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TI TLE OF | NVENTI ON Non- Stick Fi ni sh BACKGROUND OF THE
INVENTION 1. Field of the Invention This invention

woeb@iasm4 0 non-stick fluoropol yner finishes erarhistiongos4s2

i mproved abrasion resistance. 2. Description of

Rel ated Art The technol ogy of form ng a non-stick
fluoropolymer finish on a substrate, such as al um num
to forma rel ease surface for such applications as
cookwar e has typi cal TiTLEOF INVENTRONse of at | east
two coatings on the subst an undercoat typically
called a primer to adh g&°‘§l’fé"“§ﬂbstrate and an

overcoat to prgwmeﬁmwmirﬂlsmtnm i ni sh).
Because of the non-stick.-nature o ynmer, the
bri frigldiof thedayertiand t o contain one or more adhesi on

prono 'ﬁ'ﬁ% \%Hrtio ditdtes 't+ 'nB?-sEﬁEQ ?FBQ&:‘Y eriridies e hlbltlng

pol ynmer gener al l'uorin are exanp
tmpmadﬁbmsmmls;asce as di scl osed in U S Patent

ZonstiPubR SEERIERIE,) "0C, Cion of i he pri mer,

ot yp| c aHeytemhnotoapt oﬂf&rwﬁnﬂg a bmneshcmﬂm(krepommrrmdsh ona

$5h e 5nth B8 0SuIaE: torh 8 RORRSe I PG r Eie s

ﬁpmalmﬁsya@boowvareph% qrm@auyf intblverianel usest tahst to
ri mer. and the overcogl%{earormt es. adhesi on bet ween

£hiRi0% 6 M08 FHLEITRIG ACHIISIRRLhRHRAIY| Galleges BUEGS adhere

o Meslitdstidte 0aRA M Sverebat foVisioXidefHEndstitk kBatiAg (finish).
inorganic, non-netallic particles into the prinmner

Bgye\dsqe of the peastickmatuieef fluaropplimer, the prmeaids fammurted
{d B6t3in gﬁe%r?ﬁ\ﬁﬁ’%@l\%&oﬁ g@&%%‘er a{)ﬁkﬁ&él difsa Hﬁg tﬁérmally

cristobilite aving a
atabimpolyroer Binget (gﬂnergﬂy)ﬂugnne-feeairare;exampjae@é adheSIon

B SR S s 281 B Fafbunih, e
athesisa mrontutedeonstitulys a suhstantiphportionest, thernefmegtypically
a[3l I\Qag946 wt%, based on the combined weight of fluoropolymer plus
adhesion promoter. The surface of the overcoat is rich in, if not entirely,
fluoropolymer. The presence of fluoropolymer both in the primer and the
overcoat promotes adhesion between these coatings (intercoat adhesion).
It has become known to incorporate relatively large particles of
inorganic, non-metallic particles into the primer layer to increase abrasion
resistance of the non-stick finish. EP 0 724 915 to Bignami discloses the
use of cristobilite, which is a SiO, mineral having a Moh'’s hardness of 6.5
(corresponds to a Knoop hardness of 820), in the primer layer. U.S.
Patents 6,291,054 to Thomas et al. and 6,761,964 to Tannenbaum
disclose the use of harder large ceramic particles, preferably having a
Knoop hardness of at least 1200, in the primer layer. In Example 1 of
‘054, a single coat system is disclosed in which the single coat is quite
thick (19.5-59.7 micrometers) and the amount of polymer binder exceeds
the amount of fluoropolymer. In U.S. Patent 6,863,974 to Shah et al., no
fluoropolymer is present in the primer layer, just heat resistant adhesion
promoter (polymer binder) along with inert inorganic particlels (ceramic
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Knoop hardness of at |east 1200, in the prinmer |ayer.
In Exanple 1 of '054, a single coat systemis

wdizewiiesad i n which the single coat is quite tRCTRS2007/008482

(19.5-59.7 mcroneters) and the anount of polymner

bi nder exceeds the anmount of fluoropolynmer. In U S
Pat ent 6,863,974 to Shah et al., no fluoropolyner is
present in the priner |ayer, just heat resistant

pahticlésirhavingereavénageparticlei size by ableasy 10irhftrbmetdrs and
NI SRRHAAER bt & BRst 8o ISR Adrepion 1q. i ihoat isvebtained

hhalubimgdadsesioh prorictesih the fluotepsigierasyiiai
tuge to%cogajllt i's obtpgi ned bly iﬁcl udﬁggadhresi oﬁingfbof@tcgrat

Fﬂ_”’tﬁ?é" fQM10r opol yner - cont ai ni ng t opcoat conpositi on.
Wi | @ \ahilb @A SéadtitRe 054 afido 2 Attt Hve SRVRIY OV ded

| mpr overrent. N ab_r asli o_n resi stance on a conmer ci al
BaRfavement inabragiongesistance an aeemmarciat bastsa fiarthérs:

i Nl\gbl?g A%E‘gl e present
Fﬁ@%‘{]‘%ﬁéﬁ'ﬁm oVl se@ﬁar-gggrtés |ck&%}}r$|-gs)h on a substrate
that exhibits furt _ HE INVENTIONON
resis C iL.men .t resent
| nventrpreselt hstBn IS RdeR H o bR Ao ESEA sypstrate that
exkibits furtbepinsiove naentdin ebeasion aesistarve. MR MRS | Ng

- EBRRAREBRE 8T ns Brsiy mbieRlR R st Fevibnar-sgik

ceating theyeohiadnapridiny iahovircasamya Mahbi BlRefhg S aff

at | ea i&ab@?t 1q rp chHeters to increase the abrasion
P‘é%ﬁcg?g &gk SubgiEate ,s3! RYEceAqEPpiisieg fhipreprlymey and an
SféRivecamadint OF ebRIMR partislesHdvied bﬁ%\fﬁfgggtpa‘?{iﬁ:le size of at
cer nLc Pﬁ{)tl,ﬂ es having an average size Of "at least
.'9@53?, 28t P EnisrRMEtarsita ngaasihe Abragieovesistanse of said
ebatAy 8 detSintindaasy e énﬂﬁ%%ﬁn@&h&i‘ sai d substrate

by at” | east 10% as ‘deter y the dry SBAR net hod.
The obsetasably, anreffeciiverameunt of caramit pasticiésbaving an

31l 17 01 B RO BP0 B MR Bloves e
aorasian wsistanicelof the sbating ohhsmid shbstrateeb as leagtiovs as
&é’t\é%h{eoa bQ‘iRS %'r)(? %é/ﬂ? method.

The overcoat is not a primer , i.e. the surface to which the overcoat
is applied to form a non-stick finish is not the bare substrate receiving the
non-stick finish. Instead, the substrate has a primer layer for adhesion to
the substrate, and the primer layer forms the surface on which the .
fluoropolymer/ceramic particle-containing overcoat is formed. The
overcoat cannot function as primer layer because the composition of the
overcoat either does not does not contain adhesion pr{)moter or if it does
contain adhesion promoter, it is present in such small amount as not to
provide commercially useful adhesion to a substrate. Typically, the

.presence of fluoropolymer in the primer layer is all that is necessary for

intercoat adhesion to the non-stick fluoropolymer layer, A small amount of
adhesion promoter can be present in the overcoat, however, to promote
intercoat adhesion between the primer layer and the overcoat layer, when
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the substrate, and the priner layer forns the surface
on which the fluoropol yner/ceram c particl e-contai ning

wovariciesdti s fornmed. The overcoat cannot funct POT/US2007/008482

primer |ayer because the conposition of the overcoat

ei ther does not does not contain adhesion pronoter or
if it does contain adhesion pronoter, it is present in
such small anpbunt as not to provide commercially
theepriren yes idoestrotacathintfluarepolyiiared inJ. S.reatent

g %?eé]f of fluoropolyner in the priner layer is all
‘I§ s'necessary for intercoat adhesion to the

non- sThak, theysresgnt inventibaliethe CombBRidtionn®an o¥ercoat layer
dhesi o ronot e n be. present in the overcoat,
ﬁ a ep?BHJEﬁcg % AteinvealaYsEReatessuRstiRien throvercoat

BYEFBAN ISBKRS adie ERposis stfake loR 115 nomfm%lg ogqpen t

| ayer does not contain. fluoropol as In
sularate oI canReyve@sea prideeat, onw nh.aomcgat fseformed. The

%@‘8 é: Ayrehtdt bt tibn! G égﬁ:@ Hep?ﬁaﬁﬁ)?é( Fidcoat to

toa prinmer- ayer-coate ate
mrdﬁ)ﬁte b%@tmorcahcls properbysto the averall disdiurWiether thiehe

S¥edal £ e B2k (OB BBReh ThRrale) AR e Sindten

wr@amofaﬂhecrmm-etlck abating of i$ & uidopat ayer cbh&ﬁnihbethe

RApEB e g e ipioiariERe oMd phivel e Sianlpha lagi 10

momqwnscruds pribfeireal ﬁn)at EQbmlamartdﬁ‘\tﬁh mseﬂstssl Wtarss o

he non-stick coat cont ai ni ng

AT DETUsIERRAELY the camtingsh mavateal tha Muegoaelvmer and

CBRAE Pabticl8s.Off dhesia® brdifofBras EP@ééftffn s'uEh'lé er to
referred that such |layer contain at |east % of

eeneteintareostadhesier bepugen sygh i%@r@ﬂ%th@e@lﬂm dgerothe
A8 uht H%&!Pé’én&ﬁ‘iiroﬁ%‘ieﬁﬁ'ié\ﬂb b1 H&E%an 1fo FENESH R

pronoter 1S resent I1n su a er I nt ercoat
wlight pbﬂwq)ﬂwom&lmehm f@peoveaquat lhyeprThe rexipaqmmnt he

el ot fred (RN POcPE BTN 1T GerEoRCod B SBRE HUEF rating

they&amoséld@qumee@fsﬂwemmshdoﬁmshw toettiei midaeiat s abot h
to at_.as sin er form ng the exposed
%‘ti?f’%%‘%e 8? ‘ﬁ%o‘ﬂ(ﬂp(&qp&ﬁg“e % and to the mdcoat in

a Surprisingly, the presence of the ceramic particles in the overcoat

provides further improvement in abrasion resistance as will be
demonstrated in the Examples. Thus, the non-stick finish (coating) of the
present invention provides surprisingly improvéd abrasion resistance. For
example, a small amount of the ceramic particles in the overcoat exhibits
greater abrasion resistance than when (a) the primer contains a much
greater amount of the same ceramic particles, and (b) the overcoat does
not contain any of the ceramic particles. Surprisingly, placing the ceramic
particles in the overcoat improves abrasion resistance over just the use of
the ceramic particles in the primer layer.

