BLENDED FLUOROPOLYMER CQOATI NGS FOR RI G D SUBSTRATES Cross reference to

rel ated applications [0001] This application clainms the benefit under Title
35, U. S. Gvorapympessf U.S. Provisional Patent Applicati oRCBars2@lo/obkas44

61/ 100,31 1, entitled BLENDED FLUOROPOLYMER COVPCSI TIONS, filed on

Sept ember 26, 2008; U.S. Provisional Patent Application Serial No.

61/ 109, 950, entitled FLUOROPOLYMER TOPCOATS | NCLUDI NG BLENDED FLUOCROPOLYMER
ADDI TI VES, filed on Cctober 31, 2008; U.S. Provisional Patent |.i cation
Serial No. 61/145,433, entitled BLENDED FLUOROPOLYMER CO\/L@%}aT‘Ii Y AYTY ed
on January 16, 2009; and U.S. Provisional Patent Applicati on H5d¢n bi B

61/ 145,875, entitled BLENDED FLUOROPOLYMER COMPOSI TIONS, filed on January

20, 2009, the discl f } ted by reference
herein in their ent ?ig@EQE%W@%ESﬁ%MEW%OZ] 1. Field of
the Invention. [O00NDEOATENEGY FORVENEXOBLESEBSFRATHY uor opol yners and,

in particular, relates to fluoropol yner coatings, such as coatings of the
type used on rigid substrates such as cookware or other applications in

whi ch a non-stick surfacec@&g/r%re@lpg@;'?g[bdr%ﬂi@%@ﬂg surface is desired. In
particular, the present invention reflates a 1ruoropol ymer coating having
i npr ov n-stigck. or rel.easge characteristic o | o] br.asi on

oot ot E9EP" T Soodfis3rluBRT b RlinS Rt R e, UBhou kIS bor yrer

are | opgvediaiah PRehtyAsl faGOTPEN 8 Nog 6 aDOBY 1, &hfiléEBLENIDRE®Rar repeating units
in which sone or all of the hydrogen atons are replaced with fluorine.

Exanpl EEVRRQRRLYMER EOMPOSBIOMN S filashen $aptameer 262008 HitdroebiraslyPatavtA) |
fl | P).... | |
ol y( CAPBIRA R BB RS 4y RE Hr A BB IR OFENNEB FOPCOATS:  ci

coat i ngORYBLEXEBILESUBSITRA THI) dil @bl @oebs Hr, 206 ). 8 eRtovisionaiRdtentor nul ti pl e
coats to the surface of a suhstrat g@;LO ﬁr vi de a coated substrate having a

Q
non- st PRI SSHk o HT ¥R-4Rt sritle EPiELHLORPPPLYMERdhere. 10 a
mul tip i on= St i 3 1 -ydes a
o' rrer COMPUSITIONS, A AL GIEy EDRDOMELIS FrEaabhIP A80RPMotigh Sfidlic® 1oe
of nonNet 6 k4 L8, ientlsyBLEND BRhFLHORGP QIp MERICOMROS IHONSafitediam Javiidry pl e

20, 2009, the disclosures of each are expressly incorporated by reference herein in their entirety.

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention.

[0002] The present invention relates to fluoropolymers and, in particular, relates to
fluoropolymer compositions having improved properties, such as coatings of the type that are
applied to flexible substrates, such as glasscloth, in which a non-stick surface and/or abrasion
resistant surface is desired. In particular, the present invention relates to a fluoropolymer
compositions that may be used to form coatings having improved non-stick or release

characteristics and/or improved abrasion resistance, and to form films and blended powder

compositions.
[0003] 2. Description of the Related Art.
[0004] Fluoropolymers are long-chain polymers comprising mainly ethylenic linear

repeating units in which some or all of the hydrogen atoms are replaced with fluorine.
Examples include polytetrafluorocthylene (PTFE), methylfluoroalkoxy (MFA), fluoro ethylene
propylene (FEP), perfluoroalkoxy (PFA), poly(chlorotrifluoroethylene) and poly(vinylfluoride).
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| ayers has been known for many years. The priners for such systens
typically contain a heat resistant organic binder resin and one or nore

f I uor opolwyoeniwmsss3ns, al ong with vari ous opaque pi gnment eCan$2600lobsans. The
m dcoats contain mainly fluoropolyners with sone anmounts of opaque
pigments, fillers and coal escing aids, while the topcoats are al nost
entirely conposed of fluoropolyners, such as entirely high nol ecul ar wei ght

pol yte uor oe | ene .(HPTFE), .or TEE with mal | anount, of, a

ol 7 Bl PG Py SO i g By BT SRR Fok
coati nﬂuéﬂbFélgfﬁe% BéHtinkS TRB chATHAYFIORNE inBN@Es 4 Righ el &GRIrREhightUMVARY OF THE
| NVENTI ON [ 0009] The present invention provides a fluoropol yner coating

conpospelytstraflherocthsilend BHRPHE), eidhaybgritself pr ingbdingrratadl anagunteeistdddionalni dcoat

in a ngon-stick .coating stem The .coating cenposition nmay he,prepared and
ool | eBo el aREAHeY e huiEei B < BRRRE e BRe Ty A BLERE F

f I uor op@k voBHINPASLIiISEIFION 8Nthe fRidEdholim @O B &fctingrinetdayddenss (FWdrly and,

in particular, at |east one high nolecul ar, wei ght, PTFE (HPTFE). The coating

conposihrpush adreing adamtgrmgyien dkerdo suismder the ceptiogoTverowsimsasnalon. The

et gt BT p ABRRE SRR B 1 & e Biogt BRF e PRI ey il t o

appl i cgaoioen di r edHay istizededsid xaproate fladropulgmea bordpekitidngi fogappbiaitiong sudhhs

coating denonstrates inproved abrasion and scratch resistance, as well as
i npr ovEYFINED K% iolrge ey §9?hc%5,gl%§cle%f3% éﬁn?%tr&ﬁdm“&?gtaﬁ%@?t hat

| ncl udgsapinye BTG ERbsd ERhFRMsHE, Qndsfﬁlu%e ﬁﬂﬁh‘é}ta glfica'ﬁ%h§. processible

fl uoropol yner.[0010] In one formthereof, the pP sent i nvention provides a

fl uoropol yner coating conposition, conprising: a fluoropol yner base
conponent present in an a N %.and 96 wt. % based on the
total solids weight of all=A Mgggﬁggﬁi&gﬁEﬂﬁédﬁoatl ng conposition, the
f1 uoropol yner base conponent conprising at |east one fluoropol yner

i ncl udjge@7hi gh npheptesatt iveh86H pleetdst Blchadd BeirepdIpmkeasnidIRibnEihafar oRg a
nunber average nol ecul ar weight (W) of at |east 500, 000; and a bl ended

f | uor oMM apphgadion: Man by rrisd s p gogmedrgdlexitds substrole and.Lplienaldyaimia 70

wt. % b 0 .ds. wei .al | 0 rg,l . oati ng
corpost i ol pa%e ks 526 bSPisEl kel btk SR igEp 22 ' 0
| ow noleenid aiboteinglif thpebypeditiad 1sudsleel didt drast dnePdkmolb@aNdrngightf i rst el t

tenperature (Tnm) of 335 C or less; and at | east qne nelt- ?rocessi bl e
f1 uor OB%IVS’%FF@ u rm:tlhy@lene (LPTFE) and at least one melt-processible fluoropolymer (MPF). In

another embodiment, the composition includes a fluoropolymer base component including at

least one fluoropolymer such as high molecular weight polytetrafluoroethylene (HPTFE), and
additionally includes the LPTFE/MPF blended fluoropolymer composition. After being applied
to the flexible substrate, optionally over a primer or basecoat and/or midcoat, and then cured,
the present compositions form coatings that demonstrate improved abrasion resistance and/or
improved release characteristics and/or increased translucency/transparency and /or improved
impermeability. The present compositions may also be used to produce films having a high
degree of clarity and impermeability. The present compositions in powder form may be melt or
paste extruded to form articles with improved impermeability.

[0008] In one form thereof, the present invention provides a fluoropolymer composition,
comprising: at least one high molecular weight polytetrafluoroethylene (HPTFE) having a
number average molecular weight (M,,) of at least 500,000 and present in an amount of between
1 wt.% and 98 wt.% based on the total solids weight of all fluoropolymers in the composition;

at least one low molecular weight polytetrafluoroethylene (LPTFE) having a first melt

2
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[ 0011] The fluoropol yner base conponent may be present in an anount of
bet ween 60 wt. % and 96 wt. % and the bl ended fl uoropol ynmer conposition is
present iwoaninsesat of between 4 wt. % and 40 wt. % base@ConStéve/ossaual
solids weight of all fluoropolymers in the coating conmposition. The at

| east one | ow nol ecul ar wei ght pol ytetrafl uoroethyl ene (LPTFE) may be
present in an anmount between 2 wt.%and 15 wt. % and the at | east one
rrelt p%oces |b|

f 1 uar.opol r resent .in an t bet ween 2
6 olrrate bl Brpr s cpdPieuof phemRaR SR eta vy o gof GBot yher o | n
t he COB4dedOIn FIRPAS kS IiRRYei gLl IlBRPBIy @@L the BEmPBYitioRLAE &It bie melt-
fl uoropol ymer may conprisé perfluoroalkoxy (PFA) present in an anopunt

bet weeproggssiie SyempolgmenMPs) prasamd inoan arheunt of bé¢twsen I dd.nendy Bt wolo bdsed

fl uor opo t f | uor opol yner co 05|t|on The at | east one
el ¢ pPBUEaB s MG sE D Al ot e e o Do oal koxy (PFA) pr esent
in an poognt bet weratisy apflicladi dutibraitmd inbRge thedudriljaElontpokitids. Wei ght
of the fl uoropovgmers in the blended fl uoroEOI yner composition. [0013] The

at | eaSim &y NJudndr dugropelymar GRmPPBIign ol huk 1QapQlumey samROSIIORTIEE) bavlly  have

f 0.
or T oot B &8 EiEH of ATHE BRLOTBPSLLRRdST T8 PL 2020 S Ot ohe
(M) of0016fs, 0. b aothedfisrn( fideofirthd pesent amén@otﬂpmfdl‘emlﬁu()mlymerl ess. The

at | east one.l ow nol ecul ar wei ght pgl yt etraf | uor oet hyl ene (LPTFEz may have
a firsPOrHRMtqle APBPLELIHE e WP%@P’@E &g CPPE’HP?IH@WF%ME ag gRepak ey thffenﬁz C

or lesgy %33’!81 4§8 @ o ‘@d% o AR _I‘g élpgéq[hld %v%l h? gﬁal@ﬂﬁéroh%l?ﬁrerﬁ%%h@c&ﬁg%dsﬁﬁﬁ tha26 C

or | ess, 325 C or €ss. eas one ecul ar wel
pol yt eﬂnatbbu@mebtsploenwo@ﬁ@fﬁﬁprisﬁag ableag ehe dtiewpdlyorer invbudynpbigh comsiutri ng

f LP d t d with
QUbj ooreieht b RhREPaty BnS Ttk et e e B bR e S e Vel 2has
nean pghii H0DH08! AR apﬁleﬂde@ THosd MM & BInpokitibe Hoscrdin ki AMbuil FheRReHer

obt ai ned vi a emul si on (F ynerization with or w thout a subsequent nol ecul ar
em

wei ght wit&dut 3bwt. %t kaged emthedotal STHE weight @bd\lrvﬂe@ropwtymerﬁela the @pr@msp@mth@n

pol yne /0 vm t h or without a subsequ reduction
st ep. P%B@Aﬁ {MPeds poggg’nhcf)nwnﬁ%lfge Feasrt W dhfnolie V\ﬁ{g’t rgahfl uor oet hyI ene

( HPTFEbol'?ﬁ:Yraﬂﬁ@tbb'ﬁ?leﬁe (ORI )i Haging Q- fifena e Eerﬁp’treﬁﬂrei{my@ﬁ 33|59 sSortl3Nanll aMt .
based on the weight of the high nol ecul ar wei ght polytetrafl uoroethyl ene
( HPTFEMeampartighe sfzsadtl . (omecrons| (1 06 éess ging g Lepstioae opdit graeessibiRiyorppadymeirean
partlch\gﬂ)lgjze of 1.0 mcrons (mm or |ess.

[0011] In the composition, the at least one fluoropolymer base component may be
present in an amount of between 75 wt.% and 96 wt.%, and the blended fluoropolymer
composition may be present in an amount of between 4 wt.% and 25 wt.% based on the total
solids weight of all fluoropolymers in the composition. In another embodiment, the at least one
fluoropolymer base component may be present in an amount of between 82 wt.% and 96 wt.%
and the blended fluoropolymer composition may be present in an amount of between 4 wt.%
and 18 wt.% based on the total solids weight of all fluoropolymers in the composition.

[0012] In the composition, the at least one melt-processible fluoropolymer may
comprise perfluoroalkoxy (PFA) present in an amount between 37 wt.% and 65 wt.% based on
the total solids weight of the fluoropolymers in the blended fluoropolymer composition. In
another embodiment, the perfluoroalkoxy (PFA) may be present in an amount between 50 wt.%
and 60 wt.% based on the total solids weight of the fluoropolymers in the blended

fluoropolymer composition.
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[0015] In another formthereof, the present invention provides a coated
article, conprising: a rigid substrate; and a coating on the rigid
substr at evocomp3sssng: at | east one high nol ecul ar wei gIRCT/US2009/058444

pol ytetrafl uoroet hyl ene (HPTFE) havi ng a nunber average nol ecul ar wei ght
(M) of at |east 500,000 and present in an anount of between 30 w. % and 96
wt. % based on the total solids weight of all fluoropolyners in the coating

ition: at t 1. | i ght pal.ytetraf t hyl
CoPnreldoal o' AR bePr e iR et el BN R AR StoPob gL S 200, 000:
and at cfgsde MMRInIRH LIS ORs YR (FEPPFRRMk BT arh R betwl20 26kt Thandgs | east

one fluoropol ynmer base conponent nmay be present in an amount of between 60
W . % andl79@ased ongharidtal balidatwdigh of therfluorenolymérs cutharblendicd fiuoropolymer

pol ytetrafl uoroet hyl ene (LPTEE) and, the at least one, nmelt-processible

f 1 uor op I YMEF " ﬁ&ﬁ%otﬁ?feeé Og?él%lﬁ%tr 8%&88&‘?‘3‘1& ﬁthgr?ns%"@%{en%lg%@t“\%%‘/e N 06 and
40 wt . 9% Hosesing Betiren 5061 8ad T35t WEDGBY ofthetblal §dllde et YyieHes |1 n the
coating. The at |east one | ow nol ecul ar wej ght pol ytetrafl uoroethyl ene

( LPTFE}luprgpolymcpy iadianblendpdAhiospralyipciioniposition. wt . 96 and 15 wt. % and t he at

I t | t- ' I ' ' t of
ot el BNt . o6 aafe TECL 0 [t GRERNY et Miiuk iy HERRERA: (A IR ©

f1 uor opgleydmesn partiélbeize eelbdted frolmGAd gloupRenditingedHN9 Mo )i C3eBTH! €

fl uoropol yner (MPF) may conprise perfluoroal koxy (PFA) present in an anount

bet weemionstunghaness kS wicwnp ggrbordasst fd migraas (so) palssswidghicrats (tume oat
| east one | nol ecul ar .wej ght | yt etrafl uor oe | ene (LPTEE nd .t heat
oast BRS apdlt o Rice B PE R ol B ey et ¢ B kb S (G Sy s Ao

mel t - PrRGRSH RlnSislihdIof PROlYEREss( MFF)C FBi%sC PP §LIcREBIEUOLPRLKBRY CRBFA) |
present in an anount between 37 Wt .% and 65 wt.% based on the total solids

wei ght less, 32heCar ldssawtl 38heCloplessol ecul ar wei ght pol yt et raf | uor oet hyl ene
(LPTFE t he | east onge mnelt-processibl.e fluoropol yne ). [,0018]
The colttRE oy AhoaTaRE ot Bl FalraCBEREL Pt slre R BERUN b st ito

gl oss gbtambd b%ﬁul&é?/%bl@rﬁieﬁﬁ&tmt@ut 66in @ﬁl%éR%éd o) %lg[(frﬁ&@tidﬂ?ﬁﬂﬂﬂ@lss (Ra) of
less than 100 nm BRI EF DESCRI PTI ON OF THE W NGS [ 0019] The

above- fregiedatinedordrradiation or meatbgraad-PARE mivenevaigesbtancd Niasmylsient i on, and
B O T S
of an eyfbodeo@ed. of the invention taken in conjunction with the
accompanyi ng dr awi ngs., wher ci n: [0020] Figs: .4 and 2 correspond Lo Exanpl e
comprising: a flexible substrate; a coating on said flexible substrate, comprising: at least one
fluoropolymer including high molecular weight polytetrafluoroethylene (HPTFE) having a
number average molecular weight (M,) of at least 500,000 and present in an amount of between
70 wt.% and 98 wt.% based on the total solids weight of all fluoropolymers in the coating; at
least one low molecular weight polytetrafluoroethylene (LPTFE) having a number average
molecular weight (M,) of less than 500,000 and present in an amount of between 1 wt.% and 30
wt.% based on the total weight of all fluoropolymers in the coating; and at least one melt-
processible fluoropolymer present in an amount of between 1 wt.% and 30 wt.% based on the
total weight of all fluoropolymers in the coating.
[0016] In the coating, the at least one low molecular weight polytetrafluoroethylene
(LPTFE) may be present in an amount of between 5 wt.% and 15 wt.%, and the at least one

melt-processible fluoropolymer present in an amount of between 5 wt.% and 15 wt.%, based on

the total weight of all fluoropolymers in the coating. The at least one melt-processible
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[0021] Fig. 1 is a laser prof loneter image of the control topcoat; [0022]
Fig. 2 is a laser prof loneter inmage of a topcoat nmade in accordance with
t he presewbd 2digsbssure; [0023] Figs. 3-23 correspond toPTosSo@wsds8440 of
Exanple 1, wherein: [0024] Fig. 3 is a chart of egg release test rating vs.
HPTFE content; [0025] Fig. 4 is a chart of reciprocating abrasion test
results vs. HPTFE content; [0026] Fig. 5 is a chart of mechanical scratch

adhesi gn test (MSAT) resul t s vs PTF ntent:. [ 002 t of

50 ) oDBopBoly St P SORPEN bR o8koRy (IS e it befied 7wkt o

HPTFE goRk eNbasel 802 cdmhi@neBiota? S@l(ﬁh@é’i%ht(@;f 11RO 14281 SRIBWIRSEcUl AW AGtV'S -

LPTFE content; [0030] Fig. 9 is a char reci procating abrasion test

r esul t polytetraflppethyisne Spf TFE)GOd te Hilgpst aie: melt-grashssible fhorppelyarircal scrat ch

adhesi st ( 1) result LPTEE conte 1 is a.chart

o contihd7Fang! e T8 todiBR TilE o Of oSOt sestRd ok roth (Rl es

vs. LPFE aeficedugntRWRA] offfed thdB1.5 midroBiaint atheR0@ddseas et b&8B0%Al I ng Vs,

MPF content; [0035] Fig. 14 is a chart of reciprocating abrasion test

r esul t Eeflgstanggpt 68ont ent ; [0036] Fig. 15 is a chart of mechanical scratch

adhesi on test (MSAT) results vs. MPF content; and [0037] Fig. 16 is a chart

of 60 gloss vs. MPF content; [0038] Fig. 17 is a chart of contact angle vs.

MPF content; [0039] Fi BRIEE®ESTCRIBTiI@NEoMTHEDEASNGS 8, wherei n: [ 0040]

Fig. 18 is a contour plot of dry egg release test results plotted agai nst

LPTFE p00d8MPF ( PFAY aletreaitionpdBddlythéd fgatude ahs advaneipeoof thp iatemion, and

r eci procatl ng abraS| on test results plotted agai nst LPTFE and MPF ( PFA)

cont enthe syt attaiingthems wAll begommors| apparsht 4pdcdhariveaiionsiésed el b&dﬁ%@i on

t est (Mﬁé} 4

Fig. 21 |§st°%£§yo}rleif%ﬁlrme%%df8? S sured. iérméﬁc?? gg pMBtg %heé;E a%%‘?l%ﬁ‘%ﬁ{ﬁ nF{ﬁggl}ﬁJ NPF
conjunction with the accompanying drawmgs whereln

[0019] Fig. 1 shows a first contour plot of RAT ambient initial (Example 3) plotted
against PFA and LPTFE content for the topcoats in the Examples that include PFA, together
with a second plot of the HPTFE-rich area of the first plot;

[0020] Fig. 2 shows a first contour plot of RAT ambient 10% (Example 3) plotted
against PFA and LPTFE content for the topcoats in the Examples that include PFA, together
with a second plot of the HPTFE-rich area of the first plot;

[0021] Fig. 3 shows a first contour plot of TWI 1000 (Example 4) plotted against PFA
and LPTFE content for the topcoats in the Examples that include PFA, together with a second
plot of the HPTFE-rich area of the first plot;

[0022] Fig. 4 shows a first contour plot of TWI 2000 (Example 4) plotted against PFA
and LPTFE content for the topcoats in the Examples that include PFA, together with a second
plot of the HPTFE-rich area of the first plot;

[0023] Fig. 5 shows a first contour plot of TWI 3000 (Example 4) plotted against PFA
and LPTFE content for the topcoats in the Examples that include PFA, together with a second
plot of the HPTFE-rich area of the first plot;

[0024] Fig. 6 shows a first contour plot of cookie dough cooking release (Example 5)
plotted against PFA and LPTFE content for the topcoats in the Examples that include PFA,
together with a second plot of the HPTFE-rich area of the first plot;
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(PFA) content; [0044] Fig. 22 is a contour plot of neasured contact angle
pl otted agai nst LPTFE and MPF (PFA) content; [0045] Fig. 23 is a contour
pl ot of twe2nwvasedsszed results of the dry egg rel ease t est/use@ulossig4 t he
reci procating abrasion test results, the nmechanical scratch adhesion test
(MBAT) results, the neasured gloss, and the nmeasured contact angle, plotted
agai nst LPTFE and MPF (PFA) content; [0046] Figs. 24-35 correspond to the

test r s for_th opcoats of Ex le.9, wherein. [0047 ig. .24 is a
Cont oul bt of Fite] APGPaGE ePuas RaY i s Eh Coine BIc AR Rl o
(PFA)  pRREEBEsind: PEASINIHLIOFF E&onkht ?orf%ﬁ)@fo?%at@inothe ekahpRs B4k Helude P AL est
pl otted agai nst LPTFE and MPF (PFA) content; [0049] Fig. 26 is a contour

pl ot ofogaaswithd sgtandletlodtheeldPEGEirivhtardaRfFR arstipWRF ( PFA) cont ent ; [ 0050]

Fig. 27.d | ot of d t act | e pl ott.ed inst, LPTFE
and vol9BER) ©CoRitbheRo TRty TRASH S FIMARE (Rt sRR! (RGeS Mbudd
reci pr geaidt PYASRIITTRE éoasdnt @r thORGEGHSInARP Ek@dpley &Hat BrERS P, dgetiett ed

agai nst LPTFE and MPF (PFA% content; [0052] Fig. 29 is a contour plot of
t he rebitBradeetndidot:aftbesHBAFEaich agea efghe Best Blodppl i ed over Basecoat B plotted

i TFE . MRF ; Fi g i t QU f
the el Ca 2o T e e S plof QgL Bl BIGRAL O EL G
over BasECLPEFE Aoabmitfoethe agmionts tin the Hxangpihad (MRl iRFA)F £,a0gendr; will0Dstbndi g. 31

is a contour plot of the ng&lga%nic | scratch adhesion test (MSAT) results of
t opcoaP taﬁ irdd Fgveeh gsa et Bsd s Divtot t ed agai nst LPTFE and MPF ( PFA)

cont enggy 055] FiQ; i Fa 1 @ngg P i
resuItEM%thted giaﬂ%E%”T%%ﬁﬁpgﬂ%&%ﬁﬁﬂfgékﬁgéont n%??ﬁgggﬁ%&%#g?Fégéﬁs a

cont ouEPpFbBtcontentnfor fimltopamdtsrie HedSentpdst thatesdhdsPpA pbpeticragish as¢coh®PleE and
MPF ( PF t.;. [ 005 Fig. .34 is a contour plot of nornmalized surface
properPﬁ%giﬁﬁgﬁggglgﬁﬁpgé?f%gf&§3and MPF (PFA) content; and
[0029] Fig. 11 shows a first contour plot of contact angle (Example 2) plotted against
PFA and LPTFE content for the topcoats in the Examples that include PFA, together with a
second plot of the HPTFE-rich area of the first plot;
[0030] Fig. 12 shows a first contour plot of instantaneous force (Example 8) plotted
against PFA and LPTFE content for the topcoats in the Examples that include PFA, together
with a second plot of the HPTFE-rich area of the first plot;
[0031] Fig. 13 shows a first contour plot of kinetic force (Example 8) plotted against
PFA and LPTFE content for the topcoats in the Examples that include PFA, together with a
second plot of the HPTFE-rich area of the first plot;
[0032] Fig. 14 shows a first contour plot of the normalized results of the adhesion tests
(Example 8) plotted against PFA and LPTFE content for the topcoats in the Examples that
include PFA, together with a second plot of the HPTFE-rich area of the first plot;
[0033] Fig. 15 shows a first contour plot of the normalized results of the RAT and TWI
abrasion tests (Examples 3 and 4) plotted against PFA and LPTFE content for the topcoats in
the Examples that include PFA, together with a second plot of the HPTFE-rich area of the first
plot;
[0034] Fig. 16 shows a first contour plot of the normalized results of the cooking release
tests (Example 5) plotted against PFA and LPTFE content for the topcoats in the Examples that
include PFA, together with a second plot of the HPTFE-rich area of the first plot;
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[0058] Fig. 35 is a contour plot of normalized abrasion test results,

rel ease test results, and surface properties plotted agai nst LPTFE and MPF
(PFA) corwerm10/q3eB59] The exenplifications set out hereiPaTiUSkassEL€
enbodi nents of the invention, and such exenplifications are not to be
construed as limting the scope of the invention in any manner. DETAILED
DESCRI PTI ON [ 0060] The present invention provides a fluoropolyner coating

conposj ti t hat _may_be a i ed over rimer and/pr at |l.east one m dcoat
sl ok B A el it Cra i i EaBes Lot s R g RRr ed and
appl i ediokd) ahdBorft @t Ah Ok t&ktd EXEME 1) PGHRl a@RinsAIA bl LPEUES c8htchte@SthecOne

fl uoropol ynmer base conponent, such as polytetrafl uoroet hi;'lpene (PTFE) and,

i n par tapeedtam thaExhmplss thehenchidgPFidp itegsthca withei sghendtpeof(thiPHPEF E-ridthearemat i ng
corrposi%i Qn. a%dg(i)t,ti onal Iy includes a bl ended fl uoropol yner conposition. The
bl ended HhFU(S‘?é) ot ymer conposition is a blend of atleast one | ow nol ecul ar

wei ght [(836E ( LPTFR) 1886bva a figasdntOnelsIfithdi@aagsddxesulfslof oiORATAB ITWAS t er
application directly to a substrate or over an underlying coating, the

coat i naPraEm® frstsBraapicsprnd Y thiprdhssion toakdEsapple S the soaddngweleasqgstiel | as

i nmprov r LiS : 0 ;

el e sl E TR et ORISR Lof mad SR RTRLE R AR IR 53R 008 P

f 1 uor opd PEFE coiiOG Ibr the tapreats fif thdi Exaniplestthe ijrledePiRA aogdthergvidoapesnd i on i s
applied ov%an under | yi ng Ch?i i ng, or undercoat. The undercoat may be a
basecoBlot oihe EHTHE-figfpargp at | ?r%wg?ti ed directly to an underlying substrate

e : . | : , g
(some !65173371 re erP?gdl?Tglgsfs St b(ﬁtﬁﬁ&erp QRIFROTB b Yi ch PRGN BE d eﬁrl@SPfS'l%tthLe”Dre

1
m dcoa n these e ment s, present coating Is re red to rein
as eit hgainsAhEPawd 1 PIHE"contenafdt tloptopatats ianke Exasgles hatmclade FgBntogethéry

interch eable. .1 n h odi nent h resent coating conposition may
be appVV?[ S&?‘?néicptl?t}f)fg%e gi’gﬁgglfgaﬁ‘f@ ‘?%hff ﬁfsﬁpgﬁ’poati ng in direct contact wth
t he SUFﬁBﬁEt e whereby shdies £8at taolr IO RPPhMBRNPYE®Y, (BRYMMBdepRaA8dS. I N
further enpodi ment's, the present coating systemmy itself also be an

under cagainst Fe8eaj LPAEEmoateahior thsatopenptcioriboEkamplas Gehiackide YEPnoketbers at
| east one fl uor.opol r c on n bl ended fl uoropol yner
conpos?’vptlg(%r??cgﬂ%iéﬁ?tl%fgﬁ%%gﬁdérﬁrér}ﬁgag%ae&ggﬁgggg%tt’ is typically a high nol ecul ar

wei ght [(OBPE ( HPTFiR) 21 Thevdd erdeshtdlrydetapalw Mg @Rp@sictd) ploticd clbid e Fr
| east one | ow nol ecul ar wei ght PTFE (LPTFE) and at | east one nelt
proces anLLRTFE g@t}t@tﬁépmlpﬁ ORCRES YN the Examples that include FEP, together with a second

plot of the HPTFE-rich area of the first plot;

[0040] Fig. 22 shows a first contour plot of TWI 2000 (Example 4) plotted against FEP
and LPTFE content for the topcoats in the Examples that include FEP, together with a second
plot of the HPTFE-rich area of the first plot;

[0041] Fig. 23 shows a first contour plot of TWI 3000 (Example 4) plotted against FEP
and LPTFE content for the topcoats in the Examples that include FEP, together with a second
plot of the HPTFE-rich area of the first plot;

[0042] Fig. 24 shows a first contour plot of cookie dough cooking release (Example 5)
plotted against FEP and LPTFE content for the topcoats in the Examples that include FEP,
together with a second plot of the HPTFE-rich area of the first plot;

[0043] Fig. 25 shows a first contour plot of pizza dough cooking release (Example 5)
plotted against FEP and LPTFE content for the topcoats in the Examples that include FEP,
together with a second plot of the HPTFE-rich area of the first plot;
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| . Fluoropol ymer base conmponents . [0063] The fl uoropol yner base conponent
i ncludes at | east one fluoropolyner, such as pol ytetrafl uoroethyl ene
(PTFE), cwopoiwasesss of tetrafl uoroethlyene and et hyl ene PCIENRE)09/06834p0! yner s
of tetrafluoroethlyene and perfluoro(al kyl vinyl ethers) (PAVE),
co-polymers of tetrafluoroethlyene and perfluoro(ethyl vinyl ether) (PEVE),
co-pol yners of tetrafl uoroet hyI ene and perfl uoro(propyl Vi nyI et her)

PPVE ol rs.of tetr uor oet hl rqu ro
ot hor) UEE) Y Bl of s Bt Fa lorsH SBRI e e R BB o itene
(FEP), ag‘eﬂnﬁ@@EPrEﬁHqufFEtc%hfeﬁf fdﬂ%&%}o&’ﬁé‘tﬁﬂ%@l@ﬂa&ﬁéi ih'dﬁh@MUé\FEPtthéth&PFA) and
pol yvi nyl i dene fluoride (PVDF), and co-pol yners of

tetraf Wu,ibratﬁém‘ﬂ,dlQﬁ@ﬁb&ﬁ?ﬁﬁﬁﬂmﬁrwféh@ﬁrﬁnﬂ)t,v| nyl i dene difluoride (THV),

po e asD oG 4y Bl PR P TR SR ST R RR ST 1Py g TR 21 50

nor e pedd LPOFE a@ﬁteﬂ fbt the i@ eohiy e mm 1dsnh¢1aqﬁdmdaﬁﬁr,,togutﬁdr vwith Do nor e
traditional Iéfﬂ%ﬁanl ecul ar wei ght PTFE (HPTFE) conponents. [0065] The

nunber Py ef tg deht atea pethgHEst®) of the HPTFE is typically at |east
500, 00 rmre L l.e HPTFE
"t he B or & FRE 2 Pl 8%“38% st s Bl 3 Blou APt FBR g ET
comer LPEFE&ommeﬁﬂ‘m tHeItQondtshPﬂEEE;dlmﬂ)@rthatQﬂﬁudQ/EEE abgathérveitiudescond pmet ant s
for stapi I i t t hough " s;{ﬁbl | i zed" HPTFE di spersions, typically having
less tf F\Et‘“%%ﬁ??f’ tplafie al so available and may” al so be used.

Wen a m»;per ' SF%? 06 shdviAEa RREGToW JIdt otflé?htﬁﬁﬂ a!nglet{@x g%%r n@ﬁﬁteh'&gﬁnéﬂ qui d

to prepare the coating conposition. [ 0066 me enb nts he HPTFE
may i nEEBded &P3 FrEchnanbfmmthedbpauactl 1f1yhen@xampfm1hmncludﬂFEm topetbasweith he HPTFE

OBl MR SRR R 85 0 PIFE, or trace ml 1 d

per f1 upyoaBr opy! VERYb@tReYs 4 PPVEanto&tﬂl&rofrﬁ%@anfté&ws fossG(Exadple 8) plotted
hexaf | our op roByI ene (HFP), chlorotrifluoroethylene ( E

per f | uagasiny EY emﬁyllPéF & c(oprE§or tlyr topeaaés ingleg ExmplomhnylmvliudyFEPh@g@hers uch as
perfl uorltgrgezgp%g\rfp:)n ﬁf&ﬁhﬁPTFEW@ﬁr?a ofﬁﬁe Ers%'gfo?et hyl vi nyl et her (PEVE). The

nodi fy| ng i ypica ent in an amount | ess than 1% by
wei ght [0040] exanple3] biasedh Rt echﬁoquﬂ@fuf kxfetit HercEBTEmpl¢ B) plBitengechst

o o e P 2 ontent for the to

pcoats in the Examples that include FEP, together with a
second plot of the HPTFE-rich area of the first plot;
[0050] Fig. 32 shows a first contour plot of the normalized results of the adhesion tests
(Example 8) plotted against FEP and LPTFE content for the topcoats in the Examples that
include FEP, together with a second plot of the HPTFE-rich area of the first plot;
[0051] Fig. 33 shows a first contour plot of the normalized results of the RAT and TWI
abrasion tests (Examples 3 and 4) plotted against FEP and LPTFE content for the topcoats in the
Examples that include FEP, together with a second plot of the HPTFE-rich area of the first plot;
[0052] Fig. 34 shows a first contour plot of the normalized results of the cooking release
tests (Example 5) plotted against FEP and LPTFE content for the topcoats in the Examples that
include FEP, together with a second plot of the HPTFE-rich area of the first plot;
[0053] Fig. 35 shows a first contour plot of the normalized results of the roughness,
gloss, and contact angle tests (Example 2) plotted against FEP and LPTFE content for the
topcoats in the Examples that include FEP, together with a second plot of the HPTFE-rich arca

of the first plot;
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[ 0067] The bl ended fl uoropol yner conposition generally includes at |east
one | ow nol ecul ar wei ght PTFE (LPTFE) and at | east one nelt processible

f I uor opolwyoeni0/Bm3sabl e fl uoropol ynmer conponents and bl enggisasoe/osi4scussed
bel ow, and are al so discussed in U S. Patent Application Serial No.

