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al %Eé?#ﬁ’c%ﬁhéﬁbé&@ﬁptimize a non-stick coating to achieve good adhesion

20 to the substrate, good release of food particles in cooking applications,

and good abrasion resistance to limit wear of the coating’s surface.
Solutions to this problem, especially in the area of improved

abrasion resistance, have been proposed in U.S. Patents 6,291,054 B1

(Thomas et al); 6,692,977 (Thomas et al.); and 6,761,964 (Tannenbaum),

25 which disclosures describe non-stick coating compositions and their
applications to substrates to produce adherent, highly abrasion resistant
coatings. These abrasion resistant coating compositions incorporate large
ceramic particles, which can deflect abrasive forces away from the coating
surface.

30 Abrasion resistance has also been addressed in WO 00/56537
(Gazo et al.), wherein non-stick coatings for use on aluminum substrates
include a ceramic substrate incorporating abrasion resistant particles
deposited on the aluminuim surface with a fluoropolymer overcoat
deposited over the ceramic substrate. Diamond particles are disclosed as
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i nclude a ceram c substrate incorporating abrasion
resistant particles deposited on the alum num surface
W@i2047/0a0dol uor opol ynmer over coat deposited over PO®US2006/047622

ceram c substrate. Dianond particles are disclosed asa
possi bl e candi date for the abrasion resistant
particles. The use of dianond particles in non-stick
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m dcoat, provi des particularly go abr asi on
r esaRq e gombination of the diamond partlcles with ceramic particles of

inorganic filler film hardeners in the coating composition can attain
25 improvement in the degree of abrasion resistance of such coatings not
recognized in prior art systems.

In particular, it has been found that the placement of diamond
particles in the undercoat of a non-stick coating, specifically in the primer,
the midcoat, or in both the primer and the midcoat, provides particularly

30 good abrasion resistance. '

Therefore, in accordance with the present invention, there is
provided a structure comprising a substrate and a non-stick coating
applied to the substrate. The coating comprises an undercoat and an
overcoat, where the undercoat comprises a primer which includes a non-
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Therefore, in accordance with the present invention,
there is provided a structure conprising a substrate
wana7d7ewn- st i ck coating applied to the substraCeusiiee/047622

coati ng conprises an undercoat and an overcoat, where

t he undercoat conprises a priner which includes a
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substrate. The undercoat includes di anond particles

further a m dcoat
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ceramics. The non-stick coating composition of the present invention

achieves superior abrasion resistance by incorporating diamond particles

25 into the coating composition in various arrangements in the undercoat or
the overcoat. By “undercoat’ it is meant any coating under the surface
coating (overcoat) which may be a primer (or primer layer) or one or more
intermediate (also referred to herein as midcoat) layers, or both.
Specifically diamond particles are incorporated in the undercoat of a

30  multilayer non stick system in either the primer or the midcoat, preferably
in both the primer and the midcoat, or in the overcoat. In a preferred
embodiment, where the diamond particles are in the undercoat, ceramic
particles of inorganic film hardener are also included in the undercoat. In
the embodiment where diamond particles are included in the overcoat,
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mul tilayer non stick systemin either the primer or

the mdcoat, preferably in both the priner and the
waiewmaeeo1or in the overcoat. In a preferred PCT/US2006/047622

enbodi nent, where the dianond particles are in the

undercoat, ceramc particles of inorganic film
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w may be re erre to herem simply as a median particle size, of
greater than 1 micrometer, preferably greater than 10 micrometers. The
25 particles range from about 1 to 60 micrometers, preferably range from
about 10'to 60 micrometers and more preferably range from about 15 to
50 micrometers. Preferably 1 to 10 %, by weight based on solids, of
diamond particles are used in the coating composition of the present
invention. Enough diamond particles should be used in the coating
30 composition in order to provide the surface hardness characteristics

desired, but not so many that it would be uneconomical to include the
diamond particles.



i nvention. Enough dianond particles should be used in

the coating conposition in order to provide the
weuod7acesohar dness characteri stics desired, but PODIUSS®6/047622

many that it would be uneconom cal to include the

di anond parti cl es. Fl uoropol vmer The coati ng

conposition of the present invention may further

i nclude a fluoropolyner. The fluoropolyner is a
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melt viscosity, usually at least I x 10” Paes, but a mixture of PTFESs’ having

different melt viscosities can be used to form the non-stick component.
The fluoropolymer can also be melt-fabricable fluoropolymer, either

25 combined (blended) 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
substantially below that of TFE homopolymer, polytetrafluoroethylene

30 (PTFE), e.g., to a melting temperature no greater than 315°C. Preferred
comonomers with TFE include perfluorinated monomers such as
perfluoroolefins having 3 to 6 carbon atoms and perfluoro(alky! vinyl
ethers) (PAVE) wherein the alkyl group contains 1 to 5 carbon atoms,
especially 1 to 3 carbon atoms. Especially preferred comonomers include
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polymer in sufficient amount to reduce the nelting

poi nt of the copol yner substantially bel ow that of TFE
waanopabepmer , pol yt etrafl uoroet hyl ene (PTFE), eC@US2106/047622

a nelting tenperature no greater than 3 15C. Preferred

conononers wi th TFE i nclude perfluorinated nononers

such as perfluoroolefins having 3 to 6 carbon atons

and perfl uoro(al kyl vinyl ethers) (PAVE) wherein the

F o SexaiiifinLamnEne Bupel banioi el VW etimeREVE),
l ané‘ﬁEﬂ&#@S@frbpg o1 r(PP(\)‘f)Pénd Béf‘ffdd#@{rﬁéﬁﬂ)w,nyl ether)

h I
ol ereras mmﬁ%&%%%gmwF conobmen
P
cgggrﬁrg;@%%%% 5 PAVE copol %'ﬁﬁfﬁ‘ Is PEVE
Swheapdier ﬂ)‘EEl@quFE\ et/ MR ‘d viveYRin the alkyl group of

(TFE/AWEQEQY%%%' d‘ésrf)gqf_ %r@é} lmol‘%\fc:u % gﬁfﬁ%e melt-

| east two carbon atons ecu ar  Wwel
el fabaicablatstafiueroethylemeceipolyroees mpmh;pmtwtlacept that it be

f f
i1 SEAEIR bo BE TR oo 2ha 28 Akl th SRR relders shage so as
as toohdtmmtegﬂﬂgnlthg unmlet&tmttaﬂﬁcaﬂ@m Erppidattlﬂ treNmelt vnscosnty
a
101 wifee S ey WUF e b by TanoBn o 2088 €85 agdk 10°
as Eat&amdme#rmheabﬂemcc@woﬁ@lanoA@Mﬁblm A
preferre 03|t|on|sab
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15confPN&Mfodisageneral |y commercially available as a

di spersion of the polymer in water, which is the

pr ef er r edhedluarepelymes coorprngntiis geserallyecomuarciatiy available

f
a8l gHOL 00,0, SO HTER Bl g fom o e
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Suctr)]lp%a?l %rns h%ngrd%r of 0.2 micrometers, and the use of surfactant in the
aqueous dispersion by the dispersion manufacturer. Such dispersions can
25  Dbe obtained directly by the process known as dispersion polymerization,
optionally followed by concentration and/or further addition of surfactant.
Alternatively, the fluoropolymer component may be a fluoropolymer
powder such as PTFE micropowder. In this case, typically, an organic
liquid is used in order to achieve an intimate mixture of fluoropolymer and
30 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 dispersed with the
fluoropolymer in the liquid. The resultant coating composition can

comprise fluoropolymer dispersed in organic liquid and polymer binder,
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be obtained directly by the process known as

di spersion pol ynerization, optionally foll owed by
woananeqat i on and/ or further addition of surfacraske6/047622

Al ternatively, the fluoropolynmer conponent may be a

fl uor opol yner powder such as PTFE m cropowder. In this
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converts to polyamideimide (PAIl) upon baking of the composition to form

25 the primer. This binder is preferred because in the fully imidized form

obtained by baking the polyamic acid salt, this binder has a continuous
service temperature in excess of 250°C. The polyamic acid salt is
generally available as polyamic acid having an inherent viscosity of at
least 0.1 as measured as a 0.5 wt% solution in N,N-dimethylacetamide at
30 30°C. ltis dissolved in a coalescing agent such as N-methylpyrrolidone,
and a viscosity-reducing agent, such a furfuryl 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. 4,014,834 (Concannon).
The resultant reaction medium centaining the polyamic acid salt can then
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converts to pol yam dei m de (PAI') upon baking of the
conposition to formthe primer. This binder is

wonref/@re@t because in the fully imdized form sbraiSzme 047622
by baki ng the polyamc acid salt, this binder has a
conti nuous service tenperature in excess of 2500C. The
polyam c acid salt is generally available as polyamc
acid having an inherent viscosity of at least 0.1 as

d a 0.5 % sol ut i
N roa blRndi i te et ioetakiBops disnrsione angbagause the
Coad:@é‘séiﬂg?@ﬂﬁ aﬁths@tfs:thr@athHgodgér&' ér@%%cntﬂé Gn @vater the
Vi scosi ty-reduci ng such a furfuryl al cohol

r eckiEBEINg rewdeieﬁﬁlaaw?%rm Reating epapasition. T ae mm:@an be
t 0 A&HiBVEN By Sinble Mﬂklﬁﬁ df%hé ﬂhuﬂsetobBtH@tvﬁthLﬁ%Sérhg excess

described in greater detail
5( Ooﬁ‘ﬂ:'&ﬁﬂ%h?o astie aveicoagilation of thm fluewineiyroenaguedus

o s%lreg%%ﬁ'i‘ﬁ'ﬁngr agrg)léébf 8‘{1%? ﬁlﬂ?&&%eslﬁi ?fr%?cﬂ lmé B thqge present

eous di spersion,
c oahwsotiow irmiaade paly@nmdem@et(?ﬁrl)a@ﬂymgdag@m pelyphenylene

ot S Ehsiobah et uloBRIRER PR En St euichs,
2 Ix (r:ngeslgetherltmgtgegﬁng Igmzliym ngdmmgm{ne\gypgﬁmg) ¢dhfirBonly known
1071 55 BpBRYREY 25 2808 TP DAl Sr e tranetsrths ety stable at

bi nglegrapgtitlrbbeaf IBast!'$409E ! Pdl)}éihéfsﬁﬁf%ﬂb us BteathbAhous
i ncl ude pol yam dei mi de (PAl), polyimde (Pl

pol RYIMERS halyingsa sustringgisy, temneyettﬁ@ {theammra stakiigspf up to
PO T BRE RACEARLANR 1oMReXauRe oY Fobfe, Bl afiddiide is

,4(2,6-dine OXI comm

poI tjnphaayy etableut danbé‘%res%i atdéatshES@"G asdnachs at
t a temperature of at |east 1400C.

t her ma st abl e :
15p0) SEMRIALITES G &t Iiash 7 90Tar (RNENBRYIgne SUITRA Fpls At 285°C.
s uswayaﬁdeﬂé&hbm?drﬁésué:% %Prﬁbﬂ%téﬁlé*yt fté%a%‘hré?of 8t least

- 1900C and 3] ass transition tenperature o
Pol 3&iCGandinaelt attarmperadlitep oftatbeasta300°€hper at ur es of

900 P nEF EhieRul FER AP Rlicla i,
Polvylaergelile itheee tidpaid-it Waieeanafoe draniceddiverit! 48 adibésion properties
f at | east 2

rat ur, Y | g o0C aa&% .t a X
0, o B BrtifER Benieeatior 0N BRAdking o5 iheprmer layer
c Ort‘pgetrteromth bakipg! dfeHe aexappfied thygrdiof Muorbissigiert foeform

idis ter .and/or, organj c. sol vent, the adhesion
3Egrr{qrb§¥\% Featinghpp dae Sﬁﬁéﬂ%@ ves upon drying and

bakl ng ofok éiﬁmﬁcityf%nl?w b'hGS?HW bé\"ufsBd%"fbHﬁ tRE biktfer
nexéomggrlméﬁtdof tﬁe %rnSanr usf:eladul%r t%eopregggt ltn?rengcr)rr:1 ‘However, multiple
25  binders are also contemplated for use in this invention, especially when
certain end-use properties are desired, such as flexibility, hardness, or
corrosion protection. Common combinations include PAI /PES, PAI/PPS
and PES/PPS.
The proportion of fluoropolymer and binder, especially if the
30 composition is used as a primer on a smooth substrate, is preferably in the
weight ratio of 0.5 to 2.0:1. The weight ratios of fluoropolymer to binder
disclosed herein are based on the weights of these components in the

applied layer forméd by baking the composition after application to its
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the non-stick coating on the substrate. For

sinplicity, only one binder may be used to formthe
woizad@ro@onponent of the prinmer used in the presems2006/047622

i nvention. However, nultiple binders are also

contenplated for use in this invention, especially

when certain end-use properties are desired, such as

flexibility, hardness, or corrosion protection. Conmon

conbi nations_include PAl /PES, PAI/PPS and PES/ PPS.

