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benefit under Title 35, U S.C. 119(e) of U S. Provisional Patent
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COWOSI TIONS, filed on Septenber 26, 2008; U.S. Provisional Pa%tv%r%}

Appl i cation Seohabedms 61/ 109, 952, entitled BLENDED FLUGRBPEIWER“topcoaTs
FOR FLEXI BLE SUBSTRATES, filed on Cctober 31, 2008; U.S. Provisional Patent
Application Serial No. 61/145,433, entitled BLENDED FLUOROPOLYMER

COWCOSI TIONS, filed on January 16, 2009; and U. S. Provisional Patent
Application Serial No. 61/145,875, entitled BLENDED FLUORGP@axdERHarvey
COVPOSI TIONS, filed on January 20, 2009, the disclosures of &t laPgn
expressly incorporated by reference herein in their entirety. BACKGROUND OF

THE I NVENTION [0001]I.Field o i O[Plf[)p@ present invention
relates to fluoropol yn@lsgwflrf“ﬁ&&éww;ﬁ?cre at %ﬂsﬂ?§sﬂ uor opol ymer
conposi tions having i NpARBETDRTINGS FORTLEXIBAFaSUBSERARES 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
particul ar, the present invepgtdsonrfaekatogslated applicitions opol yner conpositions
that may be used to formcoatings having inproved non-stick or release
charact eri g4doap and/ ofis ipFpedivedsaduiasiterbonds wadeaitls 358hd -G 61 PR Fit ms and
bl ended powder _conpositions,. 003].2. | L. el ated Art.

[ 0004] FI uorpé‘bvéﬁl‘ifﬁgf§enér&\8plltc Wé]l-éc)eﬁlgﬁllo'S?I%?/%irléglggﬁ%rg?gﬁ%g%i nly ethyl enic
linear repeaticRDRILYMERTCOWMPOSITSONS, fded @l Sepbbeii, BRA Bgelrontiony Pary
replaced with fluorin I i HYbeOeATRTFE) ,
met hy! f | uor’tRHRERY SE’%@M’%@@?% cépﬁ%t%%ﬁ%%ggpgﬁyp&% er f | uor oal koxy
(PFA), pol WOrFOEQIBLH SURS TR TRA, 6ive pn abpdily4008 iy St Prausipedyatet  wo

2010/ 036935PCT/ US2009/ 058 [ QQ05]. Sal9kH F xamgte of a flexible
substrate t@cﬁﬁi}%ﬁ%al%(Sﬁ’aélggd's\‘/fng?he%%ﬁ%r opo]?FrLrgP?\g%;)?i ng. The cqating
typical |y igolVrdsEIaNs] fithd omlaacary 46, 20640; gid Uéolgwiépﬂ%lfﬂa%tr%?é’ﬂlﬁ%ﬂ%%%ﬂaé HPTFE) ,
either by itsel i ncl udi (ARG adsibbgnabNpatiyd@l lamand/ or
fillers. o%\éogéféf‘%?’g‘f F%@ﬁﬁlﬁgg@%ﬁ?v% ves fe%c{i]?%g a glasscloth web through a
di p tank comt 2009] Mg dacldisper sicoareakpressly ihtaupsrapbbyirerencahget Rkt B8Ehg t he
coated web upwardly through a drying and sintering oven tower to cure or
fix the coating. This process is usually repeated a nunber of tinmes whereby
up to 10 or nore coating Ia@ﬂﬁhﬂb{@_&bﬁﬂw] What is needed is

i nproved fl pol ynmer c It «for applications such as coatings for
flexible su@g‘mat es??‘sucﬁwngdggé#ealg‘g%llot'h, t hat denonstrate i%p][é:f\{e%go abr asi on
h

resi stance @oedjor r ellbamescotiaraaboeratasiie Juorgolymest andsia PPHOYHHER
appl i cati 0“@%0&(3)3,%5!@%)5%% tla%%g'}ﬁﬁfn%\!:d £OR0: The proearps ofithvgpd tharre
ol'y

provi des bl uor mer conpositions that, in one_exenplary.