12/ 468,580, entitled "Bl ended Fl uoropol yner Conpositions”, filed on May 19,
2009, assigned to the assignee of the present invention, the disclosure of

whi ch pressly incorporated ref erence herein. A L | ecul i ght
ol yt el B Dor ookt PRI BB oMy GURE TN TR BAEErgR W Do

pr esenkbralisn et (EkMﬁﬁl@@@'aMdTl'&:)' tIEOMNOSibA LR (E_ﬁé’m?l% 83, thé Bdtkan iR Ri@n Of

pol yt et raf | uor oet hyl ene (PTFE) and, in particular, nmay be a |iquid

i sper Shomt SaaRHE g, slobowndodseutiaaglc et giamplTBEjotadciainst FEP

o spor StbHP BFE BB IBE R BR AR TRRE N Py A P BB Lty O

t houghplobef the THE PR ciberedbs peIfEedbloth ot her sol vents and/or LPTFE originally
i n an aqueous phase nay be Ehase transferred into another solvent, such as

or gani 00581 vent sFigndT sty Reskeedourgieitad ReA T ambigat Witk Higramplo dypiptiqthe
LPTFE, , w i in Wo! IS Gl
o t 1 c PR MFICHHEERT S ARAR A FRONS in M g S st BuEPPRARS

m cr onBEP fMPFyrtogeba, with Hsatond pias of tma)JHRIF H-gsls arc® ofithrifistgiist; (nm) or | ess,
0.3 micraons (nm or _less, or 0.2 mcrons (m) or less, as neasured by a
sui t abl®>fthnner " EigcAS 3032 L ednigrgiie AR+ é.l@g}eahl%g(%@lnls pplotipdh some
embodi 5!%!?63‘{ MBH g P E&Mexﬁ%@tb@t&}%@ﬁs RAfhHE E&h&: %s%@at%l+d%‘%oﬂ§P§zQ1anéo1 100,
or 150 nm or as large as 200, 250, or 350 nm 1por exanple. [0071] The
nunber FRR éMXde, topdteaulitlr a weeogdplof Mhthe ¢TP EHteritlPaeE ofhiclfirstypdotcal |y be | ess

than 500 000 and_. i t di ment | 10,.0Q0 o ter,
20, 000 ST ear eFie 87 BaveibBrorograavanol 1y Fa Eattali i ied Sagos GUEFor
l'ess, Q01 PPPE 0bntk@SSs thehoptBa@ AOtHRIExafpos tRA iRAEdDboth @62, an@FEPAMIED, or

|l ess, for exanple. [0072] An alternative manner of characterizing the
mol ecutagethgevgghia sefondipdot| b iREHP SFByichtageafafitleq fiseplotit enperature (Tm), as

det er by a sui | e method such,as di i.al _scanni cal ogri.getry
(bs0) RRLRY ¢ ' B RS LR Bar Sl ety bl 26 tma R EPnd B £
or | essnd hPDFB 36kfent!for it heicoei o theMahplesttha ifdliidd bk PF AtRaFEPAMPE, Of t he
LPTFE may be either equal to or |less than 332C, either equal to or |ess

t han 3teetheemithasceydalotad thy HPEEE-richarcagddles fiest plotr
[0059] Fig. 41 shows a first contour plot of TWI 3000 (Example 4) plotted against MPF

and LPTFE content for the topcoats in the Examples that include both PFA and FEP (MPF),
together with a second plot of the HPTFE-rich area of the first plot;

[0060] Fig. 42 shows a first contour plot of cookie dough cooking release (Example 5)
plotted against MPF and LPTFE content for the topcoats in the Examples that include both PFA
and FEP (MPF), together with a second plot of the HPTFE-rich area of the first plot;

[0061] Fig. 43 shows a first contour plot of pizza dough cooking release (Example 5)
plotted against MPF and LPTFE content for the topcoats in the Examples that include both PFA
and FEP (MPF), together with a second plot of the HPTFE-rich area of the first plot;

[0062] Fig. 44 shows a first contour plot of chicken cooking release (Example 5) plotted
against MPF and LPTFE content for the topcoats in the Examples that include both PFA and
FEP (MPF), together with a second plot of the HPTFE-rich area of the first plot;
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equal to or less than 328C, either equal to or |less than 327C, either equal
to or less than 326C, or either equal to or |ess than 325C. [0073] The
LPTFE nmaywbeomwrmg¢ddded in the form of an aqueous di sper siPom/UsSRI00I058434
stabilized, unstabilized, or mnimally stabilized. As used herein,
"unstabilized" or "mnimally stabilized" refers to an aqueous di spersion
that includes less than 1.0 w.%of a traditional surfactant, such as

non-i opj ur f act.ant _or ni oni ¢ surf ct ant sed on.t i ght t he
o ebabie ar ERnes Sy AR S S i ril b Re ST e b Sy AThE, "o
provi degq i.PTEBRGod ekt Torthe pcRad e Hthe E%'daﬁff)%s&heﬁnnd"!@de tgh PRASint Fp (M@E)Wt %
surfactant, less than 0.8 w. % surfactant, |less than 0.6 w . 9% sur f act ant ,

or evetpgehsswithane@ng pipt. C%thmHPEEEaWh arqarpf¢hchBrst plobodi nent s, t he LPTFE

oL emer ORI T™ BN s Sl S iP AREND BB e o

the st EPTFEz;aﬁﬂe@trfop&féKal%a@nﬂmy@m csBkt iACIGAd bAtE ®IF A SRR (MPFY, hi s
invention. [0074] Also, as discussed bel ow, the LPTFE may be provi ded in

the folageter with gispepngindetey dhaddP TFE ahsyeardhq frstploi | | typically be in the

f

Lo m Ofosks| ", ToHRRML el AR FIER MOTRRRUT AR b
in Y\Ihl MPRasld RTHE Ebhtmt If(Sr the apepol e Bxaoples ittt tfvtudartotlaRFA and FEPed PTFE"
e LRSSt o e ARy B bBhel s b Pafghon ™ ! e
hexaf | H%@Pr opy| P’%‘Mé 's‘l'fd?r)s a ﬁﬁ{ 961%1Er'Jlét%ﬁ&%&%le%ﬁ@fo@g@%m le 88 lotted

per fl uorobut yl et hyl ene , or other perfluoroal kyl Pet é) such as
per f | uagaomse MBH mdnlyll’ﬁﬂhemntérﬁlﬂ)ﬁ}le orpcpas i ﬂn@ffaemmgﬁlswhaﬁyﬁoémdwéqoﬂ( PHVE)ld The

dif | ] ically.b t i t | th 1% b
wer ght TEPSPETARGHES: vt ool Bt of beTHEred apoobBe el o Lrrre.
di sper gjognp i ncl 9%64@51%@ a ﬁ%@bé@&i@l&r&m@ﬁe VY a'ﬁiﬂle g blott&h g%?gcw,

610036 P. R China, as well as TE3877N, avail abl e om DuPont . er

exenpl ¥RBF qre TFR T e Riche tapaedts d’ethDﬁﬁémnleKmag pofudedoth Pblend FEBm Dyneon
L L0 P 8 P A P FEARALI B R0 25, 1.
f1 uor opowlegTer s haie 50 biadvacd ffst drit@s pi@tofftid ddimalizebiadehts bflpe) Qivesidakse 1
(Example 8) plotted against MPF and LPTFE content for the topcoats in the Examples that
include both PFA and FEP (MPF), together with a second plot of the HPTFE-rich area of the
first plot;
[0069] Fig. 51 shows a first contour plot of the normalized results of the RAT and TWI
abrasion tests (Examples 3 and 4) plotted against MPF and LPTFE content for the topcoats in
the Examples that include both PFA and FEP (MPF), together with a second plot of the HPTFE-
rich area of the first plot;
[0070] Fig. 52 shows a first contour plot of the normalized results of the cooking release
tests (Example 5) plotted against MPF and LPTFE content for the topcoats in the Examples that
include both PFA and FEP (MPF), together with a second plot of the HPTFE-rich area of the
first plot;
[0071] Fig. 53 shows a first contour plot of the normalized results of the roughness,
gloss, and contact angle tests (Example 2) plotted against MPF and LPTFE content for the
topcoats in the Examples that include both PFA and FEP (MPF), together with a second plot of
the HPTFE-rich area of the first plot;
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Characteristics of exenplary |ow nol ecul ar wei ght pol vtetrafl uoroet hyl enes
(LPTFE)[ 0078] Exenplary types of LPTFE that may be used in the present

i nvent i orwanelodizesassed bel ow. i . LPTFE produced by di $pErsean/058444

pol yneri zation or emnul sion polynerization and which is thereafter not

aggl onerated, irradiated, or thermally degraded. [0079] In a first

enbodi nent of the present invention, the LPTFE is produced by a

o ymelog3t | on DFRCSE Rudvirs st s e omhe AorineBe ShepiR S ROR BR dak ses
may  be, e ekRIEMHPICE Bahd 43, HRnafhesioR B8R Examblc®), heBsiiend REagvRERIE

mol ecul ar wei ght of the fluoropolyners produced, and/or via other nethods
wher eb{Exanelpo), yrdthczanghonsspglose ead centedinngleltésed Bxemplsr Ihpottedqghisist MPF

di sper si of direct | ymeri.zed particl .0of PTE in ecul ar
e gt s Sl by R ONAES 4F BB ARaleRe B8 o RICRE £y

pr oducefiethyr @ith R8ESINAPIRAFYREHPTRE ir2A a8da MY HisOplopol ymeri zation, is
thereafter not aggl onerated, irradiated, or thermall graded. In

d
particll0d3] the ERTEEimaRICHS Oﬁé@ﬂig%ww@tﬂé@u%saaweﬁ@,’gﬁmﬁ%@fcﬁ%asscloth
t dyri j - t (108 N ticl
ot 6. Hel{itha RO HLREL MR rET DAL DT ELPES ERLAIDR:T, STl Gegradati on Lo

reduce[0074] nol ecHigab6 wed gibture & thé lightuotuive throtifiie sdnhlE E(46d sodtk @ pa piete been
subjected to irradiation, such as hy hi energy. el ectron beam to reduce
its mg@é&si%hlmdgr&a}cq%mg ¥ae SRy H%ﬁ?%%mﬂ%&p E dispersions will not
de”P”SEdogSf a SPegt 54N ARAAOL oftht hall@ 1B Qré: (8l &FEkMplkieMm t when

subj ecte o el ectton paramagnetic resonance (EPR) or eﬁ)ectron spin
resonatfi¥gd6] ESR) Jpectangddmpionsast ap homadillustrate eadpditredtsRIFR; inwbitein, wad |
denonstrate su a. spectr nd/or will| otherw se have detectable free

o oot omBc Bl ae TPttt ArLRE HeShe s RSt deY hqueous
di sper giaghs that are obtained via a controlled dispersion or enulsion

pol ymeri zati on process to produce directly polynerized LPTFE that is not
thereafter subjected to aggl oneration, thermal degradation, or irradiation.

These types of LPTFE di spersilr?ﬁg i Esg ﬂ@" ated by those of ordinary
skill in the art to be disti IWEHD R ¥-mterialsthat are
comercially available. [0082] First, these types of LPTFE dispersions are
di sti npa077r om PTHEe pleaént iisvcptiodpoetticblchal fodrypa ymzasinopositions @, inehd
known in the art_as granu] ar or suspension polynerization, which yields

PTFE kPRI aPRECAOR. HaY B aica s preetineds iaﬁleé%/bl%?%‘_ﬁﬁtﬁ ETPHORB] Y iy
powder ﬂe}%l%rk'#hﬁfatéa tﬂgﬁla{s%b@?re‘{)iolukl?t%gﬂeﬁ it Aﬂ?ﬁ(@r dt bQ&ﬁQBatrﬁ'ﬂhﬁ)? 'dln?i'ag)éfﬁ' ght,
ecul ar wei ght ( t

such as a nunber average no of at least 1,000,000 or
nor e ahdore dnbslimend| the tempesiadniser ldm) ofgat &asteine low molecular weight

polytetrafluoroethyelene (LPTFE) and at least one melt-processible fluoropolymer (MPF). In
another embodiment, the composition includes a fluoropolymer base component including at
least one fluoropolymer such as high molecular weight polytetrafluoroethylene (HPTFE), and
additionally includes the LPTFE/MPF blended fluoropolymer composition. After being applied
to the flexible substrate, optionally over a primer or basecoat and/or midcoat, and then cured,
the present compositions form coatings that demonstrate improved abrasion resistance and/or
improved release characteristics and/or increased translucency/transparency and /or improved
impermeability. The present compositions may also be used to produce films having a high
degree of clarity and impermeability. The present compositions in powder form may be melt or
paste extruded to form articles with improved impermeability.

[0078] Suitable flexible substrates to which the present coating compositions may be

applied include glasscloth of the type commonly used in applications such as food conveyer
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than the 335C, typically much greater than 335C. Granular PTFE resin is
typically provided in solid, powder formincluding particles having a nean
parti cl e wDzeloai36%8veral mcrons, typically from 10 to POD/USR@0OsE44 M) .
These resins may al so be provided as fine cut resins having a nean particle
size of 20 to 40 mcrons (m, for exanple. [0083] Additionally, these
types of LPTFE dispersions may be distinct fromlower nolecular weight

nave bBu BEGaat YT A STB HETEh el A THdr S EoP hrRa

ol eculighedVas GBI aSBER sbAINg UENO Wikc@® b&drad) léb@lEmEIl'fé%ts”h&d RRONERILScs, Wi ch
typically have a partlcle si ze ranging betweeh 0.2 and 20 m crons

Exanpl| exangfle.gf@lasickoth PorFElass eloth) owel txéila metenelen&isrofiwaven ibg3och NP%Q}OO and
MP1400 reS|n§ qﬁgllable from DuPont (Zonyl (r) is a registered tradenmark of
E. I. du Hl ALY OB, ).[0084] Second, these types of LPTFE

d|8pergmcm}s are @ltlﬁeﬁ)ﬂfékﬁ)ldmhtraftés)tﬂ’ihﬂlh@ﬁb@&ia@édwﬁlﬁt 'r@aahtd%ﬁﬁ di spersi ons
made from di spersion or emnul sion Folynerlzatlon conducted wi thout chain

t r ansf EPMPRFEHINS ipudapsy apaferivd [RGhating Batyrah pysynghstie dibeesrorfdargents, prawedipg v ng a
nb
o EVETREE dRRUAL MU IO tNonlonB) RSkt oIS, BiflR6iga 800

t han B&wveﬂmﬁge“oﬂmghlpﬂml M}ﬂﬁry\fﬂjr@kstmﬂé'ﬁﬁs dihshan sy lmmsoaaerdemttlymeq%sleyt
stabilized with a tradltlonal factant present in nount greater than
1.0 wt SOHingypmeatignsyneyd @P@a@? bemevch oV Gacthic, ﬁ@@@g]a Ear&rl?r.abﬁ%qrﬁ,y, t hese
types gfcddmbdeth SRE0R dRw, & l%lﬂﬁoce‘ijdrﬁlg'ﬂb‘é%s PRt ﬂBergUals%éfﬂ AsyWkght
PTFE d|sper5|ons that are produced via di spefsion or enulsion
poIyneﬁbmahmohaah@tt&kmmﬁmnexuhaagghaméaumnw&gQﬁpub%ﬁwkme(@HBBNPE$ﬁbMB

further ese type P I spersi ons di stj nct f om hi | ecul ar
we1 ght Pee e ERE R Rl Pr{RE TalbSR iR TRt SpbR et GPanailgh

pol ymefdrZtdahide e KiehRE®2dddahe e QAaHIFRE, Stchad NoEE ash avaNdbit MM BT
subject to thermal degradation or irradiation to form | ow nol ecul ar

wei ght dpPpm q@dﬂmws achOAMPRRY, ﬂohlerphfmylfa@ spfﬁdE ﬁhetss w@w@ &y:t,on@mvelhabé@ e

provid M. crons

( m‘r) ?omhaéhevr?n lghlﬁlé)\é% mi at‘?wgg |%8 ﬁ/pacﬂaal %]te f% rsaB% P’acrgltl(f g ﬁesrs yaﬁﬁil n1tr1 U bTEE

m cr opEwkiey SbdraiGlides Z@lfb}khi( fayaiMBleQedn ZdRkk wgaorm5p&yaﬁmemb@qayroa ins,
avai |l abl e from DuPont Zonyl%gg is a re i stered trademark of E.|. du Pont
de Nendift &ylgn-pelypsteahgay spch %ﬁr@%@a,s% alde frow Inyistagonty Aserigs. |LPTFE

m cr Opﬂ%ﬂﬁf s mayT{k fiBR diB&Hhd thaf oﬁt‘?&&ﬂ@l LRI TRt primer (or basecoat)

and/or a midcoat prior to application of the present coating compositions. The primer and
midcoat may be any type of fluoropolymer-based coating, and commercially available coatings
based on high molecular weight PTFE are widely available. The particular compositions of the
primer and/or midcoat may vary widely, and are not thought to be critical with respect to the
improved properties demonstrated by the coatings disclosed herein.

[0081] In particular, in one embodiment, the present coating composition is applied over
an underlying coating, or undercoat. The undercoat may be a basecoat, which is the coating
applied directly to an underlying substrate (sometimes referred to as a primer), optionally
together with one or more midcoats. In these embodiments, the present coating may be referred
to herein as either an "overcoat" or a "topcoat" and these terms are generally interchageable. In
other embodiments, the present coating composition may be applied directly to a substrate to
form a coating in direct contact with the substrate whereby the coating is not applied over any

undercoats. In further embodiments, the present coating system may itself also be an undercoat.
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of the present invention. [0087] Third, these types of LPTFE dispersions
are distinct from LPTFE m cropowders that are polynerized via dispersion or
enul si on Wwol2ymesswati on in the presence of chain transf @cTagerwssssand t hen
are agglonmerated to form PTFE m cropowders havi ng an average particle size
of between 0.2 and 20 mcrons (m), for exanple. ii. LPTFE m cropowders.
[0088] In a second enbodi mnent of the present invention, the LPTFE nay be in
the fo an LPTFE m cropowder. [0089 fi.rst type of LPTEE m, cropowders
bre dellh P ommisHharanSRaa st gt merredeg pertepe e hp G A8 pr oauceg
via di gReIN8shmpeimQBHIP hﬁg_bﬁ‘éhéfﬂ% ARPraRnBRhfRRLAAT F&T &amgl, alRImay

aggl onerated, and then subjected to thernal degradation or irradiation to

f or m | bawrpdheasifrem thaprgsent FORmEEOsmd by sastingdhecampaskteona ontogassrable surface

m crop r"‘%erﬁi ﬁlﬂ% r%‘reer roed Lo 1rh 1rrlei %nﬁs LPTFE m cr opowders, which are

typi cal Py BHS0 My dramesiFd AMEHeEeE AU Mg a particle size typical |y

bet wee083R and BDa BAICfuRMSr {Phkatidr) BN HcrEXaRg €& Pmpokieidas diy@asscdiicrdiP TFE

m cropowders include Zonyl (r) MPI OO0 MPI 100, MP1500 and MP1600 resins,
avai | aB1eg be ﬂ’éﬁiﬁa[%ipwhtCh(fZ@ﬁilPl( bg disgergedr iagphitien«qf rpayaRxéivdedk sush ag by pagte opont

de Ne 0. e - - -~ - . avail able from
Laurer%p%éﬁ‘%{@}’ ffb%%%p&é;\t%grgg?@ %}ﬁ/%lgé\@ftﬁgﬁ%%%eﬁfcg%pgeﬁgﬁg are derived
from h{0®841ol eculri five egbbdigicanddsarbdditekein ahé pres¢rhabmpasidobgarraBgr aded by
irradiation or the | degradation . to form |l ow nol ecul ar weight nmterials
known H@il’giﬁ%\ﬁhlea eﬁ%ﬁomlmbm@sg}onma&[?a%tfapéw WTW&% w%éﬂ’?f& e size
rangi ng gpiahGah Ly 18 tone S BR AES pp) 0092] Exanpl es of these
types L o Cropowder r?%?u%e forfyilis(hrlér MP1200, MP1300, and MP1400
resi ns[0085hi | abl & 4 sesomderRbodimeHodpstiilbed hicseim, the giestrg ceniposibdegarckallyf E. | .
du Pont de Nenours Co.) .and - 8T and MP-10, ayajlable from Laurel

Pr oductn_gfudfwg%st gn%g‘ﬂwra%?lmr g@@fﬂ@@@ﬂ% i alz%sﬁ*éﬁfé FUPRYSRErEnRgsgion

pol ynerrhe ﬁdoféhalyﬂie%@ge%ﬁ@oﬁémwﬁmpag{gh&ﬁé@@ﬂ@ﬂ WEgROVHINB(HEZALE)OTHeN t he
presence of chain transfer agents, and then nmay be agglonerated to form

LPTFE hicodashidvateralyendampasitioavies]adps aploastionk dows imadecafar twaght IMFY (bETWEEN 0. 2
and 20,1 §7ANPol Mt pld2bssRiE MBbSpoFimelblibrppr 0cessi bl e f1uor opol ymers (VPF)

1. First Embodiment.

[0086] In a first embodiment, the composition is a blend of at least one low molecular
weight PTFE (LPTFE) and at least one melt-processible fluoropolymer (MPF). Suitable
fluoropolymer components and blends are discussed below, and are also discussed in U.S.
Patent Application Serial No. 12/468,580, entitled "Blended Fluoropolymer Compositions",
filed on May 19, 2009, assigned to the assignee of the present invention, the disclosure of which

is expressly incorporated by reference herein.

A. Low molecular weight polvytetrafluoroethylene (LPTFE).

[0087] The first fluoropolymer of the present blended fluoropolymer composition may
be a liquid dispersion of polytetrafluoroethylene (PTFE) and, in particular, may be a liquid
dispersion of a PTFE having a low molecular weight (LPTFE) and/or optionally other
properties as discussed in detail below.

[0088] The liquid dispersion of LPTFE in most embodiments will be an aqueous
dispersion, though the LPTFE may be dispersed in other solvents and/or LPTFE originally in an
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[ 0094] The second fl uoropol ymer of the bl ended fl uoropol yner conposition
may be a |iquid dispersion of one or nore nelt processible fluoropolyners
(MPF), suwb2a8/369361 uor oal koxy (PFA) (copol yners of t et pafiusesoonssiys ene
(TFE) and perfluoroal kyl vinyl ethers), including nethylfluoroal koxy (MA)
(a copol yner of tetrafluoroethylene (TFE) and perfl uoronet hyl vi nyl ether
(PMWVE)) and et hyl fl uoroal koxy (EFA) (a copol yner of tetrafluoroethylene

(TFE) and perfl uoroet hyl vin d fluorinate eth

b opy! BHEORERRS HagPeabaniil DS GoR8 o Hhat el i S Srivktide iy heliding
pol ymenézat i £BoRE A asaIdbhst is well known in the art as dlsper5|on

pol yrmeri zati on or emul si on pol ynerization. These pol ynerization processes

may beUHBﬂhuctedThxLBTEEaWh@Imad@EewSdg%m@sdammkcwﬂk%@EEBYhﬁ@Emmemage

| | i ht the fl |y d, t hod
P R S A e S e T
di sper §'5%cfgns‘éhﬁ1ﬁpf 6F fe¥s, B M[E%ﬂsz(gtﬂl) RRIdst, d?ﬁn&‘f) fin) &Q&g%rdf'm%%éﬁs ,

enbodi ments, the after belng produce di s erS|on pol ymer1 zati on or
emul si Qunped lysyedd mazisuﬂad byl ssulitable @adniner susbtas hg tsomiigha deraction BAiSE 8382001
thermal |y degraded. In particular, the MPF will not have been subjected to
any agB’r tomis apbostimenteghe &B?Fﬁ@lﬁﬁ@vmmﬁ%@mw&e sizgp lowes SPot® 1081 i 1R8 a

snmal | Qrgﬂ&%kn%§0§g%@ 3359 Q%pgg( glow. [0097] The liquid dispersion

of MPF 1 h nost “enbodi’nents W be an dqueous di spersion, though the MPF
may beHM”ﬁpersedThmnmhhewwemgaenﬂamhmqumtmmamﬁmgLHaFEywﬂmmﬁnHQQmeaus
phase such ani c

Cor ventehsHROBAARS iapaenboadiBebaneohe syl S RGN0 o 659ET. FHSthBRrEAten

pr Oduceﬂzﬁéoaiﬁsn%’rédtae@lr 1%‘3915@ as H‘fgh'as bY®G@b: Désshfw@oéo SERL. BA7H,060 & [size of
1.0 mcrons | ess; 9 mcrons (M) or less, 0.75 mcrons (nmm) or

| ess, GOQOQDthansréﬁﬁQOQtheﬁsexanpbnlcrons (mm) or Iess 0.3 nmicrons (nm

| ticyl th
mean pBeEL o o B SERRGH Hhns of EfRacitiRp e ptleditr v T g RIS GG
250, ofts BRP nfélﬂteﬁlg%rgﬁﬁ‘@ﬂlm) Eas dcRORHedIby 0dulteble exndpRsd SR bs difivRintiRPyweedisg coul d

al so be used % MPF may be provided in the formof an aqueous
di sper sdlonmety CRSES Vétl%{bﬁllst gl temm@tatﬂ ({Tim3 &, LP(TrFEmth barither squbite prles  As

used hﬁlr ﬁ'S@?"C Ufﬁ | 15:{ ﬁ;en?sr t eni}l@&l%git ;trﬁ}tﬂ*el dfztﬁe lglfi %{aSI eelﬁ %gg][eous

di sper sion”t hat |nc ess’’t atra |ona sur
such as d¢rdessithdan 33280y Eidet aqial aforaessaharom(l?cs utﬁeaeqmm oblasataoeate wei ght

of t heel%if equal to or less than 328°C, either equal to or less than 327°C, either equal to or less than
326°C, or either equal to or less than 325°C.
[0092] The LPTFE may be provided in the form of an aqueous dispersion which is
stabilized, unstabilized, or minimally stabilized. As used herein, "unstabilized" or "minimally
stabilized" refers to an aqueous dispersion that includes less than 1.0 wt.% of a traditional
surfactant, such as non-ionic surfactant or an anionic surfactant, based on the weight of the
LPTFE aqueous dispersion. In some embodiments, the LPTFE dispersion may be provided in
the form of an aqueous dispersion having less than 1.0 wt.% surfactant, less than 0.8 wt.%
surfactant, less than 0.6 wt.% surfactant, or even less than 0.5 wt.% surfactant. In other
embodiments, the LPTFE dispersion may be provided in the form of an aqueous dispersion that
is "stabilized", typically having 1-12 wt.% surfactant. However, the nature of the stabilization
package employed is not a critical feature of this invention.

[0093] Also, as discussed below, the LPTFE may be provided in the form of a solid

micropowder.

14

BDDBO1 5835935v1



aqueous di spersion. In sone enbodi nents, the MPF di spersion nay be provided
in the formof an aqueous dispersion having less than 1.0 wt. % surfactant,

| ess t harwO.281vB369%5sur f act ant, | ess than 0.6 wt. % surf a®Carus2000/058¥€n | ess
than 0.5 w. % surfactant. In other enbodi nents, the MPF di spersion nay be
provided in the formof an aqueous dispersion that is "stabilized",
typically having 1-12 w. % surfactant.[00101] Typically, the nelt flowrate

MFR the MPF_ Wi ter. than 0.5 g/ .10 m nbodi nent ,
tmy pelU8alic > ortb L RE IRl D8 drRafor Ader i sHinisleS P 0os02)
Al 'so, h&BopdTTm. | o ¥R Galother BRY¥EdithchR; IRNPTRIE (N IRNde alsnfilanfbu@PBt ent  of

one or nore nonomers other than tetrafluoroethylene (TFE), of about 3.0
wt . % omogifgiagep;menenterais which egse Yhedt T szt eorpolymsr ktoven inrthgyareag &modifed wt . %

v 505 Wt % ter, 6..0 Wt .9 ter. [0P103] Suitabl
oprcr ESERzporEel hiodh Bl 555 Fmle S tthodibihe SR Rle RER B o007 ( prmy -
avai | apérﬁuf)lfogfﬂp@l&ﬁ@ﬂ&hbﬂ-@PVﬁQ&ﬁ& th&diRss, Qiéaiab bl Llubfopragdde THEPNeof i on

ND-1 10 (FEP), available from Dai kin, and Hyfion XPH 6202-1 ( MFA),
avai | aptlerotiiidyarashylaye (GHEDepwbrorgbutykatleylenss PHBYES ¢ wicict eri stics set forth

in Tab . I Stid ¢s. of melt processible

fl uor oh%ﬂé%ggisl&wwa?@laﬁl%%ﬁ%g&? g?%ﬁ%@i?@ﬁﬁ%ﬁ@ﬁ? })()f)ol ymer conposition
conpospérflao®cthlyltimgethee@EME)i Mhe niddofyingecokddhdméd willi telpidalsples gricsont andh a MPF
l'iquid di speir sion are bl ended together. Wen |iquid dispersions are used,
the di sperdiendhanal e hyveighs rﬁ@%w%h@ém%m@@l’;ﬁ& one of ordinary skill
in the will ' ' : | @i d MPF
di sper g@(?%]s may gl%s%g{tég?é% Ia%gg%gﬁts)%ﬁ:hhdg%sfg\lh stgg%%h{%&(%ﬂé @(I)HF g%lhggg{iﬁs'%g’r si ons
and t h€hdeslur €086 PR .| Vlenaes glell apE38ATN r avhilablo froth@uP®FFDtlandxdRplatyhat i s

desired in the resyltin | ended . co sitions.. [ 00105 cause the
LPTrE. GREPERECPRVHS TSRO A TCI T OVAHRBE TR 8o bher P Bid M avi ng ¢ he
smal | pRARLREFI Dakkis IFRSrREIné. O4ddVRLEY 81P-YpaNPITEN P 801, t4@ AbI3aE Si ons
particles of the LPTFE and MPF are brought into contact with each other at
t he subaickamel Psgdicts. prior to | ater processing steps in which the

di sper g{ are i edy or | ted, for examl.e. i.S bove, the LPTFE
and WoREBE ot heRonBlodlan s nare eI s FoflR SERET R b cr o
interaction of the LPTFE and MPF is thought to facilitate the formation of
a specific crystalline formof the dripbpd or cured fluoropolymer blend that

i's beli ev@qlal;a@te?i@tié-sm&&ﬁﬂffar\; Bw molecular weight polytetrafluorocthylenes (LPTFE)

LPTFE Solids | Molecular Mean Surfactant First melt
content weight particle | (wt.%, based | temperature
wt.%) (Mn) size (um) | on weight of | (DSC) (°C)

(estimated) LPTFE)
(type)
SFN-D 50 10,000 - 0.19 5% 3245 -326
20,000
TE3877N 60 65,000 - 0.2 6% (non- 327.6
70,000 ionic)
LDW-410 40 80,000 — 0.2 5% 3294
90,000
TF-9207 100 65,000 - 13.27 N/A 327.6
70,000
MP-8T 100 ca. 25,000 1.32 N/A 323.1
MP-10 100 100,000 0.84 N/A 330
MP-55 100 40,000 — 11.06 N/A 3243
50,000
MP-25 100 ca. 130,000 0.28 N/A 332
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achi eving the benefici al
conposi tions.

fr

actions,

results obtained with the present bl ended
[ 00106] The relative rati os,

or wei ght percents of

t he LPTFBvardio¥B3s5n t he bl ended fl uoropol yner conposi t iPOm/USeeN®S$4E4 ons

descri bed bel ow are based on the total
fl uor opol yners,

solids wei ght of the LPTFE and MPF
excl uding other fluoropolyners other than LPTFE and MPF as

wel | as non-fluoropol ynmer conponents that nmay be present, such as water or

ot her sol vepts—surFactants—prgrents—H-ers—anrd—ethgr—eerpoesit{ ons.
[00107] THdHPHEE faypolighp| iMeleqular |, ¢ Means g \Rurfactans i gstapelts| vt oy or
as much ag 85 wt.%| cotont ¢, Wweight it mrtglengi Pivoobasedd tpmpatare

f1 uor opol yner conpdsiwi.¥n and (Mm) ot|hsize Gmbpdi omeweight ofid (PSEECFAyY| conpri se
bet ween 40 wt. % and 60 wt . Y4desfimateal)jl ended conpdREFEN, [bet ween 45 wt. % and
55 wt. % of| the bl ejded conposition, |or about [50 dype of [t he bl endef

f1 uoropol yngrr-gpAPGs! tipen. | lauss oo MPropay [conprige ag mugh; as 8b wt. %
90 wt. % - of—as+Htt+t+e—as—5—wt— “Ho—wt—%o—or—5—wt—9%0by wei ght
of the bl ended fluoropol yner conmposition and, in other enbodinments, the MPF

may conprise between 60 wt.% and 40 wt. % of the bl ended conposition,

bet wee 0831 wt . % Enemalsryiypos SILRIHE thronaebe swdpn dianresent Bverismae 50 wt . % of
i ncl ude, 1 n one enbodi nent, from35 w.%to 90 w.% MFA and from 10 w.%to
65 wt. % LPTFE. [LiPT&Egirbéucee vk dilposivin, pobyindridatiemdsemalgionpolynadeizitiam 35 wt . %
such bl ends Y pe SRNGEALREQ GLAGAGN S, WEACERELIGE - Wt. % to 44
W % LGoRy | N aRpIdAR! cRERAALATE B the THGRnGhedidn MY L'P"I‘FE‘{ﬁngdﬁﬁé{;& Ba W . %t
37 f r enbodi nment,
such bpelyosrirationipredessithabia wetll letoNBAN dindar88s dispcdsiiPFeIEMefigidgir cBludsiols of
LPTFE and FEP may .l ncl ude, i.n .one enbodi nent, f(iﬂo?m 25. wth%h_o %O wt . % FEP
_ CORHHSEG Hhthals Hemie
i ncl udghfdhGBaRe (N avérdgR ndfledMlar R difl? ik ﬂﬁ&%(ﬂl?ﬂ@ﬁs-p%d&eﬁin%r Yool gHEE. 10
anot her enbodi nent, such bl ends may include either from35 w.%to 55 w.%

the bl gnded.{dQropol ymer conposition.[00108] Bl ends of LPTFE and MFA may
to 76 wt. % MFA and fro 4f her enbodi nent ,
70 wt. % MFA and from30 w.%to a#.%LPTFE. In a furt

117311 y"[l ¢ () e a
and frB 1Qg)s {1RCSEPQRYTISHFAEPR IO K 76 SRS may
FEP anthethodsrivasrolw tleg nadyregrizationmtaeTssHs contrdlicd e Bomyit liguid dispersian ofFERlyand

froml1Q w.%to 40 wt. 9% LPTFE.. |n anather enbodi such bl ends may
e e A B e A ey ST S S

LPTFE,[000] r om 75 thse ¥nbediBmnist th¥elPEREanRicrfbctin jBdwded %y tdisp@Biont . % LPTFE. | n

a further enbodi nent, such bl ends may include either 50 wt.% FEP and 50

Wt . 9% Dpolymerization or emulsion polymerization, 1S thereafter not agglomerated, irradiated, or
thermally degraded. In particular, the LPTFE has not been subjected to any agglomeration steps
during its manufacture, and therefore retains a small mean particle size. Further, the LPTFE has
not been subjected to thermal degradation to reduce its molecular weight. Still further, the

LPTFE has also not been subjected to irradiation, such as by high energy electron beam, to

reduce its molecular weight. In these embodiments, the LPTFE dispersions will not demonstrate

a spectrum and/or will be below a detection limit when subjected to electron paramagnetic

resonance (EPR) or electron spin resonance (ESR) spectroscopy, as opposed to irradiated PTFE,

which will demonstrate such a spectra and/or will otherwise have detectable free radicals.