TheSYhRIe: i Uit Baking ssives Al the velatilepnatasials pepwentdntye

i f ) o ) ' . _ '

SUbST T LTS COMPOSIER, WEARE (A8 SIBHLRR] o O RR e acjd sait as

2. othe imiqfné)qmFSgafs formed duwingrbakingp floy eenveoiepicad the weight of

dis 1.0 -ah S ' i

congiBazF WhER % i cRfBrRogHly S RclRG EBheriiq 1o BB famideimie
Sconby ¢he bakingf step, eapbedakenasttbeiwaighbef palyamidlaeid in the

bakj dri ff the volatile er.i.al resent in .

ety kHsilent Pist8bP s By ek S SRERaiMur gp biner

:j hecaw bga::(étermb'iadi fsarintthasarhbent of fﬂ.mrbpotw?af?'nd bi‘nclwli in the
uring,. baki ng. Eor venj ence, t wei_ght . o i nder,

whetaTiNg Cogpasiian, When e Gornppaifion of i biandignyis n the

pol M&ﬁéﬂ‘édfﬁ'cﬁ@d@& diSisererifi funs tiegse 68MpaRchek @il ésndthete about

wei ght of amc acid in the starting conposition,

10he é‘Byﬁ%tWE’z\&éitB‘lﬁtt°tnglsé’ebﬁf'°Fi uor opol yner to bi nder
can be determ ned fromthe anmount of fl uoropolyner and

bi nder in the starting conposition. Wen the
co ! e ention is in the preferred

aqueous i i : id .
canst] T ut SedReneR dng ol 8F Bt BIANE rpsSht invention may

| noﬁgmﬁr@omprﬁﬁ&aer@émierpwﬁ@l_ep of @erinorganiedilio derdener

15P0t Eom@)fonbﬂf ﬁ"f)@%&% el pgﬂic@%f? fu#é& Wrg&oméﬁ'ngﬁhat the
ceram C particlés of an inorganic Ti[m hardener
conpariclg is Jisinterdhbady wiich jsaa mixtuee af ansmphbas @nd crystalline

i xbiPeSE: ThAGPBRBHIS iy herdhinter ool HHE phd s Bne or
i nomeirmrf—irieﬁalhlalfi_tﬂ@ﬂl?plelcmammthdtmréhﬁ?mw\tigfreép%cﬁﬁﬁthe
or re non- net I I er type eria r
 nePthericofralies of fhe FREBSSHIN RUAHFBIAIY Hblea the eventual
20c onpakingi tempatdtuird vHTeh fusesd el iﬁm’i‘beﬂﬁ“\@'\@m Bilder. The film
| uor opol yner  and

b, nERHENRTGS WA P MR P01t Gabla I GG TSEdisRarSible but
It hét disBbRaY! M theabBEBLY diME8ion Bl dithe composition of the
invention. The ceramic particles of the film hardener of this invention
preferably comprises large and small particles. The large ceramic
25 particles have an average particle size of at least 14 micrometers,
preferably at least 20 micrometers, more preferably at least 25
micrometers and even more preferably at least 35 micrometers.
The ceramic particles of inorganic film hardener preferably have a
Knoop hardness of at least 1200, and more preferably of at least 1500. As
30 noted above with respect to the diamond particles, Knoop hardness is a
scale for describing the resistance of a material to indentation or
scratching. The film hardener component of the primer imparts durability
to the non-stick fluoropolymer composition applied as a coating on a
substrate by deflecting abrasive forces applied to the coating surface and
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not dissolved in the aqueous dispersion formof the

conposition of the invention. The ceram c particles of
woheo7fo7oéan har dener of this invention preferabl pCT/US2006/047622

conprises large and small particles. The large ceramc

particles have an average particle size of at |east 14

m cronmeters, preferably at | east 20 m croneters, nore

preferably at |east 25 micronmeters and even nore
pre%erab at cro fers, The ceramc

P rbY fSsting hengfatind of Fhar Aaists that haypdranitiatad fee a

Knomn)ombc;ymélso@ém@btl east 1200, and nore preferably
of at t .1500. not ed above with respect to the

di amond Rt ﬁggeegerqmrsd@rﬂqfaa (9d drorganie Wanhardeser preferably
desgpavdbRtddert "r@l% éF ﬁGF%re%fterath%tZES' 8hd trﬁor‘e”ﬁr%ﬁér%%'lfﬂot

or scratchi ng. ar dener corrponen
Spri a@ateh%‘m (3 5d @naspewatn@ i$ meantra mtiocaf the longest diameter

fl t

subl FRETE o T BRGALP R S BindnSBA PRERTRA, e

coapemmdlacb thedbpgestsdiatrietgr (r??mr raxis')fuf sopadicl. pThe

bj t . uor o

o Sncetalh iORABRI S YAbBAnLI R preBriR piEle shepe and

fil mmatlatﬂenerPartlel‘esrwm ") nglv especﬁ@mérerfaitio? d@lbngiated, unlike
10" SPeSfretliR8a pePciBl b TRE Sulinies i 3RS SRty siare”

d| asptiericalfana pard bldsélyt@p |’®%cﬂfa?ﬁé§;§éctd'bﬁb®?qe of a

di mensi o ure end| cular to the |ongest .
di ameterEf‘ﬁﬁ] ¢S r‘E)rg picilles film hatdengrs inslydetinpeganic oxides,

IS GariRfats bfrideeadid hitfidks ﬁaﬁhﬁfaﬁkhégﬁWr&héé@o?g%gst 1200.
and orlentatlon Particles wt aspect ratio

ar ePFafgtreg,arg ippgganiGoXides; Ritrides Rﬂf&”@@raw%@w%p&lrcomum
1501 faitaAluhf) tRAkiIUAT tuMbsteh Bbﬁ)rpra?urﬁﬁrﬂnhkm%yﬁwrb%ﬂlcularly

and nore cl osel y approach an aspect ratio
Ex apfsiegedare sdicgarmarbide ard atumimuna cdidies r Bypioal Kineop

' noﬁ%‘ﬁ'e%s%l for é@r%‘?fmo?é’%ﬁlg%%n%mrﬁ é?e:r%lg%oma (1200);

havi ng a Knoo ess
ar ealunnnganmntnda((‘c&'&) bényliadeds3 00 pzircbesuanuitricke (O 5le;

ten, .boron
al AP TR of hrabld Nt {787 0BBI dF Gpice 100y
205| | tuogsterachibite (aTﬁBOa)t alinnine (2OR26%. zirbypiuralcaldbide2150);
har al.ues ferred,ino C_comnpositions
e S35 KR8 G850 G iR AR BB B0ASE 2500y
bert;tlahunnbb%ﬂ@)(ZBBO;Conl umnitride (1510); zirconium
bori de ( E tltalumnltrlde 1770); tantal um
car bi de er pre erably contains ceramic particles of inorganic film
hardener of preferably large and small particles. The small ceramic
25 particles of film hardener are preferably less than 10 micrometers in
average particle size, more preferably less than 5 micrometers average
particle size, and even more preferably in a range of 0.1 to 1.0
micrometers average particle size. Preferably the primer layer contains
more than 30 wt% of ceramic particles of inorganic film hardener, and
30  more preferably at least 35 wt%. Generally, the ceramic particles of
inorganic film hardener will not exceed 60 wt% of the primer composition.
With respect to the midcoat, the inorganic film hardener can be any
of the inorganic film hardeners described above with respect to the primer

except that the particle size of the ceramic particles of film hardener in the
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tungsten carbide (1880); alum na (2025); zirconium

carbide (2150); titanium carbide (2470); silicon
woanwiodesof 2500) ; al um num bori de (2500); titanPAmuS2006/047622

bori de (2850). The prinmer preferably contains ceramc

particles of inorganic filmhardener of preferably

| arge and small particles. The small ceram c particles

of film hardener are preferably less than 10

mcroneters in averae artlcle Si np referably
| esEIagRa vl pedeshdh s el feanElconbss as g be entirely

evegonmirfedoWRhRY ﬁﬁ&ﬁ’la‘y%r aﬁr@f‘é@@ol?fth@ slzd 6f theDceramic particles of
m croneters average particle size. Preferably the

pri it hﬁﬁiﬁérerdlﬂﬂ"é'?ﬁélsﬁér'é tf"ﬁé’h‘dggat/@% the grapl pagticle sizes
par biegb d%gt %ggljréfe%igzrtﬁ@ '?'ﬁirdcoéf‘ﬁoﬁ'i%‘ir?s at Ieast 8 wt%

era y a ner a e ceramc
£ar ceranais Rﬁﬂl¢|ﬁ§|<{§mﬁ>f©aﬂiq iﬂnhhamr@rr and Imeret preferably 10 to 30
60 070 | t
i it Reyacd®, i BERREPBPAR HoRianig ird HeF3BAE! of e’ tarmic
| nopgaru:ies 61 film hardesveerirs thie pomerenhdihevmididst caadpetite same or

to ri mer, except that the particle size of th
cor HecBi ARRRESERRe < Plie el wBIERh SibATalisergma
be tessnichrititiee dffimkigaanef intthe prilepat so as to be
entirely contained within such |ayer. Preferably the
1%5i ze of the ceranic particles of film hardener
partjmé.es|||éﬁ§d in the mdcoat are the small particle
Si zes preferred for the prinmer. Preferably the m dcoat
cont ai ns Ik@dditios toghgrlardessaramic paricles andssmalh seERMicparticles
il gy Wr&&ﬁl%rﬁlle?ﬂﬁn 'ﬁ‘é‘i’@erﬁ’éreir?é ABhtER do%tr%%d&r(ﬁosrtlons of this
thereof.  The 1dentity the inorganic fil dener
of iryen§enanay cpatain @rtleer fdlerrmatﬁrlﬁla rRyieg a Kneap hardness value
ri

1§ Bﬂesgggﬁg ﬁ%sqq %%@%%ﬁ%ﬁiﬁiIé@Tﬂcﬁfdteﬂ%rEFSfﬂ%Ré L glass
snabeadeglasscflbpa,ralumlmsMr zurdQWUuarsilmée mica, rreetal flake, metal
pri fer, fi f%hc%gaﬁ{é ?;Wﬂerg aﬁ&rr a%&.@f a'??mk ShiftteC tB b te.
parti cl'es an ceramc of 1 norgani c

filler film hardener, the non stick coati ng

conposi.tions of .this invention may contain other
{11 Rt Anpligation

YEtt avi ng a Knoop hardness val ue of |ess
20 han 120Q'he5¢brhpbélﬁoﬁ§djsbt10ﬁahe préderitinventidrfieaybasspplied to

fl ake Iass bead fi al umi num or zirco
L P tbr sy Soniaionel Slaana S afa fHLToIar appigaheg forming
pPowWdaER day%r' dré%e%@éﬁ' sbhveiritdpplishiion nethals; d&bénding on the