appl i cat i ongpplieytolfexibfrphbedteasuch i gliclogh frovich ¢ @&-%F‘&SLE{?B%%“HE’{ SR
optionally, to a flexible su thatr-a6mReasn RleMkOuskyobateed With a
priner or b?élé%lgtﬁflrf%ﬁ&%r%r%‘ ?f%i%g%%r’ tP‘# 8%2 enbodi ment, .the composition is
a bl end of aimposiasts triendydaurndlie uhsPating wng;bfam’“éjt‘loaﬁf%%%?ﬁ%yel ene
(LPTFE) andc atacle%"sit%cts ar?d??r. iﬁﬁ%o&éc%b?&ﬁﬁ%&s@tﬁcé, a0t @] iR and NEked pbwdeanot her
enbodi nment , kfalr"le conmposition i ncludes a fluoropol ymer base component

i ncl udi ng atohasibnone fl uoropol ymer such as hi gh nol ecul ar wei ght

pol yt etraflgo%%et hyl ane ({IETERIn o@RdR@Gdl Aonal I'y incl udes the LPTFE/ MPF
ro

bl ended flu ol ymer” conposition. After being applied to t flexible
substrate, @Wbional | )FlW@Oiyﬁleﬁr*?@ﬁg"%a“b%?é'&%%‘fm%ﬁ‘awgFna}ﬁ?%eé&g%n,w léar%lb t hen

cured, the Pﬁgpg%%ngmﬁsol SihtsbRSr i rMaRBtdf08orh@t regpbminsitlr ftoens. npr oved
abrasi on reSist aﬁ

ce and/or 1 nproved rel ease characteristi d/ o
i ncr eased tEamplcﬂﬁedco}dmim@ﬁmf@?ﬂﬂg}e“&r@m@rmFtPﬁgﬂ‘é‘WB X%Sg? %\%g@ﬂoi eghﬁizhe
present conpositio £ vb19(cRIoRAMRrdetHyeac)hav bolg(vanyHlughdedegr ee
of clarity ﬁ"éfﬁ%@?ﬁ@%ﬁﬂ%"?gk h(gﬁp}rjgsg(nt corrpositiyons i n powder form may
be nmelt or paste extruded to formarticles wth inproved inperneability.
[0008]In one formthereof; the present invention provides a fluoropolyner
conposition, conprising: at |east one high nol ecul ar wei ght
pol yt etrafIW8?°b§¥%Vl ene (HPTFE) having a nunber average nol ecul ar wei ght
(Mu) of at |east 500,000 and present in an amount of between 1 wt.% and 98
wt . % based on the total solids weight of all fluoropolyners in the
conposition; at |east one | ow nol ecul ar wei ght pol ytetrafl uoroethyl ene
(LPTFE) having a first melt 2 WD 20101036935 PCT/ US2009/ 058444
tenperature (Tm) of 335C or | ess and present in an anount of between 1 w.%




WD 2010/ 036935PCT/ US2009/ 058444 [ 0025] Fig. 7 shows a first contour plot of
pi zza dough 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 plot of the HPTFE-rich area of the first plot; [0026]Fig. 8 shows a
first contour plot of chicken cooking release (Exanple 5) plotted agai nst
PFA and LPTFE content for the topcoats in the Exanples that | PFA,
toget her Wit Ryeaos@eens pl ot of the HPTFE-rich area of tﬁgTéjPiro[s;b?JS%?gt;
[0027]Fig. 9 shows a first contour plot of roughness (Exanple 2) plotted
agai nst PFA and LPTFE content for the topcoats in the Exanples that include
PEA, together with a second plot of the HPTFE-rich area of the first plot;
100281Fi g. Eg})@sls hows sbdidih ts B0 Bi@iple iladlexibie sgbusts tiaERanpt eagyl wihét t ed

agai nst PFA and LPTFE content for t.hq t.&ﬁ;ﬁzg@ih ol8a | es that include
PEA, t oget Fegrongiyrher goaisgobe $02818 tgpicy i d “Fich area of the first plot;

