt is generally available as polyamnc
4 e 2

aci we.'ajﬁtaat@ RhESdRZ Qils cbig Wpight ratigs ofdhioropplymgs fo
‘F\lf hder d ﬁapéecp héréM (g‘feSBéé’éd 8A thdweight of these components in

acetam
the applled 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 éalt moiety of the polyamic acid salt 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 amount of fluoropolymer and binder in the
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 dispersion.



at 30C. It is dissolved in a coal esci ng agent such as
N 30 net hyl pyrrolidone, and a viscosity-reducing

wag@ane3ssuch a furfuryl al cohol and reacted wWe€TUsS2007/024070
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t erlhopganie/Filles FRireHaFddHet triethyl amine, to formthe
salt, which 1s soluble In water, as described in
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PCT/ US2007/ 024070 di spersion, and because the
coaVRisk iargy inggkwith seepagt ia the ethier camerngntsaféhe camposition

codt I ErbRNSieRle of Perbrit bl RetiRuite i ies e

Si rf‘rDJo%omlymElaﬂﬂ birter df Ithblpdmet ognaelitier i hatdenes| is’\@ater
excess agltatl on.so as to avoid coagul ation 5

of
f | uewiaaﬁﬁsaeﬁhaéaLﬁeb'wadlvwépgnwrdlsmrﬁ@ie bufrm@rchSQi%ﬁd in the

oo ot e S0 8P el cibogon BF et BTy E  Typicaly,

corthesilér fim h@rd%nef oem@mvenimmpreiembw Cophésy &efarhite
liquid is water and/or organic_ solvent, the adhesion

pr drsetiel e&@avwssaﬂ Avrraga mevicloisize ofatigast 1 Oimisheraetass,

et AR O Nrm: Mg ri e REipY &) Bast0- 25

flu'nrccqm:éwr@r to formthe non-stick coating of the
substrate. For sinplicity, only one binder nmay be used

to formRyithesi theseraminpardiaies Qfﬁm? Horgamip &4mt
L I A el RAbOR nalIRL S ot Bt 1D0G A" p?éfsrabny,

ate use 1n
es fof cat dedsy Niﬁen Kreopdiardrest it scale foraduscribiry theaesistance
deS|red such as flexibility, hardness, or corrosion

pr sfé&cmataiial o indsRtationrseratshing: nélues:fasthe hppdness of
EndPER8 2ld denicare Tisfed A8 HarRiboldk o CHYMSEHY AT

a pEdm@m 122186, 16ﬁ txasedmvtdef@reheé h@étenallfﬁom@"fa@(e%m and
Alnth i ratio of 0.5 to 2.0:1. The weig
r at

gxanger; M?éemrsq%\os.muieEnamg@rlagémdép@knCBCe

b h
DoRses %%5 4RrPPla, {ad ) e ARTRARRIEP cbipolBfit imparts

apmurahbilityoho the nionhsstick ﬂuoropolymer composition applied as a coating

on a substrate by deflecting abrasive forces applied to the coating surface
and by resisting penetration of sharp objects that have penetrated the
fluoropolymer overcoat.

The ceramic particles of the inorganic film hardener preferably have
an aspect ratio of not greater than 2.5, and more preferably not greater
than 1.5. The aspect ratio is a means of quantifying a preferred particle
shape. The aspect ratio is more fully described in US Pat. No. 6,592,977.
Particles with a high aspect ratio are flat unlike the preferred particles of
this invention, which are preferably more spherical and more closely
approach an ideal aspect ratio of 1. If particles in a coating on a substrate
are small and have a high aspect ratio, they may be oriented parallel to a

substrate and will not be able to deflect abrasive forces applied to a
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substrate. The baking drives off the volatile
materials present in the coating conposition,
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total dispersion. 9 WO 2008/ 063560 PCT/ US2007/ 024070
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bkt g 1 enppbl SCRBRA A W o) GRS Hiroanis
bi nsigdedicatthidedrborries ahdenifridestavind & Kvopaitnéss of at least
water insoluble so that it is t[);pl cally uniform