Coati ng Application
substrate being coated. Other well-known coating methods including

dipping and coil coating are suitable. The midcoat composition can be
25 applied by conventional methods to a primer prior to its drying. However,
when the primer and midcoat compositions are aqueous dispersions, the
midcoat composition can be applied to the primer preferably after drying to
touch. The same is true for application of the overcoat composition to the
midcoat. When the primer is made by applying the composition from an
30 organic solvent, and the midcoat is applied from an aqueous medium, the
primer should be dried so that all water-incompatible solvent is removed
before application of the midcoat.
A resultant composite structure can be baked to fuse all the
coatings at the same time to form a non-stick coating on the substrate.
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The conpositions used in the present invention can be

applied to substrates by conventional neans. Spray and
woabd7aroappl i cati ons form ng each | ayer are theCcmwso06/047622

conveni ent application nethods, depending on the

substrate being coated. O her well-known coating

nmet hods i ncl udi ng di pping and coil coating are

sui t abl e. The m dcoat conposition can be applied by

con nt| mathodstoa Limer i.or its dr .
TORGVETaT g S AHISIHIOR SAFesETRATA R s
ré’dj S@Er FoPBMint '&?a%ﬁ%ﬁt&@%xhb'&%m!: @27°C) and
p I|ed to the priner preferably after drying t

 oURSINg TS 1B3h485" G (e thediHareRelVaneTdn thiaindercoat or the

OVeéxfegéBgP%@B Ind @FP'EPEté}ﬁi ﬁE@f%ﬁf, TszS'?d WELAETEE and 50 to
app y| ng the conpositi rom an organic
5sol @ mit% EEE’ the bakelctempar@tua@masebefredm%mtcaag@‘c’iﬂéﬂ5°C),

oA 1§ BRPE BTGP iRl g B Bler?

wat er -rnconpat i e 30!
appl i catThe amhtemeuhshdateamf tha mwuﬂaraptefemhbphbsea primer that is

SanflS biédel Bt IR 115 3nickRefire) i iRBle. SRRl B o 0.5

s u bmu Is 1l @ tyWISmmidremieters) m‘ck% Prefarably the migicoat iskthickg than
eratyre IS re r e. or . m t
10, anbe ST Sbtlas mars RE e abBra 8aSs 0l tiickell refsably the
815ﬁ|dc&>%ﬁ¢éyer\mﬁ17 tdhe.9 hﬂl@r(qsquzaemmrarﬁét@rs)rmﬁrm@aévercoat is
éhe ov é\ bl end of PTFE a

15 gnicporagtelehihicio Tpﬁéﬁggr@sg of the primer

t err@@é@ﬂbé’oﬁh@i%)/n tsenkg@uﬁaﬂb the %aag &ﬁﬂerﬁ%nciplél(nsﬂw B244)
800 F (42700 m nutes (total time

conatter balgsg; e %ﬁidx AUITERY ¥RILeS mefi?@tfam amsagea@f values across
15P" | fiRy sdEQF%tét 1d Cﬂ%ﬁﬂéq{e%@r a[)g% H%H@k{ éﬁg.tge depth of the

m croneters nore p
( 1ovall:ey§3c>eﬁnlceomart4clep t e primer dhickaessy canalsn besaeasured by

. . I
o a2t hfhg HPan BrdieaR LR the IERACIIGES Miclodtypn
t 0 Ob&imad frofrl8 st:anﬂlhgnlectmntmmsosmw (SteEMpv Byassing ISEM, a
5 I 8 to.l k. The
o cefingich Pho be"Rate et Ret RERFIRY of e dras iitiles and the
Zogyk@émheddh_rh ewleymietwee?@a@hdeéASEEMf Révdgs tifdteeport the primer
akj ng. e val ues reflect a
b o rikngbRa §h¢ Naliey, heMeg R pRRiqES pre Shatl aBYe hf&hoied ey
| ar ggrreat yalaes IR thivkneesion tivé nhbeoataérh@beehﬁaweecnbed
particles. The priner thickness can al so be neasured

by Rewin grf Mmpasweed By the LIfySUFeMPINRIPIeni ckness from

a m cr ogmaBsubstrate of the present invention can be a metal or ceramic,

25 examples of which include aluminum, anodized aluminum, cold-rolled
steel, stainless steel, enamel, glass, and pyroceram. The substrate can
be smooth, i.e. having a surface profile of less than 50 microinches (1.25
micrometers) as measured by a model RT 60 surface tester made by Alpa
Co. of Mitan, Italy, and needs to be clean. For pyroceram and some glass,

30 improved results are obtained by activation of the substrate surface such
as by a slight chemical etch, which is not visible to the naked eye, i.e., the
surface is still smooth. The substrate can also be chemically treated with
an adhesion agent such as a mist coat of polyamic acid salt, such as
disclosed in U.S. Pat. 5,079,073 to Tannenbaum.
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obtai ned froma scanning el ectron m croscope (SEM. By

using SEM a distinction can be nmade between the
waebghtoomi the |arge particles and the depth oPCThs2006/047622

val | ey between particles. SEM val ues that report the

prinmer thickness in the valley between particles are

about 50% of reported eddy current values. The

thi ckness of the nmidcoat and overcoat described herein

are measyy e t he edd urrent principle. The

substrat ”‘%é‘%"&@ﬂ%{ qg'ﬁ{?é'l’i‘l'?fhf% a'f?eu@eae%maﬁntﬁ?n include

cer apdlewamy wmbmr@fnd@bsaké@cdrmms@hgrfhakéfbr dr g8ts, iron
al um num cold-rol l'ed st eel, stainless steel, enanel,

gl a8Q'® RIAtPSHFPBYRYM Chutess [fksuriacess sutting Blagssnete.

i.e. having a surface profile of less than 50

m croinches ( 1.25 mcroneters) as neasured by a nodel

9RT 60 surface tester deﬁ.ﬁl&ﬁé’ﬁ@%f Mlan, Italy,

andSB%FE’%EtS’I' be cl ean. For pyroceram and sone gl ass,
nproved results are obtained by activation of the

s u bst r at & ceatedcaibstrate ssevajuatesl fiog hbrwemreabta;twhof the non-

cur PRk Soditag i e bARTEEE il iftis tifben & g Bricn
Che&twﬂidrv Spaafucmilomcfbg glegkwdlr?aswoea.m%?s tsngwlwggaé] the coating
Sa

) vt iss el e rmsiinban 2BR00GH 0 2ot arm with

nonrédipmlcaf hotisdretal loveRteril SFRNAppANGRNS peoihs Iatmd@rm
cookwar e, Pﬁkeware rice cookers and inserts there

wat ECRfgea! hotizpntahmovsmant of 100nay &rasmme kb st/ Pe?fr in.) from
sur é@RRier centdr RcarPhdeiage Pefed IEDT O'VETWI' K8ABrddivd pad (3M

A coated substrate is eval uated for abrasion

r esPEPICRITEY 7448 inchrandasm nylsi WaSmpseanatedevigephenolic resin
: 99

15 sy BB i 468 T st 4t avo
coatatalfossas okl b N gnapeof etmi-odaad aright v4.5sgior 10 Ibs) on the

att g, é}ﬁfb O?HQ g gdrﬁ@ g?é&%}e'?j Eg?{bg{uﬁﬁ g sdla%ﬂa%g Fxtsaéxplalned

nmovenen € apparat u reci
hor inZbetexamples wetht dofind @adrbaking e spécified. +The @oafed substrate

e SR K190, 50 SR BB R806! Trdlestic run
20r iandn_mmi\myahdmel&kub'dstmegaeteaﬁlalméb belenol i ¢ resin and
al um nu e . an

eS8 S H ol SR oAl

deagbsgivihpadfs appliedon tRe INem)stitk $utface. For running the
procedure wet, the surface is lubricated by adding 50 ml of a dishwashing
solution containing 5g mild detergent in one liter (33 0z) of solution. The

25 dry procedure is run without adding the detergent solution and all other
procedures remain the same. '

The specimen is kept stationary and the abrasive pad arm is
moved backwards and forwards over a distance of 50 mm % 2.5 mm (2 in.
+/-0.1 in.) on both sides of the cylinder center point.

30 The abrasive pad is turned after 250 cycles and renewed after
another 250 cycles. This procedure is continued until metal is visible and
then the number of cycles for coating breakthrough is recorded. Coating
breakthrough is the final point of the test.
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coating. The test sanple is prepared by coating a

substrate as explained in the exanples with drying and
woakingoas specified. The coated substrate i s rassen06/047622

with clear water and dried gently before testing. The

test is run on dry and wet substrates as expl ai ned

bel ow. The coated substrate is fixed on a fixed

support and the | oaded abrasive pad is applied on the

nons tlck S gcedure_wet, the
sur Ms ice er.-d g _,o ASLO &%l ashi ng
sol uti on PCO@ét@ldrBut&tfwe e évhldateer mrabrasioﬁrresistérﬂfe by?3
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bot e
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anoNee 6, 260964 dodaanrgmbaupr,supdar e i s conti nued unti |

I
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r ot aentngl diveeshafti mmeecérhahrh@m@hc@ﬂ plirpb lide foRpan placement
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Abrasjon Test I's shown and described in Fig

3 of AFaWitbghattnely fordiousing %@eths!"paﬂﬁémamﬂls é‘ﬂfﬁir%’e free of
15 N @RIz Pior B tide, S é@dhhte§t tRALHeR pEA RIS are installed in

substrate is washed in mld detergent to remove any

di r ehapnels|of the tiger ppuhhead pp dbaleash eefillextpnds dowinward 3/4

t he; I I [ y,
el UEp o R AR RN o & R ke "I iderbaw hgad is
act sttached im alflaadingshaftithap extendsndown fmm tiné daue alisc attached

emis e 87 Spdty YR ot PO DI Eabd gpatipo shattis
2Q | gmgmatedwela:cthekqmgmenp&lmtrateﬂ lrsUaS dPslen!\/Nm 6,761 ,964, the
BT 1 Hna e IS, YR Bt % g snar
newapdiwasidrki(all approxisiately ed 5 ¢i), the tiger paw head (approximately
279 g), and the ballpoint pen points (approximately 10 g) totals 404 g. The
counterbalancing weight also totals approximately 400 g.