In one aspect of the present invention, the overcoat layer has a
thickness of about 0.5 to 1 mil (12.7 to 25.4 micrometers). in another
aspect, the overcoat has a thickness that is greater than the minor
dimension of said ceramic particles. In still another aspect, the thickness

-3-



10

15

20

25

30

{ n one asPect of  the present i nventi on,

conposite of m dcoat and topcoat |ayers. Surprisingly,
the presence of the ceramc particles in the overcoat

wonrovidesif urt her i nprovenent in abrasion resi BCaNS2003808482

will be denonstrated in the Exanples. Thus, the
non-stick finish (coating) of the present invention
provi des surprisingly inproved abrasion resistance.

For exanple, a small anount of the cerami c particles
ofithtehevercoatisdese tdthe mpjediarersivrast the cemicurticles.

t i mer. t h t
ERGH] 416 Freldbing B5pBis i EBRAR R InaLMadhriiS biristes are
njpfbc:a]lylatregogm umtshapenkmllarlfm)gr@vﬁelzcﬁetabﬁt@m éppealt’ancle
arti es ur Si.n acl n ceram arti cl es
RAbwrE diier StAGT G aving Sundior cmpep i detats o mtor
iaiaig) HAd aoﬁmﬁdmd.ﬁ%@r&ﬁ (R&ght 6F Rndrakide DEbHBden’e%ﬁén of

e over coat
he @yensgat gompsitioadconsra iawidimediin éo a pimed substrate,

oothdd BY GPﬁﬁﬁﬁrﬁQel paHieRLUBRA tﬁ%’s‘? Bﬁwnt\pﬁhlﬂvtgbctﬂfgkn%@ of

a thickness t greater t I mensi
thre %u&aabpwwapamwabysonly the minor dinaaien azfpleepartlcles

e to ERG pefibohduR Hoif the bBpaEaR LR ddafedT 1Bl tepas
msglgetasgood nos1- stlquaemsadslrfadm wfacla-'tlds inabhiei tiwre—stiak e
ravel , ot
N TG TR Y A
tm:magoﬁemrﬁrallgh a‘rla‘ﬂlmmpo(wmnsrgbfpmmd%@én furtisgr and a
t .or minor axis). Upon

%rpvgmqr}gﬁn 6‘?‘3?%% P&@B‘F%m conmposition froma Ii qU| d

medi UAother rhboERentsithatmeséMl ihouRtom)s theybisrcobbe
88{“0 es tend.to | ay .down within the thickness of the

idgrg rROfB%*?'EB'aFeSﬁﬂeféé gpoysi Yhisrrompasition arplispble for
Qlfov‘id]ﬁg REhOhEHER ab?é@ohﬁeS?éiﬁﬁ%o%? h?edﬁj h%‘ﬂl'ri%rcef 'hgfﬁﬂlyh &

substrate being coated. This tends Ive a.
H%Weéﬁ)@( sRigonrapasifipn cOMpiFing ﬂupﬂapq ymer @nnlcan effective

RAfRHE oY cBfarh ?&ﬂakg%v.ﬁég bR av&sge%ﬁeax#ﬁ 1688t Bfout 10

overcoated wt a topcoat essen
mlcer@mﬁigrgzwermprovp rtbe iadpsasion resigtarioer of saldmaamegmn said

| il e€$ ﬁ (r)éﬁ[a%\? k& at"f‘@%%%%@@&eﬁﬂ%a@ Ey &;l,*g dpy %ﬁﬁ

OVErco
method, said composition optionally containing adhesion promoter in an

amount up to about 10 wt% of’the wt. of said fluoropolymer. - Preferably
the amount of said fluoropolymer in the overcoat is an; effective amount to
provide a continuous film within which said ceramic pérticles are dispersed
upon applying said composition to the surface to form the coating,
ceramic particles present in said composition constitufing at leést about 3
wt% up to the combined weight of said ﬂuorobolymer and the ceramic
particles. The overoat composition of the present invéntion also preferably
contains as an additional component particles of inorganic film hardener
having an average particle size of less than about 5 micrometers.
DETAILED DESCRIPTION OF THE INVENTION
The prmcnpal components of the overcoat used in the present

mventlon are the fluoropolymer as the non-stick component and the

ceramic particies having an average size of at least 10 micrometers as the

-4 -



10

15

20

25

30

(m dcoat) conposition described above. This

conposition applicable for providing a non-stick
waho@Esiledir esi stant coating on a surface, notabCy/U82007/008482

prinmer |ayer, said conmposition conprising

fl uoropol yner and an effective anmount of ceramc

particles having an average size of at |east about 10

m croneters to i nprove the abrasion resistance of said

abrasionyresistant dompohenk phese pamgortgntsama;ealsb bHeDptesent in

L P < b AP R B b Bl SRR Sl

aghéesiontio the $0bstrateddeiny @iven the nenistick lcaatingol yrer .

Prefe t he of said fluoropolynmer in ,he .
over cg@p‘ &%ﬁqq@pg the fﬂfw?"aéfeécrm lon applies
teothlel ﬂumupofyh’qén plbbbéhﬁnwhéfdhrﬁé# 8n& & &8 6verdokt, Cérﬁﬁ

ar e erse app I Ng Sal conp03|t|on tO t he
@GPP&Ee bs fh@m? @e&aﬁaglfwm%%rb@m resiiar The flusronalymer

édh Bal rcbrpmbhbaﬂue%bpb 1K dm? |rﬁ@ﬁtcr?§9 wsc%s@@ & at

up to the, conbi ned ['uor opo

ltaagt dex a% Ba'@ar@ne |e@3bodrfm@m\@ p@Mew@ﬂqmgethm@(PTﬁE)
"ﬁﬁﬁ n% ﬁg P aE] &bl' 66 Bk % 388°€ith the
ad |ona onent

artlc €s OT 1 norgani
fmgh@shbeah%tabrﬁlg/ amongdhedhiquapolyoiar. sSmh obnireelt-fatiricable

PR TR 2 sl BB eFabhoinial ibfebypicn

iogedves fihefopmingecdpabilityduring baldng {fusinglosapblagner as

BB SO SR PO 1985 R BE i i

. éﬂmea,bmmbwhemnﬁ&l@@bu@ogmrreebnta’fﬁsesQo@émﬁaﬁratérﬂﬁawlth

t | th
SeRPpesErerd anadisthen (BBYEBains heetariecharias PR fifuch
PR dralie Héehﬁgfﬁ@iéfﬂ o t:hﬁfémﬁeﬁlfashcmw {B%he WTHHE,

respect to the fluoropol | oW N

Qrreially g &9@@@51“@6 Q. éénela%{ Eﬁm IWEEE. gggsf@ntstmnhcnty
z% hBU& éln %drnbﬂ ctrgg?ug\é‘?ﬂé tus@é]gl éntqgﬁ_ﬁlatx 10MBa-s, but a

uor opoly orocarbon re
mbcture)pﬁPy” E&s bawnue:hfﬁ@nemrmelt visbositiebloanf beiosed dd foren the

S iR GHET L o P et r 2 Lor oet hyl ene (PTFE) -

havi nghe ﬂudrbpazlym cansalss |bbweft-fabrlbalaietﬂubrapdl§)m* either
@om%%%%c(b%ﬁgeé) with the PTFE, or in place thereof. Examples of such -
melt-fabricable fluoropolymers include copolymers of TFE and at least one
fluorinated copolymerizable monomer (comonomer) present in the

polymer in sufficient amount to reduce the melting point of the copolymer
subétantially below that of TFE homopolymer, polytetrafluoroethylene

(PTFE), e.g., to a melting temperature no greater than 315°C. Preferred

. comonomers with TFE include the perfluorinated monomers such as

perfluoroolefins having 3-6 carbon atoms and perfluoro(alkyl vinyl ethers)
(PAVE) wherein the élkyl group contains 1-5 carbon atoms, especially 1-3
carbon atoms. Especially preferred comonomers include
Hexaﬂuoropropylene (HFP), perfluoro(ethyl vinyl ether) (PEVE),
perfluoro(propyl vinyl ether) (PPVE) and perfluoro(methy! vinyl ether)
(PMVE). Preferred TFE copolymers include FEP (TFE/HFP copolymer),
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hi ghest heat stability anong the fluoropol ymer. Such
non-nel t-fabricable PTFE can also contain a smal |

wanounti4sai conmononer nodi fier which i nproves PCT/US2007/008482

filmform ng capability during baking (fusing), such
as perfluorool efin, notably hexafl uoropropyl ene (HFP)
or perfluoro(alkyl vinyl) ether, notably wherein the
al kyl group contains 1 to 5 carbon atons, with