) t it Y] y
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t hetitahindbbotide{2880Ni stry, 77th

Other Fillers

25 In addition to the particles of inorganic filler film hardener described
above, the non-stick coating compositions of this invention may contain
smaller particles of inorganic filler film hardener as well as other filler
materials having a Knoop hardness value of less than 1200. Suitable
additional fillers include small particles of aluminum oxide, calcined

30 aluminum oxide, silicon carbide etc. as well as glass flake, glass bead,
glass fiber, aIuminum'or zirconium silicate, mica, metal flake, metal fiber,

fine ceramic powders, silicon dioxide, barium sulfate, talc, etc.
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Edition, 12-186,187 based on reference material from

Shackel ford and 20 Al exander, CRC Materials Science
wa@easaesfoneer i ng Handbook, CRC Press, Boca Rar@mnu§i0az/024070

1991. The fil m hardener TESPMETHOD®arts durability

to the non-stick fluoropolymer conposition applied as

a coating on a substrate by deflecting abrasive

f or £ s Ashie? Adhddin Tedling0 sur face —and by
p objects that have
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particles of the inorganic film hardener preferably
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o HeBaE AN it 8o GBA1 oy oE1oBR0SH Regy
shaRiase Tigaidanpde byrBrewstersProduetst ul | 'y deS_crl bed | n Us
Pat. No._6,592,977. 30 Particles with a_ high aspec

ratio arghg s%rtafqhhwh&swmt@sbp&@dué@ ispRg tqllevvés A poatediglass
| NVE Hshafk ‘s"g}bggha&léﬁecﬁ[lgfmﬁ z?ﬁr BRde t?%g\{ Q%ln and

nore cl ose roac aspec

10parapp:rbmmatelya1 &:mm k@ ram @orﬂubmtg“ am@sqaarfessmed X v:md
have a_hi gh Es pect. ratjo, they may be oriented
par'ﬁ?‘F@qu'B the coghing Hsing tBﬁ&an Iazﬁbp a5l af1eecoaed glass is

e I

per e BB B8 ditvacheR opRrall Py R he

I arrganaiadthesmardmtlghls tspwetoneadyicie of testing. m@nelsycle typically
oriented perpendi cul to a substrate and protrude
thrtégﬁ $less t Bgla@. A Alterayesy Oecyfslﬂseﬁw%lﬁswswwdqfé@m

t h C I [
15, vane i fasie Codigl ahd g, SoRlcE S0 BoeiE platedlies the
hol eroastthtclansarkg ahtdehe Xaandthel tapbds riuII@d tcﬁ@é@l Ifyany crosshatch
abr aded. Preferabl t he baked | ayer of prinmer has a

dr ySqYares PhPars egﬁﬁye’ mper? rgmoygd1 ¥ oRePMOre fAVAIGSHAYe
! Bio BRI & VorRlperkd B Ry e BRI berore

I ayfarlurelmseeordeyl IThda best lis cdxnmpﬁe@énd&hé&oatmgwmss‘t@e test
t he te |layer 10 containing 14-18 wei
20per¥ 7 79 BE cyples R CoRmieed WHUNASAHRIGSArdRartef qﬂe Pregeribed

O'I

i nteropdiage ng Ié?é&lHBII 9By cleRE IR Corlsiddred & faliie of
hardener 1 nclu organ
the test.