[0101] These types of LPTFE dispersions are provided as aqueous dispersions that are
obtained via a controlled dispersion or emulsion polymerization process to produce directly
polymerized LPTFE that is not thereafter subjected to agglomeration, thermal degradation, or
irradiation. These types of LPTFE dispersions will be appreciated by those of ordinary skill in

the art to be distinct from other PTFE materials that are commercially available.
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LPTFE, or 75 w.% FEP and 25 wt.% LPTFE. [00110] Bl ends of LPTFE and PFA
may i nclude, in one enbodinent, from37 w.%to 80 wt.% PFA and from 20
w.%to 680W1ReLBTFE. | n anot her enbodi nent, such bl en#€TrEsgooonss4ade from
37 Wt.%to 65 wt.% PFA and from35 w.%to 63 wt.% LPTFE. | n anot her

enbodi nent, such blends may include from43 w.%to 63 w. % PFA and from 37
w.%to 57 mﬂ % LPTFE. |1 n anot her enbodi nent, such bl ends may include from

orvod U Coucrint i gy of AR R A R
Form ng tﬁ@ﬁo@ﬂéhﬂtﬁﬁ rb@ss et kG e aMRe Sittak %ﬂﬁlular [)pgﬂsibéﬂsﬂfpp(ﬁ%%%iaﬁﬁnpr esent

coating conposition, aqueous dispersions of the conponents of the present
coat i nhidoyiplsis PIIEGHkneny iheéhdirbardzsanilar %TEE wsieor granutar 1dl molding payydef.or
exanpl r Y& anot her, .| ow,or nediu m zes the

oot entran i T BRERL BT G BRREGRTHERE el o

f 1 uor epabyuEwWRSH(VG) 66at 180,000,000 6 ﬂb&ﬂﬁﬂdfal fagsmalk enygeduret(iigyisper si ons
may have Varéé?f sol'ids contents, and one of ordlnary skill in the art wll

r ecogrianethe BaT° G, i ably nwshgheaicrghan pas G deraul T EEE rgspristynigdlywmpvided in

S L S N R T R B L E e
that drogn desd 7@midfordsh@nt)e Ttbdel rogndmendsd be prpddddtasains cuf R0ihd Bhvidge present

coating conpositions may al so include auxiliary conponents or conpositions,
such ascahipaftivlesize eff H¥ torddemerans (wmpder ¢¥aomds. pi gments, and filmformers, if

The. prdlt Coar TRy RelbaLF ohS Sraf B st b o A B PERE:.  sion

as cogkyledifar v&@%lﬂ‘&@dt@mal@‘@ﬂeﬁ@redm ﬂllﬁﬁlnﬁﬁédhl&&lelg'ﬁ@ kan@m@wﬂzfraﬁﬁmf&ve
repro%@aphlc rollers, and other applications I n one enbodi nent,

based bsen fegsaded|bydEradishereer thesmal drgmdaiondp o @@Wﬁ@ﬁéWﬁ@hbma‘teﬁélSpr esent

t t
amount g FR 28 Sl sP BT L G MR LB G GO TRAREN i RiBE B e 05"
W . % aad 20 CnivfonY{ufy. Btangil€Rdf @snuBl PREEnid6boMdele indRadwzofi§l@omPIBoOM . % or
within a range defined between any pair of the foregoing values, wth the

bI endédP 1300onsbMPHE00 wsimpowiatlilie fiemeRuRent i Aoraf®dns tegisterrd ired¢mark o Eds 4
%dg‘%c{%ﬁ%&g"\{ts 1L 0(3 20 wt.% or as great as 30 wt.% 40 wt.% 45

% 65 wt.%or 70 wt. % w thin a range defined between
any pdoro4pf the s‘eecsrﬁg die@@ty‘pa:i ORISPTIIOQikpekbiohfapatsol distinat fremitogh merikcslar t he
HPTFE wrre?g t%el" rcﬁssp%?stloﬂsnmg‘dr;: f?onn? %Ps%er%fon%?tevn\ﬁl?srllon polymerization conducted without

chain transfer agents to thereby polymerize a high molecular weight PTFE having a number
average molecular weight (M,) of at least 1,000,000 or more, and a first melt temperature (Tp,)
greater than the 335°C, typically much greater than 335°C. These high molecular weight PTFE
dispersions are typically stabilized with a traditional surfactant present in an amount greater than
1.0 wt.%, typically much greater than 1.0 wt.%.

[0105] Additionally, these types of LPTFE dispersions are also distinct from high
molecular weight PTFE dispersions that are produced via dispersion or emulsion polymerization
and thereafter coagulated or agglomerated.

[0106] Still further, these types of LPTFE dispersions are distinct from high molecular
weight PTFE dispersions that are produced via dispersion or emulsion polymerization and
thereafter coagulated or agglomerated, and then are subjected to thermal degradation or

irradiation to form low molecular weight PTFE powders, known in the art as PTFE

micropowders, which are provided as solid powders having a particle size between 0.2 and 20
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75 Wwt.% and 95 wt.% between 80 w.% and 95 w.% between 85 wt. % and 95
w.% or between 90 wt.% and 95 wt. % based on the solids content of all

f | uor opolwyoeniosspssnent s of the present coating conposi PCOMS20000584he

bl ended LPTFE/ MPF conposition present in a correspondi ng anount of between
5w.%and 25 wt.% between 5 wt.% and 20 wt.% between 5 w.% and 15 w. %
or between 5 wt.% and 10 wt. % based on the solids content of all

fl uor opol y conponents of the present coat.ing coppositio 00115] Wth
res peé%wlf%l"?wa éﬁﬂm& LiGr e InSHIESIGH, 'erlqwﬁizerra@ﬂ) £3tipas + BrYRRleH ,

partl ‘?ﬁﬁgﬁ"é’g e /q Eongﬁcﬁ%ﬁfb%EMﬁgo@%PIﬁﬁféﬁg MPléU?) é“yval‘f’eﬂ’b}]é;ﬁé yeen 33

. % an 40 wt. % and 60 w etvveen wt % a W . %
or pr déxdont (Zongl® asrmgtstemffd 53l entarl®ot BaskdPan de hénmrstﬁcr&ﬁ) dddwa=r,aent ent of

the LPTFE and MPF co th the F present in a correspondin
broun ST ERDREn 155 ROS el b Mirop S5t DB ARG iSO dROP O A bt ween
45 wt .[§e@pd 55 Winif thee @?@SS&TLPTFE ﬁ_?%&ﬂghg‘atre Qfstiné Wm %PTﬁﬁsrﬁi@rdf)deers
theconbl ned solids cont the LPTFE and MPF conponents. In other words,

t he LPTREfNREYmetized m¢sb@51bepme@nls®n1p0éwdernzaaon betﬁlmeerserlcesrf Ehandramsfir 5,
based on,the ¢ i ned s

cont et ppd et dngentl ERmORTRE bS] e BERVNE TeB s $Pe  on

can berpe@Ras 0D i MhicsdmdNERN dof Samyl@t i on techni que such as sinple
addition and | ow shear m xing. The coating conposition may be applied over

a basecoat or priner and/or ia m deRBE tycrapgwéaiewn t echni que, and is then

o1 oos IDRIRL <Y’ ciln Barear et A s Pheuindifobc e 2 P CRERIETRE '

parti Q,tﬂhﬁmpqgmfdpomgr of the prl mer and/or mdcoat may vary w dely, and
are not thought to be critical with respect to the inproved propertles

dermond®t¥ ed by AHBstdBRE OIS mitropewidieseidarivedimam Migtmpeleprlaswaight oat i ng
ConpoﬁjTthodlr%)&\f\giéds th?(tpa'tré; @odﬁcé&e\n% ?%Bel‘glld{l% eﬁhlsﬁrﬁﬁﬂ%ﬁ%@aﬁ%ﬁ a19ci th%p ér‘? g Cfor

bet ween on t Nness an

t enpercabgiiged dhepgisregert, adahémgdjated td ytmrmal dle;gra&]apbm eflirtadiationl ty fdrnl 16w
t hi ckness DFT). of between 10 and. 30 m craons, depending on the anI i cation.

[ 00118polpqu %d&elﬂ@é’ﬁ FERTERCrh 50own Ehide g P TElan @r@@&ﬂgwﬂé r?faemi herelg
B e i T P
dri ed,tylacairwm\ad:ensﬂ ? ued 20 micrepy @seNti ng a true all oy of t he fl uoropol yners
is fornmed, having nmelt characteristics that differ fromthose of the
i ndi vil&Ll xamples of these types of LPTFE micropowders include Zonyl® MP1000,
MP1100, MP1500 and MP1600 resins, available from DuPont (Zonyl® is a registered trademark
of E.I. du Pont de Nemours & Co.); and MP-25, MP-55, and UF 8TA, each available from
Laurel Products.
[0111] A second type of LPTFE micropowders are derived from high molecular weight
granular PTFE resins that have been degraded by irradiation or thermal degradation to form low
molecular weight materials known as granular PTFE micropowders, which typically have a
particle size ranging typically between 2 and 20 microns (um).
[0112] Examples of these types of LPTFE micropowders include Zonyl® MP1200,
MP1300, and MP1400 resins, available from DuPont (Zonyl® is a registered trademark of E.I.
du Pont de Nemours & Co.) and MP-8T and MP-10, available from Laurel Products.
[0113] A third type of these types LPTFE micropowders are polymerized via dispersion

or emulsion or suspension polymerization in the presence of chain transfer agents, and then may
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fl uoropol yners. The bl ended fl uoropol ymer conposition nmay be used to
provi de a coating having inproved abrasion resistance, gloss, and hi gher
cont act awgQl2en/036985 Coating properties . [00119] The pr eseniS2aoassng
conposition, when applied to a substrate, either directly to the substrate
or over an underlying coating, exhibits a contact angle of at |east 110,
and nay have a contact angle of at |east 120, 125, 130, 135, or 140, for

exanpl e as wat er dropl.et. accordin he Y el ati on.
Cont Bk SRR o b a8 SRS By DR 8 A DR 5o o ¢ 2] o
comengiideh ). 2val 20t C@Oﬂs&?h{gufgg@;amﬁgch as the "Drop Shape Anal ysis" system
(DSAl O, avail able from s G1bH of Hanburg, Gernmany.[00120] The present
coating conposition, when applied to a substrate, either directly to the
substrate or over an upderl 0 cat. ng, exhi blts a,surface roughness (Ra,
arithnmetic nean devi attfon of i i reasured in nanoneters

(nm) (pf1dess tha sé&ﬁdqmormrﬂ%fwe@eawoﬁ%w&%ﬁ%m@ﬁ pli§%s o han 80

nm 60 nm or nm for exanple, as determ ned by |aser profilofetry, for
ex arrplheluldabmmrngf onE ORBMEE meitzpre@mhzw‘emmpqlmr&wﬂmggh a{ 00121] The

Po°t naeuli ) B BIRERar BiemaarrdRRab SBue s Gredai b Bownditvea of ost.
in % reﬁfek?cmamaﬁig r@éthﬂﬂub@aﬁ(bxgk@wmr)@a wlﬁmmetmsweﬁ@mﬂeqmzpﬁn@t | east

25, 30 or 45, for exanp as neasured at 60 with any suitable

conmemeTThior Qm%tbﬁll\’l% Pty @é\ﬂyﬁﬁéﬁﬂ ethé’lll@wfafﬁ xMEE D¢t serplBoeifosset er

S A B S RSO ER N Al RS 5

ASTM @35/ lcnASFNP Ch&dexaPloVl D2457, JI'S Z 8741, MFT 30064, TAPPI T 480. Units
of neasurenent are exlpressed a %reflectance [ 00122 O:her somewhat nore

subj edPTW net hdds NMPF srabsdreducsd Ry 2 pRYMSsptionRrosess thad inyel kovwt Bsbat

ExanpL B T Bl 3G DA P R R B ok g it %@#ﬁmpﬁ%@%@%an ous

f eat umesy @ ndbaediwith rch&n ItKaBSfGIf agehEs wh@heeduce mhﬂearvcera@a malbdutdry weghtoff theo be
construed a limt u | es and. el sewhere herein,
o e et Bt i ia SR TR 20 R me R gR PECros i

controlled to form a liquid dispersion of directly polymerized particles of MPF.

[0116] In most embodiments, the MPF, after being produced by dispersion
polymerization or emulsion polymerization, is thereafter not agglomerated, irradiated, or
thermally degraded. In particular, the MPF will not have been subjected to any agglomeration
steps during its manufacture, and therefore retains a small mean particle size as described below.
[0117] The liquid dispersion of MPF in most embodiments will be an aqueous
dispersion, though the MPF may be dispersed in other solvents and/or MPF originally in an
aqueous phase may be phase transferred into another solvent, such as organic solvents including
hexane, acetone, or an alcohol.

[0118] The MPF, when produced as described above, will typically have a mean particle
size of 1.0 microns (um) or less, 0.9 microns (um) or less, 0.75 microns (um) or less, 0.5
microns (um) or less, 0.4 microns (um) or less, 0.3 microns (um) or less, or 0.2 microns (um) or
less. In particular, the MPF may have a mean particle size as low as 30, 50, 100, or 150 nm, or
as large as 200, 250, or 350 nm, for example.

[0119] In other embodiments, MPF powders could also be used.

19

BDDBO1 5835935v1



Forrmul ati on of topcoats and application to rigid substrates [00124] In this
Exanpl e, topcoats nade in accordance with the present invention were

appl i ed owerowi3dysAat i onal base coatings ("basecoats") t@®Criusea9osdags r at es
in the form ofal um num panel s. Topcoats fornulated in accordance with the
present invention were eval uated agai nst control topcoats. [00125] A
Description of the base coat. [00126] It is well known in the art that

aqueo lutio f _pol yam c aci d can_.be epar ed t he dissolution of a
ol yadPS i e s B roviGobindht reh R G50Ghs dprron bt avar | abl o
from Seibuakd AMNABARE, R iRk skdbtiAd0AsQREd herk®, BunkRBIISLET & ntihadgRBr K of
Sol vay Advanced Polyners, LLC) in the presence of various conponents

i ncl udtabgizadi reéers tasaciuasusdiispsrhgn dehanbdenicseth¢DlAEYt.%And adedgonglent s, such
as furf | .al cohol and.n-ngt rroli.don NVR) . A nmpre detaj)e

doscr Pptdinton R A he PRI SRS be P rBtiE B DB his (onRE S LB} b o

U S. RBat&ub dNperstbn0 14 s&B4 embb&EnhSCIHe MPE d3perdoh iyl tse @¥PIdes & thhe form of

i ncorporated by reference herein. The polyam ¢ acid solution can then be

f or nulaategdequadparsivadevingdessihan h@ wadel purfastanbfless dhandyid v Sarp&ctanpriess

[0012%), Td‘.ﬁwgr@/é’%grs fotan ro’{f‘é)bé}% feg’s“tﬁa%é‘g.rs%@?ashﬁﬁ'ct Mt 9 pihr %b@%g@é@n‘ﬁtpgﬁﬁﬁoat S

(Basecoa ecodt repar as ‘described above an as
set f aligpbrsion mhapbep@dviiet omthe@Oih2 8f anfapicosadippeesoneaeisp'saprized!', byicfyayi ng
Basecoat. A or Ba§e%§$t B onto precl eaned al um num panels, followed by

heat i %@Vlinﬁ lak? Wb érsusfec®80C for two minutes. Topcoats 1- 10 were applied
over oat A i :
00128 BT Aopl 1R ah b PR e O o o SR ey Fmin
descr iabédnloet ombudinment ppyi techbbot 2 Bd Otneigtor bepimpt, @s dityrmsipediyy AGTMBE 288 at ed

panel re then cure r 10 mnutes in an oven at 430C. As applied, the
Gyt AP i chomeNso BRWF oy el B8 s aeor g e BR e 6 § CaM ARk O SR8 °F hat
of t hendreptRRhRrIRh& tRAPEAXMIGb&hYIRO(TIR), $0Bb343 0 BtanBl erchRPGRa & BT e

made using a conbi nati on of three fluoropol yner di spersions and a topcoat

base. Wit of RBiesicogod yirks olcgragion &Mt wt. Gforgieataropé oeit’s of ashigded 6dhet.Yrornor e of
t he folrla?ler,i ng: one or nore high nolecul ar weight PTFE (HPTFE) di spersions,
one of ffore nelt processi bl e fl uoropol ynmer dispersions (MPF), exenplified

her ei noex3|per f | aitablaINKBX Mispdhibhs indide TBT 204 (FIY L avAMbRTI®RE Du®ontived@i PTFE

(LPTFE) dispersions. [00132] A first set of topcoats, designated Topcoats
2-10 KBFHwavgable frgm o dLGsiT @568 (FEP), available from DuPont, Néoflon ND-110

(FEP), available from Daikin, and Hyflon XPH 6202-1 (MFA), available from Solvay. These

MPF dispersions have characteristics set forth in Table 2 below:

Table 2
Characteristics of exemplary melt processible fluoropolymers (MPF)

MPF (type) Solids content | Mean Melt flow First melt

(wt.%) particle size | rate (MFR) temperature
(um) (g/10 min) (DSO) (°C)

DuPont 58.6 0.26 24 313.0 (shoulder

TE7224 (PFA) 321.2)

Dyneon 69007 | 49.4 0.31 194 310.25

(PFA)

DuPont 55.6 0.17 11.9 257.84

TE9568 (FEP)

Daikin 56.5 0.16 -- 232.83

Neoflon ND-

110 (FEP)

Solvay Hyflon | 27.2 0.28 4.5 306.31 (shoulder

XPH 6202-1 287.29)
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LPTFE produced by di spersion polynerization or enulsion polynerization and
which is not thereafter not agglonerated, irradiated, or thermally

degr aded.wa 2003n35set of topcoats, designated Topcoat s PCTAKZoMMEsIW wer e
formul ated using LPTFE m cropowders. [00133] 1. Topcoats formulated with
LPTFE produced by di spersion polynerization or enulsion polynerization and
which is thereafter not agglonerated, irradiated, or thermally degraded

.[ 00134 A—additen—t hncl ude a
bl end b .

descri bed below, the ratio of MPF and LPTFE varies while the anmount of
HPTFE used is held const &nt. LBTHEAAPF blenchebmppsinensdescri bed bel ow, t he

ratio F an TFE i.5_hel.dy.constant whil e .the anount of. HPTFE used

var | ed 0124007 55T Tl e e ORI Bl S Hirofib S AR m S Pt e

f or nuligten€ion,of LRTEE [ €8 @ipefsicaniplie, MPE 1igefd digfctdiobak 0tnided Tabiher. 4WhER0136]
Various fluoropolyner blend ratios were investigated by conbining the

t opcoatduiskdienopyions aye psadntieditprisions MmayHe HPIym e SORFEEOHMHS, P O(IWg)

conpo X I . I nent s
tota|gﬁ&5%7§ﬁ§£@§ﬁ?5g3?@Sﬁﬁéggé?ﬁgﬁgfﬁﬁgi3%%§ﬁﬁkgﬁaﬁﬁﬁfé t %ﬁﬁgggoat base
conpr idsepdrsidne niagrtri solco@d ascd onethgbdlidsenaents odtheadighrrdiapemdtthd dysired at i on,

per Table 5 below. [00137]. In the topcoat farnulations, the HPTFE conponent
was DAFRIIYE weighiperernbiatie Afitipll Bl ﬁn(f W, it s deyrediin e@#&@%‘%‘ ent was
SFN- D .BIEEsidbsyer si on (50% solids), and the MPF conponent was either of
Type 1 (Dyneon 6900&Z PFA di spersion (50% solids)) or Type 2 (DuPont TE7224
PFA di[8psi on (N608blg.ovhaisthy LPTOD 288hcNdBFesc proamdd n thelfonm obinguad n

formul ati on and .per.for ce dat a ,about e . various e | e topcoats .t hat
w1 PR GABE R R AEre SR s BT P el TR b O RS e ur es
for t hartRedsiortimneEr i gt EVPFers Bioub Rt ihtd dotdch@itl @8dh dRENQR A ®B8RTdEA lovel,

bel ow. Leonard W Harvey Helen L. Brain BLENDED FLUOROPOLYMER COVPCSI TI ONS

AND CONPI NASteFORCFYsEN] BB 1ISWRSTRAT B8parsioss aicalried onoelted fortxampde. As

application 000 s appl/beation al sg cl-ai h nef.i nder Title
357 RPN oty M P AEPUEE A Ao R Ao e RERT) iR
61/ 10®lchllink, s@htthitltedsuBiofbhteraction of the LPTFE and MPF is thought to facilitate the

D
N
D
N
D
b
o
-+
L
N

0]

+hn
tTc—pP

formation of a specific crystalline form of the dried or cured fluoropolymer blend that is believed
to be important to achieving the beneficial results obtained with the present blended
compositions. Although blending of the components in the liquid state is desirable in many
applications, for other applications, powder blends are also desirable, as demonstrated in the
present Examples by the effectiveness of micropowders when employed as the LPTFE
component.
[0126] The relative ratios, fractions, or weight percents of the LPTFE and MPF in the
blended fluoropolymer compositions described below are based on the total solids weight of the
LPTFE and MPF fluoropolymers, excluding other fluoropolymers other than LPTFE and MPF as
well as non-fluoropolymer components that may be present, such as water or other solvents,
surfactants, pigments, fillers, and other compositions.
[0127] The LPTFE may comprise as little as 5 wt.%, 10 wt.%, or 15 wt.%, or as much as
85 wt.%, 90 wt.%, or 95 wt.% by weight of the blended fluoropolymer composition. In one
embodiment, the LPTFE may comprise between 40 wt.% and 60 wt.% of the blended
composition, such as 50 wt.% of the blended fluoropolymer composition. The MPF may
comprise as much as 85 wt.%, 90 wt.%, or 95 wt.%, or as little as 5 wt.%, 10 wt.%, or 15 wt.%
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FLUOROPOLYMER COWPOSI TIONS, filed on Septenber 26, 2008; U.S. Provisional
Pat ent Application Serial No. 61/109,952, entitled BLENDED FLUOROPOLYMER
TOPCOATS WOR0FIBMBLE SUBSTRATES, filed on Cctober 31, PO0AIS2009858444

Provi si onal Patent Application Serial No. 61/145,433, entitled BLENDED
FLUOROPOLYMER COWPCOSI TIONS, filed on January 16, 2009; and U.S. Provisional
Pat ent Application Serial No. 61/145,875, entitled BLENDED FLUOROPOLYMER

COwP ITI fli I anua 20, 200 t he di scl osur ch are
oy By og e Sich B OBl p R omBRG e 1 PR TE e BARKEROND OF
THE | NYENTECHEHRE040 wil o, ddedodwed, dthge Bl@ﬂ@éﬂtﬂlﬁﬂopdl%%om-lﬂ%@n%hesiﬁﬂras 50

invention relates to fluoropolyners and, in particular, relates to
f | uor opdh phthe Weandedspmposigothavi ng | rrproved properties, such as coatings of

the t hat arg appl.i o fl bles tr.ates uha I cloth, in
unt on BFA7S, § afie R LRI PG OFF ATDSRENTS dEbEF smboG et 8T T LY Doy
par ti eitl9aMFA Red BORSFWvt. Y0 %ee3twon TIPEIFRE. €8 ah6thar éhbeiMpe, YIRIblGRITRRS t | ons
that may be used to form coatings having |nJ)roved non-stick or rel ease

char adt@rdsiomsSaridr e 79 misroVEH ant Biamad wiesite pandeo LEAHE: dnpepthers i | ms and
bl e”d%ﬂf&%‘we% %815*’8@?1&51 1’119 cldd%Q%%l 58wt 5)%% &{ 6/%1;93‘ antd*}‘?mﬁ%h 8 ¢ t‘ﬁﬁ‘f i

[ 0004] uorop’ Yers ong- mai nl'y
i near\xztr%‘smu?ilzngn another embocﬂrmerh ﬁmmblemﬂs ﬁiabl 1103‘1udeff®01h366rvﬁ@6m0 amom/ BMEA

| with fl | ud Itt f t hyl PTFE
et iy i 810 b (R s T ot R MKyt ceh PRes Mg gh¥dic Toal Koy

(PFA) it X?'Mlé&%&’d?%'% L peEpet hyl ene) and poI y(V| nyl fluoride). BDDBA
5835935vI [ 0005 asscloth is one exanple of a flexible substrate that may

be coe[ﬁbli)] wi t h Bléddsef dpdIFEmad FPanangchihgneonatimbgdinygni, dednh 95 widh ted¥s a

el g e 5B T 8% 0 s BPEIE Y apfles Sahens Aoy Coati no

t eChn'lﬂd!@dd fyalges. o 8 d0 KA. AFEP aas Eloat fo Web, folysauan 1P THE hakktheent ai ning a
di spersion of the fluoropol yner, and then feeding the coated web upwardly

t hr ougmbad@nqnt rigclahlgndy me Hichigcsither frméﬁ Wit tub w@% FER anthfomoh Whip.toThi s

D e AP GERSRF e P SE P TR MESASRN AP0, 00 e

fluor Qﬁ@ﬂhym@ﬁb@daﬂﬂpm sdthﬂéhdfs maya@@hd@athe@ ﬁ’én&(ﬁ\k}t #sSto 50 wt.% FEP and from 50
wt.% to 60 wt.% LPTFE, or from 75 wt.% to 85 wt.% FEP and from 15 wt.% to 25 wt.%
LPTFE. In a further embodiment, such blends may include either 50 wt.% FEP and 50 wt.%
LPTFE, or 75 wt.% FEP and 25 wt.% LPTFE.
[0130] Blends of LPTFE and PFA may include, in one embodiment, from 37 wt.% to 80
wt.% PFA and from 20 wt.% to 63 wt.% LPTFE. In another embodiment, such blends may
include from 37 wt.% to 65 wt.% PFA and from 35 wt.% to 63 wt.% LPTFE. In another
embodiment, such blends may include from 43 wt.% to 63 wt.% PFA and from 37 wt.% to 57
wt.% LPTFE. In another embodiment, such blends may include from 50 wt.% to 60 wt.% PFA
and from 40 wt.% to 50 wt.% LPTFE. In a further embodiment, such blends may include 53
wt.% PFA and 47 wt.% LPTFE.

[0131] When aqueous dispersions are used, the dispersions may have varying solids
contents. The wet weights of the aqueous dispersions of the first and second fluoropolymers to
be blended are selected based on the solids contents of the dispersions and the desired relative
weight percents of the fluoropolymers. Powders of the fluoropolymers may also be blended and
then, if desired, dispersed.
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coatings for flexible substrates, such as glasscloth, that denonstrate

i nproved abrasion resistance and/ or rel ease characteristics, and for use in
ot her appWocatiwsss SUVMARY OF THE | NVENTI ON [ 0007] The Ppramseond/ossieent i on
provi des bl ended fl uoropol yner conpositions that, in one exenplary
application, may be applied as a coating to a flexible substrate and,
optionally, to a flexible substrate that has been previously coated with a
pri mer basecqat and/or a mi dcoat. .Jn one enbodi nent, the conposition is
D b e "o °T a3 fothmstoas ArssrbibRERE T SHbER U SRS Ra e

( LPTFR)ciaicudfacta®RSHi11 28 §cifBrbcrRéR e8SaV &, end pidRIRROINMBRFed( MPF) . I n anot her
enbodi ment, the conposition includes a fluoropol yner base conponent

i ncl ud0bBlat | eddie corténg dompositiohy par basprepared by pphstatlaed toraulagen grehnique

pol yt et r.af | uor pet.hyl ene . ( HPTFE) . .and ditionally i.ncl udes, t he LPTFE/ MPF
b1 enasti T ARBEGH MR "Betob it mifhfy FEF HhRRGomborPaFEY b Byelli &
subst maingr af@bt SiEdohybyOMBkndwlrtbdmiquel arlkiege eRatcuasddb Providds erlied fdxdblt hen
cured, the present conpositions formcoatings that denonstrate inproved

abr asisBpstiatsyER a sedingray Bye ipppvEeatsris phrasien seristance apd saleass chatagteristics.

i ncre I : r E eng ./ LJpr. i il The
br e e Dafs BT AR ARROR NN o Mat LR ARSI IRERAEE RO rbene 08 oo
of cl ao bt yritud wiithpespeeabithd improvidieprppeat endenamspatsd by diescoatingsadistdsset or m may
be melt or paste extruged to formarticles with inproved inperneability.

[ 0008TheTH - HEWE Y nasthide PeBY Obseed i eBRequNYIEH EXFRPISRAMEI MR or opol yner

COMPOSidiitaite +& BIMRRY SHdAGE in%ltesé £33 be Qﬂﬁiﬂ%h%eg‘%&)?%ﬂ& lor WRARE is usT:d under the

pol ytetraf | uoroethylFene (HPTFE)” having a nu aver age nol ecul ar wei ght
(M) ogfresant dostasg. 500, 000 and present in an anpbunt of between 1 wt.% and 98

Compodd iin: "at eSSt gt TECl seoudrghic e PR SFt bRl iceite
( LPTFER)ichaY] Rgeiifgd 65 {her@bﬁcazioﬁ,]ga@%aﬁ&?éﬁ&ﬁw 4 18P Bladlrt kovie Bbutf008BForC or

| ess and present in an anmount of between 1 w.%and 98 wt. % based on the
t ot al bstydeds andil§hmingtes.adopeiding on sl apnbedthicknesse Repamding on 81¢;apahertign | east

one nel tpnrocessible fluoropal yvner. (NPF resent in _an, anpunt of between 1
o o R REgee PR e ARl e Blinds o e It B R T or b yrer e i

t he conposition. [0009] A coating applied to a substrate may include the
fl uoropol yner conposition. A film may include the fluoropolyner
conmposi tion. The fluoropol yngk co Nthe jn

[0135] In a second embodiment, the composition includes a fluoropolymer base
component, such as a high molecular weight polytetrafluoroethylene (HPTFE), together with an
amount of the above-described LPTFE/MPF blended fluoropolymer composition.

A. Fluoropolymer base component.

[0136] The fluoropolymer base component includes at least one fluoropolymer, such as
polytetrafluoroethylene (PTFE), co-polymers of tetrafluoroethlyene and ethylene (ETFE), co-
polymers of tetrafluoroethlyene and perfluoro(alkyl vinyl ethers) (PAVE), co-polymers of
tetrafluoroethlyene and perfluoro(ethyl vinyl ether) (PEVE), co-polymers of tetrafluoroethylene
and perfluoro(propyl vinyl ether) (PPVE), co-polymers of tetrafluoroethlyene and
perfluoro(methyl vinyl ether) (PMVE), co-polymers of tetrafluoroethylene and
hexafluoropropylene (FEP), co-polymers of tetrafluoroethylene and perfluoroalkoxy (PFA) and
polyvinylidene fluoride (PVDF), and co-polymers of tetrafluoroethylene, hexafluoropropylene,
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the formof an aqueous dispersion or may be in the formof a powder. [0010]
In another formthereof, the present invention provides a fluoropol yner
conposi t iw,20000335si ng: a fluoropol ynmer base conponent POTASRINY/ 0583460
amount of between 70 wt.% and 98 wt. % based on the total solids weight of
all fluoropolyners in the conposition, the fluoropol ynmer base conponent
conprising at |east one quoroponner i ncl udi ng hi gh nol ecul ar wei ght

(v o S B e H o e O BB e OB o h5H edont

in anpqqqgﬂgygﬁoggh%%en 2 Ww.%and 30 wt.% based on the total solids weight
of all fluoropolyners in the conposition, the bl ended fl uoropol yner
conpodft37n conﬂrymmaﬂg tha fluproaslymsn baseoampohe wibewst ghmore perfluorinated

Cor . rubE oS R ARP Rt o D B o B b b REI AR IR 2 7

Ieast(HBQFH?b&npﬁQﬁQSS|bIe fl uoropol ymer (MPF). [0011] In the conp05|t|on
the at | east one fluoropol ynmer base conponent may befgbesent i n an anount

of betlME38h 75 wlhopnapbeogy ditgcopolasidar wrighl (Mhd efithe IHIbHEpsItymeallyc hgsssi t i on
may begpraFent ﬁ%@%ﬁ@%’f‘ﬂb?(ﬁbod’%ﬂ?ﬁ&bﬁ b %Pﬁle%ffn%ﬂ’bff{glggﬁ?sﬁe&{&nkhe

total "sol'ids wel uoropolynmers 1n he co n anot her
enbodeEMWpowmﬁsmmzk@ﬁﬁﬂeﬁhﬁnﬁh@uﬂﬁmﬁhynmSmhaseIﬁ@ﬂ@@ﬁﬁﬁ@(Hayx@@mpresent in
an anount of between 82 % and 96 % and.the bl ended fl uoropo

conpodYRIFBl ipglydparfickatsor SRDIY- &}9&8 { uRsfa EIRTEE ispggsions. ¢ ysl%ﬁy % based
on t h%a@ﬁl 3ss 510kl ld(§w‘fv% Qﬂ?acfé‘ht gld arfd é’&%‘il@]ﬂ@laﬂﬁrﬁ{a a'ls% te e&omgﬁ' to@er 150012]

I n the cofmposition, |'east one melt-processible fluoropolymer may
conpr ivsed, pler fdwater aa]ll kmgall(yFBlé,@)spprseé end ligud sampapagrlbe cmatmgeumﬁdsmwn % and 65

w . % on t t ot al l d f the fluoro ner s e bl ended

o SBER ror cofisbBiermimdimsiis A5 BBTFE s relite SR R ot srest e Pe)
may b@ncﬁfo%ﬁ:@rlh WHICHhs @ RUMP T X tNEGS pS0mBE kidovwanil tBOaths %nbdsied PPRE! be t ot al

sol i ds melght of the fluorop olxners in the blended fl uoropol yner

corrpostrtl¢€omodlﬁeBBEE@ Egaspiesol thoousljfying aohmovamgsasélidon, the at |east one
e EASER e OEALV bR oS R 58 QLA B SR, PP e
sol i dghiedtgifiioRtthiyhde (CUBER petiudestatyl&thilege (HFBTIC6r dthetor opol yner

perfluoroalkylvinylethers, such as perfluoromethylvinylether (PMVE) or

perfluoroethylvinylether (PEVE). The modifying co-monomer will typically be present in an

amount less than 1% by weight, for example, based on the weight of the HPTFE.

B. LPTFE/MPF blend compositions.
[0140] The LPTFE/MPF blend compositions are those describe above with respect to the

first embodiment.