BEAF (Tide/PAMEo pypoigm),_'ﬂfﬂiléiﬁf’mwm-'e???m\ﬂ isr PEVE

] t t
SHEEEPBYE i BN LA BRpleh Y B Blpuor,
RaMitbhes el eash o waltesh aldres TR ahslectikir vedight oftheymelt-
L T T L TR
stiffitiene td bewilm-formigsand 6e A58 thSustad d Poldddshile so as
non-stick co nent. The fl ugropol yner can al so be. )
1dravs inieartiEh &ne Hodeeoiat ApBlication / dypicalivi tecnelt viscosity
Wil e deBasel kN oC P -EHRd maY raRgBl @k é@s&ﬁtﬁag@s@mﬂ BSes

of such nelt-fabricable fl Uoropolynmers In

D Pstermined gt 3TREC acgording da ASHMD 1238 i nat ed
| - . i h
ol yriay R PopRaIT 6 e BRI ort b ole o
fg\mrﬁpotwnw@a\dw&rwmmsl@b@nmn trdelpyvibedsity inlthe rahg@Fiom
1 PTE o SN |
DRRF R0 0o Rak Shd Motk Bt able AGrdrolinmer naidet o
exaropiena viscasith inTHE Tamgleudemt he 1051tbl L riof #zeg .

1l fi havi 3-6 '
at ons ! DRGSR PSR f e eriBrL g sxGes ai By rand
intibe ahkigbatand popowzt dyers bobas & bersulliciently esmpatiBld With

pecially preferred lna%gpnorrers

1-3 b t o

PRGOS dr ZePHEPUSR dust et adhepion Hepn bR whpi
fliorgboliiaris pré¥afit)in Refddemnapdsopy! vinyl ether)
(PPVE?_ agad ngl uor o( net hy! vinyl ether) (PM_/E?. )

Pr ef el PRAUPFAPUYPET FREPOERE Isigenematly compmprgally available

Sy S £ G W (A S o

Rrirpey. myers ety midgaateand : lapcabk gompositionsfuseel thapresent
hegtor 19 AL T S ARLATH Al ek ol B5
"disbepsionaia meaotthatthaflupropalymer resin particles are colloidal in
size and stably dispersed in the aqueous medium, so that séttling of the
particles does not occur within the time when the dispers.ion will be used.
This is achieved by the small size of the fluoropolymer particles, typically
on the order of less than 0.5 micrometers, and the use of surfactant in the
aqueous dispérsion by the dispersion manufacturer. Such dispersions can
be obtained directly by the process known as aqueous dispersion
polymerization, optionally followed by concentration and/or further addition

.of surfactant.

Another liquid form of the fluoropolymer to be used to form any of
the layers described above is the dispersion of the fluoropolymer in an
organic liquid. This is particularly useful when the fiuoropolymer is PTFE
micropowder, which is a low molecular weight PTFE that has melt—
flowability. PTFE micropowder can be used in aqueous dispersion form
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sufficient to be filmformng and be able to sustain a
nol ded shape so as to have integrity in the undercoat

wappl7iiasdi on. Typically, the nmelt viscosity w PCThs2@u/008482

least I x 10 Pa"s and nmay range up to about 60-100 x

10 Pa"s as determ ned at 372C according to ASTM

D-1238. A preferred conposition is a blend of non

nel t-fabricabl e fluoropolynmer having for exanple a

asiwelkbr Eoe aqiueous idigpersionsefifanyepbiyaverdesctibédiabolecan

&&% P&“i '@Td nel t abrl cabl e fl.uoropol yner having for
'fﬂﬁ C s%rggﬂ(ichtherangefromlx103t01x

105 PgVih res'lif@:tftd: s epeinidgsartisleSEdrApbAEN], thé Rerathic'ém

and oyer coat ers and in the mdcoat and topcoat

Pslaa'ak? BeMagLIP ONEMN POED HAgARICe n@ntmetﬁlic_c filler
ﬁﬂ)@t‘i‘réleﬁaﬂs OATR! ih& R it RESpeRt ta e siH} %}ﬁthe

when fl uoropol ynmer is present in ad]acent yers

Fpmﬁtﬂnﬂm‘ thesmalivestablesatgtsreventugl bakingtemplerature, which
A8 A5 Ry i1 B pRR ALK e Bl s

wnich is the e priner
Wsghdde sodhat thﬁYp@r@dVP@aH}o@mnformhsdlspetsmla butengt ditssseived

B by TSR neBABY R RS BRAGIRETE Bopersea
Thameomlliqpamciapm;@mm% Eges aﬁ;ﬁj@ébﬁi(ﬁaﬂﬁ&lelséng Eﬂt&o

1 N
GEREH (B Y iobfkatrt L6 Rosastect pviiack pertnle size
foir rtive weeamidpardickiscaie a;tlmzuéu 1(;if totbsse w?uleﬁa()rpegtégls‘ ain'a most
Bff?‘?raé?%sabﬂv‘llﬁ}% *éﬂr% micrometess.d hecﬁer%&é p@ﬁ&r‘ﬁ&)hevmg an

averageriaticle S84 of Belddse aBbub Y0 fmetembidry Msﬁﬂ%@ therein
on, by the di spersjon manufacturer

di s [
R @riﬁsﬁﬁ@egaﬁis BEge BEEBMIEPaTTIEles: | y by the process

knownTgg c@i&ﬁﬁé‘éaﬂl%’ﬁ?@f@fbﬁy’ U?rd K 568 rﬁ’éés 5‘1'3:%{ Kast

foll owed by concentration an urther a tlon
209 apdanere praierably bf glileast asaoofKndmo hamdmespods pnewale for

S AT 104 e NAE R R e

largg: caran‘m: partislesdmparidbrasiornusesfistanob ¢n tihd @on-stick coating
féét?fno%%géﬁtrmvéntlon ('i:”urablllty by deflecting abrasive forces applied
to the coating surface.

The large ceramic particles typically have. an aspect ratio of greater
than 1.5, denoting some irregularity in shape, but preferably no greater
than about 5:1 so as not to be plate-like. By aspect ratio is meant a ratio
of the longest diameter or dimension (major axis or length) of a particle to
the greatest distance of the minor dimension (height) measured
perpendicular to the longest diameter of a particle as shown in Fig. 1 of
U.S. Patent 6,291,054. The aspect ratio is a means of quantifying a
preferred particle shape and orientation.

Examples of inorganic filler film hardeners include inorganic oxides,
carbides, borides and nitrides havihg a Knoop hardness of at least 1200.
Preferred are inorganic oxides, nitrides, borides and carbides of zirconium,
tantalum, titanium, tungsten, boron, aluminum and beryllium. Particularly
preferred are silicon carbide and aluminum oxide. Typical Knoop

-7-



10

15

20

25

30

m cropowder, which is a | ow nol ecul ar wei ght PTFE t hat
has nelt- flowability. PTFE m cropowder can be used in

wagueaue4di spersi on fornmas well. The aqueous PCT/US2007/008482

di spersions of fluoropol yner descri bed above can

include mscible organic liquid. Wth respect to the
ceram c particle conponent, the ceramc fromwhich the
particles are nade is one or nore inorganic,

ﬂi@ndmmsavalues ffoit pmfetrgpenaxgaem edrapbbitionsratet iconi (1"200)

f th
i HRibd3 19588 PR IIR00% Foahilin AERS L Bo Gl
wircotnmtfmbeﬂde l{¢560) Fnam?wﬁmae g?gmgtﬂtgmrﬁ@wmgie 357800)
re wat er ven | S

Blrfasteh RoriS 3bab affiting BBal iecui Socbids (21605
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layer, but without the presence of the large ceramic particles. More
preferably, the large ceramic particles are present in an effective amouﬁt
to increase the abrasion resistance by at least 50%, and even more
preferably by at least 100% as compared to the layer without the large
ceramic particles. The amount of fluoropolymer that is present in the
overcoqt layer is at least sufficient (effective) amount to provide a
continuous film upon baking of the layer, wherein the fluoropolymer forms
a matrix within which is dispersed the large ceramic particles. Significant
improvement in abrasion resistance is obtained when the content of large
ceramic particles is at least about 3 wt% based on the combined weight of
the large ceramic particles and the fluoropolymer in the overcoat layer that
contains both of these components, preferably about 3 to 40 wt% baséd
on the combined weight of the large ceramic particles and fluoropolymer in

the layer, the fluoropolymer content thereby being 96 to 60 wt%. This
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U S. Patent 6,291,054. The aspect ratio is a neans of
guantifying a preferred particle shape and
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har deners i nclude inorganic oxides, carbides, borides
and nitrides having a Knoop hardness of at |east 1200.
Preferred are inorgani c oxides, nitrides, borides and
carbi des of zirconium tantalum titanium tungsten,

bBovoamt oaﬂuafopmyraad ishsuffitieint to pRavidé the filrh )demrefjajprd?d

RABioGie1tif 2oBthd dhaRg A b8 Pbtpastin o ks Breferably, the
lamga@erammpamb&zs mﬁstmmeaaddﬁ@} 402Nt ﬁw”striyréféréiﬂy about