2. Accelerated Chicken Roasting Testing

25 The staining of the glass coating is tested using an accelerated
chicken roasting test method. The stain resistant results are shown by
Example 1 and Comparative Example 2 in Table 8. A Vulcan oven is
preheated to 200 C. In the coated glass being tested, 50 g of butter is
placed in the bake ware and melted in the oven for 2 minutes. A piece of

30 chicken with salt and pepper is roasted in the coated glass bake ware for
1 hour at 200C. After cooling the baked chicken and fat are removed from
the bake ware. The non-stick property of the coating is measured by
observing if remnants of the baked chicken stick to the coating. The glass
is then placed in the industrial dishwasher and cleaned. The test is
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oxi des, carbides, borides and nitrides having a Knoop
hardness of at least 1200. Preferred are inorganic

wo@z200d06356i t ri des, bori des and carbi des of 15 PCT/US2007/024070
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al um num and beryllium Particularly preferred are
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addition to the particles of inorganic filler film

harfBaRbr ORRES¥ed Bite RilasHayenas feen dirpugh &I&glaﬁg bake ware.
conpositions of this invention may contain smaller
particles of inorganic filler film hardener as well as

10other filler materials hEXAMPLES 00p hardness val ue
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of ]l ess than 1200. Suitable additional fillers

in €harticles of al um num oxi de, cal ci ned 30

al um nu | X

71 ake. gﬁﬂ’aS‘ES?i%gggé ibh: C?ggéﬁﬁﬁgflugh‘bg nely‘%s‘n 81§pg}s"f‘§r?grade

zi raﬂolawarlalﬁe tfiopathe DtIPoat Coripainyf Waksingtoet BE.f i ber,
fine cer powders, _silicon d| oxi de, bari um sul f at e,
talc, oGP disparsionobT B BuriepolmeisesodisRersigagrith 3

{Vggtdﬁ?coq%@ﬁw@&s B EYOd REPSB1 A 186210

esi on and el‘l n € Ccoatl ngs

in ndilo@mtpa;r the mehawpg@nﬂ-lEPCboﬁtamdfﬁom 253-¢2.4 wt% and a
subjected to testé;e{g1 in a Hobart industri al

di sm%ﬂﬂ‘é’rrat%@fnU -3 maasgiediatid{ ey theametirdigf ASTM D-

nar 2aedno e B einet W B G Pk b 6t ot e gl ass
subst r atRF A gispeesishadghest PEA figofo é)”dlﬁﬁér Rlsafigisperdieyrade

rid 10 approximtely 18 mm x 18 nmm cont ai ni ng 100
ngagﬁegval)qple(fr\gggthe 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. |
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. It 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).
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inscribed in the coating using the sanme razor bl ade.

The coated glass is placed in the di shwasher and the
waelr@bmessher operated according to the manuf ackar/ES2007/024070

| N9hbrgdnie FillePFDinvHafdéhgrycl e of testing. One cycle

typically takes Tess than 3 mn. After every 10

cycles, the glass is renoved from 15 t he di shwasher,

cool ed agilicsH cmade%;oaék&rro)sc%%wew«ensptehMBHQE@“K)

the crosshatch marks and the X and tape is pulled

t o MeeichiGerayany; gisttieuted Mlgmﬁb@@n@s Q@rpt estfiele MA. The

1" SR RB RertTRe SRS B8 te BT Roeters
CO'WIHEQ%*a@@ rﬁ’clefsiﬂheI bélﬁg 29 8-22 @ ARFomERSs T phﬁlcle size
conpl eted and the coatings pass the test 20 when

cde%%maéUthmlég @onlten Multisigeat @scordingta @fofmatne

L5088 o SPERNEY PRl e L g 6L Gan
Ac @b dtertiRsbrpbiaté@ FURemohl CA\. Testing 25 The stai ning
of the glass coating is tested using an accel erated

10chi cken Aleannum @xidessuppdied dy. AltndngmGorporationt efAmerica

r esyl e | e 1 ang. arative

B CDA) PitsHEth A, THEReLadk BRficReES et Rureet g be 03

20Q0@.5 hiiciioheetepat ed gl ass being tested, 50 g of

butter is placed in the bake ware and melted in the

oven for 2 mnutes. A piece of 30 chicken with salt

&i‘?ﬁg[ﬁhﬁ aroast ed in the coated gl ass bake ware

for 200C. After cooling the baked chicken
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property of the coating is measured by observing if
remmants of the baked chicken stick to the coating.