C. HPTFE/LPTFE/MPF blend compositions.

[0141] To form the present composition, aqueous dispersions of the components of the
present coating composition may be blended in any order with slow stirring, for example, or via
another low or medium shear method which minimizes the potential for agglomeration,
coaglulation, or fibrillation of the fluoropolymer particles. When liquid dispersions are used, the
dispersions may have varying solids contents, and one of ordinary skill in the art will recognize

that the wet weights of the liquid HPTFE, LPTFE and MPF dispersions may be selected based
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conposition. In another enbodi ment, the fluorinated ethyl ene propyl ene

(FEP) may be present in an anount between 50 w.% and 75 w. % based on the
total solwoso0wdi3giss of the fluoropolyners in the bl ende@cCiriusesoopsssysrer
conposition. [0014] The at |east one | ow nol ecul ar wei ght

pol ytetrafl uoroet hyl ene (LPTFE) may have a nean particle size selected from
t he group consi sting of O. 9 mcrons (nm or less, 0.75 mcrons (mm) or

| ess,

ess,
RPN T SRS S S R qﬂ)ﬁw%m Soepttades BEfe"®
t enpengiriee 1PTHE &QIMPFE etht Efe%hﬁrélﬁmgﬁ@ﬂﬁul@lﬁ%%le%ﬁéd‘&n%os?tﬁ%sC or less, 330 C
or | ess, 329 C or | ess, 328 C or | ess | ess,” 326 C or |less, and

325 CI8H2less. [Imonspmtmtin@nt, bwsltondh@Sdlmlwccmb@mf Ialalrﬂum@htmer components

pol yt e rafluor | ene (LPIFE b ai ned V|ae si on_pol rization
b thodt UBarignEe g5 RagaRRinst Po o afi Geimasit Sl P

i rradiliafid 8N wev,, Teyt. e wairol R vE%r30vapeyaiewt. ahtanies 45ivet. %y ﬁ/t 2% 60

pol ymeri zati on or suspension pol)/marl zation with or wthout a subsequent

nol ecottat, QueiOght “or dcrsFadAs 80 8670190 veinot Fewt o Pt iera &8, witheorprighia mt
' ”Ve”trérfg’e% d%%ﬁ&iﬂ' &eéh rﬁﬂssa‘ﬁd jtﬁ@%‘?@gﬁg r%ﬁtﬁ’ea&omo'tﬁb%e cg‘my)r?@ﬁ'té) €

substr a coa ubstra rrsin eas one
f | uor alpoblyned ﬂmépwqu donglosiftioh @Cd&br&hn‘ﬂﬂla@bhntﬂﬁla}{h&td&fﬂ wo%oetvh% ehe

(HPTFE) having a nu r average nol ecul . of at | east 500, 000
o prv@s/mwam%m@w oG 76° 3 W k"9l 94-Yasaikiah One i ot al

solid 78t o4 '9‘6%@5%%8’@??@ of 99 W((t%?%ihﬂga rédoe HEARI RGO

nol ecu ar wel gﬁ)t’ pol yt'et rafl uor oet hyl ene PTFE) havi g a nunber aveP’age
nol ecqvlaarofwbmfgmgo(ﬂg‘r@alwfs Iess t han 500, 000 and present in an anmount of

bet % 0 w . d ht of fl
n thAOLEHL | ng: TARATALIS SHbed BB (P BEBLETS e TS POBaIYHEr BPSBLR
an am?hkf‘éor@ﬁosﬁﬁﬁl\/iﬁ @R athoVht oﬁb@%eﬁ%o%d%g%&% Goc@Redn ) 4t winel 8Nbet@berd I

fluoropolynmers in the coating. [0016] In the coating, the at |east one |ow

mol ec dRandRéivgiie, fooexanenle.dfapesorroide Itrgtalexﬁ@lgl(ituﬁ?ﬂ&)umlﬁb”eerp et rpmpasigan.
71 uor dpoignar BPE St fdfbamntnediocTithlR o SR uih SORBEEES on
the t otald 408itght bedlvedd 2 ald 3@K0PQloY BB eh A ahdilQS §034b, fBfexahiife, dasddamsthe ONe
melt- EE(I;tglcv%glsgiltbcl)feal14ﬂu01ropolyme1rs in the composition.
[0144] With respect to the amounts of LPTFE and MPF relative to one another, in
particular embodiments, the LPTFE may be present in an amount of between 33 wt.% and 66
wt.%, between 40 wt.% and 60 wt.%, between 45 wt.% and 55 wt.%, or present in an amount of
50 wt.%, based on the combined solids content of the LPTFE and MPF components, with the
MPF present in a corresponding amount of between 33 wt.% and 66 wt.%, between 40 wt.% and
60 wt.%, between 45 wt.% and 55 wt.%, or present in an amount of 50 wt.%, based on the
combined solids content of the LPTFE and MPF components. In other words, the LPTFE/MPF
ratio may be between 2:1 and 1:2, between 1.5:1 and 1:1.5, between 1.2:1 and 1:1.2, or may be
1:1 based on the combined solids content of the LPTFE and MPF components.
[0145] When aqueous dispersions are used, the dispersions may have varying solids
contents. The wet weights of the aqueous dispersions of the first and second fluoropolymers to
be blended are selected based on the solids contents of the dispersions and the desired relative

weight percents of the fluoropolymers. Powders of the fluoropolymers may also be blended and
then dispersed.

25

BDDBO1 5835935v1



BDDBA 5835935vl fl uoropol yner may conpri se perfluoroal koxy (PFA) present in
an anmount between 37 wt.% and 65 w. % based on the conbined total solids
wei ght ofwohelmied3east one | ow nol ecul ar wei ght pol yt et Pafriuseroomsdiyd ene
(LPTFE) and the at |east one nelt-processible fluoropolyner. [0017] The
coating may have one or nore properties selected fromthe group consisting
of : a surface rougness (Ra) of less than 1.5 mcrons; and a neasured gl oss

of at t 30%.refl ectance BRI.EF DESCRI PT DRAW NGS [ 0018]
The ad@%ﬁmm. M FOLRESHP M escff@%ﬁ@d%%n oy afxsavla iﬁ‘g%gtoglﬁ afiﬁiﬂge%ﬁ Si on,
and t@ﬁrfﬁ@aﬂﬁrﬁl&ts adih kgt M&ﬁtﬁ%s%ﬂd'p@ﬂ&%'ﬁf&&'h%dappar ent and the

invention itself will be better understood by reference to the foll ow ng
descr |[@147d>n of dhcentipdsitrent ca@fbetpm@Mmmnymmnﬁaﬂdefnnnmlab@n]egmqucmas h t he
acconpanyil mhereln

| o
o anBrh oS AT AR el TROCPndS oy e SRR Rl B e el For
the t opidedi r iy bbevenadtpd BS adRtownethttgud bhd afcapet digéd Wiprbvide 8esasd pl ot
of the HPTFE-rich area of the first plot; [0020] Fig. 2 shows a first

cont odl@xmleﬁubévatwhaama@ag 3008 (rmraﬁ?m@l@)n Pretqnegsisgasd pleaseand LPTEE
cocondnrSEritRS, 1A PABERAL PPt S TP U anb R LBl y RSl 00 2

first aﬁ@ﬂfﬂt@htfuglh’[ tmtbeo;frlthWwiilOfHQpeﬁdEmm}e |1mplfb)ve@bﬂipbﬂ¢s dgabnstatddiy thad LPTFE
content for thF FI&?coats in the gx t hat. i ncl ude PFEA, tog?th%r with a
secondOpImss doelaspbheiprleyRr. a5 83 nto 8Ty 54 igcoppestion (IRalg 7 b8lovhows a
first; BngHE‘ steBice @ oil Mg %QQ% 1ﬁé§§§m5fbé% Qnga Waidn 493LARE o iR s hES -BFE

content for e topcoats | anples t I ncl ude” PFA, together\M
seconadmpérahe pfes¢tieoMPIRFE-ri ch area of the flrst plot; [0023] Fig. 5 shoms a

fi t Lot of TW. 3000 4 A d PTFE
ont eAOER1E G sBmapetipi e CERTRH ia 4 BrREt HETkaRR TR of BalRe/ 5w th a
secongn@kotmiefons,HRpéiiTEEor iheh ﬁlﬁ@ﬁo@fanmﬁa;fBdc&ﬁe@&tqttemb&@aﬁ& aidv@-abutshows a

first contour plot of cookie dough cooking rel ease (Exanple 5) plotted
agai n§100 ﬁpr@nﬂvqepimdd@ﬁn@nws,fd@penm@ omheaarked t:hlqlmessatmmct@g @rhﬁte i ncl ude

PFA, 819 ta%%ﬁ al% degree gfe i T{ esD ldesure%]c tlfere(e)mglgéql[: gnsrrlng{}b bf":st 5§p%e8 in several lle{’yselags plot;

[0149] It has been found that blending of the dispersions facilitates interaction of the
LPTFE and MPF, and of the HPTFE, LPTFE and MPF, on a submicron level to facilitate

intimate blending such that, when the blended fluoropolymer composition is dried, a crystal
structure representing a true alloy of the fluoropolymers is formed, having melt characteristics
that differ from those of the individual fluoropolymers. The blended fluoropolymer composition
may be used to provide a coating having improved abrasion resistance, gloss, adhesion, and

higher contact angles.

111 Physical properties.

[0150] Coatings and films prepared from the compositions of the first and second
embodiments described above may exhibit one or more of the following properties, together with
additional properties, as evidenced by the following Examples.

[0151] The present composition, when applied to a flexible substrate, either directly to
the flexible substrate or over an underlying coating, or formed into a film, exhibits a contact
angle of at least 100°, and may have a contact angle of at least 110°, 120°, 125°, 130°, or 135°,

for example, as measured for a water droplet according to the Young Relation. Contact angle
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BDDBA 5835935vI[0025] Fig. 7 shows a first contour plot of pizza dough
cooki ng rel ease (Exanple 5) plotted agai nst PFA and LPTFE content for the
t opcoat s wo 20te3E8anpl es that include PFA, together w trCa/Use@ofsBspl ot of
the HPTFE-rich area of the first plot; [0026] Fig. 8 shows a first contour
pl ot of chicken cooking rel ease (Exanple 5) plotted agai nst PFA and LPTFE
content for the topcoats in the Exanples that include PFA, together with a

second pl.ot of the HPTFE-ri f the first plot; [00 Fig.. 9 shows a
ot eBitonRpdrcbr s il iR st e fe ool seATRd | PTrE

cont eRfstiudient, REcH ARAOaDRP ShabBAnEXARPLRSerh P@SAﬁ@ﬁhb@ﬁbB%m kegetdapHwWrt h a
second plot of the HPTFE-rich area of the first plot; [0028] Fig. 10 shows

a firdlangdomg.dogrmphpt of gl oss (Exanple 2) plotted agai nst PFA and LPTFE
conte r the. taopcoats in the EXx | e at include,PFA together with a
cecond? BBt of - oHE MRS eabTbon B X ATF et I al Rt @it S IR 1 s howe
a_fir stbstan slovephdindetlyi@nioatig, an @irte( Bxoamlie, )hibitd tiethcagaighaéssifRA and
LPTFE content for the togcoats In the Exanples that include PFA, together

vviht h arigsesitanpingicvistion REtheprrghnessanoBicemiceiuredia micops) ?ﬁI@StS;the[m}aém Fig. 12
cat nefeish nd PR o Bufthodoup BRSO BRARUPL s 3 Efonk EFH G by PR | e

PFA, tfogetahsie,as téte@niaet anvdrdih®to BN 8O d 36T EExdanglie abeldwof the first plot;

[0031] Fig. 13 shows a first contour plot of kinetic force (Exanple 8)

pl ot t dM 3 ai nst TPRATGRE Qoo g8y by Anplied f%ﬁ?%lalééa'e%r% cithfg dpgethpices t hat
inclu A : : = ; e
rot o Mol B Ral: Ll T By AR o o o i e PO e e

r esul tgbossfint/hecfedtaesd, of at lesdt 3 5 ( dangp)t Ieave Ja miastited glang af atdltasPER ndS 40T FE

content for the topcoats in the anmpl es that incl.ude PE together wi,th a
SO S e I et L S F ATAT S S R
a firska00RF6ss BOOEloSmdthie aNBL BRI A AL Byk&SdtAS, Bfacthi8aRATviaNgle TM{ovﬁﬁ%aSi on
tests (Exanples 3 and 4%\1% otted agai nst PFA and LPTFE content for the

t opcoataadands:t BE300aRpI IBEN ENISQ AElBuBEN BFEA30, tHg BIh ép68aiASTM DXE30AETM ot  of
bl ot &1 oA PR T B T RETR| Rt o35 Al gt doder s il contout
Units of measurement are expressed as % reflectance.
[0154] The present composition, when applied to a flexible substrate, either directly to
the flexible substrate or over an underlying coating, or formed into a film, exhibits a light
transmission, obtained in accordance with Example 6 below, of at least 60%, and may have a
measured light transmission of at least 70%, at least 75%, or at least 80%, for example.
[0155] The present composition, when applied to a flexible substrate, either directly to
the flexible substrate or over an underlying coating, exhibits adhesion, as obtained in accordance
with Example 8 below, of at least 4 1b/f, at least 5 1b/f, at least 6 1b/f, or at least 7 Ib/f
instantancous force, and/or at least 4 1b/f, at least 5 Ib/f, at least 6 1b/f, or at least 7 Ib/f kinetic

force, as measured by the peel test described in Example 8 below.

EXAMPLES

[0156] The following non-limiting Examples illustrate various features and
characteristics of the present invention, which is not to be construed as limited thereto.
Throughout the Examples and elsewhere herein, percentages are by weight unless otherwise

indicated.
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tests (Exanple 5) plotted agai nst PFA and LPTFE content for the topcoats in
t he Exanples that include PFA together wiwth a second plot of the

HPTFE- r i cwoan®a3ed3st he first plot; 6 BDDBA 5835935vi [ 008F]USBig/058494 shows a
first contour plot of the normalized results of the roughness, gloss, and
contact angle tests (Exanple 2) plotted agai nst PFA and LPTFE content for
the topcoats in the Exanples that include PFA, together with a second pl ot
of the HPTFE-rich area of the first plot; [0036] Fig. 18 shows a first
contour plot of the normalized results of the RAT and TW abrasion tests
(Examples 3 and 4), the adhesion teshmpiEKanmpl e 8), the cooking rel ease
tests (Exanple 5), and the roughne§§T‘é¥6§s, and contact angle tests
(Exanpl e 2) plotted agdixempld aappsitioPEAndappdinatigmto t he t opcoats in the
Exanpl es that include PFA, q pl ot of the HPTFE-rich
area of the first plot; [ S mer Py FHst  cont our pl ot of RAT
anbient initial (Exanple 3) plotted agai nst FEP and LPTFE content for the
topcoats in the Exanples that include FEP, together with a second pl ot of
the HMEErich dn&aggﬁamnlé, qafings weistmadedymgForpepitigny ofhlswded first contour

pl ot I o ) : I . . eont ent
for tﬁ@wﬁgﬁéﬁﬁgé9?%m§ﬁé%§§§ﬁgﬁkﬁﬁ? %ﬁmﬁ%%%ﬁé%%E%%?H?%gg?ﬁg%dkﬁ%gﬁgﬁsecond
pl ot afioltdidarRTEHE-PTIREN HRTRE ) abgcttive whiihrtdéndel dluprdpdBa3&rs i @codadceshiohehea
first contour, plot of TW 1000 (Exanple 4) plotted agai nst FEP and LPTFE
cont et eMbREIRH, O BEcEeNt INYERUOEX anpl es that i ncl ude FEP, together with a
seconopisgt of theniIERERpId Alksak&A &ﬁa&ﬁ%% EttedPdiitd lab QAR LV Ei 1hsccdRtsS hows
a first contour plot of TW 2000 (%xanple 4) plotted agai nst FEP and LPTFE
cont ennd/oomiddvetst apttbatsultmgichetitgxanphesvdrt tistedrfot abdesidiERsistaogerdleasewi th a

second pl ot of HPTFE-ri.ch area.of the first plot; [0041] Fig. 23 shows
2T r SrSueifotnd ARetPrare Ty n 08 TR BHER MBI ol ot t od agai nst FER and LPTRE
cont egmmr t he tRPEPRALRLIbA dthBe Faabdk 88d hidloalsed 4 €orftER TdRgshald W th a
second plot of the HPTFE-rich area of the first plot; [0042] Fig. 24 shows

a fi r gespedhichiurnghistexpresgadaisivect shgighih freeieis ndieraal dzpstep¢aEk eempencsls, gsitot t ed

agai nsf 5Pl EFIEESRULEN A cbfidagE0at s 10 the Bxanpl es that incl ude
Table 3A
Basecoat formulations
Grade of
Coating# | &0 # of

substrate | PTFE | PFA | FEP | LPTFE | THV | Water [ Solids | passes
F(Control A) 2116 0.5 0 0 0 0 0.5 30 2
F(Control B) 2116 0.5 0 0 0 0 0.5 30 2
F(1) 2116 0.5 0 0 0 0 0.5 30 2
F(2) 2116 0.5 0 0 0 0 0.5 30 2
F(3) 2116 0.5 0 0 0 0 0.5 30 2
F(4) 2116 0.5 0 0 0 0 0.5 30 2
F(5) 2116 0.5 0 0 0 0 0.5 30 2
F(6) 2116 0.5 0 0 0 0 0.5 30 2
F(7) 7628 0.5 0 0 0 0 0.5 30 3
F(8) 7628 0.5 0 0 0 0 0.5 30 3
F(9) 7628 0.5 0 0 0 0 0.5 30 3

0.05

(with

0.025
F(10) 7628 | 0.425 0 0 0| x-link 0.5 30 3
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together with a second plot of the HPTFE-rich area of the first plot;

[0043] Fig. 25 shows a first contour

pl ot of pizza dough cooking rel ease

(Exanpl e WP 2ploa3tdd agai nst FEP and LPTFE content for tIReTiusSp@oAssi4d n t he

Exanpl es t hat

i ncl ude FEP,

area of the first plot;

BDDBA 5835935v| [ 0044] Fi g.

26 shows a first

together with a second plot of the HPTFE-rich

contour plot of chicken cooking release (Exanple 5) plotted agai nst FEP and
LPTFE content for the topcoats in the Eﬁanpl es |t hat . i ncl ude FEP, together
with a.second pliot of the HPTHE-righ arda of t I’pagFlilt) st plofl; [0045] Filg. 27
shows fa first contour plpt of |roughness |( Exanpl pl ott ed agai hst FHEP and
LPTFE content for the topcoatg in t ncl ude FEP, | t oget|her
wi th al second pljot of the HPTRE-rig st plot; [0046] Fi|jg. 28
shows fa first contour fl pt of (gl 0ss ed agai nst FEP and
LPTFE t hed03p Py i n 0t ncl¥ide FEW | t agdther
w t h al B€omrud 1D ot of762the HPTHE- r i0d st p0.6t; [8DA7] Bilg. 29
shows @p(fisy st co|nt ourgpd pt gk [contya 2) phottety pgai n§t FEP
and L Iﬁlfggeg%%&)nlt Tor7g§§1e TgRYoary nat_jp¢rud EP, 3
t oget her—wth—a-second ot—of—theHPTF the—first ptot-
[ 0048] lHEI@. 30 shows 782% | r s¥-3dont Qur plgt of tnst pl e
8) pl otf(édreagraidnst FEP2%8and DPTFE Odanteft| for fhe t dpcoat®Sin tHe| Exadyl es
that ijnclude FEP, together w t|H.@&6gecond pl ot aof the| HPTFE{rich grea qf the
first pf@%; [004P] Filg80 B3 D.4Shows 54 fi 09t ©€&3bqur ph ot of.Ski nedd ¢ forde
(Exanpl e 8) plotfted agai pst FER.@9 LPTHE content for the tfopcoatls inf|the
Exanpl e&16)hat i ncl ude1REP, Otddget hér| wi Oh 20.686ond pd ot of.5tthe MPTFE- Rijch
area OfF(CONTRO st pl ot; [0050]| Fig.] 32 ghows a|first|contouyr plof of tjhe
normal | zé® resul t s oflogthe adldidsi oM |t est)g ( Exafpl e 8) | pl od.6ed adhj nst IFEP
and LATREOoamiCent for the topdoats |in the Exanpl es that ing¢lude FEP,
together 1) th a jsecondig| ot 06f] t he |HPTBE-richogrea ®f thesfirs3o plot?
[ 0051] | KCONTE® shows a fjrst dontoyr plqgt of the norpalized results ofl the
RAT andL TW abrasi on2tests (BEXanplogs 30gnd 4) opl ot t@efd agapnst HEP and |[LPTFE
cont entFCONTRMe ftopcoats|in tHe Exdnpleg that i[ncludge FEP, [together wi|th a
second pbet of the HR§EE-ri ol |area |of phe first ploi| [0052] Fsml 3439hows
a firsfggpntour [plot ;g ' heyrdrmaljjzedrjesul t§[of the cogkiing §gf easq

F(21 recure) 7628 0.5 0 0 0 0 0.5 30 3

F(22) 7628 0.5 0 0 0 0 0.5 30 3

F(22 recure) 7628 0.5 0 0 0 0 0.5 30 3

F(23) 7628 0.5 0 0 0 0 0.5 30 3

F(23 recure) 7628 0.5 0 0 0 0 0.5 30 3

F(24) 7628 0.5 0 0 0 0 0.5 30 3

F(24 recure) 7628 0.5 0 0 0 0 0.5 30 3

F(25) 7628 0.5 0 0 0 0 0.5 30 3

F(25 recure) 7628 0.5 0 0 0 0 0.5 30 3

F(26) 2116 0.5 0 0 0 0 0.5 30 2

F(27) 2116 0.5 0 0 0 0 0.5 30 2

F(28) 2116 0.5 0 0 0 0 0.5 30 2

F(29) 2116 0.5 0 0 0 0 0.5 30 2

F(30) 2116 0.45 0] 0.025 0.025 0 0.5 30 2

F(31) 2116 0.45 0] 0.037 0.0125 0 0.5 30 2

F(Control 32) 2116 0.5 0 0 0 0 0.5 30 2

F(33) 7628 0.45 | 0.026 0 0.0235 0 0.5 30 3

F(34) 2116 0.5 0 0 0 0 0.5 30 2

F(35) 2116 0.5 0 0 0 0 0.5 30 2

F(36) 2116 0.5 0 0 0 0 0.5 30 2
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tests (Exanple 5) plotted agai nst FEP and LPTFE content for the topcoats in
t he Exanples that include FEP, together with a second plot of the

HPTFE- r i cwoan®z03ef35t he first plot; [0053] Fig. 35 showsPaTfliSe&w/ 055t our

pl ot of the normalized results of the roughness, gloss, and contact angle
tests (Exanple 2) plotted agai nst FEP and LPTFE content for the topcoats in
t he Exanples that include FEP, together with a second plot of the
HPTFE-rich area pof the fjrst plot; BDDBQ 5835935vl[P054] Kig. 3p shows a
first cddbour pl ot of21the nBPmalifdd résults 8f thel RAT Gad TWO hbradilon
tests (EHR&nples 3 andlky| theé |adhési onOltlests (Exanple 8)0.5the ¥bpki ng
rel easegrg@st s (Exanpheid), 8anrd the |roughness, ogl ossy | andp.sont agt | anghg

tests (1% rrple 2) pl %h@d 3| nst EP 3nad LPIb: cong ent ('55)r The Fopcggts in
the EX 1 (i) Llla LI i,l tU tLIIUI V\Ii LII SCTCCLUITU }JI % Uf I'T
HPTFE- ;ﬁ?‘(g LD area . k éJ §

P!ot; [0088] Fig—37-shpws & first ont-8yr
pl ot of F(RAT anbijent 2h16 | al 06 anplle 3Y |pl ot t8d agal hst WPE and) | PTEE
cont entF@E®r the | opcaats| i nosHe Exdnpl es t hat oilncl uge boo.k | PFAs@hd FER
(MPF), | f@get her W thoq gsecopg |pl ofy [of e HPTHE-richj aregsof the| first

pl ot ; A 6] FI gf d?ngi{l()o Béfrirs contqur pi ot of (Ec T a&g) ent OJ. % (Exanpl e

3) pl optred—agatnst 2 ye—EPIHE—egntent—For—t+
t hat l.ud th ?éi._ d F P

Hp'?'FEI nl?(fcgngo,lg& {5? l;gsn r o !( g 3 st
pl ot of FH 1000 (Exatifl p 49.50l §di nst WRE an¥ L PTEE | condt®
t opcoatE48n t he [Examdl ¥s| t hB6 |i nclde Bdth PFA|and EEP (WPE), 3bget hér| with
a secon@4pl ot of | t he 2HRTFE-riigh anga o |t he forst pdpt; §.0058]3(F g. 40
shows BrEH ST coptounp pr off [TW 000 o([EXanppe 4) | orTEs agatist MBR and
LPTFE I | =N I + DA nd

+ ot I~ 3

CIT CUAlL S T ITALLITT aIIPIC c1rat ITCT L JU T rrQA
FEP (M i q: a Qernndor‘l ot ﬁﬁf 'rheal--IDTIIIZO |r‘h01:5::r ea é\ Thezf_i r st
pl ot ;

[[0659] Figl 4 2lthpws & |fir8t| coftjour pPaot of®Tw @do0 (Hanpl é |4)
pl ot t edF(@yai nst |VPF amtb LPTFE |[conttgnt dr t heOtopcoats i ®@Sthe Bxpnpl 89 t hat
i ncl uderdpt h PFA and 2P| (MPR)|, todether| w thod secopd ph.ef ofzghe 2

(0 m o

anenat | VY | es
UPJUQLQ T || LIIC I_AG.IIF

g]et E.GLOthgh sec&gldl ; C?Ot of tHe

H SHOWS t
IJ Ilu- 1T T U
fdr| the

o
Tl CTIt I Ul L} A%3

HPTFE- ulg(gg area pfthg st lpi oty [OO@L] Frog 42 béIJWb LR Unt (Q r
pl ot oﬁg&m dgh ?""\I Ag—rel egse Edanple—58) p!ée ted—agratnst-MA—nd
LPTFE t he 65 coat1 in“the E anpl el that ncl ng ) bo%) PFA nd
FEP (MAES?) together iltth| a sdédondOgl ot 0gf t heOHPTFER fi ch0-Adea ¥F| t he2f|i r st
pl ot; | F(58) 2116 1 0 0 0 0 0.5 30 2
F(59) 2116 1 0 0 0 0 0.5 30 2
F(60) 2116 1 0 0 0 0 0.5 30 2
F(61) 2116 1 0 0 0 0 0.5 30 2
F(62) 2116 1 0 0 0 0 0.5 30 2
F(63) 2116 1 0 0 0 0 0.5 30 2
F(64) 2116 1 0 0 0 0 0.5 30 2
F(65) 2116 1 0 0 0 0 0.5 30 2
Table 3B
Midcoat formulations
Coating # #of
g PTFE PFA | FEP | LPTFE | THV PAI | PPS | Ceramic | Water | Solids | passes
F(Control
A) 0.92 0 0 0 0 0 0 0 0.08 50 2
F(Control
B) 0.92 0 0 0 0 0 0 0 0.08 50 2
F(1) 0.92 0 0 0 0 0 0 0 0.08 50 2
F(2) 0.92 0 0 0 0 0 0 0 0.08 50 2
F(3) 0.92 0 0 0 0 0 0 0 0.08 50 2
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[0061] Fig. 43 shows a first contour plot of pizza dough cooking rel ease
(Exanple 5) plotted against MPF and LPTFE content for the topcoats in the

Exanpl es wbabioaieds3ade bot h PFA and FEP (MPF),

of the HPTFE-rich area of the first plot;
contour plot of chicken cooking rel ease (Exanple 5) plotted agai nst MPF and

LPTFE content for the topcoats in the Exanples that

[0062] Fig. 44 shows a first

t oget her wcrhisaocsmssand pl ot

i ncl ude both PFA and

FEP (MPF), together with a second plot of the HRTFE-rich area of,the fjirst
pI ot ; @ F%R?@WRR\/I({ ()FQ?] Ei é) 45 shdws Kl fi%lst cdht ofiP® pl of9 bf 2
roughngBs (Exanpd.g P) @ ottt led agai nst MPE and OHTFE contefg | f 080 [ he 2
topcoalgej N the Exahples tohjat i ncl ude beth PFAeand FEP| (MRF), sopether with
a seconlg:l(7 IoE OTo.we |k§-rlch|0arealgrot h,eo ',,\rOSt, plo(} 1 50p4] §d: g. 4%
shows p—ftrrstycontopt Ot I gr oSS (E=Xafpre ) [protted agay nst_jvrr and
LPTFE &Mt ent [fo?%% he 4 opdolat s % the Eangl es %tlhat ithel Wbl hotthl PEAZ4Nd
FEP (MPEY). together| wi%h & secofd plot &f tthe MATFE-rd chO8f ea & |t heflirst
plot; [0065] Fig. 4 shpows ja first Comttour pl ot [of contact pngl e| (Exarpl e
2) plofted agai nst MPF and LLPTFE |corft®nt [for|the topcopts ip the| Exanpl es
that i Pl Ude ot H-PFEA Gnd YHEP (MPEIK agepdatblal Okl b YWO%bcdhdl pt 8t of £he
HPTFE-fich argea of the firsft plot| d[ Ei%] Fig. 48 shows a fjrst gontour
pl ot odelBstant angpus forcel (Exanplg, Qpld)ltteoq agaj pst F| angl, L PTF
conten F(Cb’dtrofi'e toproats i nthe Bxanpt esTthat T nctude bottr PFA—and—FER
(MPF) | t9gether whih & segond ploot of the HPTFE-[rich @fegoof thel first
51 oL i FERRTT T8y, 7> Snows, 8 TSl comt i T o JoT KIOET) 6y T o7 Pl Coap! e
8) p|0 ]4(?1 agaritsSt v At e = GOt et [ O [ it coptoptS— 1 tnce EAall}.'GS
t hat i”I%EHeQ? bot hoPFA and HEP (NMAF), together wijth a seceond| pl gf| of the
HPTFE- [Tc arga of fre first proty dOU@RI 1. 90 Stows a ffrst_gpomtogr
plot of the normaliged resu|ts of| t hgysadhesi pn tlests (Exanpl e 8)| pl ottjed
agai nsfrMRF and LRTFE cpntegnt f or| ithkegchppanal $.2in t hies Exanp| essd hat  pncl ude
both PFA and FEP (MPF),| t oget her (wdihwah$ecopnd pl ot of | t he HPTFE-ri ch |area
of the|lFfi4st plot; [006P] H g. 51 shows-a first |contour plot of |he
nor mal | zeddy egul t%* pf & he VAT afd lT\kecabr o5i bf-2tlest 0 Exdhip] esSB| and24)
pl ottefd agai ngt MPF| and| LPTFE cont éht™tar the topcoats|in the Expnpl eg that
i ncl ude_both PFA and FEP (MPF), tlogether [with a [second| pl ot| of _the

EGD)ar od 04 bho GF 0| Al A40.| link agent) | 0.1 [ 0.2 0.05 0.1 50 1
HPTFEr |68 area—of -t he tj st plot :

0.1 (with
0.05 x-

F(16) 0.4 0 0 0 | link agent) | 0.1 ] 0.2 0.05 0.1 50 2

F(Control

17) 0.92 0 0 0 0] o] o0 0| 0.08 50 1

F(Control

18) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(Control

19) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(Control

20) 0.8 0.1 0.1 50 3

F(21) 0.8 0.1 0.1 50 3

F(21

recure) 0.8 0.1 0.1 50 3

F(22) 0.8 0.1 0.1 50 3

F(22

recure) 0.8 0.1 0.1 50 3

F(23) 0.8 0.1 0.1 50 3

F(23

recure) 0.8 0.1 0.1 50 3

F(24) 0.8 0.1 0.1 50 3

F(24

recure) 0.8 0.1 0.1 50 3

F(25) 0.8 0.1 0.1 50 3

F(25 0.8 0.1 0.1 50 3
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[0070] Fig. 52 shows a first contour plot of the normalized results of the
cooking rel ease tests (Exanple 5) plotted agai nst MPF and LPTFE content for
i ncl ude both PFA and FEP/USMOBNS840get her

t he t opcoaD=0im3s93e Exanpl es t hat
with a second plot of the HPTFE-rich area of the first plot;

shows a first contour plot of the normalized results of the roughness,

[0071] Fig. 53

gl oss, and contact angle tests (Exanple 2) plotted agai nst MPF and LPTFE
contenf for the topgcoats in the Exanples that include poth PFA and FER
(I\/PF) , cme&f her wit a qprg\gd nI t of the HPTEE-rich area of thel first
pl ot ; mszDDB(] ®83593by1 [0 72] OHi g. 540shows & [firsto comeour §l pt o |t he
normal | ged resul §s pf ¢ he (RAT ar@d TW aprasj pnotlests  Exapp| essi3| andq4) ,
the ad §,0n tes(5§2 Ex(pnpl el 8), fhe COO(I§I ng, reI,Oease t(JeStéog( anp| e 5),| and
the ro Illlbbb, g1 oS rc—cpnt olL,L angte_test Bxampter2) otter—agai{nst
MPE anprEBTEE |eoh¥aht tbr Y he t ddcoats dh tth Exanpl €5 (8% | 3l Lo Bat h
PFA angdFBBP (VPF).92 t odet her| wit la secohd pl bt Oaf t hed : ri &l ared |of
the fiyssypl off; §.080[73]Jo [Fi @.| 55 ios| a pi colr e pf otlhe |ightosource | hr ough
sanpl e[ KC33)p] |a pi ece of glassclgth incliding a |coati ng hav) ng HPTFE, |PFA,
and LPFRE (Exanpde B) ;0 [ 0074] Fiog. 56 i&|a (j ctoure ofo  heod ) ghso sour €4
t hrough sanpl ¢ F(46)0@&ontrol, a piece of |glassclioth ingludihg a fgoating
havi ng| 4y HPTER-Q Fxahpl &€ 16)9-04nd [0076] Mg 997 is G| p?e% ureSbf thé |naked
| i ght pRB#)Cce Usedod h Exjpnplle 6. o[|0076] dhe exemplifi caliaes| seso put herein
i1 Tustyptg enbodyoept sy pf e invientiong |angd| sych exeppl y §d pat spps ape not
to be Qf?s.)h_rue1I n&%h I| [Eq |_’ tTEe Sjcope 06. Thel %venu od1 L&Oﬁan.y gginner 2
DETAI LEDDES FTT O [OPo7 7 He—present—hvepntton—proviaes prehaea
fluoro i tq ns’ it hat ,0 in one? exdhnl Qp on 593:33; bé
appl i egf@® a ¢oa®dnhg tlo| a | exi Blle substrat®e ad, optd pneldd y, &®| a fRexible
subst r pf@o)t hatl has> pean| preevi ouslly coated wthog prinel oss pasecpat and/ or
a m dcola(go) In on@%errbq)d m%)n , th conpog! tipn loS| 2 bldandogg at ;J past ,ane
| ow nmofecutar 11— pot ytetraf goroethyeten bLI"II—I:) and_alteast—onsg
n‘e' t- p UrA‘ ccl I'\I nO |nr0n nl lrmr DI:\ _ 1 anoc h enrhnod nr%?\lg‘: t z}oe 2
conpos ¥GEBn i fol Gokek ) f | dblrooolovrrer hade cbimpdnent ithel 90 hg At 2

F(43) 0.92 0 0 0 0| 0 0 0| 0.08 50 2

F(44) 0.92 0 0 0 0] o] o0 0| 008 50 2

F(45) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(Control 2

46) 0.92 0 0 0 0] o] o0 0| 0.08 50

F(47) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(48) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(49) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(50) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(51) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(52) 0.92 0 0 0 ol o o 0| 0.08 50 2