25 The hot plate is turned on and the test substrate (pan) is heated to
a temperature of 400°F +/- 10°F (204°C +/- 6°C). When the pan reaches
test temperature as determined by infrared temperature measurement on
the substrate surface, the pen refills are lowered onto the pan and the
equipment is activated to begin the shaker table oscillation and tiger paw

30 head rotation. In this way, the testing equipment rotates the pens against
and around the surface of the coated substrate. The speed of tiger paw
head rotatioﬁ is controlled at 30 rotations per minute. The speed of the
shaker table is controlled for 30 back and forth oscillations per minute. A
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channel s of the tiger paw head so that each refill
extends downward 3/4 inch (1.9 cm fromthe bottom of

wa 200t0aedong di sc. The tiger paw head is attachedTis2@6/047622
floating shaft that extends down fromthe drive disc
attached to the drive shaft. The weight of the tiger
paw head and floating shaft is regulated. In the
equi prrent illustrated in U S. Patent No. 6,761 , 964,

th i ly 4 T d
of CeRE tRaarg Tam g @f%dg%afgomal%?eép%ﬁgﬁﬁgﬁh down
115¢80h 15hginute %nsav@sfh@%ﬁ péapmaﬁém 8! pérﬁ&@aghlreé!% Data

t he bal | poi nt pen points Proxwratel g). totals
404isg! ecq:ﬁgedcgh '@'BHF%WW@ Thaarotatiop Qfdhﬁlt'gef paw head is

?pgf%ﬁ@i ﬁt%{ égt&é 9 ﬁﬂﬁltggfe B'datFeel‘lédlEEFWﬁ% ?Qn 2061 p?lnts are

heat ed t'enperature
5400iEperLtediion buqldﬁmf eaatlr@c) Builipem coabn@mrereaxtmgs
tesft&perature as determned by infrared tenperature
measurenent” on the substrate surface, the pen refills
ar e | oneFailurnofitheheogting emthe sebstaatepan) is sonitored by
actiyvated to begin,the shaker. table oscillation
oF oeberSing et HRare PaUS inn CgiyS 38 e HoiftR, e pen refils
equpen@tmétertﬁ:]@j@‘stﬁdﬁeomb tcﬁgﬁdhsthﬂe]amieaﬁetal@ubb&ate By
rface of the coated substrat esp 0
105 AW BIRE 115 S PSTAtee e P Bl S 5B At Shadpnger the
M N to Fapuen 8esl beftef fie ahRtbMity o hé nbh- sﬁﬁ:ktdd%itilngd
for 30 back and forth oscillations per mn

Acount er At 8 epd afigachutaseringte %?vé@ed@ﬁjlseﬁ‘@iuaﬁd according
ti ”ﬁtf@%ﬂbﬁ:d&’%@ﬁ&ﬁéﬁ’aﬂﬂﬁg@ period of tiger paw
rotation In a particular direction. Data is recorded
at 15-ni Alte inter N@W Pamhe rotation of the tiger paw
gead is reversed af nute peri od.
Perl odi ca ?Iy the pe(?}'%;e Fc%:%lh s are inspected for
bui | d-up &f ceati ngFII'SBUm¢K taumetaldfonsmosth suhsteates)s
necessary. Fail ure o [ t
(pan) is nonitored b{)/u% 'ﬁgﬁ’tﬁéﬂﬁﬁ g(ﬁ rghﬂgéée}%apszibﬁgrates)
that evol®e as-the Lpnemtesmﬂtat(rwtqnde amf/ort insidenetrat e
t hrough the coati nq?toltreach t he bare netal substrate.
By heating the subs Y2 REIPRDG QYRR £ ai i ure is

2(mccel erat®d. The | adbgalrcdmpleté ne to failure, the
better the durability of the non-stick coating. At the
end of each 15-m nute cycle, the pan is eval uated
accpcdbrgated CHEkihg WaHITIgeMPEWTPEEI(ATH) ratings: 10 -

New Pan .
A coated substrate such as a fry pan is evaluated for cooking

performance and abrasion resistance by exposing the coating system to

25 cycles of acid, salt and fat while the substrate is subjected to heat and the
manual rotation of a tiger paw head. The test substrate is also subjected
to detergent during multiple cleaning operations between food cycles. A
scouring pad of synthetic fibers (Dobie) is used during the cleaning cycles.

For each test, coated pans plus a control pan are tested on a

30 commercial gas stove top with sufficient burners to cook all pans
simultaneously. The control pan is a standard pan coated with a known
commercial.cookware coating system for which the standard properties
being judged have been predetermined many times. The temperature for
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9 - Gooves in coating 8 .- First nick to netal (for
snoot h substrates) Roughening of surface (for grit
wohewtoeehosubstrates) 7 - Lines to netal (outsi#eTasgi06/047622
inside) 6 - Oval beginning outside 5 - Oval conplete
Accel erated Cooking Wth Tiaer Paw Test (ATP) A coated
substrate such as a fry pan is eval uated for cooking
performance and abrasi on resistance by exposing the

t notd Bt i remieied ot 84 8 (360 fn Fimirae measured by
r ot atdontactipyrotncd&r of #e BEBStratEsurtfd, mébﬁér‘iflé?e friethodically
al so sthka]ect ed to detergent _during nultiple cleaning

opef%4g _ §”}9@9\/@qu Bmecs.ciThs. scraisbrarting of sl dest is conducted
synuSlgi £ tibePeaw HERP! Similsr tgstﬁé HE, é@sérlb%&%ﬁé\fﬂ i the MTP
cycles.. For each test, coated pans plus a control pan

Sar etasésthediant naw beadrs a-disgadthsechannals foniiausing three ballpoint
suf EaRi 0, I ' t [ \. i
ThePef Bk gk B TrecCorid@iifiaBe loridh B uSLTHN RRBRLE o s test, five
confaadcitems @ue ipraparashior icogkingsardrafdetergent lsol wtion is prepared:

st andard epd.i Lng ] d have been. .
pr edet er rITtigth ﬁ%m@%ég"w&&%éﬁ g‘%’meéﬂr"&? fRgRyrger patties
i s mai nt andexhited 82avilfon 48@8e.t 0 401 OF (2050C) as
asured,b . gcont act roneter on_.the substrate
100t ace. 2, QROTR o fteRiGSPEans ¢f sel afe dddrarg a#10 can of
t he bur nennslhe scratch portion of the test is
conduct egeus [ aw head. Simlar to the head

Lng a tiger
descri be Hbé'vgo'f"(ﬂt‘lj RYCRITS SPQoRs of salt-angaddrditp 32 oz

is a di secombidisalicnant dilitsd yisidené Baf6n kid hehthixed
pen refills that are free of danmage prior to use. In

advance H1OTPHENWest, five food items are prepared for

15c00Ki NG fBth 4: PaheAKESL {hpd P :
Hanbur ger - ground 'grriﬂt Rl%g yo’t‘?rgebdéﬁétk% arﬁﬂrsger%sg}e]d
patti es a8reorsing taipaekage instmicioas.shdablespeons:of @aitare added

- 16 tab It are added to a #10 can of
BER0n 8 it

oni ons. mato sauce - 8 tabl espoons of salt
ar e addeltetro53Bggs - 4t dozeroegasick capavatet, it tebléspoobres shit are

one gal | Rﬂx@&l% ybqgn&ga(ed t hor oughl y.
20 Detergent: 3 capfuls of liquid detergent in 3 gallons of hot water.

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

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

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

30 Cook 2: A half-cup of onions is added to each pan and allowed to
simmer without a lid for five minutes. Water is added if necessary to keep
the ingredients from burning.
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Item 4: Pancakes - Ready-m x pancake batter is

prepared accordi ng to package instructions. 4
woabl7aspgoons of salt are added per 1gall on of RCXUSkd0ens7622

5: Eggs - 4 dozen eggs, 1 cup water, 4 tabl espoons

salt are mxed in a blender. Detergent: 3 capfuls of

liquid detergent in 3 gallons of hot water. In

operation, the test pans position are placed on the

bur ners d heated to e specified tenperature
Pange. - THOYELTP suBsift Bk Ot PR Lerfiishsadse Mixture is
COOKdBEd It @BeR IR akd te fid isThaplasdd. ewm@fomato sauce
veget, abI e oil are placed in the center of the pan.

pr eFBHHERY ﬁﬁ#&%@q’d%tq ali Qanﬁe@lqmbpw%rpamelsgewved and

I's HeagBduidld afdvied ﬁ?@fﬂnrﬂ@r cf?e‘l@HInU Eae Wéﬁﬁdthé 15- minute
cooked for 5 mnutes. Then a aced onthe fry

dpansiamuer peripdithe spsatsb@bweft@st isi parfarored usingttbe tmetrrpaw

t he t : :
nsobed e HARE i 8 BRSO b fega n a

t hecir¢ulaopatté@oofor2s mvbhltfomup atlookwinesdirgctidand far 25 more

coc BB UG AR B ok b ! e 15

i ngmexiiterdisrheopebion, rthagna(ﬁsodxre&eni’md:ﬁpm thEtbuwrners,afontents
onmat 0, sauce m.xtu adde

repar ed ach

1P, oBFY mrLRRCH T 38K Barus WishebRradhlk Safii ieiigeRf Soution.
begmhﬁcb&dlstrmad mpﬂffrwb(tj&r m@d]rypatt%’ is rermved
and t he Is allowed to s|I nmer m nuy
Duri ng tﬁ%? Qﬁﬁ'%eﬁasﬁfﬁﬁ‘%‘?” FRiumed f%@‘%é\‘%ﬁ!ﬁ '%BJQEated
t esposiioRATPREREJUDIVEthih Re IshBeifieBadniiRAdturétenge. Pancake
mxture is stirred in each pan with the tiger paw head

i n Batter speireddpiathe sitensf thapante 8?1’§”' a,paepcake 5 to 6 inches
15¢] Ofkdfapfotdl " Thb ;%c%'k@ i§ @llodad Bl @okandyl Wéméné Bna then

counter clockw se direction. At the concl usion of
15- twrnﬁdtoerestmpkmﬁh@cptheh@dgan%ll aa@caleeﬂaa@jrem@md Each

t heﬁgg |§ﬁﬁ§ncﬁﬁcﬁgﬁﬁmbf¥@f§r c(ggggrrgsﬂ 9&9 ISﬁg?\dRﬁaﬁﬁéd thoroughly.

or oug ut|o
i s Thegsohs areclirsed and ¢hemddedi ped dry Cook 4: The

pans, e CoURERRIFE o8 b PfLAEEL eyt i rotteo
2( enpesitibnrand hegted tBawitiik ¢he apeelfiedtepmeraturerangéhdn
Cenégcaueorf\cet QSCI‘? %%nt i cfo%lr'gda \Aﬂﬁnacp%?gxn?ngtgly% |or£c QF Beaten egg
mixture. The mixture is stirred in each pan with the tiger paw head in a
circular pattern for 25 revolutions in a clockwise direction and for 25 more
revolutions in a counter clockwise direction. When the eggs are
25 completely cooked, the pans are removed from the burners, contents are
emptied and each pan is washed thoroughly with a detergent solution.
The pan is rinsed in clear water and wiped dry.
After every 5 cooks the pans are rated for scratch. During cook 4
any problems with release are noted. The pans are then returned to the
30 burners in a rotated position and heated to within the specified
temperature range. Testing is resumed beginning with cook 1
(hamburger). Testing continues until a pan is determined to have a
scratch rating of 5 described below at which time testing stops.
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in dianmeter. The pancake is allowed to cook until well

done and then turned over to cook on the other side.
walkbopamoakes are renoved. Each pan i s quenche#Crmuskms/047622
wat er /detergent solution and washed thoroughly. The

pans are rinsed and then dried. Cook 5: The pans are

again returned to the burners in a rotated position

and heated to within the specified tenperature range.