[ 00291Fi g. &%teéﬁﬁl\é%eﬁiyfehé gﬁpw,teawr ppltedf @finchoineaor! angres ¢RLdEML 2)
plotted aggl st PEA and LPTFE cont ent, fe%m?@? etegiﬁlégg;agscjonl&,&qmag{mips t hat
i ncl ude PERplymegerderfiliars 1075 celies g iR ™SIt A& HPTFE-T i ch area of. t he
first plot i, 003QkEh 9 disp@sisnombe fudobinecond ten fastiioe theroatelsY FPAABLUS f or ce
(Exanple 8) plotted agal nst. PFA and LPIEE ceontept..forritibsotepeaaksyin the
Exanpl es tﬁg@ugh@@m%arﬁpmtefpggéﬁfﬁg?’%\f E‘Hggpsecggda 1p?ot 1{)1?[ t he HPTFE-rich
area of the, £ikst kit of §:883dcFbg up 131 0sh owss @atiglererest SuPPiflot of ki netic
force (Exanple 8) plotted agai.nst PFA.a EEGonkent fof efplitdient @pcaat s in
the Exanpl é¥006hat i n¥haiden ,15]5‘3’@%“[6%3}1&%tﬁ a {s)egond pl ot%igf, t he

HPTFE-ri ch alifas RF nthsle kivsaitephab as 518082 Fhef deansEREWEPIRVES PEF R ont our pl ot
of the normalized results qf the ad Fon.dieshs: {-Exanplse 8) plotted agai nst
PEA and LPTFEtRshiWi '$3e t C{E’B%l@%’gﬁ gkﬁ?gsetlﬁe E&%%I es that include PEA,
together with a second plot of the HPTFE-rich area of the first plot;

[0033] Fig. 15 shows a first cantouro-phatrff ndigvienmel i zed results of the
RAT and TW abrasion tests ( n plotted agai nst PEA and LPTFE
content for the topcoats in the Exanples that_ include PEA .o Mth a
second pl otoef7|t he HPEREeseiGhveateeprefides fisndd uorqpplyper 6[06}?384{“?—1}%3%&?? “'Shows a
first contour plot of fthe 1z J @solis 2 BExiblosuisoakimigoptehdlis® 4 est s

( Exanpl e S)GXBIFlglﬁyeaB&é{;élg?nng{l 9Eg%ﬂgnd LPTFE c_gnt ent far the t cﬁ&%&@%&al.n t he
Exanpl es t hipdxitinabstches 1RRAgs besy erchiepsinfaeked 31 SSPOHYT P B8t *The 14E-rich
area of the first, plaot. 0304 Q3RS SPCTH:AISAOD B84 wEQRDBS5] Fi g. 17
shows a fir&ereah br?en;’%ﬁg?""\é}ﬁ‘)%?‘he normel i zed resul tbz of 4 hg,ﬁlrﬁp&ghﬁg_eﬁls,

gl oss, and goyitiadhoaptydertedR B ) Brb#prae o NI el gLt g\@ achr] LPTFE
content for_the t ' B AR RS 2 Bh@bpdlpadrivde cBFEAonetiggdehiegaini t h a
second pl ota“8¥he¥%n3§0§|%%éé}¢e:‘bgﬁ%asr{ea of the fi rStlyttFe){gfgf; !QOQQJ@{R?FE%%@MWS a
first cont owsstphoftucafpotyiver nushrahich walerdy ¢! 87 an “abrasi on
tests (Exanpls fog%gﬁgﬁ%f%fhetﬂﬁFﬁﬂ@ﬁsbl@m& EiséepdiFnanpiposBion. Kher kPRI

rel ease tes and t he roughness, gl os nd_co 1, 608l e
tests (Exanplthe 29xilpé pbstendc. apEinad OPFAPERY OF_%F a’%%lﬁ‘{oé%tl&? %?ﬁ%lﬁ% £0 %’oats in

the Exanples that i PEA 4898 e Hembishata is@oodcbpbiot regiftapdgand/or
HPTFE i ch Rrei o C‘E}ﬁﬂe&g@?stg bl 0 98