Th§|ﬂ|;3ﬁ§ R !sq fhen placed in the industrial dishwasher
an e test is 12 WD 2008/ 063560
PCT/ Uszonqw@ﬁé@,ﬂ QolRieRimsrdshis 3@ $I6 Ib?a/vaab@r CRéhicay

asses i f cles are conpleted if he chi cken can
PRIt AG HaHRIABORSIRAR! SiNeS® REN 5045 ono
st tin f sticks to the
0 zﬁ%ﬁﬁ ng% W’ﬁ C%P'taoeés sg(?ds'ln tggﬁ%tsg a failure and
cycl es at failure are noted. Staini ng is considered 5

a pass if the coating conpletes greater than 5 cycles
wi th onl\Wefesihwere run to observe durability, adhesion and ‘stain

resistance. These are described in detail under the heading Test

Methods. For purposes of these experimental tests, the four-coat system

25 used comprises a base coat (Table1), a primer (Table 2), an intermediate
coat (Table 3) and a topcoat (Table 4) as described compositionally in the
Tables referenced respectively. Tables 5 and 6 provide alternative
primers. The three-coat system used for comparison did not have a base
coat. The three-coat and four-coat system are described in further detail

30 below under the Examples section. The coatings are applied to an 8"x 8”
square of Marinex® glass bake ware obtained from Saint Gobain, San
Paulo, Brazil. Scotch® 8981 tape from the 3M Company, Minneapolis,
MN is used for the adhesion scratch tests.
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Comparative Example 1: Preparation

Of Three-Coat System Without

Base Coat

The surface of borosilicate glass bake ware was mechanically

roughened using a grit blast method using 80 mesh grit at 30 psi,

considered light grit blasting. The resulting glass has a roughness average

measurement of 3-4 microns. The primer (Table 2), primer composition A

(Table 5) or primer composition B (Table
roughened substrate and dried at 150 °F

film thickness of the primer coat is betwe

6), is sprayed onto the
(66 °C) for 5 minutes. The dry

en 10-13 microns. The

intermediate coat (Table 3) is then sprayed over the dried primer. The

2
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roughened substrate and dried at 150 OF (66 C) for 5
m nutes. The dry filmthickness of the priner coat is
Wheirsme3s60- 13 m crons. The internedi ate coatP(Tak1087/024070

3) ihtermbdiate fayay ey Direthitkneseis betwaenTe8-23 Thiercis. Whe
2008/ 063560 PCI/ US2007/ 024070 internediate | ayer dry
f i Itapeoatdkaklesd)iis applie tsprayedavetiay wakto thednfermpdigde coat

385665, T BB ARG B Bl gl it B miros.

of THeecdRiPgaslcursd BPbYRAg f-alf8mpPetatdins of so’oem'z? bﬂ%for 5
i s cured by baking at a tenperature of 800 OF (427

of omButes. i nut es. Exanple 1: Preparati on O Four-Coat
System The preparation of the four-coat system was
identical to the three- coat system except the base

coat of Tabl Exhnysie £Praparatioh OFFolf- e:sa'asgg@h gl ass

to produce a dry filmthi ckness (DFT) of m crons.
The pri nihe rqreasraim)ofutbe&p;mmai syetenowagddentical tosthiedtbese-

d
- adivet SfteRLaxrpt He pSSaoa  THHIE 1 3P seEned ofitbgness
oof rbbghmed"@bsb. Qdﬁfodtﬁ:e@ﬁweﬁﬁ\ tmbkihas@(@rwéf 0 Bhﬁlcrons

internediaté |ayer is between 18-23 m crohs and

t oﬂd@prlmgr bam@am issapmieg wetgrswet mhethﬁs@rcﬂatv@d aII other

pr Ry o et BRI I i e s (fpaddtasEregllent, ity fim

t hehigkh&®y of tABSIrinh&r thpértis Betwesn 40 ﬂnibrén§'tﬁb|nﬁérmedlate
manner to Exanple 1 except the internedi ate 20 coat