I n sequence gac an.Jd s covere .t h.approximately

07 *of besraiehdo Bafy ine Sorach v i BBl s By'a Weual
eac bomrwbh hoftdisturé g 6f sladahe eshtistibatratdscal é}iecﬁﬁéd Pétﬂ'ngs of
for 85 revol ons, in a clockw se direction and fo

mor 80r By 61 Bt |i£§\"r’srqt'ﬁgePfc%ﬁtf@F adieye Rﬁp@ddﬁheeratmsrpf 5 sngmﬁes a
WieBah Rt 88 maEte abPABIb A Welar thR0kBhorhBfMakaR v éﬁfl& giscard the
renoved fromthe burners, contents are enptie

®acRaPan i s washed thoroughl y with a detergent

solution. The pan is rinsed in clear water and w ped

dry. After every 5 cooks the pans are rated for
scr Medhanizal Abrasiomkand RelegaeobestéMAR)h r el ease are

ot ated pLePRE UL RER i Y e, SRy b abrasion

t enpemistbnce armhgdeadest i ng | s resunmed begi nn| ng with

k 1 nb Testin ues until nis
16 ot or mi nasCoReHRHESoEE o Pem SRl i SragonaedisPie of the non-
bel mmtomgmud inoelifiees SBAR sésvpsrhécatﬁrbehe(ﬁhd BN Béotch-Brite

conPAiTElsreesirep 09 she evidaanisatbcderriiberotal arca of £15 N

Specmés@@f adin -Pdeadiwdight 84. 57kg? or 16“83)’6& ke cOhtiAg. r|'$;e test is
for new pan and the rati ngg fies a pan Wt

o) Hﬂbﬁ”é[b‘?ta%qﬂﬂﬂt'%&ﬂthtﬂ?&tdq ﬁ@%ﬁ@ l@@r The phrapive aad is
18 hewRABd dRGPROO6 Y c {%@reﬁﬁi RIheRTEY ﬁéﬁéﬁ@th@?thWIeQ After a

coated substraie such as a fry pan is eval uaf
bot Pegifiad insmbesekeynies thearmdsdalted and the test pan is washed

SUbEgt | c r bAd ARl 2 fdn ftigé F@Qﬁg&ﬁtﬁlsﬁﬁ&%ﬁgﬁggguFél:eand a

non coatings 1n rasive
padrgleasstestds periormeddatthe icentercafrthd ttackt foemey bynther abrasive

"o A Aot be Bl Thé peleBES ol s et ol gamini the

20 esability ofitheomonvatick eodtmg td) revehbe AhcedglRt Theiocedure is

sol (l:Jct)rIItcl)r?uecir ﬂﬁﬁﬁ%ﬁ is wéaba‘e ﬁ1e film thickness is measured with a film

thickness instrument described later. Abrasion is expressed by the loss of
film thickness as a function of the number of abrasion cycles.

25 Release Test
The pan is heated to a range of 374°F (190°C ) to 392°F (200°C )
and maintained in this temperature range as measured by a contact

pyrometer on the substrate surface throughout the testing. An egg is fried
in an unseasoned pan. To conduct the test an egg is broken over the pan
30 and cooked for 3 minutes. The egg is lifted with a spatula and the pan is
tilted to allow for the egg to slide. The ease with which the egg slides is
assessed. The pan is returned to the burner and the egg is turned over.
The yolk of the egg is broken with a spatula and the egg is cooked for 2
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turned after 1,000 cycles and renewed after another

1,000 cycles. After a specified nunber of cycles, the
wanrm7igodoal t ed and the test pan is washed by waCemS206/047622

dried. Then the coating filmthickness is neasured and

a release test is perfornmed at the center of the track

formed by the abrasive pad. As described bel ow, the

rel ease test is a neans of determining the ability of

the _non-sti ting tore
or oEBua L85, of B st e Ffled afth & Petfgiaio theease with
fil wahidn ﬁi@@g@slléemwéﬁ%w&d Baged bhthé icald8&Ssignated
[ ns];r descE}?g | ater. Abrasion is expr esseg
the TdeISFr‘ eé‘k‘ﬁess as a function of the nunber
of abras ,%%a,g
a range (?fylbfi%@lzt(l%gghﬁaﬁe%%?t%[g%} ot fgsgé’ssmg
Srai h?\armly.them%sltd@ﬁp@ncahgwenushg:é the eﬁﬂﬁlﬂ*edokblye@an
contact gyrongter o&éé“% gubstrate surface throughout
the testing. An egg 1s fried in an unseasoned pan. To
conduct #he test arVemrygaad br oken over the pan and
cooked fgqr 3 m nut he egg is lifted with a spatul a
and the gan IS tilféao o allow for the egg to slide.
The ease2w t h-whi clFdihe egg slides is assessed. The

1gPan is returned to ghe burner and the egg is turned
over. The yol kK of t %eéﬁg is broken with a spatula and
the egg 0s coeked fwgryZ@jetenmi nutes. The egg is again
lifted with a spatula and the ease wth which the egg
sI ides is determ ned based on the scal e desi gnated
"rep#ds¥" described bel ow. Release (0 to 5): The
rel ease rat| ng is determ ned by assessing how easily ]
the egg & %dash'@sﬁéw ﬁU%aéfa v ®angg subiegted te argagies of high

150ante &%‘ﬁﬂ‘é ﬁBklﬁ%\{%%sg%‘i}%éoﬁ?ﬁgn %oﬁ@ﬁﬁolﬁ r§§¥ rc%c)gmg

Very Severe Al HAT coat strate such as a

i s digmsie (fogk.tspatulee whisk, dinifie) g dmmt@nmfethedem Isgiescrlbed
CYCin9sUs 258, §56TBAAN SO i 159K Phe test is a measure of

mar and scratch from common cooking abuse.

20 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).

25 Fluoropolymer

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

~ . Company, Wilmington, DE. (
30 FEP dispersion: TFE/HFP fluoropolymer dispersion with a solids
content of 54.5 to 56.5 wt% and RDPS of 150 to 210 nanometers, the
resin having an HFP content of 9.3 to 12.4 wt% and a melt flow rate of
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utensils (fork, spatula, whisk, knife). A description

of the test is described in US 5,250, 356 (Batzar)
woabarmoed] |ines 11-64. The test is a nmeasure BETMNBR006/047622

and scratch from comon cooki ng abuse. Dried Film

Thi ckness (DFT) The baked coating thickness is

nmeasured with a filmthickness instrunent, e.g.,

Fi sherscope, based on the eddy-current principle (ASTM

B244) . Fl | v PTFE di i : DuPont TFE
1 bl Bie 2 has VDu maasiras ok 31250 vithedBRIad OHASITM D-1238
to @butePas dBEET&d inl (0st PattHi 4198 9BREEr s. PTFE

f1 uoropol ymer dispersion grade 30, i's available from )
t he . DuPoRF AcdisparsionViPulrrAt PEA flusropplvnger disppesian yyith a solids

TF ' ' ' ' tenl aei
oF R8T 80 1gP. AIEREISS B 1) A5 efeRS! i rosin
Snanbavingran PPME cestent biihtp 3.6 Wk archa enelt §6warate 0H1.3 to
12. % and [t fl 11.8 2. 1. / i
o2l G PacBurepdl 4TS e mthp ot B,
35 Aesifiedas Sﬁgcﬁbé‘dp [i:ri&hSnPaférﬁlalQB@Gﬁg.& PFA _fluorop?lymer

i sper sian: 0 Uor opo r spersion wth a.
o 5ReEn AR A38p s wvalatie B e-pBECBE Campaty. Mfington,
nanppeters, the resin having an PPVE content of 2.9 to

3.6 w%and a nelt flowrate of 1.3 to 2.7g / 10 mn
10easured at 372C by the nethod of ASTM D- 1238 nodi fi ed

as geRmhdPBRhdeR U-S. Patent 4,380, 618. PFA
f1 uoropol ymer _di spgrsion grade 335, is available from
t he DuPofAl@@tpslen,” A1 Grpaty(@midesimided (Satvay BidvaacepA|
is ) I 1 des igi -
pol [IRREES Ja Sby i hie oot B rEiaePR, KON KRN Containing
pol §40i8% olresiduahiNMmi ng 6 to 8% of residual NVP.
ol yam ¢ [ ol r il abl ] .
1501 4 hav PRy AR it sBHS SRLEK, Vet & of Rl having an
nmeasiheeeniagseoditySofratdeast Ol asnmeasured as a 0.5 wi% solution in
N, i et hyl acet am de at OC. It is dissolved in a
NN PadaReEtR ARk iy fispg PO duresleaipeagent such
Vi SEEN-hYethPAMTAIHOMEE Bind # ViRBoaly Fetiidimy agent, such as furfuryl
alcohol and reacted with tertiary amine, preferably triethyl amine to form
20 the salt which is soluble in water, as described in greater detail in U.S.
patent 4,014,834 (Concannon).
Diamond particles

Synthetic mono-crystalline micronized diamond particles are used
in a variety of sizes and mixtures. Various sizes which are used are:
25 60.24 micrometers median particle size
37.82 micrometers median particle size
28.93 micrometers median particle size
17.49 micrometers median particle size
8.61 micrometers median particle size
30 1.26 micrometers median particle size
The particle size distribution and mass median particle size (d50)
are measured by Microtrac-X100 laser diffraction & scattering particle size
analyzer available from Microtrac Inc. PA, USA.
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al cohol and reacted with tertiary am ne, preferably
triethyl amne to formthe salt which is soluble in
woaveEro7o@s described in greater detail in U S POatuseio6/047622
4,014, 834 (Concannon). Dianond particles Synthetic
nmono-crystalline mcronized di anond particles are used
in a variety of sizes and m xtures. Various sizes
whi ch are used are: 60.24 nmicroneters nmedian particle
size 37.82 mcroneters nedian particle size 28.93
m cronmeters nedi an particle size 17.49 mcroneters
e dindPg AAEIHiph PlariéRed- 61 m croneters nedian particle
size 1.26 microneters nmedian particle size The
par$l"EPE Garpideyi stributi on and mass median particle
size (d58licaheedFBRILGHbIRY BY EIIAENMAAVEASREMpten GmbH
diffraction & scattering particle size analyzer
Sav alESR). Menigh, Aesmanyde used. PA, USA. I norganic Film

e Si | n pI i ed by
El eﬁt ?géch 5§é’merf%ﬂﬁg$et§}%‘g$ﬁ@%a§%% g%u h Ger many
S 'ﬂbeﬁvePa@é)ﬁamcIés&e i$ masmﬂtm;sedzmrﬂgd ﬁom&sm’gchEPA-
sizg, T v rii si ze ure
cedbRBrrEReIEn AR Refiais0 SERERFSTue triptormation
r esprovided By 3he aappliei.ng to information provided by
t he supplier. A um num Oxi de Al um num oxi de (small

10partl cles) are supplied by Al um num Corporation of
AneAmﬁmuﬁq &G A-16 with an average parti cI e SI ze
0.35 to 0.50 mcronmeters. EXAMPLES Exanple 1 - coat
non- st i cRlupiusmoxids sl aartvées)farewympheerhy/bwm@um

Spr@%%’or‘éﬁhg Jf@fl’he 95‘3\6 @ﬁ add'8ed A8 Wﬁh%{/@f’abbe[}?gﬁcle size

been treate shing to renove grease
mecB&d ©0.50 mmgmwg The aqueous

15
EXANMPLES
Example 1
A 3-coat non-stick system representative of the invention is sprayed
onto test pans of smooth aluminum that have been treated only by
20 washing to remove grease but not mechanically roughened. The aqueous
dispersion compositions of the primer, midcoat and overcoat are listed in
Tables 1, 2 and 3 respectively.
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di spersion conpositions of the priner, mdcoat and
overcoat are listed in Tables 1, 2 and 3

woesp@atdovel y. Table 1 - Prinmer conposition D aroOmaS2006/047622
loading ratio in dry filmw%O0.0 2.9 5.7 in dry film
vol % 0.0 2.0 4.0 Ingredients W% Carbon bl ack 0.31
0.31 0.31 Utramarin blue pignent 1.76 1.75 1.73
Al um num oxi de 8.15 8.08 8.02 Silicon carbide 5.33
5.28 5.23.%30 artlcle000084168 PTFE (solids
in aqueod® per B'I‘F)rci’"l@P UG5 4. 12 Anorphous silica
0. 95 0. 9bidindha Idaaig (idlid dhpfilmvtaqUEOUSo d1 SPES &I ONJ 5% 88
2.85 2.83 Polyam de i midgymlier 4.6 4. 6L d. 57 44
4, 4- Met hyT enedi anihdrétferts UL 0. 01 0. 0T Sodi yf,
napht hal ex@sdlbize! C acl d U. 18 0. 1/ @.357 FyghRIXYPr gBY!
cel | ul osefhniddin BB ighe2 Et hoxyl at ed mcet yhgpi c dtl%s
0.24 0. 24ufniddh Wideer 62.47 61.94 615423 Tri glpganol ggbne
0. 01 0. OkiReMdartd Y phenol p sl yet hoxyssur f gggant 923
0.52 0. 53idhdapiigt hanol amine 0.66 Q.5 0. G4,
I11 1Y STeB okl il oy ur Mgl N 35
3. 55 3. 5amdidRLoukdayr rol i 6 2. 4d4T0t Al gq
100. 00 1%P390hé@9 aqga-l;@ph@pe?smn? M dCOQt 8C0np9% ti OI’]2
Di amond g ;nrag.rr"aé Syrhdp @ | m W0, 0 <870
in dry fidMealidhddiiide O 2 O 4.0 | ngrgdi enb% WA)ON