~plot; [0037]Fig., 19 sho i : r plot
of RAT anbi amrovedirtlbast clfaRacsplcs a@(’fﬁv%ﬁs‘léjgf”i&&?eﬂ% trf\é%r%ﬁ% h{dsﬁtfrﬁg’%?g%lent
for the tOD%FORa?F%t i hﬁﬂeﬁ%é’s@fmc dshhs nBElidie BERo praiget Hows hiingr e econd
pl ot of the EXrieh area of the first plot: Lt%%§§J Ehler $6th 5 @t drl 1 st
contour pl oﬂegytemmriamﬂémpenj}e@hﬁ@x%w‘ése‘g)""IBP%st a4 dgai nst FEP and LPTFE
content for fhe ttr(agﬁqgtf(ﬁmia@ti&@@viﬁﬁﬁﬂv&ﬁﬂphﬂﬁeaﬁiﬁﬁd ude FEP, together with a
second pl ot posft the HPTFE-rich area of the first (g)l. ts;aﬂ[lglg?oq%ﬁ&gomggsﬁﬁﬁpm a
first contou#0opl ot ofinPuy fomp e RS E 4 PI B ed Agai nst FEP and LPTFE
content for 4A5h@PGPRLS ohdhilnBofEamaleas: ptgbirifiuotontigleREEIPTEELBYAER wi th a
second pl ot “of “the HPTFE-rich area of the f.i |0t . 0} LG of BdwSows a
first cont oummmpiroyerage MyEcudy Mlgé‘%ﬁﬁf % tﬂeﬁﬁt 58{@@0[ %& %gegs%l{t %lsa:_hodll:’rgogﬁg rﬁ g LPTFE
content for the, tonGoats vhiddbhecRxaANpliGsvddhabs dinblougelyFER,in the gETIEIOH th a
second plot o “the HPTEE-rich area of the first (]%ﬂ;E' nh Q04145 Mett 23 shows a
first contoutlepitore lof mMiycuBopoepEBeRRP “%?edﬂ?f Al Agarnet " PEP and LPTFE
content for the topcoats in the Exanples that include FEP, together with a
second plot of the HPTFE-rich area of the first plot; [0042]Fig. 24 shows a
first cont oB**PFHT*>0f cooki e dough cooking rel ease (Exanple 5) plotted
agai nst .FEP and LPTFE content for the topcoats in the Exanples that include
PEP, 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 rel ease
(Exanpl e 5) plotted against FEP and LPTFE content for the topcoats in the
Exanpl es that include FEP, together with a second plot of the HPTFE-rich



[0057]Fig. 39 shows a first contour plot of TW 1000 (Exanple.4) plotted
agai nst MPF and LPTFE content for the topcoats in the Exanples that include
both PEA and PEP (MPF), together with a second plot of the HPTFE-rich area
of the first plot; [0058]Fig. 40 shows a first contour plot of TW 2000
(Exanpl e 4) plotted agai nst MPF and LPTFE content for the topcoats in the
Exanpl es that include both PEA and FEP (MPF), together w . d pl ot
of the HPTFEwhizehoadea of the first plot; [0059]Fig. 41¥@h@“&”§§§?$st
contour plot of TW 3000 (Exanmple 4) plotted against MPF and LPTFE cont ent
for the topcoats in the Exanples that include both PFA and PEP ( MPF),
together with a second plot of the HPTFE-rich area of theofirst pl.ot;
(100601|Fi g. tfé%rm%v@m)aoffsksm oﬂ@d@ta@dl%re@hdh ankmaovkf teRsad Ewc/oe)qéi Rairel eaSﬁ