( TARyeS Ispetvse@pﬂ&ﬁédnmrcpr@e:am}ﬂmtqpcpa@smweeowo microns.
15(Tabl e 2). Al other coatings are applied in an
i dentical manner as Exanple 1. Table 7 shows that

applodmpaidtiedBeempha: Pradaratibh orrmﬁé@eeofah System Without

adhesion of the coating onto the glass substrate an
i nproves the dishwasher peﬁrUﬂﬁance that all ows the

cont o0 SRRl ST v St BTRR O B ety v s
Tedéft out is done in a similar manner to Example 1 except the intermediate

20 coat (Table 3) is sprayed directly onto the base coat (Table 2). All other
| coatings are applied in an identical manner as Example 1.

Table 7 shows that applying the base coat (Table 1) improves the
adhesion of the coating onto the glass substrate and improves the
dishwasher performance that allows the coated glassware to meet the

25 pass goal of 100 cycles in accordance with the Dishwasher Adhesion
Test.
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21 WO 2008/ 063560 PCT/ US2007/024070 Table 7 -
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Conpar ati ve Exanpl e 1 20 Fail
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Table 2

Example 1

100 Pass

Table 2

Example 1

100 Pass

Table 8 shows that the four-coat composition of Example 1 is

superior to the three-coat composition of Comparative Example 2 (primer

layer left out), and that the primer layer acts as a stain barrier to the

invention.

TABLE 8 — Accelerated Chicken Roasting Test

Coating System Cycles Description
Example 1 greater than 5* Pass
Example 1 greater than 5* Pass

Comparative Example 2

5

Stopped, severe

exterior staining

Tabl e BCT/US2007/024070
Tabl e 6 Conparative

* The cookware of Example 1 showed markedly less staining at 30 cycles then
the cookware of Comparative Example 2 after only 5 cycles.

It is therefore, apparent that there has been provided in accordance
with the present invention, a stain resistant non-stick coated article that
fully satisfies the aims and advantages hereinbefore set forth. While this
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fully satisfies the ains and advant ages herei nbefore
set forth. While this 22 WO 2008/ 063560
wERANBSBEED 7/ 024070 invention has been descri bedI/us2007/024070

conpwemtiontiasvbddn desmpibedfin copjunetibmith a spedifOémbotinént
evident that pany alternatjves, nodifications, and
varthereohikis ayident geatypany aliernalves saedifigationsg and verations
ar t,.: [ To | AVOPIRS S SR RT= 19 t al.

al vl BEIpE SR h thoce SIS, RoodtIhiel B ittelipd o
wi tembraBe taiesughiatternatives pmodificationsand vatiaticmpvad &6l within
clajnms. .23 WO 2008/ 063560 PCT/ US2007/024070 IT 1S
5CLAIIFWED!”t and Rread seereipt the apressAiciaimg: a) a gl ass
substrate having a surface, and 5 b) a stain

resi stant, non-stick coating adhered to the surface

of said substrate, wherein said non-stick coating
conprises: i) a base coat conprising fluoropol yner and
colloidal silica, and ii) an overcoat conprising one

or nore polyner 10 layers containing inorganic filler
filmhardener. 2. A coated article of claim1, wherein
said inorganic filler film hardener are ceramc
particles. 3. The coated article of claim1l, wherein
said coated article is cookware. 15 4. The coated
article of claim1, wherein said base coat further
conprises silicone resin. 5. The coated article of
claim2, wherein said ceramc particles conprise a
Knoop hardness of greater than 1200. 6. The coated
article of claim?2, wherein said ceramc particles 20
conprise an average particle size of greater than 10

m croneters. 7. The coated article of claim2, wherein
said ceramc particles
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conprises silicon carbide. 8 The coated article of
claim1l, wherein said base coat has a dry film

wao hioskesseds of up to 8 mcrons. 25 9. The coat ePiCT/US2007/024070
article of claim?2, wherein said overcoat conprises a

pripger |ayer. _and optionally, one or nore internediate
| a IME topcoat. 10. The coated article of claim
9, wherejn e id. layers conprising said
overcoaﬁcé%?’glt%gglﬁ[f %@?%ﬁ?‘b&parti cles. 30 11. The

coat ed arti cla apflast substiatevtzvirgg a saffade Hrabss
substrate is, borosilicate glass, 12. The coated