51850t DA 200 HrmSoch ok st EEeb Toabios and the
ﬂwo@bwm.arnbth@qayéﬁm cohtena%bgfh sﬁfr@s@ecdrﬁﬁéﬂéms the

| um n Zl.rconium car e ani um
. ta?rape@ré@m@;tengmqrew being 9560(59300}) 'B'r%ﬁﬁ praportions of

Regé SBrarmrOParticldst A H%Rﬁi’diﬂ'ﬁeﬁ gﬁég)to éa’i H Sf lth'é yarticle

apparent fromthe fore exa of t e cer
sieemfohiherHargr ceeargie Rﬂﬁlabﬁdil%)dﬂs?—@ abovesed in the

rese
.pnof’ AUCBAETELAIHEPLTRIR, b Bitsertingft SUkfoddl ik of the
lCl&ICQQtIDQ usedshn db& @dew\tanvemlcme Fai exahple, theiclercoat

,%XEf Phe), S, B e P S s e G BEAT i, norganic

fimrebarderienhavingancverage particle stz of leas thagy Bemitﬁbm@t@'s

BlefrePiviftedngh R i aRlerdi: bt Hhe BictBiahy ess than
ahadtet neicrdnactee. Tt aleadentlt@aiﬂthé|s@nallsp£hi%@smbﬂnorgamc film
fé\ccordance W th the éent i nvention, the |arge

OSReE caahs ee‘%a’HP & de fargs qeramis paktisies. meawwat

. fhleSlargy Qﬁ@ rsﬁ*i&wpﬁm%ﬁéﬁ‘&o indt hBe R6 HERE theXeime FQ?ﬂcle

gm)unt of large ceramc particles present In
¢BfYoal he RiRsence efihe smal& Rrarticles ebinorganicdilmhardaper

R 28 ibteh88 e abfssi h ré%éfsadc%ycﬂ’rthe .&{rﬁéﬁ‘&l 89&{@

| east 20% greater than rasi on resistance
phipined fiom the: eynpositien pIS@dendbe present invegtion, drutrdoes

|H@Féds%| % halBhes8/of hird ABhHn ng E\P? h ?{e@& iﬁsﬁéﬁfﬁbﬁlity against -

particles are present I'n a
scratching. Thus, the overcoat layer used in the present invention can

contain 0 to about 30 wt% of the small particles of inorganic film hardener.
Preferably about 5 to 30 wt% of these small particles are present, based
on the combined weight of large ceramic particles, fluoropolymer, and
small particles of inorganic film hardener in a single layer, more preferably A
about 8 to 20 wt%.

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

" uncoated substrate and thus does not perform the adhesion promoter

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

-9-



- 10

15

20

25

30

to increase the abrasion resistance by at |east 50%
and even nore preferably by at | east 100% as conpared

woaod7he4d4ayer Wit hout the |arge ceram c parti cPes/uSTiee/008482
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is applied. In the present case, the adhesion promoter promotes intercoat

adhesion, especiélly when the primer, while containing polymer binder,
contains no fluoropolymer. Preferred polymer binders are those that are
soluble or solubilized in water or a mixture of water anci organic solvent for
the binder, which solvent is miscible with water. This solubility aids in the
blending of the binder with the fluoropolymer component in the agueous
dispersion form.

An example of the binder component is polyamic acid salt, which
converts to polyamideimide (PAl) upon baking of the composition. 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
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tends not to increase the abrasion resistance of the
non-stick coating obtained fromthe conposition used

woOnod7he49at esent i nventi on, but does increase tRET/US2007/008482

har dness of the coating and thereby its durability

agai nst scratching. Thus, the overcoat |ayer used in

the present invention can contain O to about 30 wt % of
the small particles of inorganic film hardener.
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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. '

For simplicity, only one polymer binder may be used to form the
adhesion promoter component, if present, of the overcoat layer. However,
multiple polymer binders are also contemplated for use in this invention.
This is particularly true for the use of polymer binder in the primer layer.
Preferred polymer binders are at least one polymer selected from the
group consisting of PAIl, PES, and PPS. This preference applies the
polymer binder used in the primer and in the overcoat, if adhesion
promoter is present in the overcoat.
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w % based on the weight of the fluoropolyner in the
overcoat |ayer. The conposition can al so be

woeubwtiasmdial |y free of adhesi on pronoter, i.e.PCT/US2007/008482

containing less than 2 ww% preferably less than 1.5
wt % and nore preferably I ess than 1 wt % adhesi on
pronoter, these weights being based on the wei ght of
the fl uoropolymer in the conmposition. The adhesi on
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combination of different adhesion promoters, e.g. colloidal silica and
polymer binder.

The primer contains adhesion promoter and the adhesion
promoters described above as possibly being used in the overcoat can be
used in the primer. The preferred adhesion promoters used in the primer
include at ieast one of PAIl, PES, and PPS. The primér may or may not,
however, contain large ceramic particles and may exclude fluoropolymer.
When large ceramic particles (average éize of at least 10 micrometers) are
used in the primer layer, they are present in an effective amount to
increase the abrasion resistance (dry SBAR) of the non-stick coating
wherein the overcoat also contains the large ceramic particles. Typically,
this will require the presence of at least 3 wt% of the large ceramic |
particles in the primer layer, based on the total weight of the primer layer

-12 -



10

15

20

25

30

fl uor opol yner aqueous di spersion, and because the
coal esci ng agent and vi scosity-reduci ng agent are

waizewiibksali n water, the bl endi ng produces a unPEomISR007/008482

coati ng conposition. The bl ending can be achi eved by
sinple mxing of the |iquids together w thout using
excess agitation so as to avoid coagul ati on of the
fl uoropol ynmer aqueous di spersion. Exanples of other
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! e t fy o
AP PHEsRRaly F28 df Rbiobo e TR M lirtafl IoS 3n 10 vy of
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one” poRyHEs Y, thadhordipeetedieonhrist AT a5 e of B primer
lﬁgermvlﬁaen pcemmﬂl fe dnthe Ffinwrmrb_ gat Rfast 70 \?t\./% P the hidesat

wever e r binders are al so ~
1By it af st B S of et ovarchat Ber oAl oihese weight
peickhtddey dde based bA'solide use of polynmer binder in the
primer, | ayer. Preferred polyner binders are at | east

one pePiAEANd gplien applications Frmjpg |ackdaves aientheomosty |

. _Thi r [ , ;
Eiortent il manels] 8956n G g AR AR EBing costec
Wit @simer. pothaitwell-kaown esatingimethosisdneluding dipping and coil

SRR S OB 310 o KHEaR GHPEL MBI
ethatsonicdthelP00er layenprior tavibs eryiagetdowakenwhen thee
At SR A SRR, B e bR BadrhoREmr St 8t
aompositiomcan be applied to the primer layer preferably after drying to
touch. The same is true for application of the topcoat layer to the
overcoat, which than becomes the midcoat layer of the non-stick finish.
The topcoat composition can be any of the published topcoat
fluoropolymer compositions. When the primer layer is made by applying
the primer composition from an organic solvent, and the overcoat layer is
applied from an aqueous medium, the primer layer should be dried so that
all water-incompatible solvent is removed before application of the
overcoat. The adhesion properties of the primer to the substrate and
intercoat adhesion will manifest themselves upon drying and baking of the
overcoat layer together with the drying and baking of the primer (presence
mandatory) and topcoat (optionally present) to form the non-stick finish on
the substrate. |
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mca, metal flake, metal fiber, fine ceram c powders,
silicon dioxide, bariumsulfate, talc, etc. that m ght
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The non-stick coating may al so contain pignment, the

amount of which will depend on the col or desired and

the particul ar pignent being used. The pignent can be

present in any of the priner, overcoat and topcoat
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bi.nder. The priner contains adhesion pronoter and
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referred adhesi on prono ers used in
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(RS eRt e Aiicodt el Bhs AL Mad! STERGT S ess,
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eddy current values reflect an average of values across the substrate

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

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

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

frying pan, and measuring the thickness from a micrograph obtained from
a scanning electron microscope (SEM). By using SEM, a distinction can
be made between the height of the large particles and the depth of the
valley between particles. SEM values that report the primer thickness in
the valley between particles are about 50% of reported eddy current
values.

The substrate used in the present invention can be a metal or
ceramic, examples of which include aluminum, anodized aluminum,
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this will require the presence of at |east 3 wt % of
the large ceramc particles in the priner |ayer, based

wonod7he4d4ot al wei ght of the prinmer |ayer(dry seCras2007/008482

basis). The prinmer |layer may al so contain up to 60 wt %
of the large ceramc particles, based on the wei ght of
the primer layer (dry solids basis). The primer |ayer
may al so contain inorganic film hardener having an
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e wei ght s in prinmer |ayer
ttaly pad ewegqi@etome gl@landd:msghceram aedrsqmé @mst. amproved

RS @ chaime S o eR & o sstnls HOAER 1R sty e

slightohepricalkeztch ayhich istndtedsibleno the. naﬂ@e@feﬁé]e &7] HeGdlrface
f t he, ove

t 90 wt % L Al
istBtfism00 “the SHBbuR ek be Endiital tertRi Sitnap oy
adidesioh lagieng ppth eata atist édﬁ‘trﬁflpt@rl]ﬁgﬁi@ %@a %@gaﬁecﬁ agt .

e (0] me odas ependl n on e
‘3‘58@’9?&@8? E’@ta!ggllggﬁ ’c%nTﬁP'i"ﬁ’%tPaU"& hgr wel Ig known
coat i PgodwEdts PAvirig AbHSHIBR f‘ﬁismésrtﬂ’ tﬁ@ réQérHt lﬁQéﬁfl&glrﬁ‘:rll?de

swtabl e, The overcoat can be appl by conventi onal
CRANYERIS. BRkeWeFRR fing aapkergand lﬁﬁeﬂﬁ th%raf@rs water pgts, iron .