Exanpl e 5 otted "agai nst. MPE LPTFE. ¢ iorl: BEd 1ORGQAL Feith t he
Exanpl es tiwatd dnoribg lotbsahigds we@@/sef&ﬁguﬁ%ﬁ-‘(%&?‘%f@&é’%ﬁ%‘r’ﬁ’wi th a ?gon pl ot
of the HPTFrFéerS%i@Q s8R et VO ES tﬂém inlsotmof® OBy 1 Wide KWV PISFSt
cont our pl% of pizza dough cookin rel%ﬁ%§%£ apple 5) plotted agai nst MPF
and LPTFE cott ttal sdligh weight 9ioH B8 R e "Exanpl es t hat i ncl ude both PFA
and FEP (Nf)o'(:)f;g togeh%am% atpEus'a i e egntlatpnay inofude fre THPTREVPSCAMEPEROf t he

t,

first plo 062] Fig. 44 shogws a first c i o4 ik efay 8OKi ng
rel ease (Eﬁb{!ll‘r‘f@laiemsl)ﬂ‘b‘lhéﬂP@”BP‘%{&HVﬁQ?‘pWEHaﬁgé ﬁ‘gﬁg%h@gerrlt emnltsdaf or the t opcoat s

in the Exapples, de@bqlcs) digesskatonniiEse ank PEPO{APRYICTt oget her with a second
pl ot of the HPTFE-rich area of the first iordoroWs a fluoropolymer

D010/ 03693BIENS20067 BtiEA R TRESE f’eg?rgsf%ﬁéﬁe})’%}\%“g%ofi st cont 0t L ot5o0f
roughness (zg)rg[ﬂdmlofi Cgpnlpmi@g;tﬁmma@@im bivPForaprgcit PIRRE HgtR eSS P RE
topcoats in the Exanples that incluyde R Audebi s (MREdomfosiged, ter wi t h
a second pmf/ﬂW%%W/W#Eqélghﬁaglﬁ%%s%%%{lbe aﬁl I}lstﬁti) ot ; [9064]g€| e 6. shows
a first copf,Qupoph@tba®f coptpasat (dnxaivipk et 123st prlediuoeiolea PR Y TP FE
content for the topcoats in th tHabed G ORI wRfsht @AdoFEP
(MPF), t ogetert pakytetrrilyoosthgisne %ﬁﬁgﬁiﬁg HI?TeFIEa- ri éc,bﬁﬁar ea of the first

plot; [ 0063LE @006, 50O VEN Eedfiiubsbolgmet oUPOBIBPrSEItdd iR HRPILH Y PExanpl e 2)
plotted against VPF and LPTF tef vt L8 fBReO}Ssiimtht benfosdiopltes t hat
i ncl ude bom.wsaﬁﬁ-/fz%ﬁe%?w%?&%%%%g6&’ th a E’gcgﬁd | ot .q{t t he

HPTFE-ri ch @ 8a1 MforddaBmte Eahpdpition porfigB8] Filgest B IShBIRE R FYFEY cont our pl ot
of instantaneous force | : I 6d: agathste (YRorans® ERTEE, @dnrt ent
for the toﬂ@bﬁﬂ@ﬂWHD?H%&E§;ﬁ§h§gg%ﬂg%ﬁ%ncludgéboth PEA an 1FEP S“ﬁﬁ%m

toget her Wit h,3.3%66eR6oPl 0mi@bnst(he) HiRFE o jptlgash prego o PrEgrEs P FETORT0L

[ 00671Fi g, 49 Shows a first contour plot of kinetic force (Exanple 8)

pl otted agaiMi8). MPF and LPTFE content for the topcoats in the Ex%gples t hat
i ncl ude bot fo fTA andpREPdoRRYion, toege tohe onafldong arse Bite CHTRAMH MY RE
HPTFE-rich area of the first plot; | I 9. amPihs BeNd @ubiopslimeont our pl ot
of the normﬁmﬁ@éaa?é@%W¥§{%?W¥ﬂ2%E@ﬁgggghﬁ?egﬁs (Exanpl e &%(flg%ég%lagainst
MPF and LPTEE. £anbeRky 6Ofredchien o poost af tiepween & WEXBFEI 28 SV h BT ALTPUTE” bot h
PFA and FEP (MPF), taq her with a.se iRt lotteh embiidilinéot rtheh laste@ac of
the first pﬁé@%wﬁe@ﬁégﬁﬁbQQ W%%%ﬁgﬁ%&gﬁﬁgt contour pl ot ofl§gqi§$&tolized
resul ts of phgo ABgke Thpakrasiydr pressttdn rEnmp) S e edhty Wy PO T ¢