Sarticle of clRli hstainyggipianh nos-stick Goating ashered to the surface

2008 ORE B s, VRaERE I rERick Vo0 EeRisest ! c1
of claim 12, wher d) a bagedogt esmpssibgtfiuarepdiader and colloidal

aver@%e roughness greater than 2 mcrons. 14. The
coatlé@® 8Pflicle of claim 13, wherein said gl ass

substrate has be | '
The coated articl gﬁoéﬁgﬁgﬁ%gﬁ?%gégéwggﬁdhg%e?éxéﬁr
10conayérsemnt&ininbéaeitgaoiwﬁlmfﬁWthlardienalfr c]?rrplri Si ng
f1 uoropa r. 16. The coated article of claim
wherei n ésgggoﬁﬁq?%?'cgo%ﬁ?'% . Wheal sl iparganicifiller filra
Coﬂi&ﬁ&aﬁéﬂ%@'&r&%i&b@ﬁi@e@’ wherein said one or nore
10 internediate | ayers conprises fluoropolyner. 18.
The coat®dThe toated articlel afichaigh Wheherein said doatest adiste is
further conprises polynmer binder. 19. The coated
ar t9OKWaEe- cl ai m 16, wherein said prinmer further

15 9 TR B oy i SO e e
| ayeansprisest sikconeaepin. ses pol yner bi nder.
5. The coated article of claim 2, wherein said ceramic particles
comprise a Knoop hardness of greater than 1200.
6. The coated article of claim 2, wherein said ceramic particles

20 comprise an average particle size of greater than 10 micrometers.

7. The coated article of claim 2, wherein said ceramic particles
comprises silicon carbide.

8. The coated article of claim 1, wherein said base coat has a dry
film thickness of up to 8 microns.

25 9. The coated article of claim 2, wherein said overcoat comprises a
primer layer, and optionally, one or more intermediate layers and a
topcoat.

10. The coated article of claim 9, wherein one or more of said
layers comprising said overcoat contain said ceramic particles.

30 11. The coated article of claim 1, wherein said glass substrate is
borosilicate glass.

12. The coated article of claim 1, wherein said glass substrate is
roughened prior to applying of the base coat.
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21.. The coated article of claim 18, wherein said
coated article has a stain resistance sufficient to
w@aws/ 063560 Accel er at ed Roasted Chicken Test. 2PCRPRS2001624070

coat ed atd.ifHeccadted ladticie bf claimri@] wheedid sabglads dubsteate has
loase?negvelr%(g)jecr%l%I'(?r“?esosfgrtelz;'?erl:t)lﬁéc’rh1 \gan“fiilg:(;"c;rns'.bdheSI on Test. 25
14. The coated article of claim 13, wherein said glass substrate has
been roughened by grit blasting.
5 15. The coated article of claim 1, wherein said overcoat comprises
at least one polymer layer comprising fluoropolymer.
16. The coated article of claim 9, wherein said primer comprises
fluoropolymer.
17. The coated article of claim 9, wherein said one or more
10  intermediate layers comprises fluoropolymer.
18. The coated article of claim 9 wherein said overcoat further
comprises polymer binder.
19. The coated article of claim 16, wherein said primer further
comprises polymer binder.
15 20. The coated article of claim 17, wherein one or more of said
intermediate layers further comprises polymer binder.
21.. The coated article of claim 18, wherein said coated article has
a stain resistance sUfficient to pass the Accelerated Roasted Chicken
Test.
20 22. The coated article of claim 1, wherein said coated article

passes 100 cycles of the Dishwasher Adhesion Test.
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