Car bon bls%gllﬁm]na(%ﬁha’liergéulf%mggcm]' 02 U t(Jr1%ma‘rI B 19' ue 0.17

pi gment  QiyéRxibrop diddseO 0.02 0.02 0.02
Ethoxylated acetylenic diols 0.24 0.24 0.24
Water 62.47 61.94 61.42
Triethanolamine 0.01 0.01 0.01
Octylphenolpolyethoxy surfactant 0.53 0.52 0.52
Diethylethanolamine 0.66 0.65 0.64
Triethylamine 1.31 1.30 1.29
Furfuryl alchohol 3.58 3.55 3.52
N-Methylpyrrolidone 2.78 2.76 2,74
Total 100.00 100.00 100.00
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Al um num oxi de 6.56 6.52 6.47 6.39 Mca/Ti Q2/Tin oxide
0.73 0.73 0.72 0.71 Di anond particle 0.00 0.68 1.33
wa.26@/0PIdE (sol ids in aqueous dispersion) 28. 38CRAIS2AD6/047622

28.01 27.64 PFA (solids in aqueous dispersion) 5.01

4.98 4.95 4.88 Sodi um papht hal enesul fonic acid 0.20

0.20 0.20 0.20 Hydroxypropyl cellulose 0.02 0.02 0.02
0.02 Ceriumoctoate 0.49 0.49 0.48 0.48 Acrylic

pol ymer 12.83 12.74 12.65 12.49 Butylcarbitol 2.04

2.02 2.01 1.98 deic acid 1.03 1.02 1.02 1.00 Water

32. 38 33a$le623 MJd@éaﬁCbn‘ii?’osTtidrﬁt hanol am ne 3.91 3. 88
3. 85 80-Arommtic hydrocarbon 2 49 2 48 2 46 2 43

oty pm%fr%!owgﬁaseyn
Total 166—66—166-06

R T AR e S
M ca/ Ti ‘yaﬁa}' g%”’od H'37 0 37 pTFE égol i dqsad n aqieous o2

di spersi 9.1 1 PFA (soli in ous

di sper5|m on%zra(:)&%zﬁ% Di anond part:ggﬁe Oag‘)gl 4 ;‘: g;;
Ceri um QatRabRIs  saBedds BdpeAShY | | C P8I ITET 242093 126174 2764
But y! Cafdﬁhf(éahdsZn élﬁec%s%ﬁpﬂncﬁ:bc aci dsht122 14 gel VVALEE 4.88
30. 1 3 ZRdidiA ndphinglehahratife 4. 59 4283 Ar@smti Cc o290 0.20

hydr ocaryasxygrofd cefulS 0.02 0.02 0.02 0.02
Cerium octoate 0.49 0.49 0.48 0.48
Acrylic polymer 12.83 12.74 12.65 12.49
Butylcarbitol 2.04 2.02 2.01 1.98
Oleic acid 1.03 1.02 1.02 1.00
Water 32.38 32.16 31.94 31.52
Triethanolamine 3.91 3.88 3.85 3.80
Aromatic hydrocarbon 2.49 2.48 2.46 2.43
Octylphenolpolyethoxy surfactant 2.60 2.58 2.56 2.53
Total 100.00 100.00 100.00 100.00

5 Table 3 Overcoat Composition
Diamond loading ratio in dry film wt% 0.0 3.3
in dry film vol% 0.0 2.0
Ingredients wt%
Mica/TiO2/Tin oxide 0.37 0.37
PTFE (solids in aqueous dispersion) 39.68 39.11
PFA (solids in aqueous dispersion) 2.09 2.06
Diamond particle 0.00 1.42
Cerium octoate 0.58 0.57
Acrylic polymer 12.93 12.74
Butylcarbitol 2.42 2.38
Olelc acid 1.22 1.21
Water 30.13 29.70
Triethanolamine 4.59 4.53
Aromatic hydrocarbon 2.96 2.92
Octylphenolpolyethoxy surfactant 3.03 2.99
Total 100.00 100.00

The primer is sprayed onto the aluminum substrate and dried at
160 °F (66 °C) for 5 minutes. The midcoat is then sprayed over the dried
10  primer. The overcoat is applied (sprayed) wet on wet to the midcoat. The
coating is forced air dried at 300°F (149°C) for 10 minutes and then cured
at 800 °F (427 °C) for 5 minutes. The dried coating film thickness (DFT)
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Cct yl phenol pol yet hoxy surfactant 3.03 2.99 Total
100. 00 100.00 The primer is sprayed onto the al um num

weubstoretne and dried at 150 OF (66 0C) for 5 nPAQUAUS3006/047622

The m dcoat is then sprayed over the dried priner. The
overcoat is applied (sprayed) wet on wet to the

m dcoat. The coating is forced air dried at 3000F
(149C) for 10 m nutes and then cured at 800 OF (427
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150. Om@ch ithpPold @ apng, 250 @Mé@r Medi an particle size

20

25

(mcronmeters) 60 38 29 17 1 Loading ratio in dry
film(wy 00292929292929 Loading ratio

et *(Eyel es) SEAOG APrIsritrSiies gt e Sysicto g

3,750 MIP (nin/rat| amoeg/marticlesdn 280 pSingss5/ 5 195/ 5

19 W 1-1 (control) 1-2 1-3 1-4 1-5 1-6 1-7
Diamond in topcoat (wit%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diamond in intermediate coat (wt%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Diamond in primer

Median particle size (micrometers) - 60 38 29 17 9 1
Loading ratio in dry film (wi%) 0.0 29 2.9 29 29 29 29
Loading ratio in dry film (vol%) 0.0 2.0 2.0 2.0 2.0 2.0 2.0
SBAR wet (cycles) 3,600 4,750 14,250 8,000 6,250 5,500 3,750
MTP (minlrilng) 165/5 420/9 280/5 255/5 195/5 190/5 190/5

Diamond particles in the midcoat

Abrasion test results of a 3-coat system with diamond particles in
the midcoat are shown in Table 5. The diamond patrticle size in the
midcoat is varied in the range of 1 to 60 micrometers at different loading
ratios of 1.6, 3.1 and 6.0 wt% in the dry film. All examples show improved
abrasion resistance over the control pan. Superior abrasion resistance is
indicated by both SBAR wet and MTP for 38 and 29 micrometer diamond

particles in Examples 1-9 and 1-10. Good abrasion resistance is also
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Di anond particles in the mdcoat Abrasion test results
of a 3-coat systemw th dianond particles in the
waiaweateoar e shown in Table 5. The di anond par PCTIUS2006/047622
size in the mdcoat is varied in the range of 1 to 60
mcronmeters at different |oading ratios of 1.6, 3.1
and 6.0 wt%in the dry film Al exanples show
i mproved abrasion resi stance over the control pan.
Super| or abrasion resist anc? I.s indicated by both SBAR
wet digpigy refPithrorestesdeediog af dinend PliclRe e ghown i Examples
ﬁagqgl £891-9 and 1-10. Good abrasion resistance is
| sodi spl ayed with greater |oading of dianond
partlcl es as shown in Exanples 1-17 to 1-19. Table 5

ar i ol es i n L Bhtasibni@Rleries 6TbHdd s ?Ef’%m?% 19
51-10 1-1 1 1-12 1- 1dlamw1cbnarticiesmlﬁbeamc(um% .0 0.0

0. OExnge 6——6-6—6-6 “'F‘f'(é’ ﬁ'bl)' 'H—é"‘ch et ‘?‘1& cqat 1-12 1-13
Ub.ﬂhbn&%ﬁl{obdoéttmk%)b' ZE (T g UITEL&d S) 8! 06? Llloo? 1 o0 0.0

LOodBhmbgd ih Blewodidid oty 111 m (W9 0.0 3.1 3.1 3.1 3.1

3. 1 Bedibn popiatelsizagmisranteles) i N -dry féd m (w8l %9 29.0 2170 2. @ 1

2.0 Q’awgza"@ngvmmvanond gﬁ prl?ﬁar (\M% G”O O @1 0. 031 3.1

0. 08 : A 0

" . 0.0

420/9 42@A9w&&9ﬁe8 420/7341800/683&0/ 59&abl1es& -14000 ©,500 6,500
conti nueehTipommguhge 1- 14 theslsh 14%® 1-4pdo 1-4B091- 4Br7 42056 360/5
D anond in topcoat (W% 0.00.00.00.00.00.0
Dianond in internedi ate coat Median particle size

- (i Tablees ercont®Bed® 17 38 29 17 Loading ratio in dry

f |m(\l\l‘0A 161 R1 66(‘6(\ 6_"\ Leoélnn ra:u

dr Example NP A o2 A1 o i 518, 2 1-17, 3% 1-19
yDlamon inkt cd; (wt%)ﬂ f O g0 5P Ayt 0.0

pri b a0 0-0 0.0 070 0.0 SBAR WL (CYyCl €3)

10, 50|9d:a'hQa:35@s:zZ(r&59ne]e&)5003318 50@9 13, 000 MIPss 29 17
( M nioagling watp)in 20N OAR0/ 9 400/ 7 428/ 9 4929/ 9 4520/ 9 6.0 6.0

Di ambeedngyatis ¢ S W) + he ol&r coad.d 10 4.0 4.0
Diamond in primer {wi%) 0.0 0.0 0 O 0.0 0.0
SBAR wet (cycles) 10,500 10,250 7,250 18,600 18,500 13,000
MTP (min/rating) 420/9 420/9 420/7 420/9 420/9 420/9
10

Diamond particles in the overcoat

Abrasion test results of a 3-coat system with diamond particles in
the overcoat are shown in Table 6. The diamond particle size in the
overcoat is varied in the range of 1 to 60 micrometers at the loading ratio

15 3.3 wt% in the dry film. High MTP abrasion resistance at 420 min with
ratings of 9 is shown in all sizes of the diamond patrticles with improved
SBAR results over the control pan.
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Abrasion test results of a 3-coat systemwth di anond

particles in the overcoat are shown in Table 6. The
wdizeamoxickoparti cl e size in the overcoat is vari edTius2d0he47622

range of 1 to 60 mcronmeters at the loading ratio 3.3

Ww%in the dry film H gh MIP abrasion resistance at

420 mn with ratings of 9 is shown in all sizes of the

di anond particles with inproved SBAR results over the
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exanpl es presented bel ow show an abra3| on resi stance
Sof the 3-coat systemvvlth viExgmplea2ount s and sizes of

pans o e Lo SxP PR R Y et R RlR IR0} Fetpraffilonto test

t o panrs$ ofismagibh adiroinunes rfbeaamnplea@reeeuﬂacbb@low shmwan

A5 o P S Al el o s

conpludiamand patticlesin hhiiectnmatmlebcb'aband uimhen. N"Pestvyegths are

1051 andECISg) (1 BPAR Crathatel e w30 BRECMAPER ¢ Rl abrasion

m deggadtantene as shown in Exarrpl es 1-3, 1-10 and 1-1
1. The val ue of sel ec roper particle_size for
Lhe i do 306 TESUBH BreEhawPHE T 7hohs SBPwR lodrasBblesch2 and

whep._ % QR® Présdhde 8Mpletdidmbbntd ﬁé‘m%%a”h%@'ﬁtrﬁér ﬁ\aééﬂjﬁh@tlon with
S|zetoExarrpIe322t027 havi ng particle sizes of
the miggpat@xhibit much improved SB wet and MTP abrasion