F(53) 0.92 0 0 0 ol o o 0| 0.08 50 2

F(54) 092 o] o 0 o] o] o 0| 0.08 50 2

F(55) 092 o] o 0 o]l o] o 0| 008 50 2

F(56) 092 o] o 0 o] o] o 0| 0.08 50 2

F(57) 092 o] o 0 o]l o] o 0| 008 50 2

F(58) 092 o] o 0 o] o] o 0| 0.08 50 2

F(59) 092 o] o 0 o] o] o 0| 0.08 50 2

F(60) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(61) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(62) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(63) 0.92 0 0 0 0] o] o0 0| 0.08 50 2

F(64) 0.92 0 0 0 0] o] o0 0] 0.08 50 2
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| east one fl uoropol yner such as high nol ecul ar wei ght

pol ytetraf| uoroet hyl ene (HPTFE), and additionally includes the LPTFE MPF
bl ended fwoanwmpsbysser conposition. After being applied POTiUSe0I0ssdbI
substrate, optionally over a priner or basecoat and/or mdcoat, and then
cured, the present conpositions formcoatings that denonstrate inproved

abrasi on resistance and/ or inproved reI ease characteristics and/or

i ncr eaged—tr M<LS geepey L/ u..[wu. b..lu, and—f-er—-rprevedipperrpabi-Hty

pr esentf@dnposi t 9%k o bé lused tlprbhdude fil sl h&W hg 2 |(1h2(JIegree
of clarity and i nper meabi | i ty. The pr esent conpositions in powder form may
be nelt or paste extruded to forma,fﬂlcéﬁs with inproved inperneability.
[0078] Suitable flexible substrate ich the present coating

conpositions may be applied i ncltodeatgbangeali@ish of the type comonly used in
appli ations such as food conveyer 11 B A 5835938yl helts for continuous

ovens| architlechtural fjabrics|of the type used in_ stadi um ro’?)?fs and rgdar

dones | Bas |hema |sebili ng HWl t|s TOBj c@?p{ bo%“ﬂs, Ps hewitmg |and
tenti 5?‘5‘1%%cs thCsexa&‘E’ﬂﬁ'. " tsé N Tl ¢ "c%tsiwegmile
material madd of voven [ beir?)s gsﬁ:‘ﬁ kS )rF%an'glé;%E?i b gﬁe%sq, or

COttO'F(cbﬁﬁ*dl’ —Oher—fHEexrotersubstrates | that ey be goated—w tir the

presenty) coat i ngrpeon@@Ei |t i ons; | ncl yde any|mateyj al ingludi pg napural ,Qr
synt h(‘ﬁ:(c&m{)l bers ar filfaments| including|staplle fiber,| fiberfilll, yarf,
t hreag@ip)texti|lmse |mamwoven fapricp W reo¢l ot hy | ropesy |bel bi ng, o¢or dagg, and
webbi ng.) Tor |gxapp gepEXenplary (f4;,0rous,materjal s yak¢h ngy be;¢oateg |with
t he p éen[ OPE: IgPTg OSit nls0 (o] uo& matgr n++,QB? S, Sucih as ve?q%t abl e,

anl rra 1 or o ol 1 P oan Pat =t wina ]
ATTU LI \ 3 T T CT 9, LAYZ B YAV 1) IIU \AV ] BLSRVAN I Ut U Ul ICIII Ty vVOUT ST T TN

cer ami.EGH i ber QTFE PTBtlal fiher .679s wef | as Synt hdBBg fibers 34 uch268d’ kni t
car bopfF@abri cseTral tRTAENT gh o] eculodr wes ght po| yet lawh ene ( UHMAPEE) f2digr s,
pol y( ¢kf3yl ene gerephtehl jal at &) | (PED)| fokers, para-apam|d fpbers; |i ncidddi ng
pol y- )g&gphen)’/};ﬁge Fefepntar am depcr '0(33/' ar ( rO) A ang 5mt a-gram g 'r| 9‘%7

SUCh qS I\iUIIb')\\I CAdlll [adavdal I dapr © 1T 1T7UTTT . . I"UIIL I\ICIIULII S allu WII}.any,
pol yp ISR TdEE £l bef-20 | sych 1aE028%4 nn/rO\ {55 Al o0

Phi | | | p®) CheniRGEE |@FFE |pol 99 ppyl éne0@3|7b(=rs 0onol yaei29llic fibers, 492
pol ya¢ry) oni tlritire [((IRAN)| fi by s, swugh oass Yol tek|(r) ,o.avai |l abl e from Zgltlek
Cor pofation, [polyamade [fibers| (nyldn), and nyljon-polyester fibefs, sudh as
Dacr onfeld), avidithabl ®psf rjiom 0.99v) st a ONor.6265 Anericcla. §.008(0] The fl exi bl 98
substfate nmay| optijdgmdl Iy be cpated |with @ priner (or basecoat)

F(11) THV | PPS 0.95 0 [ 0.0265 0 0.0235 0 6 670
F(12) PTFE | PTFE 1 0 0 0 0 0 0 556
F(13) PTFE | PTFE 0.9 0 0.053 0 0.047 0 2 567
F(13
recured) PTFE | PTFE 0.9 0 0.053 0 0.047 0 2 567
PAI-
F(14) PTFE | PPS 0.9 0 0.053 0 0.047 0 2 454
F(14 PAI-
recured) PTFE [ PPS 0.9 0 0.053 0 0.047 0 2 454
F(9)
Top- | PAI-
F(15) coat PPS 0.9 0 0.053 0 0.047 0 2 164
F(9)
Top- | PAI-
F(16) coat PPS 0.9 0 0.053 0 0.047 0 2 245
F(control
17) PTFE | PTFE 1 0 0 0 0 0 0 135
F(control
18) PTFE | PTFE 1 0 0 0 0 0 0 248
F(control
19) PTFE | PTFE 1 0 0 0 0 0 0 280
F(control PTFE
20) PTFE | Cera- 1 0 0 0 0 0 0 556
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and/or a mdcoat prior to application of the present coating conpositions.
The prinmer and m dcoat nay be any type of fluoropol yner-based coating,
comer ci avbyosvmebe3abl e coati ngs based on hi gh nol ecul ar Pa@iuska0IBIHES ar e
wi dely avail abl e.
may vary w dely,

The particular conpositions of the primer and/or
and are not thought to be critical
i nproved properties denonstrated by the coatings disclosed herein.

and

m dcoat
Wi th respect to the
[ 0081]

In pagticular, in one gnbodi nent, the present coating,conposition is
appli bd_over lan u prglw ng co ti ng.l or under coat The lunder coat may hd a
basechat, whilch i s ¥1KE |[coating appllied directlly to an|underlying substlrate
(sonet lfg?)s refPe[J:FEeorCn?faé as gl frl rrer) ,0&%gl onal t(g)gjz%g her W th 9ne of, /or e
m dcoats—tnthes Iﬁl@ tH—reht s, LII 'ﬁi’GS’:i"-t C at gy be—+efet+ed ltc
herei hp.as either an.. overcoat' or g "top¢oat” jand these terns afe gengrally
inter¢ &%gg;abl eTrEN I{;)i[;her egbpdi mept|sy odshe presentgaati ngygconpesi ti g |may
be applied difrectiypiFp |@ subsSfrate [to fofma cjating iin direct gontact with
t he syibstrat g wherjedys-tlhe coating i|ls not |applijed over |any under¢oats. [In
furt h¢reenmbodirment |syict he preesent odatoiosg) | systeem mey4rtisel & al so|be en
under ¢oat. 12 BDDBAITFB835935v| [ 0082] In anot her appli¢ation, free-starlding
films|K&Yi ng |hi gh |optdcal clarity gnd exgellent inpermqeability may be [cast
f rom {eewpr esefiitfEcianpos)i ti dis] Fob leXddple, 4| ns 94y |be produéed f¢8m t he
present conpaositi o‘r:éé"FBy casting thg conpositions onto|a suitable surfdce
from which they arle-fenoved_after dryi and cluri [10083] In, a stil
furt h,ng el Heatd r‘g“cg ‘meggsa VA é/(bggl\ﬂ*puos L.Q%EQSJ' se 'MD" :}Dre?o:% may
be prépagsed, |which RV [t hen be di spersed|in sol ution, |or may extlruded |such
as by peg,ige arpR! mlgxtrusj).g)in for lexgaple, tp pr@g%ge argicles with),
enhan¢ed 1T npermeabifigfy [ 008@] tTmja first em'IEal ment [descri bed|tererrt, the
present conpasitignegeneral ly|incl ydes a|bl ended fluonopol ynmer c¢onposiftion
of at |Feast onerkownieoljeculeyr | wei ght oBFFE (LBTFE) end|at beast 10ne sml|t
processi bl e f[l uor Joalrgnfer (MPF). [Q085] | n a second enbodi nent descri Hed
her ei nF2the presentCeonposi tipn gerjerally includes at |l east one
f1 uor grotryner| s monponert and & [bl0aded f 1%uor ogdl4yrer Gonposilti o¥Vs {The
f 1 uor ppol ymer| base l&Hponent |s tygically a hilgh nol e¢ul ar wei gt PTFE
(HPTFE) . The |bl endéd™ | juor opo| yner corrposl tiaon includes at | east one llow
mol ecF@?) weildHEERTEE (I PTEE ] and Oar 4083kt odel mel®94 ocelsi bl d 237
PTFE
fluor )Q&gymer (I\/PF)Cera
recure) PTFE | mic 0.9 0 0.053 0 0.047 0 2 557
F(26) PTFE | PTFE 0 0 0 0.5 0.5 0 2 287
F(27) PTFE | PTFE 0 0 0 0.75 0.25 0 2 280
F(28) PTFE | PTFE 0.9 0 0 0.05 0.05 0 2 294
F(29) PTFE | PTFE 0.9 0 0| 0075 0.025 0 2 298
F(28)
Top-
F(30) coat | PTFE 0 0 0 0 0 0 2
F(29)
Top-
F(31) coat | PTFE 0 0 0 0 0 0 2
PTFE | PTFE
F(control | LPTF | LPTF
32) E E 0.9 0 0 0 0.1 0 2 287
F(13) | F(13)
Top- | Top
F(33) coat | coat 0.9 0] 0.053 0 0.047 0 2 498
F(34) PTFE | PTFE 0 0 0.25 0 0.75 0 1 287
F(35) PTFE | PTFE 0 0 0.4 0 0.6 0 1 287
F(36) PTFE | PTFE 0 0 0.6 0 0.4 0 1 290
F(37) PTFE | PTFE 0 0 0.75 0 0.25 0 1 292
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| . First Enbodi ment

bl end

of at

[ 0086]

In a first enbodi nent,
| east one | ow nol ecul ar wei ght PTFE (LPTFE) and at
mel t - pr ocwewmwsedssuor opol ymer ( MPF) .

bl ends are di scussed bel ow, and are al so di scussed in U S. Patent
entitled "Bl ended Fl uoropol ynmer

Application Seri al

Conposi tions",

No. 12/468, 580,

filed on May 19, 2009, assigned to the assignee of the

the conposition is a
| east one
Sui t abl e fl uor opolPgmaIS2@0MpRIRENt S and

present invention, the disclosure qf whi¢h is expressly incorporated hy
ref er @HGE _herld{THE [XTFEqw ndlecul af (wéi%hi  polt et r426 for ot hyl éne (FOTFE) .
[ 0087] F®Be fi|[rFBSTFEf||RTGEQpOl Vater of 0t|h®026% ¢sents bl emoksd |f | u@ropoll nmer 286
conposirubon meyrebe @rrkijqui o gl spensi am29f polyf et r@fk yor ogt hyl ene (RFRE)
and, |?@P)art|%§r,f,ﬁ%¥\ be y | 1auly q)|0s79(=r5| Qn of @,P|FE paving|a Tow _
nol ecyt-at WCH:H cerrg)— anay pt UpLIUIIolI y—ot hiet }JIUJtILICD as_giscusged in
det ai [H§& ow LT@B e | i%hid didpefPon of | BTERY% 0 mplt enbodinelitls
will hEUANn aquidtis MirEper si®h th@uthP‘h > | PPHE nmay.Obe di 8perséd i n2%tiher
sol veftasand/|arrrE ATiREEOr i gi%a) |y o] an 43 BDDBO 5836935vh aqueols pitage may
be phaggsf ranshepriagent o amof her gsol vept, sych as opganpe sol yent sgs
i ncl uflipngIEX@amne, [acetgne,oram atjcotot | [ 0089] The IPTFE,— whenr pr odyced
as desga¢) bed |aheve, prk:l|l typi pally |haveoa nmean| partiglie spze of |1. Osgijcrons
(mm) DE4LESS, I‘%‘F% P& 0N (o) or 0', ess, ; . 75 J1 Crons nmy , or ,I ess, %5-
m crops (o1 % g oms ([my— O T €SS} u 3—mrcrong—(mmj—or—1gss,
or O. gr-rn QPTIF iPmE 0 by
| aser [ Fi4@ht di e doiFen by 0.50 13370.0.1061 | son® lenbddi9dent s9 |t hel LPTERItay
have aF(rm)an partrdliergifze agy | ow a9 3059 $O, Jgo|o ay141%0 np| ori1as | apde as
200, ‘)?81).. %EnrﬁTﬂhgr e&glrrpl el UUB(I)A Ihle 0nlurmer 0?. Efr‘a f=nrmﬁe=cu!5g6
Wwel gh IVII} L L LA Cyprgari pe— 1 CS5 L||a|| \)UU,U\U cirqr, 111 st
enbodi Fré rﬁ?}EEhEPT:EE | onP-As 10, Ado 62 i eatle . ?(Q;Oﬁ(ﬂ af gr ol pr129ﬂr
25, 00QFE8) qreeﬂT@E, RIFEnmy 065 ps hiodh as3 200, 00 _or oloegs, 400, 000 or2%944gss,
or 70]606® or |IRF$E,| BOEJO0 ar4 | essO |or &) 000 of | ess? |fopdgxanplle. F0RJ91]
An gl @(551)a£! QJ"[@‘E.I']:]Q@EOT Chad aC[etol ARLOR ng rof ecut gn WEh § t_oqbltnezggrrlllig
i s by pt=s—H+Ast—ra—teaerperatpre—) s—detefFrred—y—a—gu-taite—eHho
such EQ( (6]) ffpmrligi aII}TFEr‘anni ng v 02? 0 025 035 r 250

F(57) PTFE | PTFE 0.75 0 0.05 0 02] 0.05 1 289

F(58) PTFE | PTFE 0.75 0 0.18 0 0.07 ]| 0.18 1 297

F(59) PTFE | PTFE 0.45 0 0.5 0 0.05 0.5 1 291

F(60) PTFE | PTFE 0.15 0 0.05 0 0.8 0 1 291

F(61) PTFE | PTFE 0.3 0 0.1 0 0.6 0 1 294

F(62) PTFE | PTFE 0.2 0 0.7 0 0.1 0 1 292

F(63) PTFE | PTFE 0.05 0 0.9 0 0.05 0 1 296

F(64) PTFE | PTFE 0 0 0 0 1 0 1 293

F(65) PTFE | PTFE 0 0 1 0 0 0 1 307

[0160] The fluoropolymer components of the Topcoats were as follows:

[0161] PTFE (HPTFE) - Solvay D3112X, solids = 60%.

[0162] MFA - Solvay Hyflon MFA XPH 6202-1, Lot# Lab, solids =27.2%.

[0163] PFA - du Pont PFA TE7224, Lot# 0804330005, Solids = 58.6%).

[0164] FEP - du Pont FEP TE9568, solids = 54.0%).

[0165] LPTFE - SFN-D, Chenguang, except that topcoat F(44) was made with Dyneon

9207 TF PTFE micropowder, and topcoat F(45) was made with UF 8TA surface treated PTFE

micropowder.
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calorinmetry (DSC), which first nmelt tenperature (Tm for LPTFE may be
either equal to or less than 335C. In other enbodi nents, the first nelt

t enper at Wwe 20fo/B3B5LPTFE nmay be either equal to or | essPrCimans283828344€i t her
equal to or |ess than 3300C, either equal to or less than 329C, either
equal to or |less than 328C, either equal to or |less than 327C, either equal
to or less than 326C, or either equal to or |ess than 325C. [0092] The

LPTFE be praovided in t of .. an ous di. rsion which is

st abi DB S unsridhy T aion SRV ari s P e BREEGubt dieisaimiie

“unst abdil zed” or "mninally stabilized" refers to an aqueous dispersion
that includes less than 1.0 wt.% of a traditional surfactant, such as

non-i d01&7]sur f addritPSor PAh Whitbmil 7949 PAd selntion, PRSe &hoyron Rbillips ght of t he
LPTFE&§%%F di spersion. In sonme enbodi nents, the LPTFE di spersion may be
pr ovi I'ntThe formof an aqueous dispersion having less than 1.0 w. %
surfaqopes], | essAll behe @oa&in\gtooiaﬁ%p@smﬁbﬁmaﬂetmixb@ g§ing B3andarl nvikeMerdluF magiuant ,
or even less than 0.5 wt. % surfactant. In other enbodi ments, the LPTFE

di spenBeasiontay BEus otllgaiked §oatHies MFiricd to algersiatts indthe boriteny usHat i s
"stabij i , phgal i z 9 C r ure of
the sibf FOynphsR RS ke Mk cacitadhafl SRR SRARKRL b1

i nventPDDhterp@O88Pordhadnd@srichi Sihesoadd bebsaaic it buebjddfldRk anfitash lo€f ipradstodedryi n
the formof a solid mcropowder. 14 B 5835935vl [ 0094] The LPTFE wil|
typi cipw%sqt At $HECHEPOTofore m&wt%f)@gg%aby GEIngHE apheatRRRAFA Rspt at
Howevepood (720 Pefhr §TAGment s, the LPTFE may include a small anmount of

nodi fyi ng co-nononer, I n which case the PTFE is a co-pol yner known in the
art aq40169%ddi f i edheThREtoleamblas acee statiaid pobdPTFRadubochummgesonotntidnel FBEE f yi ng

co- nobnoner ..i nclu fluo r. vi nyl.et her, ( PPV ot her difiers, such
oy o PR i by sk DA e R R mbd e R ab e S et doafihs

per f 1 uieBsEcles Mekefend1E¥ B baSdcott, BRdcdaesidd Prroal hy hdcox Stthesshirosuch as
per f 1 uor onet hyl vi nyl et heTrrFéPI\NE) or perfluoroethylvinylether (PEVE). The

modi f yphmgles ocrpd bsterdayd PITFE yiipersidng. be present in an anount |ess than 1% by

wei ght r exanpl W.th res t to the PTFE. [0095] Sujtable LPTFE
i spedQ 5 ©hoisdo ik eiZ0aT b el Abrres o ng ey MR Bnin s
61003?6&10&1. hthBR, in§t8n 48 kdm@Ass WERSHOENurévial d labbretoly Ber Hxdiadt 2 nfdhirey at
exenpl a

r
43 O‘yC. Substrate temperature was measured and 430°C was attained for between 45 and 52
seconds. Samples were subjected to a full test schedule to determine whether dwell time had any

effect on properties. The foregoing samples are labeled "recure" or "recured" in the tables

herein.
Example 2
Determination of roughness, gloss, and contact angle
[0171] In this Example, roughness, gloss, and contact angle of the coatings were

determined. The test protocols are as follows.
[0172] Roughness. A stylus type surface roughness detector equipped with an analyzer
that provides a tracing of the surface was used according to EN ISO 13565, such as the

following: Mitutoyo Surftest 402 surface roughness detector and analyzer, available from

Mitutoyo Canada, 2121 Meadowvale Blvd, Mississauga, Toronto, Ontaria, ON L5N

5N1, and Perthometer M2P / M3P / M4P surface roughness detector and analyzer (Mahr GmbH
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LPTFE m cropowders include Dyneon TF-9207, avail able from Dyneon LLC,

LDW 410, available from Dai kin Industries, Inc., and MP-25, MP-55, MP-8T
and UF 8TWQ 2enai3ecwsai | abl e from Laurel Products. [0096] PThase009/058444

fl uoropol yners have characteristics set forth in Table 1 below Table 1
Characteristics of exenplary |ow nol ecul ar wei ght pol vtetrafl uoroethyl enes
(LPTFE) 15 BDDBA 5835935vI[0097] Exenplary types of LPTFE that nay be used

inth t.l ' di d below. i . LPTFE d by.
i spor SR BBTSirar PSS St ERERY bof OE/SPHeBR MR rgnete
t her eafdafdcORtioR OO BB prb AL RS in iciohey rRlE pdRGIARRd. [0098] 11

sonme enbodi ments of the present i1nvention, the LPTFE Is produced by a
pol ymdP173dt i on prhepesssdutsas a ©llwes| Fistopuepim thesample togs measpesdsilors to the

pol ynerization or enul sion polynerization. These | rizatl on. processes
oy’ beonfataha et eEHan AR mEEaF s e MERARR e YERILE TRl ooe

ol ecukédssibritg e @ftedidie Set therdereloy fRiphin & @shipeed thed bl Pist HigheOthh@themet hods
wher eby the pol ynerization process is controlled to forma |iquid

di sperspiedpughnestio Be peasyiedr Seee frneth of teage ofcalprmRniisatiag ardw nol ecul ar
wel ghtmegqg%-gglg')\t urlitg iggé%lsh%ﬁ%?ﬁs %Bg'tmgtdgtefttopgccloﬁqﬁgto t‘ﬁfe hﬁ%upa%{u?&’s
produced by di spersion polymeri’zation or enul'si on polynerization, 1s

t her eafidtectiootusagd latovmatk&dence staadard! @&atheaamt hesmied, incasleg tirededghnless of
particul ar, the LPTFE has not been subisect ed to any aggl onerati on steps
dur i nghS & naMtifaset ke ableast OBt SFE Set ai ns a smal | nmean particle size.

Furt h?P174t] he LP%g?ﬁg%ﬁffgﬁ%eﬁ'@?*@f%ﬁ%wu“% Mh1g‘?c%9ﬁ1@%?%i(5’@ dpe.goeduce

its nol ecul ar we urt , the LPTFE has also not been subjected
t o ir rasdiadis Hon Seehlmsuimygnts glnengle gy 681. eClier gosshaeten canformed g éei t s

Gemonde FayHE st B REP SR FRRE B ofry Caere i B Tha Astvpss:
subj ecievtre 8k eSSTINCRA, AWM L84, ASTINBDEST, (FEPRR 791, MFESHOG) THFPI T
resonance (ESR) spectroscopy, as opposed to irradiated PTFE, which wil|

denongipatlmits o€ measusgrpont are emdyserd agi %olrefbackrced se have det ectable free

radi c [ 0101]~ The L y.P f . LPTFE di spersjpons are prgvided as agueous
i sperllhs 1 hatCoEt Smel Fauthr 4ield wahrR BTl R0 opd TP ad S
pol ymes dz@tésQhs dit@aans 4c0omdirpdideS TNVIIMRTIZUYS using the “Drop Shape Analysis”

system (DSA10), available from Kruss GmbH of Hamburg, Germany, according to the Young

Relation.

[0176] The results are set forth in Table 4 below:

Table 4

Roughness, Gloss and Contact Angle

Contact Angle
Coating # Ra Gloss (Water)
F(Control A) 242 20.6 119.3
F(Control B) 1.37 15.8 128.02
F(1) 1.6 25.9 --
F(2) 1.46 25.4 --
F(3) 1.41 24 --
F(4) 1.59 22.6 --
F(5) 1.06 26.5 --
F(6) 1.01 23.4 --
F(7) 1.4 22.7 --
F(8) 1.02 23.1 --
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pol ynmeri zed LPTFE t hat
degr adati on,
be appr ecwvaten/dsygsshose of ordi nary skil
PTFE materials that are conmercially avail abl e.
t hese types of LPTFE di spersions are distinct from
i's produced by the polynerization process well

t her nal

ot her
5835935v|[0102]
PTFE t hat

or

First,

irradi ati on.

is not thereafter subjected to aggl oneration,
These types of LPTFE di spersions wll
in the art toPrbg/uskewiossti4 from
16 BDDBA

known in the art

as granular or ;syspension polynerlzatlon whi ch, yi el ds PTFE kpown in the
art as granul ar FPEE resin or gra &Y ar | PTER Grol Hi ng pownder G anul ar PTFE
resins will typilkkddly have a hi ghl#8l e¢ul #8.lwei ght, sueh as_al nunber
average nol ecul|a@iwei ght (M) of ay7l east 33000{000 or--nore apd a first
melt tenperatur m greater tha@6ﬁhe 335%:1 tyalcalim,gych greater than
335C. Granul ar [PFEETresin st b.zl Yy 1Pt U\él dedn—s anggn powder form
including parti j rticl&os zel of sblfetal ni rons,
typically fron1iﬁli6wV0ﬂ)nicrons 9A%) . | Thé2d rebins nmay also be provi ded as
fine cut resingdBidd) ng a nean pardiel e|si 20.50f PO to 40 microns (mm, for
exanpl e. [0103];%@ﬂh%hgﬂylly, the§g7types5qb LPTFE di spersions may be
distinct froml motecutar |g@g te%b%}s repalﬁpb§r0n1 i gh nol ecul ar
wei ght gr anul arPHPE~+esths—that—havre—heen—degraded—by—Fr+radiati on or
t her mal degrad;tﬁ(%@ to form |l ow mhPécul ar el ght mat Bﬁ-% s _knbwn as
granul ar PTFE rik€opoaidéd s, whi ch26¥pi cal 12¢.lhave a plttT7&l e sj ze rangi ng
between 0.2 and KROomaslrigns (mmj. Exanpl es 20f6 granul arn1®FFE m cropowder s
i ncl ude Zonyl(rkxyﬁkﬁgqg NPldU), ?39 NP14qg§ges ns, able| f rom DuPont
(Zonyl (I’) is a IPzgl St cimx t aunnuLEz 7uu Pont Nerrotrt & Co. ) .
[0104] Second. |REQEAs of | pTES2di dnerSilons istf nct from high
mol ecul ar meigkﬂ%bmFE dlsoer5|(nsldhde f r 38l sper si dA2dr eml) si on
pol yneri zat i on |G@hdtcted wi t holit @hai n|tragsf er | agentig880 t hef eby
pol ymeri ze a hijghospl ecul ar wei ghp 75TFE handigng a nunﬁ§n7average mol ecul ar
wei ght (M) of east . 1,000,000 re, and a f11s nper at ur e
(Tm greater trjfzé.p uéEC, f"oic%g?y rbc44%%ea er t“g% 335f‘ These hi gh
nol ecul ar wei gl"r] (BYEE di sper si gns Ot & tvn‘ﬂQ\;ﬁl yl st abi 1033ed wikh a
tradi tional surﬂ&ﬁiHWUK@resent i N0O.&A anouﬂﬁébreater tlIRaAd 1.0 M. %
typically nuch |giegter than 1.0 wi.1% [019HpsAdditiongdgy, these types of
LPTFE dispersicqﬁzgﬁﬁughso dlSIIﬂ@ESTFOH]Qqu nDIecuhq59me|gn[ PTFE
di spersi ons t hgt e proaucet—vyra i a'pt:i'ai ot renut-sion }JUI Y rization

F(25) 0.83 46.7

F(25 recure) 1.01 48.8 73.37

F(26) 1.028 26.02 119.98

F(27) 1.214 14.61 113.91

F(28) 0.733 48.28 125.29

F(29) 0.75 51.48 120.36

F(30)* 3.42 28.1 -

F(31)* 3.16 274 --

F(Control 32) 0.84 46.4 --

F(33) 0.78 64.8 106.9

F(34) 1.05 41.7 125.87

F(35) 1.19 45.9 113.4

F(36) 1.01 50.1 118.33

F(37) 0.97 353 117.16

F(38) 0.62 53.2 116.32

F(39) 0.7 54.4 115.6

F(40) 0.8 46.8 127.51

F(41) 0.82 48 114.02

F(42) 0.96 454 116.08
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and thereafter coagul ated or agglonerated. [0106] Still further, these
types of LPTFE dispersions are distinct from high nol ecul ar wei ght PTFE
di sper si on® 20tvaewse produced via di spersion or enul si orCpalSgonenssaat i on and
thereafter coagul ated or aggl onerated, and then are subjected to thernal
degradation or irradiation to forml ow nol ecul ar wei ght PTFE powders, known
in the art as PTFE m cropowders, which are provided as solid powders having
a particle sizg between 0.2 and 20 17 BDDBA 5835935vl m crons, (mm), such as
for use in extrlﬁ('ﬂ})n and ot her ap}m-loizrm i ol Ex anpl 0749 pTER m cr opowder s
i ncl ude Zonyl (rDFMI OO0, MPI 100, 08P1500 a0 MPL600 IEs%hs, apailable from
DuPont ( Zonyl (r)F(ji,g a regi stered tnademarkiaf E| 1. dwpdRpnt del Nenours &
Co.). However, ed bello hese s pf LP m cr opowder s nay
al so be used i ?LI‘I%{I%(IS{&?ZHL my b\l/:’() 85“ rnj;%ye Immen 2? 4>c types of LPTFE
di spersions ar é inct from LPTEE cropo ‘ﬂm 5t hat e pollynerized via
di spersi on or H# %) on pol ymer i 220860 in tHe pr Lsenckl %87 chaih transfer
agents, and thgrF(49)e aggl oner al ed0BD f r M4BDFE fri cropowder s hjavi ng an
average particligspze of between §g7 and 29 mcfons (pyyg for| exanple. ii.
LPTFE m cropo [OT0O8] 1T = s nd|e T TTE of [ F&ig, present invention,
the LPTFE may tgr(;gln) t+he—form-of 7 PT.'E”%:g?rsp“"vder.16(981109] A first type
of LPTFE m crolrrf\ﬂéiza)rq are deri doﬁ?; hi (j‘ﬁ“mwl scul atly PTFE
di spersi ons thatF(&%)e produced vi aO.dﬁsper si48rd or | enul $1%H3 pol yjreri zati on and
thereafter coacm(sn)ed or aggl omer &&2d, |an@4tlhen| subj ected to  hernal
degradation or I5dration 10 10I’6}7[§OW MoI%BGUT al’ Wei ghg sPTFE powders, known
in the art as BT i mct upuvvucl :g reftert hrer-et E FE
mcropov\ders1 Y II\/ an\n de(ﬁ} gsc solid pnowders hiavi ng a
particle size t|yi?Pally betweeh 0971and 2d3nicrbns (MAS3 [0110] Exanpl es of
t hese types of |LHPTHE mcropovxdersO.iSﬁcI ude 48enyl (r) MAWCGOO, MPl 100, MP1500
and MP1600 resiings9jyavai I abl e fronmpByPont (4Zanyl r) I 219 egl st ered
trademark of E. F(6 TOYRHS & 11 4 ang—vP-25,WP-55, and UF 8TA,
N1

i f L arir ol Praducrt'c anernnd tyvynn f
KSpelidwhiad i STV TIANS LR Dosry Tt prE Lamn nillls
F(62) 0.9 24.3 -
F(63) 1.39 17.6 --
F(64) 0.77 18.9 -
F(65) 2.79 7.8 -
[0177] The results in Table 4 above show a significant improvement in smoothness, an

increase in gloss, and an increase in the contact angle of water over the control topcoats for
coating compositions made in accordance with the first and second embodiments of the present

invention when applied to flexible glass substrates.

Example 3
Reciprocating abrasion test

[0178] A reciprocating abrasion test (RAT) was conducted on each coating under the test

protocol set forth at the end of this Example. The results are set forth in Table 5 below:

Table 5

Reciprocating abrasion test (RAT)
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gr anul ar

degradation to form | ow nol ecul ar wei ght materials known as granul ar

PTFE resins that have been degraded by irradiation or thernmnal

PTFE

m cr opowowo1vi3ssh typi cal |y have a particle size rangiPol/uSg@omssdiy

between 2 and 20 microns (mm.

from DuPont (

[0112] Exanpl es of these types of LPTFE

& Co.) and
type of thess
enul si on or
agents, and t

m cr opowder s

20 m crons (n

[0114] The s
may be a |iqgQ

(MPF), such

(TFE) and per

(a copol yner

(PMWE)) and
(TFE) and per

propyl ene (FH

pol ymeri zati g

nmol ecul ar wei
wher eby the ¢

di spersi on of

enbodi nent s,

emul si on pol
thermal |y deg
any aggl oner g

smal | nmean pg

of MPF in npg

m cropowders include Zonyl (r) MP1200, MP1300, and MP1400 resins, avail able
Zonyl (r) is a registered trademark of E.I. du Pont de Nenours
h—8+—anrd—MP—310; “"“"a“'c frcn1Laur"! Preduets—F0413] Athird
types LPTFE nlcrop ﬁ% Qﬁlynerized via di spersion or

suspensComﬁp@#ynerizatlon Jq% fe pr ¢sRATaandlhienhH)% [ r ansf er
hen may 18 BDDBA 5835935V Be aggl qnerated to form LPTFE
aver age part|C| Ze of [typica between 0.2 and
T?ﬁ Iﬁ.t\’é?l%AalllJl €~ Melt %O&Q’:GSSI bte—H uuLdMUI Yy HEFS (IVPF)
L antrol B), opol yner lof_the Anded fll uor rm?qQ mer conposi tion
ik{1di spersi on of onle or mdP0 nelt grocessile fluaropolyners
gF(per f 1 uor oal koxy (|PFA) (gopm! ynerg of t eggoaf | uor ot hyl ene
qkyproalkyIV|nyl ethers), ['udi ng nethy@khuoroal oxy (MFA)
f —tetraftuvoroethytene(THEand ptlfluw 5 thytvinyl et her
ﬂ:ké} fl uoroal koxy ( I:I:A\ ( 24 ol Vet of tet 'Q'F | yorglet hy| ene
| J A\
fidbr et hyl vi nyl _etlher (PéWEf) and fluorilfed ed et yl ene
M6) for exanple. [0115] TheoWPF may be prigdaced by| a
F(py ocess that Is T knpwno! n the art agogy sper sf on
i rizatzﬂﬁp Thesg poty Bbb&allon processes
it fer—agents,—whiheh reC“ the er age
) I r met hods
di(Yeri zati on process i s E8rol | ed d
Hinectly polynerized partdoobes of [MPF. [304d®] | n jrost
tHi§yMPF, after being prodpgpg by dlspersbg&xpolynerization or
1 ZatT o, |> thereaf Lbl1 aggrgrerat od ! racdijat ed, or
. ; pbeen—sjubj ected to
th(bhresteds during ifts mandf098ture, |and t R8P ore retains a
r(i4) e size as desclri bed Bed®w. [0117] TheOOLI qui d di spersion
treARRdtpnts w il be an gggpous 10000
F(15) 5000 8000
F(16) 6000 8000
F(Control 17) 3000 6000
F(Control 18) 2000 4000
F(Control 19) 2000 5000
F(Control 20) 5000 8000
F(21) 7000 9000
F(21 recure) 8000 10000
F(22) 8000 11000
F(22 recure) 12000 17000
F(23) 11000 14000
F(23 recure) 7000 11000
F(24) 7000 10000
F(24 recure) 7000 10000
F(25) 8000 14000
F(25 recure) 9000 15000
F(26) 5000 12000
F(27) 6000 12000
F(28) 6000 11000
F(29) 10000 29000
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di spersi on,

t hough the MPF may be di spersed in other solvents and/or

MPF

originally in an aqueous phase nmay be phase transferred into another

sol vent ,

0.75 mcrons
less, 0.3 m

(nmm or |ess,
rons (mm or |ess,
F480)3 nean parti rl =)

woehiasessgani ¢ sol vents i ncl udi ng hexane,
[0118] The MPF, when produced as descri bed above, w il
mean particle size of 1.0 mcrons (nmm or
0.5 mcrons (M) or

| ess,
I

or 0.2 mcrons (
size as low as

ess, 0.4 mcron
nm or less. In

aceromas2aw/0ss144al cohol .
typically have a
0.9 mcrons (M) or

| ess,

s (mm or

parti cul ar,

t he MPF may
as |large as

Gw31)250, or 350 nm

for example. [(

3050100, or
119] | n-other €

150 nm or
nbodi nent s,

MPF powder s

qCent2d1SR) be used.