$E1Diaes, BORTeydIS, BRuEB! ralf SRt eatincPBRASE bRNS are

aqueous dlsper3|ons t he overcoat ' conp S|t|on can be

applied to the primer TESEMETHQDSHl y after drying to
spaR tegpane is true for application of the topcoat

overcoat, which than becones the m dcoat
| ayer Agfort-glicironatedi substiate wevé'llmatetdmmmirasmmne&smm of

RRGE O b R B BE L BISLUIFE e

Bty Stapdard EmécriMatmmos:bbkwaré B37aE9:01 988 irPwhich the
and t lied from an

SIS s AUBISRSH 6 Roratthsie Sard factian aniwedisal am
Witldreciprocal horizontal movement. The apparatus performs an arm
reciprocal horizontal movement of 100 mm * 5 mm (4 in. +/- 0.25 in.) from
cylinder center at an average speed of + 10 m/min. The abrasive pad (3M
Scotch-Brite 7447) is a random nylon web impregnated with phenolic resin
and aluminum oxide is secured to the cylinder and loaded to apply a total

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 tested as prepared, without washing. The
coated substrate is fixed on a fixed support and the loaded abrasive pad is
applied on the non-stick surface. The specimen is kept stationary and
the abrasive pad arm is moved backWards and forwards over a distance of
50 mm + 2.5 mm (2 in -+/-0.1in) on both sides of the cylinder center point.
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all water-inconpatible solvent is renoved before
application of the overcoat. The adhesi on properties

wofod7he49ati mer to the substrate and intercoat aANAS2@MN008482

wi |l manifest thensel ves upon drying and baking of the
overcoat |ayer together wth the drying and baki ng of
the prinmer (presence mandatory) and topcoat

(optionally present) to formthe non-stick finish on

the s t gl

struct hearaavE P BT RIECTBObes R dFowed after
anotber 250 ayslesor Tinig nTeaeduiecis dantingedamtil mtsUbswsuateeand

gﬁ%mhmgur%gpap@meg%r eé;%ﬂﬁﬁeagnﬂagaﬁ :@1’&&}:’8@56 Coating

enperature i s erre
bregkthraughds thaafinalippiat oBﬁ@ﬂésMZ?CJ and rising to 8

é%gegéﬁ gt When the fluoropolynmer in the prinmer or
at is a blend of PTFE and FEP, e.g., 50 - 70
wt % PThE rﬁﬂﬂstﬁk—&@at\&ﬁ%ﬁ&% héél@dha@rat POl 748y

be reduced to 7800F (415C), rising 000F (427C) in
€94 ﬁu)t'@s?»?% &t (%006%}@@@(# ffha)mtarm@d matm ternperadunectange as’

s 5y e ebbirobiRgr RSP i gDt o

festingr &1 ¢90 isfried iD. 8 phseag@ed panniTer coredunt the téstan egg

vgrtﬁ%ﬁéﬁ kHv%r Hlaeﬁgh %%‘&aéoél?éﬁefofr ?flglbrm/tgg,te tl'lhtgggq[b fseglf;oted with a

i's nmore pre _
$patuleeand Tfhaepandstlﬂed Ita)aﬂowtfor thenegg tafstide. Adld agsewith

I e AR T B GBLAD i er o

: ﬂHel efg eskirnédioves Thealolk of hweg@es biokeh withranspanlacdnd

RS Rl BAROR, e 5 4 Attt 5°
asaetw ahdi Yhé basmﬁmh;dhamrspaqu% r@nﬁ&/éé. t%erazg%sfr(a%the

-23 mcrongters) and the topcoat |ayer

- Ren-stick coalng i§ (glenss Eating iqubﬁ coaheg{ hTwﬁﬁ@b@S@fteﬁh@

fepened bitat esewvsoo YA SB AR R b%kggmég op 4t)he non-

neasur ed by ddy-current principle

glakegoasg. ri@or alh@f tismof@-@ﬂﬂb soatiags @f;theefqnemngaﬁxamples
RERKAAS U pLMR AR LR o0 b e e e
nen-stick spdace be szslartbtdugh the liferdf liiee cdatiog uﬂndté SBAR
fé@ﬂq}p e tVRE P 4% ATeiBPBY tresubstrate first becoming visible. The
exception to this observation is the non-stick coating of Example 12 in
Table 8, wherein the release started to deteriorate at 45000 cycles.
Dried Film Thickness (DFT) '

The baked coating thickness is measured with a film thickness

instrument, e.g., Fisherscope, based on the eddy-current principle (ASTM
B244). Because of the presence of large particles in the coatings, the
thickness determination is done on coupons placed in the pan. To
prepare the coupons one coupon is attached to the métal pan and two
adjacent spots are taped prior to any application of the coating. The
primer is applied as specified in the examples and one tape is removed to
expose bare metal over which a second coupon is placed. The midcoat is
subsequently applied and the second tape is removed to expose over
which a third coupon is applied. Measurement of the first coupon provides
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to the building-up of the |ayers of coating on a
substrate in the formation of the non-stick coating.

woheo7pn#9zer | ayer thickness can al so be neasur edTaS2d0ne08482

baked non-stick coating by sectioning the coated
substrate, e.g. frying pan, and neasuring the

t hi ckness froma m crograph obtained froma scanni ng
el ectron m croscope (SEM. By using SEM a distinction

8] PicHRAs drelivRRse &BStnﬁ‘g?é Ih¥rirkér, mecbéf&% 9@;5&3%: es

and the depth of the valley between particles
mwemm Of theosecarkbCoHPR Providex Hislkness ofthevmidcepat and -

ot M sUBiey 8F it etipol? fliaps BibkitecBite topcoat.

Indrecduabwaiuaa fcbxepramnet!at:kmsa:andm;dpoabcmmtdmsca‘revm| ch
d
CRHEL G By TR P G B B r A S BBting
thet ealuel of theyhickness bfetlm%ecrcmcﬁu@&;bm?frerroﬂ}d ft”}st Beupese .
i t t urface .o
UlinGortREnSrB ™ fbiefmined BisubtRcis the Tidkneswot g thir
soupoes roph eid becarid b@@poﬁ han 50 mcroinches (1 .25
W as neasured by a nodel RT 60 surface
0 by Alpa Co. of Mlan, Italy, and needs to

be cl eyFE Ewpe@ybﬁcaup@sh@w?mogo@fﬁﬁﬁaggé@@ﬁ with a

results are obtained by activatio strate

selidseentent pf HeM§9 a 6IMtihand RIBPSHf fearoHl 70mh280 i s

| t fiSo
ﬁSﬁoﬁHeZ%%oqz'ﬁeI%h r%@'sémt?ﬁe’&g bré ng‘i‘%@ F]séma%\gﬁ 1a§)le from
thecBUP®NhCoMpanya INiiingtong BIR. such as a mst coat of

2oL YRS ok TEEHE SR AL AR S oo
contieph of from A& pH@ Sewt%iandRORS of frohudB0 ¢ ml(l/mmmeters,

BB oy b PR SRR BB 1O Gl ang S now
Eaiéfo’ciclelSB czutsg nmminaﬂaasu%cpat JEBT My thERsetho o‘?&é’s'*rm D-

i ck-coated substrate iS evaluated f

3%3§§Mf¢€§3§%'€egf'nﬂh§ faiert4.8R0&H: i ngs: usi ng
PPA §iBABrdi6E DuPBhEPERASIUArSpBRF&ET M8pdiifon with a solids

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

Polymer Binder

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

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-methy! pyrrolidone, and a viscosity reducing agent, such as furfuryl
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British Standard Specification for cookware BS 7069:
1988 in which the coating systemis subjected to an

waho@Esiivwai pad attached on a vertical armw th PCT/US2007/008482

reci procal horizontal novenment. The apparatus perforns
an armreci procal horizontal nmovenent of 100 mm 5 nm
(4 in. +/- 0.251in.) fromcylinder center at an
average speed of 10 mmin. The abrasive pad (3M
Scohehafl irb8cteédiiith 'téﬂigr)f ARFINEN HEFSBLNERITR ra‘?ﬂﬂ%tttsgorm

w th phenolic resin and "al um num oxide I's secure
theesaly whigieis seibblediaduater.asigessriked i aresfter detaifin LSN

M4061%%@4+(d@@gn%i1 jht =4.5 kg or 10 Ibs) on the
oat I ng. The test sanp is prepared by coating a

SiliconrGarbige expl ai ned in the Exanples with drying and

or opariigon Biie Soelkifey Ehifostinloetef kendBh Embh

(ESK) Manichf Geedaayppaséd.and t he | oaded abrasive pad

LDS Li egii Qn the _non-stick surface, The specinen is
e}ﬁ Fat 18ty ipiometerspvarage Rticls ske s noved

a d - ' 50 mm 2.5
Popgal 12500 1 MiERifiech Blefadd SadiesBl O T
PedDor= p@M0 £Thé mivramieterspmerage particld sidg er 250

sS_an en d.after another 250.cycles. This
ﬁgégd'ur é%é %iﬁmfﬁﬁ%’e&?{ﬂ?V%@%Pﬁf@ééﬂm e and then
Fheooupke5-pimieitsiheters avefutt Eaﬂiclé gzt hrough i s
{rﬁcorded. Coat i ng, breakthrough is the final point of