15 resistance compared to diamond particles either in the primer or in the

midcoat alone as shown in Examples 1-3, 1-10 and 1-11. The value of
selecting the proper particle size for the midcoat to optimize the coating
system can be seen when comparing Example 2-1 with 38 micrometer
particle size to Examples 2-2 to 2-7 having particle sizes of 9, 17, and 29

20 micrometers. The particle size of diamond to be added in midcoat should
be determined by considering the diamond particle size to be added in
primer and total film thickness of the coating. If particle sizes in both the
primer and midcoat are too large with respect to the total film thickness,
the diamond particles which extend from the undercoat to the overcoat will

25 be caught in the abrasive pad of the test equipment and pulled out during
oscillation, no longer being able to anchor the fluoropolymer coating which
confers release characteristics. Such action simulates what will occur
under abrasive use of the coated product.
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m croneters. The particle size of dianond to be added

in mdcoat should be determ ned by considering the
wdizeamoxickoparti cl e size to be added in priner ardTUSE@bE/047622

filmthickness of the coating. If particle sizes in

both the prinmer and m dcoat are too |large with respect

to the total filmthickness, the dianond particles

whi ch extend fromthe undercoat to the overcoat wl|

be caught,,in_th brasi v ad of the test equi pnent .
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preference for a narrow partjcle size distributiaon

For PEFides Rl a8 {inYR size. 1A %rtE?B s 8 B%G'%??WFS@ﬁerent

of gij&isnNgl e size, rather than bl ends of particles

having different sizes. Table 7 Abrasion resistance of

3-coat systemw th dianond particles in both prinmer

nd m lr8ei : 3 ; i
G 2 R e e T p e BTN G mgnf rictes in

0.0 0.0 0.0 Dianond i n baib@rimeeti andkmideeatvedi an

particle size (mcroneters) 38 29 . 17 29 29 17 29,

17, Bbnb@adi NQ T all 0 1 N18Edpol | BAN (Wo7) 28 U dal sl 324 2.7

3.1 qém&rgﬁfogoﬂ%;z%o% h1 80|l 0adbdng 90at i @0 jnodry ¢a | n9.0 0.0

(voleg g -2 2.0 2.0 4.Q.4.0,2.0, 1. 1.

b AR A BE Bt an cpar 1 b & 8 7yl i Ghomeler sy s2irts
38 380389 38 in3 3 Bo1B3 0.0 20 20 20 20 40 40 20,1.0,1.0

Diamond in primer

Median particle size (micrometers) - 38 38 38 38 38 38 38
Loading ratio in dry film (wt%) 0.0 2.9 2.9 29 5.7 29 2.9 2.9
Loading ratio in dry film (voi%) 0.0 2.0 2.0 20 4.0 2.0 2.0 2.0
SBAR dry (cycles) 26,900 - . - - 163,000 - -
SBAR wet (cycles) 3,600 9,750 21,500 20,500 21,500 28,750 17,125 18,000
MTP (min/rating) 165/5 420/9 420/9 420/9 420/9 420/9  420/9 420/9
Example 3
20 Similar to Example 1, a 3-coat non-stick system is sprayed onto test

pans of smooth aluminum. The examples presented below show an

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

primer but with 3.1 wt% diamond patrticles of different sizes in either primer

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

evaluate an abrasion resistance.
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Loading ratio in dry film(w% 0.0 2.9 2.9 2.9 5.7

2.9 2.9 2.9 Loading ratio in dry film(vol% 0.0 2.0
wa.200727¢04.0 2.0 2.0 2.0 SBAR dry (cycl es) 26. 800/US2006/047622

163, 000 SBAR wet (cycles) 3,600 9,750 21.500 20.500

21.500 28,750 17,125 19,000 MIP (m p/rating) 165/5

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

Simlar to Exanple 1, a 3-coat non-stick systemis

sprayed onto test pans of snooth alum num The

exanpl es presented bel ow show an abrasi on resistance

of the 3ygp@d Shﬁﬁfﬁﬂb%&gghﬁbn%ﬁ&ﬁréitﬁﬁﬁﬁukﬂ §ﬁ%}f|ond particles

pri mer I TTerent

si zes i nPieinprelpadind it in dry filh #eat . 0-Phe agddous

di spersian _priner conpisgdry filmve!%i t B8ut Si E9are i sted

in Tabl e8 __Test 'ngﬁi@mﬁrp subj ect ed I WYSBAR wet and

MIP t o eY2iPaHleckan abrasi on resi stice. Ta‘b?% 8 Priner

conposi t VBt HERiersnt but with di-%hond YR ticles

Di anond 8GR "'F%\tlo indy film&%0. %1 in dry

film vol ¥ "i?"(?a 6 I ngredl ents vvt%%%or bon $%ck 0. 33

0.33 U tg %)860% 5 AL num oxi de
o 61 6 el waéafﬁwsg’gpwse m)dﬁ parti cl e
0. 00 O. 4. 43

4.39 AmgQ gﬁ:ﬁ' Ijﬂueg dw@ﬁ%g)ﬂgoust—gbégglrl |)n agueous

di sper3|p ol yam de i rggl,e ol(yd;qer 4.91
4.87 4, 430&@ yh%@ és@.mrl.ama 0.01 {yP1 Sagjgim
napht haI anEsbbItGuRsd d 0. 19 0. 1& éydr oxy/gy opy|

cel | ul 0sgnbuyteddcBiPie kit bgpgyl ated acgig/| enigagli ol s 0. 26
0. 25 V\atwrate@S 98 65.48 Tri et hanol agigpe 0g68450. 01

Triethanolamine 0.01 0.01
Octylphenolpolyethoxy surfactant 0.56 0.55
Diethylethanolamine 0.69 0.69
Triethylamine 1.38 1.37
Furfuryl aichohol 3.78 3.75
N-Methylpyrrolidone 2.94 2.92
Total 100.00 100.00

5 No SiC but diamond particles in the primer

Abrasion test results of a 3-coat system without SiC but with
diamond particles in the primer are shown in Table 9. The diamond
particle size is varied in the range of 1 to 60 micrometers at a constant
loading ratio 3.1 wt% in the dry film.

10 Comparison of SBAR wet and MTP abrasion resistance of
Examples 3-1 to 3-3 with Examples 1-2 to 1-7 shows that there is modest
improvement with diamond particles of targeted size in the primer with
greater improvement of abrasion resistance if ceramic particles of SiC
(inorganic film hardener) are also present.
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Cct yl phenol pol yet hoxy surfactant 0.56 0.55

Di et hyl et hanol ami ne 0.69 0.69 Triethylamne 1.38 1.37
weoéuod7rgdo1 al chohol 3.78 3.75 N Met hyl pyrrol i doReTAIS2006/047622

2.92 Total 100.00 100.00 No Si C but dianond particles

in the primer Abrasion test results of a 3-coat system

W thout SiC but with dianond particles in the priner

are shown in Table 9. The dianond particle size is

varied in range of 1 to 60 m romster at .
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Conpari son of SBARtWath aﬁ%&WPahrot@s mh@q&irﬁéance of
Exanples-3-1 to 3-3 with Exanples 1-2 1-7 shous
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indry film(w% 0.0 3.1 3.13.1 Loading ratio in dry

5& :r ! NBS?'?E ‘;@th%- ireP bdt HiafndhdPbarticiés M mfdcﬁi’azl) els)n
3, %oo 4, Bbwagiondestressiis wf g 3-¢pat systeryyitnest 5iQ imthe primer
225 /
225% R fonSrire 1 84 BEofAretlrsIRR, 18 Tome
sysdtamnomd badiclSisize in mideopt isvearigniin thiet tangieaofohtb 60
G ety of LodfEh: BaORLRNE 3] PR HiE pplffn

10 an@engbarisdroob68BAR wet and MTP abrasion resistance of Examples 3-4

to 3-9 with Examples 1-8 to 1-13 shows the significance of adding

diamond particles to the midcoat especially at targeted particle sizes.

Table 10 Abrasion resistance of 3-coat system without SiC in the primer

15 but with diamond particles in the midcoat
Example 3-4 3-5 3-6 3-7 3-8 3-9
Diamond in topcoat (wt%) 0.0 0.0 0.0 0.0 0.0 0.0
Diamond in midcoat
Median particle size (micrometers) 60 38 29 17 9 1
Loading ratio in dry film (wt%) . 3.1 3.1 3.1 3.1 3.1 3.1
Loading ratio in dry film (vol%) 2.0 2.0 2.0 2.0 2.0 2.0
Diamond in primer (wt%) 0.0 0.0 0.0 0.0 0.0 0.0
SiC (26 micrometers) in dry primer (wt%) 0.0 0.0 0.0 0.0 0.0 0.0
SBAR wet (cycles) 3,750 16,500 16,500 9,500 3,600 3,800
MTP (min/rating) 420/9  420/9 420/9  420/7  420/7 17515
Example 4

The Examples presented in Tables 11 and 12 show egg release
ratings and loss in dry film thickness against the number of abrasion
20 cycles of the 3-coat system with diamond patrticles in the midcoat.
The primer composition is the same as shown in Table 1, without
the diamond particles. The midcoat composition has 38 micrometer
diamond particles with 3.1 wi% in dry film as shown in Table 2. The
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m croneters at the constant loading ratio 3.1 wt% in

the dry film Conparison of SBAR wet and MIP abrasi on
woesiarence of Exanples 3-4 to 3-9 with Exanpl esTASS006/047622

1-1 3 shows the significance of adding di anond

particles to the m dcoat especially at targeted

particle sizes. Table 10 Abrasion resistance of 3-coat

systemvvithout SiCin the priner but with dianond

articles,in the.m dcoat [Exam. 5363

°\’_‘?’§HBE 8°NP°(58k9cE‘o'§tas( seyn GP geaSF%é hep2bragion E?%Stance of
Dl atAeoatih HG ealealbds avaluted b9|Me§héﬁcém5fé§@ﬁ 8h8)Release
60 38 29 1 Loadi ng)dratl 0

5. 1G5t prafogob, Example feziimbabie: | bShiwathat fherieetapns pf this

2 Oln%eﬂtlgn Qvnﬁn 98 %@r&n@té?b Wﬁ@nu haMitIBBin tWé MidLodt continue to
6 mcroneters) in dry priner

Qm%cemve)acabngwg@od emg)reebe@ﬁessAR wet (cycles) 3,750

15,550, it Bl SATE 10 gy

pr etdeknass fnr The Cesting thatdhasone diamend paslices én Itashomgspoor

abr 28150 Pe&ihich el Bafe Vg S 8RpAS G AR AHEFIE B0 bycies.