19 BDDBGHO 583593

5vI [ 018000 The N

PF may be

— O N IO

provi ded in

:;OI’ m of an aqueo

US di SQQé@I on Wr

1ch | §1§(§@bl [l Z

ed,

unstabilized

Jﬁ34llllllﬂully deUI

zed" refers to

IILbU ﬁm)ubbul
]

ah nnn s disn

CICIH IDLQM

nrc|nélp f |nh

i zed" or

"mnimlly sta
than 1.0 w.

Mk§35)a traditional

S

slur f act 4809 such |

as nond20%hi c su

udes | ess
rfactant or

an ani oni ¢ su

rH(3®t ant, based on

t he wei7gb@ of tHh

e MPF 1d00ous d

sper si on.

I n sone enbodi

ts, the MPF dis

per si ofpoy be ¢

rovi degopp the

form of an

aqueous di sperSLEMm aving 1 1 9 : .9
e 1 15 A A U1 Rl e ol LT Al A i
surfactant. | F@Pner enbodi nent s|__the O(‘II sper(si an F%ZQOQ')F\ pravi ded in the
formof an adqu#élis di spersion that is Zﬁmablllzed", tﬂﬁO@hlly hEV|ng 1-12
wt . % surfact gr41) 0121] Typical lly, the4omdt flow rate §06R) of [he MPF will
be greater trqq4g 5 g/lU nln and,lrIOﬂﬁwgnbodlwent qgmxpe abjﬁ 2 g/ 10
m n_ or hi gher, determrned by ASTM ug O)O [0122] Bb; the—MPF wil |
typically hay ( - content of g%e or re
mononer s ot halF(#han tetraf | uor oeft hyl end0QOrEE) . df abodf08) 0 wt . e or
greater, suchh Rg54.0 wt. % or grefater, 4080w .% qr gredfed) 5.0 mt. % or
greater, 5.5 \M(Cc{ﬁ@(g“@;eater or| 6.0 wyp(g or greater. gdpp23] Suj tabl e MPF
di spersions i TE/224 (PFA), avai 368(5 g fronr DuPo (I;Q IQIGQOOL PFA)_,
avai l abl e frgmb “eon HEC—TES568—(FEPR—avaitate fru“.uuPont, Neof i on
ND-1 10 ( FEP)LE@%hai i kin_ ABRO ryfiad xp 1 (NEA),
avail abl e frq($) vay. These MPH dispeﬁﬁmbns have charldg@eri stijcs set forth
in Table 2 bglmye) 3000 2000

F(51) 6000 10000

F(52) 5000 8000

F(53) 6000 12000

F(54) 5000 12000

F(55) 9000 17000

F(56) 9000 21000

F(57) 5000 12000

F(58) 4000 11000

F(59) 5000 9000

F(60) 2000 6000

F(61) 4000 12000

F(62) 4000 10000

F(63) 2000 8000

F(64) 5000 11000

F(65) 9000 14000

[0179]

The results in the table above show that there is up to a 200% improvement in

linear abrasion resistance over the control topcoats with the topcoats made in accordance with

the first and second embodiments of the present when applied to flexible glass substrates.
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Table 2 Characteristics of exenplary nmelt processible fluoropolvners (MPF)
20 BDDBA 5835935vil (MFA) C. LPTFE/ MPF bl end conpositions . [0124] To form
t he bl endwo 20iussBpol yrmer conpositi on compositions of tRETAISe@ON58444
invention, a LPTFE liquid dispersion and a MPF |iquid dispersion are

bl ended together. Wen |iquid dispersions are used, the dispersions may
have varying solids contents, and one of ordinary skill in the art wll
recogni ze that the wet weights of the liquid LPTFE and MPF di spersi ons may
be sel ected based on the solids contents of the dispersions and the desired
rel ative weight percent raRiegipRfcatifi€atl:RiGERNRAFF that is desired in the
resul ting bl ended conpositions. [01Z5] Notably, when the LPTFE and the MPF
are prB80ded i n Tiheecdipronatofe dbiragiindestivepersdusisl iaed pigthelvomplasd protasahset

icl i : f h. above di f the di ' 0 icl
o 1 ndoTp B SiFheeSi B EREN G tBRY o A B R Shphie G R AL oBRe ' '

subm ekpasutEyBubstRitd; @R) the tdsahvas pafaard Sking aSIkeRseibhit antiinbient RRepdiatider Hidons
are dried or nelted, for exanple. As discussed above, the LPTFE and MPF
are, i(® BaScelshEr Avht744Abpads grsroshangederesy 100 €61%51 endi ng, such that the
subm i nter [ - .1s thought to facilitate the
fornaﬁ?gﬁlof a ?%%§|?Pgﬁ%%§§¥§$;§ﬁ%g$g¥%$5f the dried or cured

f 1 uor gpt82ymer blSeopk. t Tidt tdssmbsures\ikerekivtahes dfhqatih@nd abasmalbyevi ng t he
beneficial results obtained with the present bl ended conpositions. Although
bl e ndir?f@Pr&FattnrgeSC@Eﬁl?’p%‘ﬁ‘@tﬂag- iT_We tResybl S5 @GR BTN ok Faeking Toreh fRaHg"-

appl I et QA% o RAsufl fahe BRRLINFRLE ?&‘ﬁn PRIy endihi &l BlseQurilgSinudples. as
denonstrated 1 n the present Exanples %y the effecti veness of mcropowders
when enpiloyecnsas dahmgt PAUSE bpoisamept TM 03X6]s sphefic & atastvappratusdsijlt by

fracti wei ght C s of _the LPTFE.and F in the bl ende

1 vor R BRpHEFoRBrABLE TERECHELT: Phed B blvi G EPRisebl oA HE SHTRIMogy | ds
wei ghtsy @ adtthe ohdd&sEriBhtin Mitish| StgfdarpT0sver9Rg. excl udi ng ot her fl uoropol yners
other than LPTFE and MPF as well as non-fluoropol ynmer conponents that may
be prd8EH, sucHquipmentend datastalter sol vents, surfactants, pignents,

fill er[ﬁlSéﬁl nd ot Q?f Actgg]{pncl)gclhgﬂeocgls)able of holding a Scotch-Brite abrasive pad of a specific

size to the surface to be tested with a fixed force and capable of moving the pad in a back and
forth (reciprocating) motion over a distance to 10 - 15 ¢cm (4 to 6 inches). The force and motion
are applied by a free falling, weighted stylus. The machine must be equipped with a counter,
preferably one that may be set to shut off after a given number of cycles.

[0185] (2) Scotch-Brite pads of required abrasiveness cut to required size. Scotch-Brite
pads are made by 3M Company, Abrasive Systems Division, St Paul, MN 55144-1000. Pads

come in grades with varying levels of abrasiveness as follows:

Lowest --7445, 7448, 6448, 7447, 6444, 7446, 7440, 5440 -- Highest

[0186] Scotch-Brite pads may be used at temperatures up to 150°C (300°F). Equivalent
pads may be used.

[0187] (3) Hot plate to heat test specimens. (Optional)

[0188] (4) Detergent solution or oil for performing test in with a liquid. (Optional)
[0189] Procedure.
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[0127] The LPTFE may conprise as little as 5 w.% 10 wt.% or 15 w.% or
as nmuch as 85 w.% 90 w.% or 95 wt. % by wei ght of the bl ended

f | uor opolwyoenissgsssi tion. I n one enbodi ment, the LPTFEPc®yuSc@npssigse

bet ween 40 wt. % and 60 wt. % of the bl ended conposition, such as 50 wt. % of
t he bl ended fl uoropol ynmer conposition. The MPF may conprise as nuch as 85

w.% 90 wt.% or 95 wt.% or as little as 5 w.% 10 wt.% or 15 w.%2 1
BDDBA 5935vl i ght. of  t he hl ended. f| uoropol r.conpositiqn..|ln one
oo iIREIN ¢ he EGERCREG bR G- DeRacnnsnial Sof et ol R Bosreng eins fonded
f 1 uor RALYIRhcLYMOThS IR B siidGhke R8s _ﬁ&nvétxpg/@e@f Hhevbl, ended o del ON.

[0128] Bl ends of LPTFE and MFA may include, in one enbodinment, from35 w.%
t o 90 dafined aRpgiseningmbxmof Streltes %y eroif 6BbsAtat s DPTEPosddn Thegrésent igrtiselis ment |,

bl epds. may include from,35,wt,.%to 7 . 9% d fr.aom, 24. %to 65
PRt RS s SRt iR of P bSR3 Binbsoiet 5 oo
76 W .Y Wohtemay bs @ed24 wt. % to 44 wt. % LPTFE. | n another enbodi ment, such
bl ends may i

LPTFE[0IH] a f ur tSeewre dioradt todisttested iwmlep thedeapioagtinenady ddie partipustdafimmbind 33

SilGieu gpitesdly ol b, TR Pylatte e hOBoN aloplEnqeEREE, M0t
enbodithe g paiudvies bdtand sfframyedgnc Buthgs it thosBiGaastwilow eur fidst\ndoeverheingl afi r om 10
Ww.%to 65 w. %P-%:%Etgi | n anot her enbodi rregﬁﬁ,aﬁsuch bl ends may i ncl ude

such
wt. %

wt. %
from

ei t hertdgs ean 18y

include from63 w.%to 70 wt.% MFA and from30 w.%to 37 wt.%

pa wysqpregpaiEpscryghing gpd afalsg resplt.-o 65 we . % LPTFE, or

from 6gon. % to nglaﬁ%%%gggot@? Britd %&lgréﬁtab%sk%nﬁsg tMV&heo/é‘xlaa-g@%-of e EHGE her

enbodi ment
f r om @ thet stPlus. ol lOpresendonvBItRES, uso IGrhdo 4758 wtan @bt pargishovt fods " FEEFhastylus pom 15

w.%to
eithel1

such s may 1 nclude erther from .%to 50 wt. % FEP and

oo iegh o) hydimvret BpachatpicSEmboin oLy Tont: e,
[ 0130]scBlcamsiste 9hd LsAkE tafd FoA

YnchAChtiSiecd oF "WRErENBDIAE fRAE bofts R hé W . %

to 80 wt.% PFA and from 20 wt.%B?o 63 .g/o LPTFE. In anot her enbodi nent,
such Wb@nds may include from37 w.%to 65 w.% PFA and from35 w.%to 63

G, | APALNSLyIhadienl s, SUShR! BRYR, IPhel AFlNISERMAS W - %6 to

present inventors use a 10 cm (4 inch) stroke length as standard. Lower the pad onto the surface

wt . %
63 w

of the piece to be tested. Make sure that the weight is completely free. The present inventors

used a3

[0194]

.0 Kg weight as standard, but this can be varied.

If the machine is equipped with a counter, set the counter to the required number

of strokes. One stroke is a motion in one direction. If the machine does not have an automatic

counter,

the counter must be watched so that the machine can be turned off at the proper time.

The machine is stopped at various intervals to change the abrasive pad. The abrasiveness of the

pad changes (usually becomes less effective) as the pad fills with debris. The present inventors

changed pads at intervals of 1,000 strokes. One thousand strokes is the preferred interval

between pad changes.

[0195]

Start the test machine. Allow to run until an end point is reached or until a

required number of strokes are attained before changing the pad.

[0196]

Inspect the test piece carefully at the beginning and end of each start up. As the

end point is approached, the substrate will begin to show through the coating. When close to the

end point, observe the test piece constantly. Stop the machine when the end point has been

reached.
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wt. % LPTFE. | n another enbodi ment, such blends may include from50 w.%to
60 wt.% PFA and from40 w.%to 50 wt.% LPTFE. In a further enbodi nent,
such bl ermi® 208y0369361 ude 53 wt. % PFA and 47 wt. % LPTFE. [POTAKpoosss4aqueous
di spersions are used, the dispersions nmay have varying solids contents. The
wet wei ghts of the aqueous dispersions of the first and second

fluoropol yners to be bl ended are sel ected based on the solids contents of

t he di sions and t.he desired relative wei ght percents of the
quorJBﬁﬁgners.Egﬁﬁﬂﬁ?% of the fluoropolymers may al so be bl ended and then,

i f degpreyd, di speicsRdhe &l FRSRaManidc®132] The coating conpositions
described herein may al so include suitable additives, such as surfactants,

fillel819%ei nf orlc bmadstand dekictof Vestch-dnde pagnent s, if desired. [0133] The

coati nposi ty ons, can pe prepared by any standard fornul ati on techni que
such Qb@ﬁnple ng?}%%Qﬁﬁﬁ | ow shear m xing. The coating conpositions may

be appb2eg over 3aNpHbEH @rMEObctvECHat chadgany known techni que, and are
then cured to provide a coated flexible substrate with a coating having
i mpr oM@t s i n dabeegth 6AstFESi st ance and rel ease characteristics. The

parti CoNnMpas L.k 0! arimer and/ or mdcoat may vary w dely, and
are ngy%ﬁﬂoughtQ%E%EQE§P?%F%£§bW}th respect to the inproved properties
denong026]ed by 6 Nanbeadl sngkediosaldgead. her ei n. However, as has been

observed in connection with Exanple 7 bel ow, inproved resistance to oil and

grease ingress may be obtained when no primer or nmidcoat is used under the
pr esed®2®dat i ng Dyrhicda testHaovgdagraatss rw&h‘s@ hyinateaid cpdpeintisy singlegeswt ckness
(DFT) b m crons, depending on the application, and may
be cufgykﬁﬁ%gﬁggﬁ%gfgggﬁgﬁﬁbove about 4000C for between 2 and 10 m nutes,
dependd20p]on t h&keaprl thededchptidmetthe cReimgnthic figmahickhss,aypdlthecaibsioate andl degr ee
of thicé?ess desired, the coatings may be applied in several layers. I1.
SecondVEMSJUPRAHION: [0135] In a second enbodi nent, the composition includes

a flugpspgl ymer 1pase.¢ AusAReaLd « cifig nﬂnﬁ‘)!eﬂﬁf JRkec Wkd intﬂﬁ%er of

pol ytetrafl uoroet hyl ene (HPTFE), together with an anount o
above-sttekasr iRvedrdlaRIGEiMRA dltendeourtt lofiorcap shohrme peoenpasubitoie cxposed, or
Fl uor %%%Ib\é{rgfr stg)ﬁgse tocf?rs@s%ggtgte exposure. Optionally, record the film thickness and/or weight
before and after testing.
[0208] If the test is performed at elevated temperature, record the temperature of the test.
If performed with a liquid, record the specifics of the liquid.
[0209] Comments/Precautions.
[0210] Both sides of a Scotch-Brite pad may be used. Pads must be cut precisely to fit
the "foot." Ragged edges or rough spots on the pad will give false results. Test pieces must be
flat and free from dirt or other particles. This test method is similar to the abrasion test described
in BS 7069:1988, Appendix Al. When tested according to BS 7069, test pieces are immersed in

50 cm® of a 5 g/liter solution of household dish washing detergent in water. The test runs for 250

cycles with pads changed every 50 cycles.

Example 4

Taber reciprocating abrasion test

44

BDDBO1 5835935v1



[0136] The fl uoropol yner base conponent includes at |east one

fl uoropol ynmer, such as pol ytetrafl uoroethyl ene (PTFE), co-polyners of
tetrafl uowoantogease and et hyl ene (ETFE), co pol yners of PCetusadovwessaet hl yene
and perfluoro(al kyl vinyl ethers) (PAVE), co-polyners of

tetrafl uoroethl yene and perfluoro(ethyl vinyl ether) (PEVE), co-polyners of
tetrafl uoroet hyl ene and perfluoro(propyl vinyl et her) (PPVE), co-polyners

of tetrafluoroethlyene and erf uoro( t et h

co- poll A & o F SRS e ge A L P BH o ACHEP3389
co- polyyaBfthe Rfllokghd @Jﬂdﬁﬂfrﬁeg@%ﬁ@f&@t RcdeiIétbdeh QanB@rXS’l 36 aﬁﬁ\&se@ﬁﬁng the
pol yvi nyl i dene fl uoride (PV and co-pol yners of tetrafl uoroethyl ene,

hexaf weoghd pess plwtmde (2)ZBSIB@D|§@lb%@5@35V Hahtweicnykd détha 250fd load paieaghTHVY) |

and ot er erfl u uor ast.oner TF Jmy al so
pe. us e ity e AEER R KR oSl R A S S e TR e or
nor e peisfchdaratddaised fI uoropol yners and, in parti cuI ar, will be one or nore
traditional high nolecular wei ght PTFE ( HPTFE) corrponents. [0138] The
nunber average nol ecul ar weight (Wh) of the HPTFE is typically at | east

500, 000, and may be at |ea QQ,Q( ble HPTFE in the form of
l'iquid dispersions and/or Z%véer &gﬁm\ggpgag%t@rom many comrer ci al
sources. Liquid HPTFE di spersions typically incl ude surfact ant s for

st abi | |%]y thou "unst abi li E,ed HPTFE di sper si o g,cal I VI ng | ess
Chan 10812k . 06 s arctﬁ%tﬁgenea% Qe APRN B SDeSHRCTH xpl%ﬁ dewsehars b Mien a
pOV‘Uerthl'cEné§§)€{9 atﬁtlﬂ@ab%ﬁém‘/\{ha{ 1rorta}f95J &%‘ ﬂx)éd@ el SRES e?&gsﬂffpwﬁeélé %Hléil ér@
prepare the coating conposition. ome enbodi nents, the HPTFE may
i ncl uaeplacdsaral speafro presswé, am@hhvxfeyedmltcdmpmmen sunﬁaomhﬁcshhc&sﬁablheoﬂaRIFE is a

co- pol art s nodi. f PTFE! or "trace, nodifi ed PTFE".
e o e e iy by s St Pt ol ol r i B OB RLEyY UERGTd ner

( PPVEkangehtifily f@dithd Slisof A SdmAe. 0o ablad 0P _Pibe e pfien outward toward
chlorotrifluoroethylene (CTFE), perfluorobutylethylene (PFBE), or other

per f | tlg pruipkgtywindytheether, snwasd dawasd thyegeniro ovholaetviagium aystem h@ﬁO\(GPMKEP or
perfl ﬁfgr?e&hryd th 'ﬁﬁl ether (PEVE). The nodifying co-nononer wll typically be
prese ihYEN&oURt | ess than 1% by wei ght, for exanple, based on the
wei ghtjopf3]t he HATkEesuBs ateREFRHMRE TRbREbISIPOSi ti ons .

Table 6
Taber reciprocating abrasion test
Coating # TWI 1000 TWI 2000 TWI 3000

F(Control A) 15 20 23
F(Control B) 11 10.5 10
F(1) 12 11 12.33
F(2) 15 13.5 13.33
F(3) 13 13.5 12
F(4) 12 16 17.66
F(5) 13 17 15.33
F(6) 22 18.5 16
F(7) 32.6 37 36
F(8) 31 38 37.6
F(9) 20 23.5 23
F(10) 25 17 14
F(11) 14 7.5 9.37
F(12) 31 38 37.66
F(13) 17 16 16
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[ 0140] The LPTFE/ MPF bl end conpositions are those descri be above with

respect to the first enbodi nent.
[0141] Towbaprwvbesspr esent conposition,

C. HPTFE/ LPTFE/ MPF bl end conpositions .
aqueous di sper siPCmaISed090be44

conponents of the present coating conposition nmay be bl ended in any order

with slow stirring, for exanple, or via another |ow or nmedi um shear nethod
which mnimzes the potential for aggloneration, coaglulation, or
fibrillation ¢f the fluyoropolyner particles. Wep Iiquid dlspe sions are
used, the di s% & Wﬁ‘ére%v have jaryiwg sollids Hont ent S, 3 onk of ordinary
skill in the aft(14 11 recoqnl ze| t hat3% he vet wa.§ht s of 2hé i qui d HPTFE,
LPTFE and MPF|di Bpetgicans may ble sel¥ycted |baseds24 BDDBA6.33835P35vi on the
sol i ds cont ent ﬂﬁ the di | Spersions the de5|6r4ed rerat ye e ght percent
rati os of the ? d} HPTFE—and—MPF Lé at—atre uc>4|0| ed—mn Llfg respl ti ng
bl ended conpog d [0142] | nl oneenbodiment—based fe shlids content
of all fl uorom@(@@iﬁmldg}monents of t4%e present7i:§)n1)o<| ti8h3. the
fl uor opol yner |FéSentodrippnent i s| presient i an &ount |of @83 litfle as 1
W.% 2 w. %4 ptodeol 1) W . % 30 wt.% 35 wt. %040 WM. % fBp wt|% 55 wt.%
60 wt.% or 7(£ ool aSﬁUW[ % suMWL % TW%_96 wt. % or
98 Wt . % or wrhh—afange—defHpedbetweer—any—par+—e—the—+Foregoi ng
val ues, with ¢&éor bhoth of thf r‘nm}mnpnt s_af #he bllend2@0f | upr opol ymer
conposi tion pf &ntecing) an_anmount of ¥ litjtle a8 1 w|.% 2 w.V 4 w.% 5
w.% 10 wt.%F@zz)ZO w.% or as gr e@t as 30 W48 40 wt1.3%6 45| wm . % 55
w.% 60 \M'%,E@P%ur%ﬁ [40) Wt % 9blvyt 98 thQU/q or] 991r2 U |or within a
range defi ned e —arty—pat th ti T Of gm |u\.‘1 vattg 1[604431 I n
particul ar errﬁﬁgééemé—t—t%(—l—um—gpoji—yaep em—n%—ba present in
t he conpositi oFG3reaweanount of| bet wden 60 and 288 wt .|% bEt weeh 70 and 98
wt. % or betwe@®B2 and 96 wt.% forldexanpgl e, hased gn th@3totpl weight of
al' I fluoropol Y ekl he conpositiom The LPTHE/ MPF bl engled T uoropol ymer
may be presen PJQB)a corresponding angumnt—gf De eI 2 arﬁa] . % between
2 and 30 wt. % betweenr—4—and—38—w-0—FHeor a..P! e-—baséd—en the t ot al
wei ght of all f(zﬁﬁeﬁ‘i"fﬁ)vrmrq in the ](Qnrrpn iti nr1 [ Q144] WP h bspect to the
anmount s of LP“IFI:‘Zﬁand MPE rel atilve t 32ne dnot he}.5 in|pari9.cul af
enbodi nents, {ipeAHPTFE may be presents in gn anpumnt of| betmeen B3 wt. % and
66 F(28) 16 16 14

F(29) 17 14.5 15.3

F(30)* 49 61 58

F(31)* 38 41 44

F(Control 32) 53 35 29

F(33) 17 18.5 10

F(34) 14 10.5 12

F(35) 18 14.5 14

F(36) 17 17.5 14

F(37) 21 21 19.7

F(38) 22 17.5 17.3

F(39) 24 17 16

F(40) 10 24 30

F(41) 36 26 23

F(42) 23 21 21

F(43) 28 26 26

F(44) 19 19.5 21.3

F(45) 57 42.3 30

F(Control 46) 17 17.5 17.7

F(47) 24 19 18
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w . % between

in an anount of 50 wt.
and MPF cwopornassss with the MPF present

bet ween 33 wt.
and 55 wt. %

LPTFE/ MPF ratijo
bet ween 1. 2:

or

40 wt
%

% and 66 w .
pr esent

% be

ﬂsy be betmeen
A

.% and 60 wt.

% between

tween 40 w.

in an anmount of 50 wt.
solids content of the LPTFE and MPF conponents.

2:1 and

1: 2,
vhp'181

h

45 wt

%
I n ot
bet ween 1.

sed rlng t he

.% and 55 wt.
based on the conbi ned solids content of the LPTFE
i n a correspon@CmgSarmoonti4of

% and 60 wt.

%

her wor ds,

:1 and
rnrrh]i9npri

%

or present

bet ween 45 wt. %
based on the conbi ned

t he
0 1.5,
ol ids

content of thd

> FI9VFE and NPF co

nponéﬁts [

0145123When

aqueBus d

sper si ons

are used, the

gyspersions may h

ave varyi ng

sol i2ds cor

tents3 Th

a}

-

wet wei ghts

of the aqueous

I1_-‘€31§[36I’SI0I’IS of t

he Tl rgst an

d Sefppd T

UOI’ ?@Ql ym

brs to be
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the desired ré
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7 bel ow, i npr(

VB )r esi st ance to

oi | 22nd gr

ease2li.hgr es

s mh§.7be

bbt ai ned when

no primer or |

rm@ggat I's used un

der tﬂe pr g

sent 2@oat| I

9. (19348]

The

conpositions

Z@ e apptTed to

N

aury frim

V'\

tti CH]?SS (

L)I—Iing

oLLr Q

bet ween 15 and

80 mi crons,

dbp\,ll
above about 4000C for

t ha
|||9 oR—the Sy~

PI I \JMLI \JII,

MIIU Iluy

between 2 and 10 m nut es,

U\r

ovuUur vu MI.

a tenperature

dependi ng on the applied

thi ckngsgy Dependichgu@9 id 18)18BRbLFAHANhANHd804 F‘é%lu@tfloﬁ Ritkknass wigsi r ed,
t he conpositions maybe applied

t hat Bhdaxdvitlythsftopdoetsanaisen séwmndantawiithithafiess andscepratembedimknts o€ the present

when applied to flexible glass substrates, indicating an improvement in cross directional abrasion

resistance over the control topcoats.

[0215]

in several

Example S

| ayers.

[01

Cooking release tests

49]

It has been found

Cooking release tests were conducted in accordance with the protocols below for

cookie dough, pizza dough, chicken leg, and egg. The results were graded from 1-5 (1-cannot

remove, 5-excellent release with no residue and no staining).

[0216]

Cookie dough. Small round piece (approximately Scm diameter) of dough placed

centrally on coated substrate and cooked for 12 mins at 160°C. Allowed to cool for 5 mins.

Release evaluated including ease of release, residue and staining.

[0217]

Pizza Dough. Small round piece (approximately Scm diameter) of dough placed

centrally on coated substrate and cooked for 12 mins at 160°C. Allowed to cool for 5 mins.

Release evaluated including ease of release, residue and staining.

BDDBO1 5835935v1
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LPTFE and MPF, and of the HPTFE, LPTFE and MPF, on a submcron level to
facilitate intimte blending such that, when the bl ended fl uoropol yner
conposi t WO 200/036936d, a crystal structure representing &Crruseooalobsay4 of t he
fluoropolyners is forned, having nelt characteristics that differ from
those of the individual fluoropolynmers. The bl ended fl uoropol yner
conposition may be used to provide a coating having inproved abrasion

i st , gl . .ad ian, hj gh tact leg. |11, Physi
oropent3ag" Oro1inlas e BRfer | iticst SpuRly Prbrfindbuainme oPRS o
the figs50 AN 25 e0owd AQRRRMIGBHI FoldS i, HedeA0 OV TBY inBKinY dasOBfreREsdIOr € Of

the follow ng properties, together with additional properties, as evidenced
by t heedidid andistigniEganpl es. [0151] The present conposition, when applied to

a flexj substr at ei the irectly ft he flexible substrate or. over an
cinder VT coar hag: T Seb RILETORE] balph RNt Sl @oE R PLEN el 5RF ot

| east id @ds capthommbtavecrl&sadfahire fghaleat toabvdl 8Bt tht beher 1d@ase 1638, 0f130, or
135, for exanple, as neasured for a water droplet according to the Young
Rel at iTehle Danguied angl e 26 BDDBA 5835935vI nay be measured according to
ASTM -08 w i . r-Ci y available instrunment, such as
the " @%%?Shape Tt&%é%élsé% %@%@ﬁﬁ%%e%%Vai | abl e from Kruss GrbH of
Hanburg, Germany. [0152] The present conposition, when applied to a
substrate, either directly to the subgtrate or over an underlying coating,
or fornmed into a film exhibits a s roughness (Ra, arithnetic mean
deviation of the roughness profgb&indRASHE RGisi N m crons) of less than 1.5
m crons, and may have a surface roughness of less than 1.3 microns, 1.2
mcrons, or 1. 0 Goating®, {OReRASD| €ReREsdlel ERBlefid [acCRéIGaseg to EN | SO
13565 in Exanple 2 below |[0fa3] TnqCeoRR$N! EEEROSI ti(m,icumn applied to a
flexible SUbSLl{f(,tt =N fé}he i ET Fy tothe fiexgbtresupbstrate gr over an
under | yi ng coa.r?&,rou. fofred—intoratitm—exhibitsa—rweaSured{gl oss, in %
reflectance, f(GontpeBEt 15  3nd nay hdve al neadured glos3 of dt |east 25,
30, 35, 40, orFd», for exanple, as|neadured at 60 with any suitlabl e
comercially ap@bl abl e ingtrunent, | such as @ M grogljoss 69 gl ogsneter,

avai l abl e fronig(g K-Gardner, in accardaqce W th j,he fjof fow,ng stlandar ds:
[N
TN
F

-+ —+

BS3900/ D5, Dl BFN-67536,—FENH

HS0—7668,—ASTHM §N23, ASTM

L 1 M 201
(ZS\I rou 2010, 'iN UT POV, | -

F(5) --
F(6) --
F(7) --
F(8) --
F(9) --
F(10) --
F(11) -
F(12) 5
F(13) 7
F(13 recured) 9 4
5
5

EEN SN NN RV SN N N S AN

Al [w]|WwW

F(14)

F(14 recured)

F(15) -- --

F(16) -- 4

F(Control 17) 2 4

F(Control 18) 4 4
4
4

F(Control 19) 4
F(Control 20) 2
F(21) -- -- -- --
F(21 recure) -- 5 4 3

Wl [fhfthhihnfih i fthhon o fth oo | B [ [ BG
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D1455, ASTM C346, ASTM C584, ASTM D2457, JIS Z 8741, MFT 30064, TAPPI
480. Units of neasurenent are expressed as % refl ectance.
when applied to a flexible substrarel/useadmsssds rect |y

present cwWORo

to the flexible substrate or over an underlying coating,
film exhibits a light transm ssion,

B350,

or for

T

[0154] The

ned into a

obt ai ned in accordance with Exanple 6

he present
tly to the
sion, as

at least 5
at

and/ or
b/f kinetic
w. EXAMPLES
eatures and
nstrued as

per cent ages

. 9.,
ositions of
of present
with

of present
ed onto
ating

, and ot her
f the
tively,
nents,

and
set

bel ow, of at |east 60% and nay have a neasured |light transm ssion of at
| east 70% at Jeast—5%pr—at—teast—80% Ffor—exanpbe—01551—
conposi tion, MH8A) applied{to & flekible substrate either—direg
flexible substﬂ@ﬁe&mm@ove an-undef | yi Ag co@ati ng, exhi bit4 adhsg
bl . at | casfBep i T—or HAT IeaSTT 7 TG T 1 piSTagt ansoas Toroe
:ceas"[ 2 DI T PAEEASY 5 b at-teast 6 Hpif, Jor—alt—t+esdt 7
orce, as neafﬁgéh_mw44u;+M£i_Les
[0156] The f ol F@hiremyredon-1imiting Exanples Il u8tratle varBous f
characteristicB26f the present i nventioen, which--is not to-be ca
limted therefgoshnpeygholit the Expnpl s anfd el sewhere hegein,
are by wei ght ﬂ&s,bb ottrerw se Trdjcategd.—2[7 BD?BG—58359§5V1—EXIarrpI el
Exenpl ary conps Fons—ang—apprHicaliontoa-flexi-ble substrate,
gl asscloth [01@?7) In this|Fxanple, |coa®ings/ weré nm
bl ended fl uorjop@Byners in accer dante wisth the fbrst lenbodi ment
i nvention, ande®ppm hi gh pol ecul ar| wei ght BTFE §HPTHE) t oget her
bl ended quorQB% yrmErs n accordance W th the second embodi ment
i nvention. [O0g Hr—thi-stExanptethese—copposttions—were—coat]
gl asscl oth ov (3 Land/or mdcodats, and the rlesulting cg
systens were [E&oatofdh) abrasidon resi stlance, rePease propérties
properties in FB8)remaini hg Bganpl es. [0159] The forjmul atiions a
basecoat and k@gpats arefset rorth ingfables 34 and SB, Jjespeg
ar e expr ESSEU ]s(:BSSNEL WEI [S1 LIS l__ol(.,LI PDTTS \ﬁﬂlﬁl el as Lgle L p(.,UdL4(.,UH|JL

F(36) -- 4 5 4

F(37) -- 4 5 5

F(38) -- 4 5 5

F(39) -- 2 5 5

F(40) -- 3 5 4

F(41) -- 3 5 4

F(42) -- 3 5 5

F(43) -- 3 5 5

F(44) -- 5 5 5

F(45) -- 4 5 4

F(Control 46) -- 3 4 3

F(47) -- 4 5 3

F(48) -- 4 5 3

F(49) - 4 4 4

F(50) -- 4 4 4

F(51) -- 5 5 4

F(52) - 4 4 4

F(53) -- 3 4 3

F(54) - 4 4 3

F(55) - 3 5 4

F(56) - 4 4 4

F(57) - 3 4 2

F(58) - 4 4 3

BDDBO1 5835935v1
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forth in Table 3C, are expressed as dry weight fractions. Table 3A Basecoat
formul ati ons 28 BDDBA 5835935vlI 29 BDDBA 5835935vl Tabl e 3B M dcoat

formul at iwe=08038BHBA 5835935vI 3 1 BDDBA 5835935vI 32 BDDRSR009/058444
5835935vI Tabl e 3C Topcoat formnul ati ons 33 BDDBA 5835935vl 34 BDDBO
5835935vI [ 0160] The fl uoropol yner conponents of the Topcoats were as
follows: [0161] PTFE (HPTFE) - Sol vay D3112X, solids = 60% [0162] MA -

Sol vay Hyf | onMEAPH-6202—1—tet#tab—seHds—=2+12% 01631 PFA - du
Pont PFA TE720%09) ot # 0804330005, Bolids = 58 69 [0164]SEEP -| du Pont FEP
TE9568, sol i dsF®0k4. 0% . [0165] LPTFE 3 SFN- D, &henduang, 3exceqt t hat
topcoat F(44)| wa$) made wi th Dyneon| 9203 TF PTFE3m crjopowdgr, ard topcoat

F(45) was madephfh UF 8TR sur__'r ace tregt ecl TFE4M CTjopowder. 35 BDDBO
5835935vI [ 0166} NM—Dyneorn—THVY-3#0C T sotds—=356- O‘%_US‘?‘d_\M_t'h Versam d
cross-1inking nt . [016Y] PAl - PPS éAl — Mh] t?’nrd D7949- PAl _gol uti on,

PPS: Chevron f)ips Rytbn PPS. [D168P All| of Phe doatind comgositions
were m xed usj@5a standafd nmixer undeB nedj um 8hear| for 5-7 mnutes. All
m xed coatings were applied to glasscloth in the Taboratory using

[0221] The results in the table above show that there is an improvement in the release,
reduction in staining, and ease of cleaning characteristics for all types of food tested over the
control topcoats with the topcoats made in accordance with the first and second embodiments of

the present invention when applied to flexible glass substrates.