€ Queage Rarigle sizris meAguUiRSHRY Beditentatien using FEPA- |
BEAMIdLA3- BB 3088R0{ 983 RIBp? 18D 8466 albonding to ffbrmation

| . t
(2000C ) and maintained in this tenperatu,r% range as
peadded gyphesupplietct pyrometer on the substrate

AR BYigyghout the testing. An egg is fried in an
Uﬂmn’e@dw—pan. To conduct the test an egg i s broken
over #Hhemparmanide (srhalll padicles)mrewguppliedhy Alygminam

i f Mt ul & and n.hsS.tifted to ow.
Forbdiaubn el Apetih rBrdile SNt g phiuR Safgle Yz
8135650 micesmsteres). The pan is returned to the burner
and the egg is turned oxgmaggéol k of the egg is
broken with a spatula a _ i s cooked for 2 nore
M nut ¢ 3-ddt regdstick @AeM feprésshtative oftthe invention is
sprayed onto test pans of smooth aluminum that have been treated only
by washing to remove grease but not mechanically roughened. The
aqueous dispersion compositions of the primer, midcoat and topcoat are
listed in Tables 1, 2,3 and 4 respectively.
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spatula and the ease with which the spatul a renoves

the egg fromthe non-stick coating is rel ease rating
woanotihe4toat i ng. This rel ease test is repeat edCafisern7/008482

each 7500 cycles of the SBAR test perforned on the non

stick coating. For all of the non-stick coatings of

the foll owi ng Exanpl es, including the Conparative

coatings, the egg was easily renoved fromthe

non-stick surface by the spatula through the life of

the coating in the SBAR test, up to the tlne of the

metal of thelable er Gompesitiahs

exceptTon ng?\eHlbﬁtsU”bm vat romts—the NE&H3
e

St
of AallperjL +—tabte—8 I Wa“_hﬁnnﬁev eagpe == L‘lrc
to deteriorate at 45000 ¢yeles- +ee— AR o ks
(DFT{_Ih_e_ba,k@_d_g_gaLl ng ‘gw! te'jkhr\nD& i g_\ret asDrlX' ndv.v\% tlh r.XL
fil Methickhess—i-nst J'Lun;gn_i ,nmer qa i Jmes ‘r‘nntl?n"}?& ed n
t he 'Cgl.LOTUAL SIEICA cinle $§§:Tg .08 %é: UQ‘Q.B £ % e
0

PAMIDE-IMIDE POINMER . = I~ X650 16.83 12| 24 55 27.45
pr es |M§N§#ﬂﬁéﬂéﬁmr Holos o bi-thp—conit AGC 1S
t hi clsogenafiet erm nati on | s dome of couppns pl addy %R

the |PaF. To prepare the ¢ouptApds.the coHpehisl s abdlached
to tIREAnetal pan and two| adpeigens!| spo3s| ares{t apee o.00
pri ofNONIGNIGSYREASHANTC at | on| of 0-86pe0-epat | RY| T poit#fe0.0b[s
appl MR as specified in {hedeXaddfl es BOF oM T 808 (080
. reno EYRROYIDOME har e mpt aP-78)veee| whi TN acecoR@s] 0.00
- couplGARI BvfCiced. The i ticofd?|i 813 ubse®Wlich®d y apfl 1164
and [PHEAVMUNEBIUERIGMENE | enpl&) €3] ex pb2k o%Per_ Wiap|c 68
t hi r G- WIS applied. | Med&lreMent A0 t He| f i 748 35.02
coup@NCRXBEi dest ot al thi £knB ¥ 4l [04Thr &S] c 0409 n§S|-
pri mEC: P8 dcoat and topchat 5338%%r en®t] ] t he3Ylde|d
coup 'ﬁ" 4P‘hvu des thi es* 0f-9% h&0% dcHt S0 t 3BYods?
Measi L ChRtLY ubon®¥i o¥%es 299 ckiPess 08 PRY
topcﬁéﬁ%ﬁTﬁ&“W*ﬁb’ﬁPEV&Fws Pe DY nero®hi ¥®hes824n@ o
m dC@ATER NI CKNESS are cal Ces, 00 U7 TEe0| TWa 67| 0.00
Pr i NERETHANOKIVEES 1S 06T e T 8ieW d%5| SUBdopCs 3olTy 6bH 6.00
val UEURAURVIVECOROICKNESS Of 1 fiss| S&appNd Lo psis| 1 T ams|t geo|
fi rsl'ﬁﬁmmmm‘a?ﬁ‘ﬁom: OB Tos0e T BYs| 6.00
subt [FEIETHGVINEE T NI CKNesH 01.31) Neoof NI TLkar OBEPT 1 BATTEG8) e
secaomaaicoupon.  FI UOT OPOI Y M&ed0.0[ 100.0[  100.0] 100.0]  100.0] 100.0

)

-Primer A has both fluoropolymer and SiC. Primer B has fluoropolymer,
but no SiC. Primer C has SiC but no fluoropolymer.
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PTFE di spersi on: DuPont TFE fl uoropol yner di spersion
with a solids content of from59 - 61wt % and RDPS of
wobram1i#d1- 210 nanoneters. PTFE fl uoropol yner PCT/US2007/008482

di spersion grade 30, is available fromthe DuPont

Conpany, W/I| m ngton, DE. FEP dispersion: TFE/ HFP
fluoropol ynmer dispersion with a solids content of from
54.5 - 56.5 wt % and RDPS of from 150 - 210 nanoneters,
the resin having an HFP content of from9.3 - 12.4 W%
and a nelt flowrate of 11.8 - 21.3g /10mn nmeasur ed

at 372C by t he Jable @+ Midoas BansdiB i ed as

DA, P D

descr i jped rll qﬂg?ed,emgu ent—4-386;618- PR SPerstoft:

DuPont FPFA—f+toropot-ymer—dig pet Mlhddét,\vw th—amsbies
cont enxt—vf"-f-r-o'rrr'5° 62—t afd vRPPP oy T T owait8P Bry2 P
U]

nanongters,—theTesmn Tl‘ctVlTlg1 VRthatAr VE CoTngaatspt—
2.9 - Bab w9t anmd—a ettt gwrgtss ot 506 S ~0.53 70 735iL0
m N MeEEhiURHoNARTHAENBY L ITE [TTET Bl Of o AB T M dei 238 33

nodi f i |SHLEQNATescribed in U $ Patént 4 B30 61 PE
fluoro STXH%QLWE&apr sion grade 5 i %00Lyai1%8hl e $%bm

t he Du f Cnrrnan\/ Wl nnf Qn. 589 BhIN ner 4Bl nd&ies Al
is Tor PMLH Al-10. poly( am de- 2 3919\ a?ﬁ;L\/ﬁifsAdvgn"(o d
pol yWEM$§;§h?¢'DSNnAXI esi anh chf2n h@ vetBhq 1900
pol yang Y{“E W Q04 9\?3 resl 0 1431L 86 1.74
Pol ya geHT@c '&EGL e gBené'reI I y Aai | 4Bl e a%pol y°a°|% c

aci d hagOYFICHYDROCARBONT VI Sqosi ey8f of @@o] | easts| 0. o.ca
rneasurEHR%&:&| BRAGK 5 Wt % sol utijon 1.pp 245 1.4 2.98
N. N- di pETRAYRRINEBLVAPGMENT 300C. besfi s eesgsol wal i nim
coal esplyMINAH@HRE such as N- et h§.bs| pyn$.esl | dom®] arbop
vi scosfstey reduci ng agent, sych &8jf ure.edf yl ad.sphoi.shd
react efERMPMRCT@ATE| ary am ne,| pref&qrabl-?tri®ithyl &4 ne
t o for HYPRXYERORYL \QRLWROSES Sal ubhpeRli n er 069F 000
descri NOHONGSYFAGIAT detail lin B4 pdfent 49%h14 38

=

(Conca M Silican Carbidd Si%fton &% bi m:g";uplrﬂ'qood

by El egf“ '@}NR MNFrer K Kenpt dn P 0.00 ' 4.27 0.00
DIETHYLAMINOETHANOL 0.00 0.00 0.08 0.00
METHYL PYRROLIDONE 0.00 0.00] 030 0.00
FURFURYL ALCOHOL 0.00 0.00] 037 0.00
TRIETHYLAMINE 0.00 0.00 045 0.00

Total 300.0] 100.0 100.0]  100.0]

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

5
Table 3 — Midcoat Compositions C - J
Midcoat C| Midcoat | Midcoat | Midcoat | Midcoat | Midcoat |Midcoat 1} Midcoat
D E F G H J
Type SiC F1000-D | P600 P320 | P1200 | P6OO P600 P600 P600
. (5-7um) | (25.8) | (46.2) } (15.3) | (25.8) (25.8) (25.8) (25.8)
Ingredients ) Wit%

Wet Wet | Wet | Wet | Wet Wet Wet Wet
Sic 5.50 550 | 550 [ 550 174 | 1540 | 3.55 6.43
Midcoat A 9450 | 94.50 | ©94.50 | 9450 | 9826 | 84.60 | 96.45 | 94.57