par tonfrast, trre toatimg dithadiambnel particies mcthpoﬁldboatm BExample 4-2
he. sane as. .shown t he, di
10,07 18 AP gL SVigR IS e i fhidkna¥eun oK from gbia P aven atter
$ i glaach@rs;]dlesl Eraevut)&éwuﬁﬂiln w?&knéssﬂas/sﬁbigmuaseﬁm}mgl 4-p
a e rco (o40) QsiItion 1§ as s I N a
Wshr e Gl BatdBe et B ha harioas A haR e BHaERsolymer
|s evalintithrdby fdasdting mlasmﬂﬁd:@@ TR iBehede8sb®Why good
prot ocol . Exanpl e 4- 2 in Table 11 shows that the test

pan§98felerse '?ﬁ‘&éﬁﬂ%fnf%”ﬁﬁ cagting syihdiagrand pariicies-
153art|cl es in the mdcoat continue to receive a rating
ood e? rel ease. As shown Exanple 4-1 in Table 12,

t he ﬁb@sb g @é%asmraimsmgamstrm@mwsbef gfabmlon cycles.
coat i Ba rhbl&“ fras—TTo—h anunu part _1' eonirol t blluvva —RgoT
abr ast Sllnlr\:bl ‘DL :J.IILC :J.Llu uiti "c |||:Ra Lna m#ﬁizu J}ruof Run 2
af t er =—66 AP ATY g b/" uunu.luou., \ ||\0 S-oaTtRg—Wtr 0.0
di anoH—baet arple—b—0
iamond in midcoat
Median particle size (micrometers) - 38
Loading ratio in dry film (wt%) 0.0 3.1
Diamond in primer
Median particle size (micrometers) - -
Loading ratio in dry film (wi%) 0.0 0.0
Abrasion cycles (-) Egg release (rating)
0 4-5 4-5 4-5 4-4
1000 3-5 2-3 3-4 34
2000 3-4 2-3 3-5 34
3000 3-4 3-3 3-4 3-4
5000 3-4 2.2 4-4 3-4
7000 3-4 3-3 4-4 4-4
11000 - - 4-4 4-4
17000 - - 4-4 34
28000 - - 3-4 3-4
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is clear evidence of less filmthickness |oss from

abrasi on even after 28,000 cycles. The loss in film
wohbwkne®s as shown in Exanple 4-2 ill ustrat esPCiais2006/047622

that the hard di anond particles anchor the

fl uoropol yner coating, thereby resisting abrasion

forces. This is the reason why good egg rel ease | asts

| onger for the coating wi t h di anond particles Tabl e

11 r . |nst the f a

cyoreg B ERSE it At AR 4iERass aosinebite:Rummies SRafiasion cyces
Run 2 Dearprd I n topcoat (WM9% 0. Q1O(CQnt,la|)armnd N 4.2

m dcoat Medi an particl€ Size (MEdoNet ek 2 - SBun 1 Run 2
Loadi NgDibMbAin kdpcltYwtbd)! M (W79 0.0 gol DF anond 1ngg

pri mer {Bﬁﬂb%nﬂﬁéﬁb&.b@c&é@e (mcroneters) - - rtoadfng
rati o inpeiianbhhiok 6oL W (O Abrasjon cycles (-)zg
Egg rel eqg&yi r@ﬁd:ﬂ% 4-5 4u4 1000 3-5 2-
3-4 3- > 5=

3-4 2-204gd A B E}B:Qé}m%e%é’l 4 4-4 11000 - -
i s &)

M (wtod) 434Telale 12 Lossu?)0
: ')(control) 4-2
2D|am)nd|ntopc1 (% 0.0 O. ] 0.0
i nter medi at e coat di an particlé %l ze ( crome’?'grs) '

38 Loading ratio %0 dry film (Wt%1 8O 0 317f :i '?'g
5000 -1 9.2 -24.4 -1.4 2.5
7000 215 -25.9 2.2 2.5
11000 - - -3.4 -3.4
17000 - - -35 -3.6
28000 - - -5.2 -6.3

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

5 midcoat and primer as described in Examples 1-9 and 2-5 are evaluated
for abrasion resistance under cooking conditions by the Accelerated
Cooking with Tiger Paw test and the AIHAT test. A release test is
performed with a pan after dry SBAR failure. The results are shown in
Table 13. Mar and scratch resistance under cooking conditions are the

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

any diamond particles. As shown in Example 4-4, good egg release still
remains even after 163,000 abrasion cycles at dry SBAR failure.
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Dianond in prinmer Median particle size (mcroneters)

Loading ratio in dry film(w% 0.0 0.0 Abrasion
woyel7@30q01) DFT | oss (microneters) 0 0.0 0.0 OPOT@S2006/047622

1000 -7.3 -9.5 -0.6 0.0 2000 11.8 -17.9 -1.2 -0.8 3000

14.8 -20.0 -1.4 -1.0 5000 19.2 -24.4 -1.4 -2.5 7000

21.5 -25.9 -2.2 -2.5 11000 - - -3.4 -3.4 17000 - -

-3.5 -3.6 28000 -5.2 -6.3 3-coat systens with dianond

partlcles in the mdcoat or in both m dcoat and primer

as hakler1Hegrasiorrasistanceand glgase yndek caokinggasditions

abrasi on resi stance under cooking conditions by the

Acc
t esEX@MPI8 | pase test js perfornedtMEMPYs pan 4Bter dry 44

SBARi&aint i tepcodhi@tdbesul ts are showd.0n Table 8. Mar 0.0

and prdrioal Ghinfefaddidia@diae under cooki ng conditions are
t he SALRarRs rﬁ@ﬂ%ﬂze Jrc%eq s _conpar ed to the ‘c;gatl ng 29

performance i anond part| cles. As shown in
annll-qﬁdlﬂ!gﬂat'oﬂfhmfw‘@al ease stil19@enping e3dn after 6.0

163 Dedbne by Ernenn cycl es at dry SBAR failure. Table 13

Abr aSMQ&IaﬁSa‘-Pﬁ&@iE(ﬁuc%lﬂetér@i ease under cooking . 38

fggdlﬁa : - “fcontrol) 4-§b4 4 Exgnqu in

Medi an partlcle S|ze (n1croneters) 38 29 Loading ratio

i N degelérated Cooltingwih. TB (Bocks/Batbg)Di HSENH00/H pAPQHEMOBEdi 4A0/6, 100/6

P_a:rw"@Aﬂo lésﬂ'aﬁr@ cromet er|S) 3? tal%golegwsiw?h‘ﬂowpdm 1007, 1017, 107

[ erate oki ng wi

(coo@I?é)q%I %0%0%17%&%%/ 6 100/ 6 100/ 6 100/ 6 100/ 6

cycles at failure (cycles) 163,000
Egg release (rating) 3-3 - 34
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Al HAT (cycles/rating) 10/6, 10/6, 10/5 10/7, 10/7,

10/7 10/ 7, 10/7, 10/7 Egg rel ease after dry SBAR
woéabdresoTot al cycles at failure (cycles) 26, 980TAIS2006/047622

163,000 Egg rel ease (rating) 3-3 - 3-4CLAIMS What is

claimed is : 1. A structure conprising a substrate and

a non-stick coating applied to said substrate, said

coating conprising an undercoat and an over coat

wherei n sai d undercoat conprises a prinmer adhering to

said substrate, the prinmer conprising a

non-f | uoropol ymer contai ni ng GioAg®r bi nder, and said

undg?ﬁﬁg élmgggr conprises a plurality of di anond
par e structure of claim1l wherein said
undercoat further includes a m dcoat, vvherel n the

i dgoat Go i,ses di anpnpd i cles. . The structure
dﬂ gl ai n?’zn%ﬁ%tf‘lé? ﬁ°§‘éﬂ"&"19r$ ¥ SHBF?p?P@@snmﬁﬁﬁlﬁﬁoatmg applied
par fo saidssubbtraldlesid caatiHg oPipriding Eh]u ESéPaﬁ@'aﬂ overcoat
ove oat. conprises a fluoropolyner> 5. e structu

&IGINS QFQPFP@&lC@mmfmaflnTﬁt!radleald@slbatrate the
f | u | T
{heP (e cobrisiNy ath-LONFIN P bofteitl ho gt Birdier, ana
gr e%@'é'ruﬂqﬁﬁoit furhes eemprises.a WhEatierchmndfpamaiem

- pher el t&?uc?b A mﬁt\,vﬁé%gn gg‘ﬁe%ﬁ%?rgpg?ﬂg‘themgcludes a

partlcle Sl ze reater than mcr
st r nidepat, vheteinithe midehat edmptikes dizanond particles) es

m oFonet ane Stgletie, 5t inith £ hBRA Said AiTner Biimrises gmond

di apariidlesarti cl es have a nedian particle size ranges
ers 10, The structure of

fro abo to 50 mcro

cl a| m 1, 1 esﬁglcgur?a‘?fgélﬁmge whggein saidRyeregabepRpsises a
150erﬂlmr0ppwmenl es of i norganl c filmhardener, wherein

the_ceranjc parti cl es of said inorganic film hardener

hav® a K%Sp'ﬁﬂéﬁwﬁe%sc laim dwherein saldundeygoat furtherecomprises a

st rmm.@p@mﬁe,el aim 10, wherein the ceramc particles

of énor ga
The structure of claim 1, wherein the diamond particles have a

median particle size of greater than 1 micrometer.

20 7. The structure of claim 1, wherein the diamond particles have a
median particle size of greater than 10 micrometers.
8. The structure of claim 1, wherein the diamond particles have a
median particle size ranges from about 10 to 60 micrometers.
9. The structure of claim 1, wherein the diamond particles have a

25 median particle size ranges from about 15 to 50 micrometers .
10.  The structure of claim 1, wherein said undercoat further comprises
ceramic particles of inorganic film hardener, wherein the ceramic particles
of said inorganic film hardener have a Knoop hardness of greater than
1200. :

30 11.  The structure of claim 10, wherein the ceramic particles of inorganic
film hardener comprises silicon carbide particles.
12. A structure comprising a substrate and a non-stick coating applied
to the substrate, said coating comprising an undercoat and an overcoat,
wherein the overcoat comprises diamond particles, and the undercoat
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filmhardener conprises silicon carbide particles. 12.
A structure conprising a substrate and a non-stick
woaedzingsoappl i ed to the substrate, said coati ngCT/US2006/047622
conpri sing an undercoat and an overcoat, wherein the
overcoat conprises dianond particles, and the
under coat conpri ses ceram c particles of an inorganic
film hardener, wherein the ceram c particles of
inorgani.c film hardener have a Knoop Ahardness of .
or cSRDPTIERS FeID: PaBiclenel ah INAEPRRE TR ardeReluherein the
wheg@riamitipariclasidinBegdnic itk Hiadenér RavE arKmeod haldhess of
size of greater than 1 microneter. 14. The structure
of @TeAte AN {#-ei n the dianond particles have a
medign pghl é?t+LFct§+AeZ&f &1aie92 Wh%‘i‘éiﬂtlﬂé.tdi&rnto?m%rglclﬁag have a

m croneters. 15. non-sti ck conposition co

J i guediapyprpdivle size ofrweatinthan luoiepoigiasr and di anond
pargikcle i i C| ' reat :

A IS BPES, Bl 8 o bigop v o
t hemeslian phdicle size rangesdtam atioat 1110 60 oricioetetess. 17.

! ande PR BTeR pefldliohy coBik Pira 8P EhpBs ioR iR iuding
c onflasidpiotymef and alismndhd fariclbe havingoa ipdirtigle Gizeagireater than 1

10part i.cl es .of an inorganic film hardener, wherein the
cer TNFFOMRAPIS-cl es of inorganic film hardener have a

Knoop. hamheessimpbsigor dF efaitred, Whefin #: pahitle size is greater
conﬁ%g@on of claim 18, wherein the ceramc particles
of FIETMEt&Har dener is sel ected fromthe group

congysti ﬂ%e%orﬁ%{béiﬁ@ﬁ df%la_hﬁrﬁ%,&ﬁﬁer’éi#ﬁé‘? ¥ dfe ranges from
particles. 20. The conposition of claim15, further

i nchbevtl$ te Smierameetes®l yner bi nder.
15 18. The composition of claim 15, further comprising ceramic particles of

an inorganic film hardener, wherein the ceramic particles of inorganic film
hardener have a Knoop hardness of greater than 1200.
19.  The composition of claim 18, wherein the ceramic particles of
inorganic film hardener is selected from the group consisting of silicon

20 carbide and aluminum oxide particles.
20.  The composition of claim 15, further including a non-fluoropolymer
binder.
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