Example 6
Light Transmission Test

[0222] A light transmission test was conducted using a TES 1334 light meter, available
from TES Electronic Corp. of Taipei, Taiwan. Units of measurement are lux (Ix).

[0223] Samples were secured on a frame 2 inches in front of a light box and the peak
reading was measured. Light transmission is expressed as a percent (%) obtained by dividing the
measured Ix value for a coated sample by the measured Ix value for an uncoated sample.

[0224] The results are set forth in Table 8A below:

Table 8A

Light transmission test

Formula Reading — lux
No Substrate 4.02
F (Control A) 1.47
F (Control B) 0.31
F(1) 1.29
F(2) 1.38
F(3) 1.36
F(4) 1.27
F(5) 1.28
F(6) 1.58

50
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draw down bars.
above, produced by PD I
i s subj ecwoaotomn3e9ssl ash

ntergl as or
of f

Por cher

The gl asscloth substrate grades are set forth in Table 3A
I ndustries.
in a | aboratory box oven sePCatUS2@003445000F)

The coated substrate

for 2 mnutes followed by curing in a | aboratory box oven set at 4000C

(752F) for 1 mnute. [O
produced using conventi
Conposi tes) and no nodi
sanpl es. The basecoat,

sanpl es were all standa
conditions used in sone
t hese i nstances sanpl es
m nutes at 4300C. Subst
for between 45 and 52 s
schedul e to determ ne

foregoi ng sanples are

Exanpl e 2 Determ nation
t hi s Exanpl e, roughness
determ ned. The test pr
type surface roughness

tracing of the surface

foll owi ng: Mtutoyo Sur
avail able from M tut oyo
Ontaria, ON L5N 5N, an
detector and anal yzer (
D- 37073 Gtingen, Cerng
devi ati on of the roughn
count). [0173] The proc
measured. Due to the co

169] The control
onal

fications or further coatlngs
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r SPTFE di sper si ops. [ 0170] DJ
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S 11 a il cu
re-s nhfnr
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Al14-e4g8ness. gl
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5255’ and cont
o I O
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N1721
| uvvo

U LT LJ
wi t h088 anal
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to ER41 SO 1
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cutting the sanple to o
t he detector roughness

BDDBO1 5835935v1

WD) These i nstruphent slABasur
eBQ1peairt) e, measured 1AM cr@
q@QQF I's as folloms Fqggt pr
T e e alddsor by
E@é)a to the level | ust -4 ghpr
F(23 recure) 1.49

F(24) 1.49

F(24 recure) 1.49

F(25) 1.49

F(25 recure) 1.49

F(26) 1.63

F(27) 1.03

F(28) 1.41

F(29) 1.12
F(Control 32) 1.82

F(33) 3.35

F(34) 1.53

F(35) 1.61

F(36) 1.64

F(37) 1.68

F(38) 1.92

F(39) 1.29

F(40) 2.13

F(41) 2.11

F(42) 2.14

F(43) 2.05

F(44) 1.93
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expect ed roughness to be neasured. Set the length of trace,
magni fi cati on and neasurenent units (English or

metri

scal e

c). Calibrate the

det ect or wocorudi3ngpst o t he manufacturer’'s instructions uPCmFISa00R0684m4

ref erence standard.
surface. Make at | east

were attained using a M nigl ossneter

| nstrunents, at an angl
st andards: BS3900/ D5, D

In the same nmanner,

6 neasurements.
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K4EN | s0 2813 D

5 neter _confg
N 67598  EN

ASTM D1455, ASTM C346,

NS Tdn@6B40) ASTM D

PAST, 23S Z §

T 480. Units of neasure

ﬂﬁﬂﬂ) are expresse
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Angl e. Contact angle wa
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Anal ysi s" system ( DSAl
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N729 H
UusSt

Ul So4~ EO

Kr us§'9 H

[(n]

—avallable from
58 i on. [0176]
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BDDBO 5835935vI [ 0177]

A
(o
3
fe
S

i nprovenent in snoothne
contact angle of water
made in accordance with
i nventi on when applied
Reci procati ng abrasion
conducted on each coati
this Exanple. The resu
Reci procati ng abrasion

[0225]

Tp(gzj es_ul ts In Ta I e 41above .
L0 e cont robtopookts for
]F(Eé) first and se n:d i‘l?ﬁndi e
t B(56) exi bl e gl ass| subsi 6t es.
LBSK) [0178] A rec| procatiing aj
hg(sgnder the test|protogel set
[‘ﬁ_g e—set—forth—n TaE!‘Iog 5—be
e (RAT)Y 30

F59) - 7 2.05

F(60) 1.74

F(61) 1.78

F(62) 1.57

F(63) 2.01

F(64) 1.97

F(65) 1.41

measure the roughness of the sanple
[0174] d oss.
110V 20-60, avail able from Sheen

d oss neasurenents

rmed to the follow ng
| SO 7668, ASTM D523,
741, MFT 30064, TAPPI
tance. [0175] Contact
and is expressed in
ng the "Drop Shape

f Hanburg, GCermany,
re set forth in Table
7 BDDBA 5835935vl 38
how a significant

an increase in the
coating conpositions
nts of the present
Exampl e 3

rasion test (RAT) was
forth at the end of
| ow. Table 5

Coating F(Control 46) is equivalent to coating F(33) in that it employs the same

HPTFE-based base coat and mid coat, includes HPTFE in its topcoat, and was coated onto the

same bleached glass fabric substrate, hence the light transmission test is directly comparable to

coating F(33), which is a blend of HPTFE/PFA/LPTFE. As can be seen from Table 8B below, in

which the light transmission % has been adjusting for the variation in coating weight, coating

F(33) transmits 31% more light than the coating F(Control 46). Furthermore, coating F(33) is

not only translucent but was also found to be semi transparent to the extent that it was possible to

discern images and read printed text through it.

[0226]

Films cast from the formulation of F(33) are optically transparent and those

skilled in the art will recognize that these films can be laminated to a variety of substrates. It is

believed that the transparency of these films is indicative of a void free material containing

crystalline structures too small to interfere with visible light.

BDDBO1 5835935v1
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BDDBA 5835935vI 40 BDDBA 5835935vI [0179] The results in the table above
show that there is up to a 200% i nprovenent in |inear abrasion resistance
over the wonbroal3ée3dpcoats with the topcoats made i n accecuarsec@onsssd t he
first and second enbodi nents of the present when applied to flexible glass
substrates. 4 1 BDDBA 5835935vl Reci procating abrasion rest (RAT). [0180]
The reciprocating abrasion test was conducted based on the conplete

prot o et forth belo ith the follow.n difi.cations: t he coated
Dot A% ¢ el e ot skt bt oo Chspiriee Sefony Bitsbd i ab e

per f orcBRAd4Sd ﬁﬂli@%? k@oNEd AR llinaty RIPINARAE att STNRERLETE tha® RS fi?) cdshi8g method
Scotchbrite 3M (7447) pads wereé changed every 1000 cycles. [0181] The

conpl etald bsequatlpseitablle.i s as fol |l ows: [0182] Scope. This test neasures the
resi st of cqatings to abrasi by a reciprocating Scotch-Brite pad. The
t est Jﬁmcts cgﬁﬁsn‘gerg\@?egg{egﬁsifﬁl DPack and forth notion. The test is a
measure of the useful life of coatings that have been subjected to scouring
and ot her si m | affaifeof MGui@bIHABRYPICRPTEE, M IPERRiNGhe dEMcH3Blod. s specific
to a test apparatus built by Whitford Corporation of Wst Chester, PA
However, it2.is dapjsltheapireptiae &rmulaiiontte e bendhaeiednctems. Use therfelloeiver i bed
in Brigish Standard 7069-1988 0183 uj nt and Materials. [0184] (1) A
test fRENHDR AR B e Brsiar ks U St WPTRE e asi Ve pad of & speei {1t
size to the surfaace tRar PBAL 8siMek WdfTablefIBRdoW OMugtifiRdhE @it @raafedBVi Ng
the pad in a back and forth (reciprocating) notion over a distance to 10 -
15 cmYte t BY 83 nches). The force and notion are applied by a free falling,
wei ght ed stylus, The i t i i -ably
one_that ey b st Ca LRt Doryig poret SRR, Mubig R BREGEREN Y )
Scot clstgr 1 be0pads of required abrasiveness cut to required size.
Scotch-Brite pads a made by 3M Conpany,  Abrasive Systens Division, St
Paul , MN 55144- ﬂ@ﬁftﬁpgﬂé gﬁgﬁétoiaﬁoﬁiraéﬁ@g?b&ﬁst h varying | evel s of

abr asi veness as (alJ O kWSS AfRun? 648 o Gfhm IdfAnoPhfity, 7446, 7440,
5440 - Hi ghest [0186] Scotch-Brite pads nmay be used at tenperatures up to
1500C (3000F). MRyaivvbd emttinpadwsniiiypdnel inseonooth motion using a 3 mil wet path bird

applicator.
6. Flash the panel for approximately 5-10 minutes at 93°C (200°F).
7 Move the panel to 204°C (400°F) and flash an additional 3-5 minutes.
8. Cure the panel for 10 minutes at 399°C (750°F).
9 Carefully peel off film from cured panel.

Table 8B
Mix A
DIW 71.15
Carbowax polyethylene 15.15
glycol/DIW solution (50/50)
Triethanolamine 4.00
Silwet L-77 2.85
Aromatic 100 3.75
Carbopol EP-1 3.00
Mix B
Carbowax polyethylene 29.25
glycol/DIW solution (50/50)
DIW 52.00
Surfynol 440 4.50
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[0187] (3) Hot plate to heat test specinmens. (Optional) [0188] (4)
Detergent solution or oil for performng test in with aliquid. (Optional)
[0189] Prwoeduris69382 BDDBO 5835935vI [ 0190] Bef ore begi moirrus2eiaosg4est , t he
end point nust be defined. Usually, the end point is defined when sone
amount of substrate has been exposed. However, the end point nmay be defined
as a given nunber of strokes even if substrate is not exposed. The present
i nventors use a 10%" ost-e—of—substrate—ever—the—abraded—ayea as the
standard defi ni tlLan DOECIA]'LI';QIH}‘IDIW“ her end pai rﬁ% may he used. [ 0191]
Secure the part |to be tMophwlioader thd reciprocdt4thg pad. The part nust be
firmy fastened |with bol tASE& anps or [tape. The 20t should pbe as flat as
possi bl e and | ong enough so that the pad does not run off an edge. Bunps in

the surface will wear first, and overrunni n? an edge can tear the pad and
cause [m?é\}at urels éheaﬁaéwﬂ@e Siepselothaogted samplctE(33)aho Bpnspatenay pf désssapivlscot ch
BI’I te % dlﬁ]lg%dlga%js tﬁgt tnven 1%2%? estsgntglﬂe J%)%‘;fﬁé t%l?aé '?Ja?ﬁ%gr 0 1881%11atte%]:)nga?te ' of
t he S tb}é{w@n @l ¢daeing esd th@&'ﬁi&tsl’tff thefabric M8 (¢h intfiflagSgontadt &itoadﬁih&fnal Péﬂeaﬁdihst he
pad to the bottom.of the "foot." The Scotch-Brite ad is fixed to the

" f oot "angyelAcHAR apkighy Pﬁﬁsééglr@fgh e prgial, drepesdth t:aﬂalt% Botansparet: thigh thsot .
[0193 ired

gt 1 i e R oA AP AP A R U e Bhpd ol

st andaaldplelsm/\mmd\tht mﬁﬁicwirtbdllmdmateswlf mddaakfantihzdnmmnm Fogsios and§16ed Make

sure that the wei IS co el r The prese |n ent or a 3.0
Kg Weira%mﬁctavg%ﬁhaﬁ?fgr%onmﬁl éﬁ A 183* Fstremglc qagtedayith efﬂ@l%%fﬁﬂ@

equi PRAA:HMstITEhBinCUR %rsus%%nfp'[@o@&ﬁ@&l@fh t‘hﬁ’t Hag %eé@éﬂé’té’dexglﬂpﬂm%ﬁtr&fF (36Y. 0 kes.
One stroke is a notion in one direction. t he machi ne does not have an

aut ond023] count dihesa sampdesumntre plaged in ib@ltwétadheﬂ ligbt sduate (Fhe Siipotdi ne can be

turned, of f time., The hi i t d at varj.ous intervals
o o dtSlolrbled o iRIIER Horh s Wnpd Bpp R F hsngaied 5P PR irfec RIS Louel 1o
becomesndi@sebl§bbesitand ®tigher fd}q:(p%%fguh kise otintrBl E@BY.i Big SThaows aainked ANt Or S
changed pads at intervals of 1,000 strokes. One thousand strokes is the

pr ef espage brivaywarefpensgeen pad changes.

Table 8B

Light transmission test: results of

F(33) vs. F(Control 46 adjusted for coating weight

Transmission %
. Coating | Reading - :
Coating # Wt. LUX Adjusted Normalized
for relative

Actual coatin versus

. 8 Control
weights
F(33) 498 335 83% 83% 131%
F(Control 46) . . )
2110/577 518 2.44 61% 63% 100%
Example 7
Qil wicking test
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[0195] Start the test machine. Allowto run until an end point is reached
or until a required nunber of strokes are attained before changing the pad.
[0196] | nwpeoto/w3hesst est piece carefully at the begi nni ngCarus2emassafi4 each
start up. As the end point is approached, the substrate will begin to show
t hrough the coating. When close to the end point, observe the test piece
constantly. Stop the machi ne when the end point has been reached. 43 BDDBA

58359 0197] E 198 d the foll for the test
o 01 o0] AR S R e i TGRS By BB T Bt OF HRHEHC S | Lond on
styl U%r(ﬁlﬁlaﬁllt] mﬁat al\ﬂb'rﬂ?@trauﬁ’fi oBlaPkgs2 ey ) V‘@E@di@ﬁﬁc&ﬂﬁ@ﬂﬁ@%ﬂ t1aQ&1l upthe hRBIt h of

stroke. [0203 inition of end point. [0204] 6. Nunber of strokes to
end peif ﬁltlbsttp@ZM]m@spﬂedcﬁlneeumé@ﬁmeq@ummedé @ﬁ@wemllﬂlmqt@[b(mmby. | ndi cate if

d | | . [0206
Egcorpgbﬁ%«y Zegcrsl: 12%55%1%&%%1?0(10%6%? EélﬁgF%%Woth%%Fr anegg?uatnz t Le !

subst nez3s]and S%%&@@lt@é@@%fﬂﬂhﬁﬁh[)@@c?dlowf the test is conducted to a
speci fic nunmber of strokes, record the nunber of strokes. Record a

description of the amobunt of wear, such as percent of substrate exposed, or
number of strokes to first substrat sure. Optionally, record the film
t hi ckness and/ or wei ght before and %@tﬁ_ﬁé?ft esting. [0208] If the test is
perforned at el evated tenperat ur il meddngtesthe tenperature of the test. I|f
perforrred wWith-~a !!qu!d1 record-the cpnh|f|hc of the ||r1|||rl 0209]

Comment s/ Precaliti ons. [0210] Botlh_sides of Haig E:B’t'@lm Bri te Dad may be used.
Pads nust be clit precisely to fift FEONARODL" |RaggedF@3pes or | rough spots
on the pad will give false resulfts. TeMi) pi ecgs nust be flat and free from
dirt or other paotdfdi@ss This test nethod is simlar to the abrasion test
descri bed 16 11 2

24 12 2

96 16 3

168 16 5

216 18 6

[0234] Table 9 shows the height that the oil has wicked up the coated glasscloth piece as

a function of time. It can be readily seen that the coating employing a HPTFE/LPTFE/PFA
system, coating F(33) was considerably more resistant to oil ingress and wicking along the fabric
fibers. It is believed that such improvement is due to a much more intimate contact between the
coating and the glasscloth in the case of the F(33) coating versus the control F(20). Furthermore,
it is also believed that this reduction in permeability is further facilitated by the essentially void

free nature of the present coating systems, as discussed in the light transmission test of Example

6 above.
Example 8
Adhesion test
[0235] Adhesion tests were conducted under the following conditions: (1) the test was

completed on a Lloyd LRX Tensometer; (2) Samples 25mm wide, 200mm in length are prepared
by sealing 2 strips of fabric with PFA film (temperature 375°C, 25 seconds).
[0236] The test is conducted at a speed of 100mm/min for a distance of 25mm. An

average reading of 3 measurements are quoted, and the units of measurement are 1bs/f.
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in BS 7069: 1988, Appendix Al

When tested according to BS 7069,

t est

pi eces are imersed in 50 cnB of a 5 g/liter solution of household dish

washi ng cwoenyasso3sn wat er .
every 50 cycl es.

The test

to ASTM D3389 under the follow ng conditions:

a Tab
wheel

5 Abr
8 wer

ser using

COS¥dS Mh

iag’

cal cul ated as:

e wej | Qs
trds 80k o
wheel s were resurfaced every 1000 cycl es;
TW = W (loss)(ng) / # of cycles [0212] Taber tests

general ly invol ve nounting a speci

t hickness) to a turntable platfor

abrasi ve wheels, which are appl

ie

ggha i
S

met

hod; (2)

runs for 250 cycl e®CRiUshoopassi4changed
Exanpl e 4 Taber reciprocating abrasion test 44 BDDBO
5835935vI [ 0211] A Taber reciprocating abrasion test was conducted accordi ng
(1) the test was conpleted on
r resilient Calibrase

‘each abraser arm and the
and (3) the Taber War

| ndex was

I¢fdQpically less than 12.5 mm
Jnrg{ates at a fixed speed. Two

cif

i C pressure,

are | owered onto

ace. As the ti

t he speci nen sur )
posi Featng éct i ¢

the sanple in opj

s

alafiedRt at €S
a hori

Kinb@c RbE@! S
al axis d

are driven by
spl aced

tangentially fro Ietaﬁi of

ral nou

One

by gdi Mg Whee

—many A

rubs the
toward the

speci men outwar d

D

es | onose del

or
A= /L% ) A= Y

AE during te

T TTVvvaAT O

centre while a va

(0B} Bem r A

5ting. [0213]

The results are s$sé&(Dforth in Tabl2d 6 bel ow Talkl¥ 6 Taber reci procating
abrasion test 45|BpHBA 583593%vl 46 BDDBA 5835935vI [0214] The results in
Tabl e 6 above shog«gnat there |s_a reduction in_the Taber V¢ar Index with
t he topcoat s made—fr—accordance_wth—the—fi+rst—apnd—second—enbodi nents of
t he present when 5% lied-to f!ﬂ?ﬁglﬂ glass sut§§%atﬂs, indicating an
i nprovenent in cnd$® directional—-abrasion resi|stance over the control
t opcoats. Exanpl ¢ F) -- --

F(7) -- -

F(8) -- -

F(9) 5.88 5.96

F(10) 3.08 2.78

F(11) 6.68 6.43

F(12) 2.99 3.41

F(13) -- --

F(13) recure -- --

F(14) -- --

F(14) recure -- --

F(15) 3.03 1.59

F(16) -- --

F(Control 17) 2.44 1.4

F(Control 18) 4.32 2.29

F(Control 19) 5.93 4.77

F(Control 20) 5.67 5.12

F(21) 6.36 5.66

F(21) recure -- --

F(22) 5.09 4,71

F(22) recure -- --

F(23) 4.5 4.85

F(23) recure 4.97 3.91

F(24) 5.84 4.04

F(24) recure -- --

F(25) 7.64 6.02

F(25) recure -- --

BDDBO1 5835935v1
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Cooki ng rel ease tests [0215] Cooking rel ease tests were conducted in

accordance with the protocols bel ow for cookie dough, pizza dough,
and wogo1ofiisev3sesul ts were graded from 1-5 (1- cannoPCTAIsRM00/058444
rel ease with no residue and no staining).
round piece (approximately 5cm di aneter) of dough placed centrally on
12 mns at 1600C. Allowed to cool

| eq,
5-excel | ent
Smal |

coat ed substrate and cooked for
Rel ease eval uat ed i ncl udi

m ns.

chi cken

[ 0216] Cooki e dough.

for 5

[0217] Pizza Dough(Z

pl aced centrally
Al l owed to cool
resi due and stair

| eg pl aced centra

Al |l owed to cool
resi due and stai
di fferent protocq

cycles to fail ure,F(

ng ease of release, residue and staining.
) mal | rrmndSI Pece (approxi Sl y 5cmdianeter) of dough
bR Doat ed substitdt e and cooke@42r 12 nins|at 1600C.
oo mns. Rel ease eval uated |i-ncl udi ng easg of rel ease,
0 47 BDDBO| _58359356VvI [ 0218]_ Chl cken LCeg] One chicken
L= coatedrsubstrate—and—qooked—for—36— ns at 225C.
f:ﬂ W i ns. Rel&ase eval uated|iheludi ng—ease of rel ease,
nifey) [0219] Eg§.48The egg test %% L oved a s ightly
IF(Canttdd82pt helf 9108] ease tests |i3DA his case {he nunber of

hse tests of

Table 7) is quot

7 bel ow Table

7 Cooking rel ease
results in the t3

lE(is)a bove sho

S

at there is

P ui valent 1qggevel 3 for thgpther rele
(I},(M‘MO] The ?& tts are set |f T Tabie
dt o AO D EO’)E(‘\’)E I /1('\ ‘e | EO’)E(‘\’)
| pe) U LJ U JIJIII V | |

§n7ﬁ nmprovenen

vl [ 0221] The
in the

rel ease, reducti o&(3& staini ng] 488d ease of cl|éaki ng characteristics for
all types of foodrxpted over {bhgjcontrol topgaas with the|topcoats made
! n acc_ordance W { @(ggje i rst an gzsiecond em:)odl rgeil)t S of the present
I nventi on when ap%k d—to—ft+exi Szﬁ gtass—stubst 519 s—Exanmpte 6 Li ghft
Transm ssi on Tesft 2221 A-ligh ransm-ssiontest was—conducted using a
TES 1334 |ight meféd0) available4.16 3.83

F(41) 4.68 3.46

F(42) 4.63 3.19

F(43) 5.06 3.65

F(44) 4.74 3.61

F(45) 4.21 3.37

F(Control 46) 6.46 4.38

F(47) 4.6 4.55

F(48) 6.43 4.15

F(49) 5.48 3.37

F(50) 3.94 3.57

F(51) 8.74 6.91

F(52) 3.74 3.95

F(53) 4.66 4.15

F(54) 6.22 5.23

F(55) 4.81 4.62

F(56) 3.94 3.65

F(57) 3.08 2.87

F(58) 5.01 4.82

F(59) 4.97 4.69

F(60) 6.07 5.79

F(61) 4.26 3.25

F(62) 5.49 55

F(63) 4.46 3.88

F(64) 4.48 4.32

F(65) 5.09 4.23
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from TES El ectronic Corp. of Taipei, Taiwan. Units of neasurenent are | ux
(I'x). [0223] Sanples were secured on a frame 2 inches in front of a |ight
box and twe 2pmaker3éadi ng was neasured. Light transm ssi eaTits2epsRgsed as a
percent (% obtained by dividing the nmeasured |Ix value for a coated sanple
by the neasured Ix value for an uncoated sanple. [0224] The results are set
forth in Table 8A bel ow. Table 8A Light transm ssion test 50 BDDBA

58359 1 BDDBA 58359 I 25 ti F(Control 4 i s equivalent to
cout i A 33) i eS0T i LeAlF o Skt Qe s ieeEbipReBe Pobe cui tona o
coat, akd&GinedamiddiiéFor dholtSsite@PEORbyerAi iVS prQehiedalid SorhfRitkATBHheached
gl ass fabric substrate, hence the light transm ssion test is directly
conparaablics todlesthde glags FPIBItes, widiashng shag thsl adddionfofl HRTRBIPEAJMPORSRENS dgccan be
seen fnrgmt'ggbl e.tg%lbeciho% [ PthWhi cth tthth ilg)h{{ d ransm ssi on % has been

adj ustlonﬁlef 51 PhE VRt et PoR" Iy CoAts Rg = S ¥° coati ng F(33) transmts 31%
nore light than the coating F(Control 46). Furthernore, coating F(33) is
not only translucent but was also found to be sem transparent to the
extent that it was possible to di sEXampledges and read printed text through

v 10226] Fl S ifdich] SilitdCof et B LBRER mictaidwdiS a0Rld €21 1Y
transparent and these filns
can be | am nated to [EPVBEiceinpoaénSiuISPTREAMPF/LPTEE Bitndsved t hat the
transparency of these filnms is indicative of a void free materi al
containing crystalline structures too small to interfere wwth visible

| 1 ght 1o b3 BDDBOTRBBpPER WY erd RRrIBLARL s the LPTERSbMPOndtsESFherein is

&b
descri (t))ed bel ow but shoul d ngt %e considered limting, as one of ordinary
ski | | HRTRHAMPAVLPTWE topcedngnil zer¢ thase werg chimparedasth thgir iesphsnidUilRE be

equal ly suitable. [0228 il s re epar as foll - 1. Mak | i quid
bi'end i Hep” 1B+ estta i shpvrien T AL OGBS e oraaeT 0IeALpiD fal he'
appr opldnat ehalie LML ad ARrdwWdRR THR0H (©hesk Bthd)Nandt ©PS A (WsRohtg45 gkt oW ng
formul ati ons and percentages to nake the bl ends for drawdown:

denoted by "HPTFE+HPTFE+HPTFE, PFA, MicroP" behave similarly to topcoats that include

LPTFE obtained via emulsion polymerization and without being subjected to agglomeration,
thermal degradation, or irradiation. The topcoats that include LPTFE micropowders were also
observed to be generally superior to pure HPTFE-based topcoats.

[0240] However, the HPTFE+HPTFE+HPTFE, PFA, MicroP topcoats do show inferior
abrasion resistance when compared to the HPTFE/MPF/LPTFE topcoats, and hence might be
considered intermediate in performance between pure HPTFE topcoats and HPTFE/MPF/LPTFE
topcoats.

[0241] It should be noted that, for the Taber wear test/Taber wear index (TWI) data,

lower values equate to superior performance.

Table 11
i +Mi + .
Test Coating System Type  (Basecoat + Midcoat Table 1 Coating F# Number | Mean
Topcoat)
7,8,9,13,13

Initial HPTEE + HPTFE + HPTFE, PFA, LPTFE, (rocured) 38.40.41,42.43 10 | 12900
‘EmAl%lilgf HPTFE + HPTFE + HPTFE, PFA, FEP, LPTEE, 39 1] 10000
Coating | HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2| 8000
System  ["bTEE + HPTFE + HPTFE, PFA, MicroP 44,45 2| 7500
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a . For PFA, use Mx A of Table 8B below. Miltiply the anbunt created in
Step 1 by 2/3. b. For FEP, use Mx B of Table 8B below. Miltiply the anpunt
created iwWOSmW3d3dby 0.70. 3. Blend the mx gently to avoirdsaso/osssbbl es. 4.
Using a pipet, apply a small amobunt to an al um num degreased panel. 5. Draw
t he coating down the panel in a snmooth notion using a 3 ml wet path bird
applicator. 6. Flash the panel for approxi mately 5 10 m nut es at 93C

( 2000 R}—F—Move—the—panel—to—20406(4000H—manrd—ash—an—additeng—3>5
m nut e, _Cure t HEPTEAAIPTFBr BEBF i nut es at  390CAP4DBEEO¢6r df ul |V |peBh b f
filmfromcured panel. Table 8B M x A DIW 71 15 Car bowax pollyet hyliene 15. 15
gl ycol ] 0 00 S U L-71q 2.8 i C
100 3.5 Car bopelEb. 173 ¢ g@ﬂﬁgﬁ‘&%ﬁﬁ@ﬁwﬁ é(‘ﬁn 2925 gl E}rg\w W
sol ut i jon ApbRAB0 HﬂF\N!—@T@@+ﬁ[BTF]F]¥Bm 1446:,4. 50 53 B 231?9 35vijod2a8d0 | n
Ao f\ r\ | o E/ 21D recm 2 o f@n 4 neyv, nf + =
t he CaSRA’Dﬁt 1D%C Ao U \"AY] Ju.ll \>2 \UU} CIre L] u.llJ'Ju.l LLAYZ Ul L 1 =
sanpl €| reCowding y EIWFCL&%PGTEE fLIIiIgtrFEt REP.CBHi ng il essent-?ally vdid frae?til
t hat therSest$ns af SErFEAtHPTHE € HEOF, REA, MicroP 44,45 21 11500
HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7| 82857
HPTFE + HPTFE + HPTFE, PFA, MicroP 44,45 2| 3800
Taber Wear | {{PTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1| 24.00
Index (TWI 7391313
1C0(());)t)i g HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured) 38.40,41.42.43 10| 2326
System HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7| 2086
HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2| 1650
HPTFE + HPTFE + HPTFE, PFA, MicroP 44,45 2| 3090
Taber Wear | HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 71 2743
Index (TWI 7891313
2C0(())a(1)t)i g HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured) 38.40,41.42.43 10| 2435
System HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1| 17.00
HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2| 1525
HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7| 2981
Taber Wear | HPTFE + HPTFE + HPTFE, PFA, MicroP 44,45 2| 2565
Index (TWI 7391313
3003;)31 g HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured) 38.40,41.42.43 10| 2432
System HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1| 16.00
HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2| 1465
HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1 0.71
Normalized | HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2| 067
abrasion 7391313
tegg;gi;nzy HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured) 38.40,41.42.43 10| 066
System HPTFE + HPTFE + HPTFE, PFA, MicroP 44,45 2| 033
HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 71 050
Cookic HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 21 s.00
release test | PTFE + HPTFE + HPTFE, PFA, MicroP 44.45 2 4.50
by Coating 78913
System HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured) 38.40.41.42.43 9| 367
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bet ween the coating and the fibers of the fabric.

Such intimate cont act

avoids internal reflections and refraction as |ight passes through the
mat eri al ,wbeno®3693¢ naterial is transparent. Wth the pPoTitseomioats44 he
ability to discern images and read printed text through the coated
gl asscloth sanples is somewhat difficult to illustrate well in black and
white prints, Figs 55 and 56 respectivel y show thi s conparison of a
gl assclpeth—testsanrpte——coated—wth—theecoatipgoefH33)—whieh—+sHght in
col or,| versus a %@%I*@PEFEG‘II{%%I oth that hals BebBh? 1:7@1§t18’6|6 ijth tHe cg 1t | ol
F(46).| [ 0230] ThEISI@ES-a{HIFE$H\PEF]§PEA,EEB,¢PITFIE,fI’Ol‘lt of 3@ smal | [l i ghti [sonocke
(Fig. ana ' Ta conparison off Figs (55 angd 56
that t and rlnhf eriflgr E(@#@_rsus
the control F(461)1PTFﬁ|+d{P§?E§IHBW\EE f%LﬁEﬂFed Ilght Soafed by wdy of 2rlef @Pehce.
Tabl e 8B Li ght tinansmigskon Hbest, PFA@SP”LIP$F]@f F(33) ys. FfControl 146 soo
adj ust eq 1 ag)é’teSQOdtl ng—wer ght—Exanpte 76 R R 354 BHbBG
5835935y, 0234 ] WTF&*IHWEMHH@FE BEI‘E L\RE%E perfotrggggcf ’g4§M5@qu| ng & |pi €| of
subst rat &y gr (V] S o I8 S = Ao - EIRELgEure ot Lbuqh, déUUI—). rhg [arsgapce
that the O| | tr e \\as rm:u:nr nrl The upit- o
measurgenent s _usildPWas TRIFE i #8T8ks (M) . [ 02312] ATR&2 61 18,1946 rlepl edi shed
every R4 hours fo avoid gelling. [0233] The results are set forthiin Taple
9 bel ow— Tabt®e O T Wi CRI T Tabfe te fjer ght_Jth he
oi | has whikad MPLE +P'Pr'£nﬂ %P&%Eg‘%}iﬁiﬁlﬂ gbdI]’f(.gimr“'Bl on_lof fi6 1=y g%Q can
be readirtiysseen) HHEE ﬂHPéFFEdJéfﬁ’TFFFgP%M@W ng HPTFE/%PSI' FE/ PFA systigm 4.50
coati ng bk (38 Wagrigensirder ablpyriior e resistant topes l71sngresy and 7y ckkdi
al ong [t hesydtabr i U reved—ttatsuch LDy ovenel t uczt 0] a
nmuch re intin IEH()-*TFF rﬁP.;)rFF FSIBFWAE thE e nat | ng _and »ﬁ% gl asgqcl ot 4 li n*th
case of the F(3B) coating versus the control| F(20). Furthernore, ift is plso
bel i eved that thipsrpiediatt Qfpirs, PELNRabe T 1T Y] IT's Tuniher Tacilitabgd py, | he
essentjally voi XTNENE
Normalized | HPTFE + HPTFE + HPTFE, PFA, LPTFE, A 10 080
Release test (recured),38,40,41,42. 43
by Coating | HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 21 079
System HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7] 054
HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1| 050
HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 71 157
Surface | HPTFE + HPTFE + HPTFE, PFA, MicroP 44,45 21 1.02
Roughness, 7.89.13.13
}?y(énéii?fg) HPTEE + HPTFE + HPTFE, PFA, LPTFE, (recured) 38.40.41.42.43 10| o082
System HPTEE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2| 074
HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1| 070
HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1| 5440
HPTEE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2| 4988
(Jloss by 7,8,9,13,13
C t 29 2
s§§t§f HPTEE + HPTFE + HPTFE, PFA, LPTFE, (recured) 38.40.41.42.43 10 | 4073
HPTEE + HPTFE + HPTFE, PFA, MicroP 44,45 2| 3495
HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7] 2641

BDDBO1 5835935v1

Example 10

Comparison of LPTFE/HPTFE/MPF coating compositions with

HPTFE/MPF and HPTFE/LPTFE coating compositions
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free nature of the present coating systens, as discussed in the |ight
transm ssion test of Exanple 6 above. Exanple 8 Adhesion test [0235]

Adhesi on we=0w/0836 conduct ed under the foll ow ng condi PCOMS20000F84he t est
was conpleted on a Lloyd LRX Tensoneter; (2) Sanples 25nm w de, 200mm i n

| ength are prepared by sealing 2 strips of fabric with PFA film
(tenmperature 375C, 25 seconds). [0236] The test is conducted at a speed of
| OCOmimn for a distance of 25mm An average reading of 3 nmeasurenents are
quoted, and the units of neasurenment are | bs/f. 55 BDDBA 5835935v|[0237]
The rqﬁztizgs ar e Sesmpsbh of o@@t@ﬂe@oﬁ-@v(@&i neﬂﬁ@f;&aﬂs%f{?@é“f?ﬁb PP TIFESIPP6
BDDBA 5835935v| 57 A 5835935vI [0238] The results in Table 10 show t hat
t he adhé$IPIrEpLSPIEE wiithsheske of e thrpstcowiponah cerepats af HPEFERNIPE AR TFEas ned or