Midcoats C, D, E, F, and J contain about the same amount of SiC, but of
different average patrticle size. Midcoats G, H, and | contain the same
10 average particle size SiC but in different amounts.
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(ESK),

Muni ch Germany is used. P 1200 = 15.3 1
m cronmeters average particle size P 600 = 25.8 1
waier7amsi4er S average particle size P 400 = 35. BCTAISH007/008482
m croneters average particle size P 320 = 46.2 1.5

F1000-D = 5-7
The average particle
usi ng FEPASt andar d-

m croneters average
m cronmeters average particle size
size i s neasured by sedinentation

Yt to

43-GB 1984R 19931r?%§£4_l§gg§g§16(:
i nformati on provi m num Oxi de

Al unmi nuin oxi de (smallharedignts cl es) are suppl iwid by
Al um nufn Cor poration _of Anerica - G adé SGPAr&6 wilt h
an average particle size 0.35-0.50 ni crjoM¢et ef sDry
EXAMPLERGRYBICRUYMEBN- st i ck _system repn®sent @tPve | of
the invg?fA on i s sprayed onto test pang2-ef sph88t h
al um nufRFBat have been_treated only b\3$/ﬁ§sh{|9ﬁ§1t )
renove P &EGACIBut not nechanical |y roudhéhedl The

particle size
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15

20

aqueous

MICAT K260 AXIBBNposi t i ons of the

81 me

and top

HETHAENE CLYXGQMPNORURL EJHER D

134and

4

respecti

ARINATIGHYRROCARBON ner  Conposit i

%

0.87 i dcoat

B, _and C

ERUMQOGTOATE yor opol yoer and Si ¢9-5Priiie8 B
NOWENIC SMRFAGHWNS ¢ Priner C had4® C hut n
WORE% . Table 2 - M dcoat Conposil#8%hsl A B
M dcoat [BRIEGHNOLAMINES Sic 1 and M dcoat!4B8 coht ai nd
SiC. Tanl®83 - M dcoat Conpositions C -9 HE®Gt 4 C,
D, E, F, and J contain about the same anount of SiC

Pri mer has
fl uorop

fluorop

but - OfTHll bAfIP I s SUGEAKBIA lafrfintind Sublrd&Pahd dfedtht

and | contain same average particle size
60 &F (B6r Wit foatbuminsitdmbTbemidCopt isctheGmmayged iover eedried

. i d | up b d
Rri: At BRBAF Rt Re @Brae R RE Wt ih B ridBast  The
bBQﬂnéﬁH RIfEEM @vyAng B @0GPF §949°C) for 10 minutes and then cured at

‘800 °F (427 °C) for 5 minutes. The dried coating film thickness (DFT) for -

primer / midcoat / topcoat is determined by coupons using the eddy
current analysis as described above. In general the thicknesses are
primer 0.31 — 0.55 mils (7.8 — 13.8 micrometers) / midcoat 0.62 — 0.82 mils
(15.5 — 20.5 micrometers) / topcoat 0.2 — 0.48 mils (5 — 12 micrometers).

. The Examples presented in the tables below show an abrasion
resistance of the 3-coat system with varying amounts and sizes of SiC
particles in the midcoat of the coating system. Non-stick-coated test pans
are subjected to dry SBAR testing to evaluate abrasion resistance.

SiC patrticles in the midcoat - % Loading ’ '

Abrasion test results of a 3-coat system with SiC particles in the
midcoat are shown in Table 5. The SiC particle size is maintained at 25.8
micrometers while the % weight is varied. Great improvement in dry
SBAR results is seen even with small amounts if SiC and increases with
higher loading of SiC particles. No SiC particles are present in the primer '
used (Primer B).
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.t Y ly 4 E&1S il nyAP-BR erefit99 1 ¢R8) g’3
T4 HS'F S'gé'é?rF "WIPAYRFTH sival | aBunt s °°F |t‘!%nld 35.27

prinmer. The topcoat is applied (sprayed) wet on wet to
the mdcoat. The coating is forced drying at 3000F
wO2d@G4%40r 10 m nutes and then cured at 800 OPCTAR2007/008482
0C) for 5 mnutes. The dried coating filmthickness

(DFT) for primer / mdcoat / topcoat is determ ned by
coupons using the eddy current analysis as descri bed
above. In general the thicknesses are primer 0.31 -

~( .48 mls (F 12 mcro epd). Hhe ar:rples 3. 4
present ed iFefpe tabl es Hel ow s$how an| abr asijon
r QY SPARKeYelf awshe 3- coat [sybt em v@btth yar§Bng @wdBuht 438

an|t 981 SRAR igprogmentya compl ds i § h@28A dLodlB0of| 2486 | 3790
cqB3iMeig system Non-sticl-c®ated tBest] paBs_dr eB B

syBfeas iy _dry SBAR tedtiofd 4o %8Pal ia®80 alr 9P o 0.00
r giiregr Sigrparticlesize (RiFanple| od T t midcbat =- % oadi hg —
AQMdesahn test results of fa #- cgat Systemwith 8d H
patideeat SIE wt o6 (PRLToR! Belidsit [21009s howdP8i n| TA8Be [511-98hk 2888
P4 ‘?afﬁ'ccE?@'Eler""’é “r‘?ﬁ\"’ﬂ?ar ed—at | 2258 m cPefet|lers8 whi 2%8

i fCTreases—wt i gher—toadimg—of—Sr€partictes—No o. €
articl es are present in the primer used (Prrrrer B) .
St Zaticle SitenEffactM dcoat Si C

Abr ta's%g?ér'sﬂ tés ersra“rﬁé%ﬁ% %58 futely Gl i peffietes in the
rmdctoatlare showria Twlee@tam_r 7. shvsiC rpaTﬂéllé%‘izneﬁrrﬂﬂﬁBJoat is
is varie |

t | ' d t
VLI & et o b iboEelrs 8 44 Thmelets Bt thene
lbedmgwaﬂrﬁbﬂ AUt Zoet% iA Zhatdly ifithnt he Tdbre bi tHe séﬁ*\ﬁles also

Tab t he sanpl es .al so have SGCartrcIes in
ﬁ"rgﬂé Rasticles jathe erimernhgsepartiplesthaving gipastiele size of

2"5 & AitbRicters!. rln-Flaéﬂlé 7/ thé Qﬁnﬁgcg%’ &ve i?'ﬁ)"@rC‘f‘Earc'\ﬂr;?es in the

particles in the primer. The ts show I crease
mmesszmer results §h@w increaseduiysSBAR results phallissreples

AAND Pk, ARG 13 MBS IRRD milkod BRYRREY

- syperiar nesolie fwfsmplesmontarnmg SiC partrcles in the range of 20 -30

micrometers in the midcoat. Comparison of Comparative Example 2,
wherein the primer contains 19.30 wt% SiC, with Example 1 of Table 5,
wherein no SiC particles are present in the primer and only 3.98 wt% SiC
is present in the midcoat reveals the much greater effectiveness of the
presence of the large SiC particles in the midcoat than in the primer. The
coating of Example 1 exhibits more than 40% improvement in SBAR
abrasion resistance over that of Comparative Example 2 with less than
25% of the amount of SiC used in the primer of Comparative Example 2.
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m croneters in the mdcoat. Conparison of Conparative

Exanple 2, wherein the prinmer contains 19.30 wt % Si C,
wei2od7/1Exanpl e 1 of Table 5, wherein no Si C par PCTIUS2007/008482

are present in the primer and only 3.98 wt% SiC is

present in the mdcoat reveals the nuch greater

ef fecti veness of the presence of the large Si C

particles in the mdcoat than in the priner. The

coating of Exanple 1 exhibits nore than 40%

I mprovenent in SBAR abrasion resistance over that of

Conparrable 6--FRarfpirmadcebhabed essSIiC partthdsire ihfMideoatint

of SiC used in the pri mgr £ %arative Exanpl e

2. Table 6 - Performanc particle S|ze in

Mdgoat With SITC 1 n Priner [Cahgafl admpan| 015 U/q 6 7

i npieeent . ((29.0-1 8.4) 1 18.4) x 10D Tablle 7-

Per iy S8AR K cirdesavgl on Si C par t8-€l e 208 e 129.0M| déht|. 38.0
Wi t pwwsgf\&mmowampm c@iiarisonl oft3sypt &M Wi 138 gndos

Wi t hout—Huorepebwrer—-r—pHRrp—AbrastpRegt—-equtis
of 4B Lon: ocvct em with “::Tn’nff AL ubr dbotlyeie) St
R T 5 TS DN 25 DN I A2 S
e Seletimer BIC paRHe Gize (micfons) > " [ 0E8 LM DU T SO
P 5!“6’r5§"o&mew B CE L8 Sh 7o P28 70 [ 22.70 | 22.70
uchd ACAS AL af€ \_nw‘w‘ru 1 'IR.UI u@) e ayeha

Par A SEA % Dy 15 w& “lob PR G Bt TeS | 1Ak
8 - |Brimer Lay e(rry{/\lhllﬁ hqu | poro ol mer |l n anot her
Ex aNiildgoab§ic hHc iR Aidiond) NV nu-on —8-7pT | THRl3 Naxs iy ez
" fluqropolyner is used in cdnbi nation wth a|m dcdat
t hat{Mkiasat Ficoraaiy@sivo fb (Pybnot{eT8.19Thes8Bi i neB.81 § &8i9gi || esr81
to ariner Clexcept that thg SiCls entirely|P600,li.¢e
maki H%g&S'QESlQPW Blyostpolymer dr y—-we| ghB4ol 1t |phiGel 1484
-conyp The nmidcoat id sim _tolmidedat-D
except that the armunt of SiICis 11.7 wt % based on the

| f
s BtpBY S ordh s RBRE (et Lot tope ©

Exanpl e has no PAl adhesion pronoter. The topcoat is
t he saabloTpReifoinancs based ain 8iC!paifivie idcoat

m dcoat, and topcoat cOmpQ o) e sequentially
applied to a substratw‘@mg%g pan) in the

sane nner as set forth aboye

: Example . Comp 1 8 9 10
Dry SBAR K cycle ave 1.1 16.5 | 31.0 22.5
% dry SBAR improvement vs. comp 1 - 1280 | 2660 1900
Primer B B B 8
Primer SiC wt% 0.00 0.00 | 0.00 Q.00
Primer SiC particle size {microns) - - -~ -— -
Midcoat A F D E
Midcoat SiC wt % Total Solids 0.00 11.09] 11,99 ] 11.99
Midcoat SiC particle size (microns) - 15.3 ] 25.8 46.2
Midcoat Fluoropolymer wit% (Dry) 78.19 68.811 68.81 | 68.81
Midcoat SiC /SiC plus Fluoropolymer -- 14.84| 14.84 | 14.84
wt% (Dry)

10 Comparison of system with and without fluoropolymer in primer
Abrasion test results of a 3-coat system with primers A

(fluoropolymer) and C (no fluoropolymer), both coated with midcoat B “

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

shown in Table 8. The SiC average particle size in the midcoat is 25.8
15  micrometers.
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to forma non-stick coating on the substrate. The
coating thicknesses (dry) are 0.45 m| (11.3

waizerameider s) for the prinmer layer, 0.76 m | (BOT/US2007/008482

m croneters) for the mdcoat |ayer, and 0.37 ml (9.3
m croneters) for the topcoat |ayer. The SBAR test
result on this coating is 39,000 cycles. CLAIMS 1. A
substrate having non-stick coating thereon conprising
an overcoat and a primer adhering said overcoat to

sai d substrate, said overcoat conprising fluoropolyner
and an efTablei8e Mmentamér\dbﬁhMMmuaFtum'baelvhmﬁ ng an

aver age &5%}‘%'#3 S+ze—of—at—eas Lq1m Grofeters-t o
i ncr ease t¥H as+en—+-es+staneeof—Spi-d—eeab+ng] as
d ; %§Bm<cycj§a"g CDAD it kol ®© THa oD Qt? f
et erm nw,pi. %? TC Iy ITo U 11U I_A LELE A3 uut\.lTJL‘l—{#tte 0
claiml '":”““ SoH—d armur‘r%w"f sHi-g—cprar-e-Ratt cl es
RN 1 145 T 7 )G ML) AN IR0 R
s at | el aR B e S PThEE e WaRgpEsof sal
Ul
|

ceram ¢ PR ELSSoRRt iy
over coat .Miﬁiiasl .eepgg sfrﬁt(ocﬁ')a% et
primer almacErit aR HhTREM T {Tags aviigzen
aver age Hi&aPsic panide sie (midrtnsy| O PITE3EH S-| 7 358 1C
subst r at eyt s B INbmaPWeL ] S § Feioy e CORRETSYS

adhesi on [FERPSETSICHIEE FIStohoRer Y| TiEUPT qPOEHeT | >
The subst\mw(erypf claim 1l whereinjsaid ngn-stick

coati ng | ncl udes a topcoat whi ch conpri ses

fluor nd| e of sai.d ceram c parti

6 o IR apbler e ot preseR By SRR 4 BNV no

ﬂﬂ@fditﬁiNrﬁef id meétarrd@dsmbunafmoar\me atmld%oat thatasds 9eadRésion
and sai d overcoat, s i nor anl C

Rortels: s pHmes & Sipdiecss Pomen o) exeaniiiarine Sic & eptirely
PODDSL 8TeRiy uf 25T MBEHE whight 8 Tcloier Sbmicition.

t hi ckness of sald.overcoat is at |east 50 reater
tThgrmidesat ig simitas do mndggawpexmt thgt thﬁ@ngung of dieiof .

s
107, MR 0L TSRS IR 0Bt o
siddoat D, the midcoat composition used in this Example has no PAI

JP:@?.IUCT T*lloe
T IIIBL WHet CIBF St d

adhesion promoter. The topcoat is the same composition as in Table 4.
The primer, midcoat, and topcoat compositions are sequentially applied to
a substrate (aluminum frying pan) in the same manner as set forth above
to form a non-stick coating on the substrate. The coating thicknesses
(dry) are 0.45 mil (11.3 micrometers) for the primer layer, 0.76 mil (19
micrometers) for the midcoat layer, and 0.37 mil (9.3 micrometers) for the
topcoat layer. The SBAR test result on this coating is 39,000 cycles.
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overcoat has a thickness of 0.6 to 0.9 mls (15 to 23
mcronmeters). 9. The substrate of claim1l wherein said

wover7ciesi41 cont ai ns adhesi on pronoter in an anoBAT/US200ap0s482

to 10 wt % based on the wei ght of said fluoropol ymner.
10. The substrate of claim9 wherein said adhesion
pronoter is selected fromthe group consisting of

pol yam dei m de, pol yether sul fone, and pol yphenyl ene
sul fide.11. The substrate of claim1 wherein said
overcoat is substantially free of adhesion pronoter.
12. Conposition applicabl e €eAIMSovi di ng a non-stick

Tompods taE g AGhsRRls RaBnd MheRER cafbbrnoan v

anpunbvefcoat iandl & pristdriadhesingesaid @vercaatdo agid substrate,

t leastjO ni t t th
esi <Pk EVaIroR FamEraINg - TRPaleroand Ahatispie araaat of

10% agefighiy partiekshavifg afll avePBoR ﬁﬁﬁdﬂ@dslzeséf &t least 10

conposition optionally contajning adhesi on pronoter in
an anBlftompters ta mncrease the Akragion msistange of said coating as

fl uorgggg,)ﬁméd by3th U@S@mqﬁéfﬁdy} of claim 12 wherein
t he anppunt of said fluoropolyner is effective to

#r ovi dBesuksHatn @b elaim 1 wheirein TP TR A Farargic

part ! phARIEd & g R8st §%ﬂwegge&%' t}ﬂb%rﬁ@hgd%&gﬂm 598

to sa surtface to orm sal coatin cerdmcC

parti ce@sni@rmmea zmdsaa:d mmpelmmnMDveMg at
east f ' ; -,
Foor D sl gr bafin PARCHAR d Bl eS8 bhytaing, geramic

corrpopamcxbes hfavmigaamm&érmwsnzemialt lqastdmmidnon@ters ’

m_har dener. havi r}ﬁgan av a e

Barti P8t oF BBUR | hed <458 Rt ot ide ach
corrpopmmoterdnotbpumén& herapdlymard ceram c particles

g’ave ‘?'hgns% stra c alm wi erlel(reuassald no%ostlck coating includes a
topcoat which comprises ﬂuoropolymer and is free of said ceramic
particles. |

6. The substrate of claim 1 wherein additionally inbrganic film

hardener is present in at least one of said primer and said overcoat,
said inorganic film hardener having an average particle size of less
than 5 micrometers.

7. The substrate of claim 1 wherein the thickness of said overcoat is
at least 50% greater than the thickness of said primer.

8. The substrate of claim 1 wherein said primer has a thickness of
about no greater than 0.6 mils (5.1 to 16 micrometers) and said
overcoat has a thickness of 0.6 to 0.9 mils (15 to 23 micrometers).

9. The substrate of claim 1 wherein said overcoat contains adhesion
promoter in an amount of up to 10 wt% based on the weight of said
fluoropolymer.

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

selected from the group consisting of polyamideimide, polyether
sulfone, and polyphenylene sulfide.
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16. The conposition of claim 12 wherein said adhesion
pronoter is at | east one polynmer selected fromthe

wgnroewraieansi sti ng of pol yam dei m de,

pol yet her pemiUSo002/008482

and pol yphenyl ene sul fi de.

11.

12.

13.

14.

15.

16.

The substrate of claim 1 wherein said overcoat is substantially free
of adhesion promoter.

Composition applicable for providing a non-stick abrasion-resistant -
coating on a surface, said composition comprising fluoropolymer
and an effective amount of ceramic particles having an average
size of at least10 micrometers to improve the abrasion resistance
of said coating on said surface by at least 10% as deten‘nined by
the dry SBAR method, said composition optionally containing
adhesion promoter in an amount up to 10 wi% of the wt. of said
fluoropolymer.

The composition of claim 12 wherein the amoufnt of said
fluoropolymer is effective to provide a continuous film within which
said ceramic particles are dispersed upon appfying said
composition to said surface to form said coating, said ceramic
particles present in said composition constituting at least 3. wt% up
to the combined weight of said fluoropolymer and said ceramic ‘
particles. _ b

The composition of claim 12 additionally containing particles of
inorganic fitm hardener having an average particle size of less than
5 micrometers. . ’
The composition of claim 12 wherein said ceramic particles have a
Knoop hardness of at least 1200.

The composition of claim 12 wherein said adhesion promoter is at
least one polymer selected from the group consisting of
polyamideimide, polyether sulfone, and polyphenylene sulfide.
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