To 11 Syt 8GR BYREE Myl (PP Ry REh i SRR R NI BB g

CONMPOShitérdNSvaOeshO P TFEINPE 4IPa RN topcdabewadin sy reduck ebesish pbdorintanthe
substrate. Exanple 9 Statistical analysis of the use of LPTFE m cropowders
as t h@artprldyds eREng, fWhepethesenpe ey perfEneeiss ossbpn pys HEFHHE

m cro S ) P t t TF E/ LPTFE
Fopoontlorsy T Aol B e TR RS Bpflort Gt yEe

equi varErEBMPHept@sidnidsn aiost sthomuspedts dialplegerdilpeifaver tedam nati on of Tabl e

lireveal s that the bl ends nade using. th i cr opowders TF9207 (topcoat

F( 44) T iakid/ Yrg T {F e peenit W?ﬂ&g)afl t%&dad%ﬁﬁ@dﬁ%gsﬁs Wﬁﬁ@z_ﬁhﬂﬁwg PFA,
M cr oRhoheieie 15k Bckigh bY ThGe tl_?@i&?cﬁiﬁ d (B%ta 61 %l:eHQ)e Mh@f@ﬁﬁs%b%aﬂ'%g@& thhfthe
enul si on pol ynmeri zation and w t hout %el ng subjected to aggl ofrerati on,

t her malP ISy MEFALR DIFE tapeoats amdupdriavveriieo thape ofths otheatypencl ude LPTFE

mer O‘fﬁ’%‘?r S V\Br“%\loarlnisaﬁzed” data are obtained from the following equations:

Equation 1: Normalized Surface Properties Calculation

Mean {{Maximum (Ra) - (Ra)] /[Maximum (Ra) - Minimum (Ra)],

[Gloss - Minimum (Gloss)] /[Maximum (Gloss) - Minimum (Gloss)],

[Contact Angle - Minimum (Contact Angle)] /
[Maximum (Contact Angle) - Minimum (Contact Angle]}

Equation 2: Normalized Adhesion Calculation

Mean {[Instantancous Force- Minimum (Instantaneous Force)] /
[Maximum (Instantaneous Force) - Minimum (Instantaneous Force)],

[Kinetic Force - Minimum (Kinetic Force)] /
[Maximum (Kinetic Force) - Minimum (Kinetic Force]}

Equation 3: Normalized Abrasion Calculation

Mean {{RAT Ambient Initial- Minimum (RAT Ambient Initial] /
[Maximum (RAT Ambient Initial) - Minimum (RAT Ambient Initial)],

[RAT Ambient 10% - Minimum (RAT Ambient 10%)] /
[Maximum (RAT Ambient 10%) - Minimum (RAT Ambient 10%)],

[Maximum (TWI 1000) - (TWI 1000)] /
[Maximum (TWI 1000) - Minimum (TWI 1000)],
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observed to be generally superior to pure HPTFE-based topcoats. [0240]
However, the HPTFE+HPTFE+HPTFE, PFA, M croP topcoats do show inferior

abr asi on weznavemsé when conpared to the HPTFE/ MPF/ LPTFECTaSc@aiss44and
hence m ght be considered internediate in perfornmance between pure HPTFE
topcoats and HPTFE/ MPF/ LPTFE topcoats. [0241] It should be noted that, for
t he Taber wear test/Taber wear index (TW) data, |ower values equate to

superi or perfor.manc A 5835935vI 59 BDDBA
5835935v| Ex 1@%@%%@5&“@%@&53 HPTFE/ MPF coating conpositions with
HPTFE/ MPF ahdexipree BT @ o dinHg e diPdsa00Plns 60 BDDBO 5835935vI [ 0242] A
conpari son of properties of two conponent topcoats of the type HPTFE/ MPF
and HPTFE/ LPMegEnwim AIWhee®))of(TWHE800Bee conponent topcoats of

HPTFE/ MPF/ L MBS nivsn 6ASWA00() - Nipireurh ZTHEI300)|For t he HPTFE/ MPF t opcoats the
nost significant weakness for these materials versus the HPTFE MPF/ LPTFE
topcoats was in greatl! yEgesidsad Ndmagr IR dedst Qamngenparticul arly in RAT
testing, where these materials performeven worse than pure HPTFE topcoats.
The HPTFE/ LMrap {BgreReleaschdmimyaiEgpReleasléral | abrasi on resistance than

t he HPTFE/ MPHaxispeodisg Ralepst - Moymust (hee Redgreels are generally inferior to
t he HPTFE/ MPF/ LPTFE t opcoats. Wen all the data for all the tests are

nor mal i zed, [R1&ask @KkRG NRAWIMI (RelcB® ¢@kic)pection of Table 12 is obtained

(on a 0-1 Sﬁﬁhﬁ}nun%{@?él&sb CobRic§- 8&ninfuf §RBIhRat o dkhs], HPTFE/ MPF/ LPTFE
topcoats are superior overall to those of the other types. [0243] "

Nor mal i zed" %&taase e h%i rﬁ%d(g gelut F%?a) 9I | om ng equations: Equation 1:

Nor nal i zed rf.ace erries .Cl ] Mean Maxi mum (Ra) - (Ra)]
/[ Maxi mum ( RAS<muR B B43 7 T Mipingin (RelgasiiPiazatl ' q oss)] /[ Maxi mum (@ oss)
- Mnimum (3 oss)], [Contact Angle - M ninum (Contact Angle)] /

[Release Chicken - Minimum (Release Chicken)] /

[Maximum (Release Chicken ) - Minimum (Release Chicken)]}

Equation 5: Normalized All Data Calculation

Mean {Normalized Surface Properties,
Normalized Adhesion,
Normalized Abrasion,
Normalized Release}

[0244] That is, for each test where a maximum value is desirable the [actual values — the
minimum value observed for that test] measured for all samples are divided by the range of
values for that test, this normalizes the data on a 0-1 scale with 1 being best. However, if a
minimum value is desirable for a test then the [maximum value — actual values] measured for all
samples are divided by the range for that test, which again normalizes the data on a 0-1 scale
with 1 being best. Then, to combine all tests of a certain type, e.g., release, the mean of all the
normalized values is taken. A single value for all tests may then be calculated as per Equation 5

above.

Table 12

Coating System Type (Basccoat + Midcoat +

Test Topcoat)

Table 1 Coating F# Number Mean

Initial 7,8,9,13,13
Ambient | HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42,43 10 12900
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[ Maxi mum ( Cont act Angle) -
Adhesi on Cal cul ati on Mean {[ | nst antaneous For ce-
Force)] /wpKbBw/o3693s( | nst ant aneous Force)

[ Kinetic Force - Mnimm (Kinetic Force)] / [Maxinmm (Kinetic Force) -

M ni mrum (Contact Angle]} Equation 2

Nor nmal

M ni mum (I nst ant aneous

i zed

- M ni mum (| nsramftza@o0ss4kor ce) |,

M ni mum (Kinetic Force]} Equation 3: Normalized Abrasion Cal cul ati on Mean

{[RAT Anbient Initial- Mnimm(RAT Anbi ent Initial] / [MaX| mum ( RAT
Anbi ept '“'*'1!‘ M- RA—ArB e rt—HR-Hal H—FRAF—Arbenrt10%
M ni np AHbTWHIII@%]HP/rFE,WﬁmmmHTMT Arbi ent® 109 - M ni jim (1 AT
Anhi eft @%1 M (T A000) o TW 11000) ] 2429] Mo i (T _10G9) |-
M ni n X ”U”Lgk TW—20p0)— |VV_GZp’8\3)O)]
/ [|\/B_>(| mum ( TIAE NPTFER HIRTREAEP T 200001 [ Max{mum (TW 300D} - ¢
3000)] / [ Max HHTHE(—%TWTFB@QQ’)TFE LMrm mum (TW 3000)33 Equat on 41| Nougwal|i zed
Rel eape Cal cu ﬁ},w%n Mean ,{J:{PI'T'QIQ, Rel ease - N nArngl(ﬂJ—;gggRel =ase]7 | Maxi rrum
(Egg Rel ease) v \ =5 Red CQOC}J ; [ elease—Cookie M g pase
Cooki B)] [ [ M ﬁPTﬁEmIﬂIF{éEé&ﬁ’éFQ%kJ e - Mlnimum (Rel ease Cookik)l. BRelease
Pizza
(Rel epSe PIrzz ‘éﬁ [ R i cken - Ml CKen) 17 [NVaximum
(Rel epse Chic REJFHMFﬁJWHP Fie. FEhEcl ionl 5 Nofmal?
AUDat - Cal cul bt Mo, AN IR 260 2k PLORETE RS s | 10| oo

RAT at | HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2 20000

éO%.by HPTFE + HPTFE + HPTFE, LPTFE, 32 1 10000

oating

System | HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7 8285.7

HPTFE + HPTFE + HPTFE, FEP, 48 1 8000
HPTFE + HPTFE + HPTFE, PFA, 47 1 6000

HPTFE + HPTFE + HPTFE, LPTFE, 32 1 53
HPTFE + HPTFE + HPTFE, PFA, 47 1 24
Taber
Wear Index | HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1 24
(TWI 7,8,9,13,13
1000) by | HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42,43 10 23.26
Coating { 1prky | {PTFE + HPTFE, A, B,12,17,18,19,46 7 20.86
System
HPTFE + HPTFE + HPTFE, FEP, 48 1 18.00
HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2 16.50

HPTFE + HPTFE + HPTFE, LPTFE, 32 1 35.00
HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7 2743
Taber
Wear Ind 7,8,9,13,13
e(?vxlzll °* | HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42,43 10 2435
2000) by | HPTFE + HPTFE + HPTFE, PFA, 47 1 19.00
Coating | 1o 1pr + HPTFE + HPTFE, FEP, 48 1 18.00
System
HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1 17.00
HPTFE + HPTFE + HPTFE, FEP, LPTFE 28,29 2

Taber HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7 2981
Wear Index »
(TWI HPTFE + HPTFE + HPTFE, LPTFE, 1 29.00
3000) by 7,8,9,13,13
Coating | HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42,43 10 2432
System | {{pTFE + HPTFE + HPTFE, FEP, 48 1 19.00

BDDBO1 5835935v1
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Nor mal i zed Adhesion, Normalized Abrasion, Normalized Rel ease} [0244] That
I's, for each test where a maxi numvalue is desirable the [actual val ues -

t he m ni mim2oslaiew3sbserved for that test] nmeasured for a&Cli/usasnlossi4ar e

di vided by the range of values for that test, this nornalizes the data on a
0-1 scale with 1 being best. However, if a mninmumvalue is desirable for a

test then the [ maxi num val ue - actual vaI ues] nmeasured for all sanples are
dl VI d:d b‘]’ tl’\"\ rannn f ~r +hat Loct ol i 2nc thna AAt A A~ a

T T artgc Ot CITICLC T oIt vvlll\lll |MUMIII II\.IIIIMIIl_\.aJ CITC AT CC - OTT

0-1 sfpal e wit hHRTHYei MR FbegiPTFTI®EA, t o conbline al |4t ests of a ceftaiBoype,

e.g., [ rel ease| ybhe MpAnEQfupakl, kR&MOPRpLijzed valwes is taken. A sipghe

val ue| for all [tests nb_% thenr be _cat cut ated as peéﬁgq'um-m’ﬁ appve. Tanl e
12 62 BDDRA EHBHGSCHITAS +RRHBEFEEd REBR 0y | £83503Fv| 52 BDDEA6S

58359 f
t he nmpasured akﬁfﬁCtﬂT‘FEt M. Pegplﬁglﬁq"fh’ Tl_anfimTW abr as opktle_tsr‘&“u’
(Exan’ol es 3 aR —COoOKt1 eaSe—teSt =XatpPre u} gt e oUgntess,

contaft angle HPEF g IR R BT, FERARBES 2) |l ot t etbNgal nst | PEA ahd | PTEE
cont epNorfoglized he t opcoats in the Exanpl es thhat i7feklddé PFAl [ 024p] Figs.
19- 36| attesigpn{ HAE Enl IR ESIRTRS PRAADIFBA chaFawedpd.€h41d343 | ncl 10| ng RAT |and

TW  aprighieoy gst@{}ﬁxﬁgplmpﬁ rapd 4), cooking reltease tefts (Ekanploss$),

and th C? hpg angre and gross| tests anpl e[ 2 pite
agai np ag% *Hﬁfp#'l%p%g EAELER thcgt c“c}cu : Aﬁxcngﬂ‘*p') cg{ hat (aisgnel ude
FEP. _0247] F HETFITHEAE A TEBNT our_pl ot s _lof AthE: He&dddeed charatt er i0stil cs,

i ncl ufi ng RAT| apghpiVitprabrasen 1hest s (Exanples 3 and 4), ¢ j relygage
t est s[{ ' ‘ ! I
( Exani
HPTEE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2 5.00
HPTFE + HPTFE + HPTFE, FEP, 48 1 4.00
Cookie | HPTFE + HPTFE + HPTFE, LPTFE, 32 1 4.00
release test | ypTEE | HPTFE + HPTFE, PFA, 47 1 4.00
by Coating ~R913
SYstem | pTEE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42,43 9
HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7

39

HPTFE + HPTFE + HPTFE, PFA, FEP, LPTF

HPTFE + HPTFE + HPTFE, FEP, 48 1 5.00
HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2 5.00
Pizza HPTFE + HPTFE + HPTFE, LPTFE, 32 1 5.00
release test | \ypTRE 4 IPTFE + HPTFE, PFA, 47 1 5.00
by Coating
System | HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1 5.00
7,8,9,13,13
HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42 43 10
HPTFE + HPTFE + HPTF A, B,12,17,18,19,46 7
HPTFE + HPTFE + HPTFE, PFA, LPTFE, 39 6 4.50
. HPTFE + HPTFE + HPTFE, FEP, 48 1 3.00
Chicken
release test | HPTFE + HPTFE + HPTFE, LPTFE, 32 1 3.00
b%g;zglg HPTFE + HPTFE + HPTFE, PFA, 47 1 3.00
HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7 2.86
HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2 2.50
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topcoats in the Exanples that include PFA, MFA and FEP (MPF). [0248] In
Figs. 15, 33, and 51, the results of the abrasion tests of Exanples 3 and 4
are nor mewpzew/036935Fi gs. 16, 34, and 52, the results of PCmaSc@olossIgs r el ease
tests of Exanple 5 are normalized. In Figs. 17, 35, and 53, the results of
the surface property tests (Contact Angle d oss and Roughness) of Exanple 2
are normalized. In Figs. 18, 36, and 54, the results of the abrasion tests

of Exprples—3rand—4—the—ecookinrg—+elease—tests rper5—anf—the

[ggggﬂegfbmcgmm%ﬂﬁ%%ﬂffgﬁsw&getS & XA a3 sace] nor Tal | zed
I TAAlll Iiat 1l Ull Ul . L0 1 vlari C DCCII tIirat UPLI LI 1

pr opel 4,650y RHETHE G Fg e HBTEE.IFGP BT BE.ned |f or t he2” 2 0.79

HPTFEFHRI GG HP I rPAe kR TS S6iem  Particlul arly good propertiep are»

obt ai pedesvdlyen [Ne_Tange 2-2Z5 Wr. % and, [ CPTFE[[TS T hfthe range
2-14 M COihg € h)7 .EIJFH\RTFEJGE TH EAYADTEE i s in the r:?Lnn 12 5.1 ¢l q. 2072

C L —an —

Super | oBysewer aHPTRErﬂmHPEMH)TBelemFE)bt ained in thedX eQ| on Wher el | PFAp .6+ |4- 18
wt . % pnd [LPT'E},TF‘E +.]_1'{_&Fgﬂ+ﬂﬁﬁﬂ;%§’ P;Ee‘ @1$R, [confi rr@d in the datp '

whi ch| i ncl udeg—art—FEP—=and—PFA exanpres exani e T exam
Fig., RA_| B E B FE R AP TR | PN ERRINEG -

range .
58359B5v| [02533{@T o *lwa.l?. TARIEE o Fig—5 4y
all of tslrllreacda HPTHE 4 SPTApgdiPaRE. FEhat enhanced Droo‘égrties f VPF,

LPTFE kﬁgg&e@;’t fpfreyeltaiied: Qvefr, @ range of conposition

partipul g, W LPTEEL Tangt N TTom 2 15 —9% ang [ VPF] | m2- 30

Wt . % prmhitege i L .ELEégJ_gn_\AheLe_[_LﬂE%lrr_anﬂe ] 82t . %
i 0,

or i recoiand) [NEEY, 580,095, TERTeR:55 Houtdl Hichar shove "

o
as cah be seepHPTRSM BITFEXAMTABIEBLPOFE. Fi gs| 1-54, 2$%nds o
Eypez of pol y[Bper-HIPHEE. HefhE BraNg:pMikp gxhi bi t gnhanced
roa
pr eci ¥ 3 X2 &,
nor e pet ai | ed| axern @IFO R HATFE, IPeA alBPAISHTED, |t est dai% i ndi chte that tfaagohest

RAT pprformantg.fg, Found Fipfes 3P 65 T [[MPFT ol PFAT pr TFEPT Tp khe
range| 2-6 w . bo — ’

Gloss by | HPTFE + HPTFE + HPTFE, LPTFE, 32 1 46.40
Coating | HPTFE + HPTFE + HPTFE, PFA, 47 1 45.50
System HPTFE + HPTFE + HPTFE, FEP 48 1 44.50

7,8,9,13,13
HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42.43 10 40.73
HPTFE + HPTFE + HPTFE A, B,12, 7 2641
HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1| 0.833207
. HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2| 0.782477
Normalized ["FpTFE + HPTFE + HPTFE, LPTFE, 32 1| 0.734279
Pi;’;g‘;ictzs HPTFE + HPTFE + HPTFE, PFA, 47 1| 0.72806
by Coatine | APTFE + HPTFE + HPTFE, FEP, 48 1| 0.715351

y Coating

System 7,8,9,13,13
HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42.43 10| 0.68109
HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7| 0.435492
HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2| 0.707215

7,8,9,13,13
Normalized | HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42.43 10 | 0.703294
all data by | HPTFE + HPTFE + HPTFE, FEP, 48 1] 065974

Coating | HPTFE + HPTFE + HPTFE, PFA, 47 1| 0.649057
System [ HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1| 0.647848

HPTFE + HPTFE + HPTFE, LPTFE, 32 1| 0.544165
HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7] 0.436777
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and [LPTFE] 4-8 wt.% however Taber wear testing yields a slightly different
opti mum range where [ MPF] or [PFA] or [FEP] is 5-30 wt. % or higher and

[ LPTFE] iwoi2nod3ed3sange 2- 10 wt. % or hi gher. Such di f f ePemasgomonsssaat e t hat
t he nature of mechani cal abuse given to the systemw || determ ne which
formul ati on m ght be expected to performbest. [0253] It will be clear to
those skilled in the art that the precise formulation nost suitable to the
duty for which the blend is being utilized can be determ ned by

consi deration of the regions of optimal properties showmn in Figs 1-54.

[0254] While this invention has begmfgrqni bed as having a preferred
design, the present invention can De turther nodified within the spirit and

scope of this disclosure. This apQbitoarindetsi s therefore intended to cover

any vapi ations, uses,,or. adaptations .of the inyvention. usi it ner al

or s ne b 8L, Fur AEr T1as BRBHROR AT IR e et SR BB RAE R £ o

f rom tThel gresiemtesdi(ELARBILE 8 afd 4); 008kiME tdMdale {@ngxﬁﬁ?léié?,tdhﬁﬁlﬁé’roﬂgﬁ%éﬁe in
a

the art to which this invention pertains and which within the limts
of t hEORPBHegERNd| %@%@stse(’ﬁxmgbd) Phg g gganp AT an LTI pementdor the A

fl uor i ti.0n,: Lsing: at |east one high nol ecul ar wei ght
pol yt g@&é’?ﬁ%@%ﬁy égfnsetR ﬁﬁﬁ%}ﬁ%g\/i ng a nunber average nol ecul ar wei ght
(M) qb246] | eastFig009-06Gracwht@ir@é@nbdf tha nasasand uindracéridiies, iedndihg WA Pamhd 98

wt . % based on the total solids weight of all fluoropolymers in said
conposhi W1 8hasign tepls4Exagples awf %P@%ﬂwel%é? frts (huppley-and ik weehsene

(LPTF V.| fJ 'E@('EE; # : mBeP pr esent
in an%glﬁ%ﬁn%n%%f&ge%(\g/\%gﬁ 1 vvta. &%ﬁ%@%ﬁ él&g%Fagmje% on FﬁlEe)E?d(;(t%gI%@g?i ds wei ght
of al Iltoffdoats nio el Bxmerpdesi thatsa¢lddeclditposi ti on; and at | east one

mel t - ssible.flyorqpol r F resent in an anmopunt. qf .be n Iwt. %
and 980RET5 basdiun PAE ST ous HeBkaranteh Py o e DR T sai d
CONPOSiW SHtasidn tobtsGPRAhMEs 3RRY 4 £dodlOn@rdsms kRl Bxarfifled) GRdithO@uERimS,i si ng
the fl uoropol yner conposition of Claim1l. 3. Afilm conprisin he

f | uor spolagirameleccamdpbess t¢sen Espmglead) platted agampteVPF god bBdFeenteabiopdisi ti on of

G aim dscohdd i B EQMPI& AT ATEAHR AP mpF).
[0248] In Figs. 15, 33, and 51, the results of the abrasion tests of Examples 3 and 4 are
normalized. In Figs. 16, 34, and 52, the results of the cooking release tests of Example 5 are
normalized. In Figs. 17, 35, and 53, the results of the surface property tests (Contact Angle
Gloss and Roughness) of Example 2 are normalized. In Figs. 18, 36, and 54, the results of the
abrasion tests of Examples 3 and 4, the cooking release tests of Example 5, and the roughness,
contact angle and gloss tests of Example 2 are normalized.
[0249] From an examination of Fig. 18 it can be seen that optimal properties overall are
generally obtained for the HPTFE+HPTFE+HPTFE,PFA,LPTFE system. Particularly good
properties are obtained when [PFA] is in the range 2-25 wt.% and [LPTFE] is in the range 2-14
wt.% i1.e. the ratio of PFA:LPTFE is in the range 12.5:1 to 1:7. Superior overall properties being
obtained in the region where [PFA] = 4-18 wt.% and [LPTFE} = 1-7 wt.%. This is also
confirmed in the data of Fig 54 which includes all FEP and PFA examples examined. From an
examination of Fig. 36 it can be seen that optimal properties overall are generally obtained for
the HPTFE+HPTFE+HPTFE,FEP,LPTFE system when [FEP] is in the range 1-6 wt.% and
[LPTFE] is in the range 3-7 wt.%.
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5. The fluoropol ynmer conposition of Claiml, in the formof a powder. 6. A
fl uoropol ynmer conposition, conprising: a fluoropol yner base conponent
present iwoOaniczsesnt of between 70 wt. % and 98 wt. % basedTars2ales84ae1 al
solids weight of all fluoropolymers in said conmposition, said fluoropolyner
base conponent conprising at |east one fluoropolyner including high

nol ecul ar wei ght polytetrafluoroethylene (HPTFE) having a nunber average

nol ec wei gh of . at | ea 0 0; and a e

conpo bﬁﬁ%n pre ﬁ?a ’“ﬁwnéﬁkﬁhg 8&1%EF3@EW“§wae lgﬁgigdﬁj @“g d on t he
t ot al aﬁﬁarbﬁsthmnﬁﬂ{ce@Pr@'ehlefs |fMQh9P@ﬁFEER/ﬁ>F npsEEdo Qi Ul d?)'fbme"daésﬂér pl ended
f1 uor opol yner conposition conprising: 68 BDDBO 5835935vl at | east one | ow

mol ecuhrge qﬁ/@pgmsmmwétm aarltlaolraomth)&LB"ﬁEEI lapgiREfronailAgvtdofnd §VIPHEI t

(- OR RO b 7 Gl R (AR BT BT E BaB G RaB [ 7 O The

CONMPO S tt%, @R high efCnall [MTE] C‘Mﬂ ek rﬁro&amgawl%aﬁmgﬁaaghf)w ehipoty p@berbies e
conponent is present in an anmount of between 75 wt.% and 96 wt.% and said

bl endégmppisdtopablonded RyRHbel kP BRE psMPFesent in an amount of betmeen 4 wt. %
and 230#%% b gs ‘?%8&&1“% éaﬂtb%lse&loﬁb%sanv&h%ﬂ{atl Il of"i: f1I 05%58% é’ﬁﬁ%s% thl%esal d

comnposl € cofrposition o erel Fsal d at 1eas

f 1 uor apms wifpolyhese HROTHE IIUPITIFEI and MBBeshitinerhan@dpuodertids dvet abmiad 881gwtof % and
96 wt. % and sald bl ende %oropol mer conp sitionis present in an agnunt
of betRBEASIHORANGHRIHAUR Olimu sl deprndine thopierisg BP‘quFSOf\RE? é‘w refuitgfo
fluorqplyn®ls in said conposition. 9. The conposition of Claimé6, wherein
said at |east one nelt-processible fluoropolyner conprises perfluoroal koxy
(PFA) [p2¥4ent i rFoa ax?ampiel,nnmbeitemled\ egimmatidn afitte 6rasibn ¥sbdme thdomntd thet thot al

solid f said.f ol yners ol r
cormmoRetiTbT PegomRES isdABLRE SeHDGr e aMito o IHER B FERl 8 BF Pt whes
nel t - RLACESBFI| £8 flt YO heRO! & MRAbcICRER dsBRS yREIs\d HRRARhitR¥ Mt CRFMUINPagSeNt in
an anount between 50 wt. % and 60

where [MPF] or [PFA] or [FEP] is 5-30 wt.% or higher and [LPTFE] is in the range 2-10 wt.%

or higher. Such differences indicate that the nature of mechanical abuse given to the system will

determine which formulation might be expected to perform best.

[0253] It will be clear to those skilled in the art that the precise formulation most suitable

to the duty for which the blend is being utilized can be determined by consideration of the

regions of optimal properties shown in Figs 1-54.

[0254] While this invention has been described as having a preferred design, the present
invention can be further modified within the spirit and scope of this disclosure. This application
is therefore intended to cover any variations, uses, or adaptations of the invention using its
general principles. Further, this application is intended to cover such departures from the present
disclosure as come within known or customary practice in the art to which this invention pertains

and which fall within the limits of the appended claims.

67

BDDBO1 5835935v1



W . % based on the total solids weight of said fluoropolyners in said

bl ended fl uoropol ynmer conposition. 11. The conposition of Claim6, wherein

said at |wazp1003e3sel t - processi bl e fl uoropol yner conpri #€3/Uskaronssiat ed

et hyl ene propyl ene (FEP) present in an amount between 20 w. % and 85 wt. %

based on the total solids weight of said fluoropolyners in said bl ended

fI uoropol ynmer conposition. 69 BDDBO 5835935vl 12. The conposition of Caim
st one nelt-processible fluoropol yner conprises

fl uowmléﬁ’rﬁ@@bﬁowl ene (FEP) present in an anount between 50 w.%

and 75 wt. % based on the total solids weight of said fluoropolyners in said

bl ended fl uoropol ynmer conposition. 13. The conposition of Claim6, wherein

said | ow ndl eculﬁaﬂumpglbfmepwfyp@ﬁtﬁtat Icemp@@'n@yl ene (LPTFE) has a nean

I d h
ass 0775 mor GhEaay it PG Ul CRIRL B R Uy el IR 0" (1

or | essmbRr @x]dﬂagérrﬂ(ﬁlécﬂmelglﬁt (Mg Sf atalBdbt 90(20@0 &ldprsscfif)anmdu@s 8f betdeenl he
conposition of wherein said | ow nol ecul ar wei

ght
pol yt étwfa%layé%éfftw |bé$¢él quithq gyl sphds ‘é[elgh’fr%ftaﬂr@qfoﬂ%ﬂﬁ@fﬁa@ B CORYSItEQL; ect ed

fromthe group iLh SS,
328 C or |ess, %gl}%% or l(%é%{()lé%%é%é?%ht IPF@% tra%%g%’%%n&%ﬁﬁTFéﬁ%v% ﬁéﬁﬁe
conposndli empofatct &1 dF,339h€reiass sad pkekem\mmi anolmiof heiwgbit 1 wt.% and 98

pol ytetraf | uoroe ene  (LPTF ai ned vi a errul si on . pol yrrerl zation
wi t houttt- "B EpFg E? éé%léahéwalg 1? ‘Efri’ilrfﬁﬂr‘éﬂ? Iymers imheald pgpoifinn: ad or

irradiation. ReS W I cul ar

wei ght pol yt et raf ;EE%roglgt h Ilbelﬁg&?lﬁ)gﬁl:‘% @%ﬁr PTF)E&r?nSeg?%lgdgmag\é%r %fai ned via
enul sibotwaeollywtehoi and O8 ovt. %lbamdsmﬁhs taval spbdsweightzaftalldmonpdhyroers w sdidut a
subsequent | ecul ar wei ght reduction step. 17. A coated flexible

subst QWOSIED%H sing: a flexible substrate; a coating on said flexible
substrate, conpri sing:

2. A coating applied to a substrate, said coating comprising the fluoropolymer

composition of Claim 1.

3. A film comprising the fluoropolymer composition of Claim 1.

4. The fluoropolymer composition of Claim 1, in the form of an aqueous dispersion.
5. The fluoropolymer composition of Claim 1, in the form of a powder.

6. A fluoropolymer composition, comprising:

a fluoropolymer base component present in an amount of between 70 wt.% and 98
wt.% based on the total solids weight of all fluoropolymers in said composition, said
fluoropolymer base component comprising at least one fluoropolymer including high molecular
weight polytetrafluoroethylene (HPTFE) having a number average molecular weight (M,) of at
least 500,000; and

a blended fluoropolymer composition present in an amount of between 2 wt.%
and 30 wt.% based on the total solids weight of all fluoropolymers in said composition, said

blended fluoropolymer composition comprising:
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at | east one fluoropol yner including high nol ecul ar wei ght

pol ytetrafl uoroet hyl ene (HPTFE) having a nunber average nol ecul ar wei ght
(M) of awolews36B80, 000 and present in an anount of bePreagars2000/0944490 and 98
wt . % based on the total solids weight of all fluoropolymers in said
coating; 70 BDDBA 5835935vl| at | east one | ow nol ecul ar wei ght

pol ytetrafl uoroet hyl ene (LPTFE) having a nunber average nol ecul ar wei ght

M) of |ess than 500, 000 an resent in.an amunt. of hetwe .% and 30
W% based on the tofhICETG Y oI i SRRT kSt S IAE AL BEE Ky Eand
at | egsfrsQnet MRl derRLRGTSPH38° U HIULIPAHNHBEPILEAQRiZL Bf 210 rﬁi’&mﬁ@t(uﬁ? oPet ween

Iwt. % and 30 wt. % based on the total weight of all fluoropolyners in said
coat i fgps; di8l. The coated flexible substrate of Claim17, wherein said at

| east one | ow nol ecul af wei ght pol ytetrafl uorqeth (LPTFE) is present
in an amount of betmé&#a fwgﬁw§§m8¥%%ﬁ4&ﬁwy°%ﬁwn§4&?&%: | east one
nmel t - processi bl e fl uoropol yner present in an anount of between 5 wt. % and

15 wt.% based on the total weight of all fluoropolyners in said coating.
19. The codted flhexompesisabsf €k bofvhAical yaid at, lcasheneflvorepelgmar bdseast one

mel t processi bl.e fl uoropol yner ris grfl oal koxy (. resent in an
P ouneonEB R pr i R o LT B R G I S8l e B 7 e

wei ghtfluefop@inierabnipBgifibn & edeaMinil Ledinabf Meedi 4 Rebyirt 70 U6t bytene
(LPTFE) and said at | east one nelt-processible fluoropolynmer. 20. The

coat edotp] whidpweightpEall Bueropelymees imsaid copesiEph sai d coating has one or nore
properties selected fromthe group consisting of: a surface rougness (Ra)
of less than 1.5 microns; and a neasured gl oss of at |east 30%refl ectance
at 60. 7 1 8BDDBMhea83pOdhuwh of Claim 6, wherein said at least one fluoropolymer base

component is present in an amount of between 82 wt.% and 96 wt.% and said blended
fluoropolymer composition is present in an amount of between 4 wt.% and 18 wt.% based on the

total solids weight of all fluoropolymers in said composition.

9. The composition of Claim 6, wherein said at least one melt-processible
fluoropolymer comprises perfluoroalkoxy (PFA) present in an amount between 37 wt.% and 65
wt.% based on the total solids weight of said fluoropolymers in said blended fluoropolymer

composition.

10.  The composition of Claim 9, wherein said at least one melt-processible
fluoropolymer comprises perfluoroalkoxy (PFA) present in an amount between 50 wt.% and 60
wt.% based on the total solids weight of said fluoropolymers in said blended fluoropolymer

composition.

11.  The composition of Claim 6, wherein said at least one melt-processible
fluoropolymer comprises fluorinated ethylene propylene (FEP) present in an amount between 20
wt.% and 85 wt.% based on the total solids weight of said fluoropolymers in said blended

fluoropolymer composition.
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12.  The composition of Claim 11, wherein said at least one melt-processible
fluoropolymer comprises fluorinated ethylene propylene (FEP) present in an amount between 50
wt.% and 75 wt.% based on the total solids weight of said fluoropolymers in said blended

fluoropolymer composition.

13.  The composition of Claim 6, wherein said low molecular weight
polytetrafluoroethylene (LPTFE) has a mean particle size selected from the group consisting of
0.9 microns (um) or less, 0.75 microns (um) or less, 0.5 microns (um) or less, 0.4 microns (um)

or less, 0.3 microns (um) or less, and 0.2 microns (um) or less.

14.  The composition of Claim 6, wherein said low molecular weight
polytetrafluoroethylene (LPTFE) has a first melt temperature (T,,) selected from the group
consisting of 332° C or less, 330° C or less, 329° C or less, 328° C or less, 327° C or less, 326° C

or less, and 325° C or less.

15.  The composition of Claim 6, wherein said low molecular weight
polytetrafluoroethylene (LPTFE) is obtained via emulsion polymerization without being

subjected to agglomeration, thermal degradation, or irradiation.

16.  The composition of Claim 6, wherein said low molecular weight
polytetrafluoroethylene (LPTFE) is an LPTFE micropowder obtained via emulsion
polymerization or suspension polymerization with or without a subsequent molecular weight

reduction step.

17. A coated flexible substrate, comprising:
a flexible substrate;
a coating on said flexible substrate, comprising:
at least one fluoropolymer including high molecular weight
polytetrafluoroethylene (HPTFE) having a number average molecular weight (M,) of at least
500,000 and present in an amount of between 70 wt.% and 98 wt.% based on the total solids

weight of all fluoropolymers in said coating;
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at least one low molecular weight polytetrafluoroethylene (LPTFE) having
a number average molecular weight (M,) of less than 500,000 and present in an amount of
between 1 wt.% and 30 wt.% based on the total weight of all fluoropolymers in said coating; and
at least one melt-processible fluoropolymer present in an amount of

between 1 wt.% and 30 wt.% based on the total weight of all fluoropolymers in said coating.

18. The coated flexible substrate of Claim 17, wherein said at least one low molecular
weight polytetrafluoroethylene (LPTFE) is present in an amount of between 5 wt.% and 15
wt.%, and said at least one melt-processible fluoropolymer present in an amount of between 5

wt.% and 15 wt.%, based on the total weight of all fluoropolymers in said coating.

19. The coated flexible substrate of Claim 17, wherein said at least one melt-
processible fluoropolymer comprises perfluoroalkoxy (PFA) present in an amount between 37
wt.% and 65 wt.% based on the combined total solids weight of said at least one low molecular

weight polytetrafluoroethylene (LPTFE) and said at least one melt-processible fluoropolymer.

20.  The coated flexible substrate of Claim 17, wherein said coating has one or more
properties selected from the group consisting of:
a surface rougness (Ra) of less than 1.5 microns; and

a measured gloss of at least 30% reflectance at 60°.
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