agai nst MPF and LPTFE _content for fk GQ8LeSenk h daheotxarpitesentdmt®si ncl ude
bot h PFA anHMPEﬂﬂPNPE??“P@%@?%&?Hﬁﬁ%ﬁmgﬁgecgndapIot of the HPTEE- rich area
of the first,plsattv bed o Fegotal5alidsivaisht of Al flugropelsed it HPFIEPGH T he
normal i zed results of the cookin & L RRIsoctdEranilotopd)ynpet mby ed agai nst
MPF and LPTE®!lont ent® FWTH€5°B%%%§ps%$ﬁethepE;a Les 1 hat i ncl tide hot h
PFA and FEP§MRE) pediogeiikery (AF Apresesiat ohampnbpetgeen ﬂé"’t'l—ﬁ‘%&é- ri¢h area of
the first plot; [0Q71]Fig. .53 f n'tRd b1&IBd ALdromil@her cbmpdsitiononmal i zed
resul ts of ﬂﬁ%ﬂ?Bﬁb%ﬁ%§@g°5%8g§g8 nd" cont act angl e tests gﬁﬁ%gﬁégs %

pl ott ed agaifsher MRFodient| BT FEMcontlery FiEY) PHECPESETOR ® FRhe Exanpl és t hat
i ncl ude bot h PFA FEP (.MPE - DB bf 4k hihor8p3R6eNE thd Wended t he

HPTFE-ri ch &r&&0 81‘?"2%@\%@%1*0?&%%‘0965SSE@SQ%QQPCT/ uszrg%gl 058444 WD 2010/ 036935
[0072] Fig. Sfhoshemeccohippstorcont our plot of the normalized results of the
RAT and TW abrasion tests (Exanples 3 and 4), the adhesion tests (Exanple
8), the cooking release tests (Exanple 5), and the roughness, gloss, and
contact angle tests (Exanple 2) plotted ébainst MPF and LPTFE content for

t he topcoat BPPH*e! Exanpl es that include both PFA and PEP (MPF), toget her
with a second plot of the HPTFE-rich area of the first plot; [0073]Fig. 55
is a picture of the light source through sanple F(33), a piece of

gl asscloth including a coating having HPTFE, PEA, and LPTFE (Exanple 6);
[0074]Fig. 56 is a picture of the light source through sanple F(46)

control, a piece of glasscloth including a coating having only HPTFE



A LOM/nDIecuIar wei ght polytetrafluoroethylene (LPTFE) [ 0087] The flrst

fl uoropol yner of the present bl ended fluoropolynmer conposition may be a

| i qui d di spersion of polytetrafluoroethylene (PTFE) and, in particular, may
be a liquid dispersion of a PTFE having a | ow nol ecul ar wei ght (LPTFE)
and/or optionally other properties as discussed in detail below [0088]The
| i qui d di spersion of LPTFE in nost enbodinents will be an @gﬂﬁﬁ&§m4

di spersion, thowughidse LPTFE may be dispersed in other S6FVEnT < and/ or
LPTFE originally in an 13 PCT/US2009/ 058444 WO 2010/ 036935 aqueous phase
may be phase transferred into another solvent, such as organic solvents

i ncl udi ng hexane, acetone, or an al cohol [0089]The LPTFE, when produced as
descri bed gfé ¥ie: W' Ik th%)é&hﬁ@itio){ thameeaat mieawltﬂ)arcmbdﬂ%ﬂ@%?@bﬁf“ 49 i crons

(um or .9 mcrons 0h wh eSHd 88. 5
m crons ( unt)mm‘rse Iﬂé@fﬁlateé eﬁlyf?%?l%gertegﬁgméj resglﬁ nmlrf:% %geg%ﬁs un) or |ess,
or 0.2 m cLenSy %éémn 10& tola@ S¥ids ar&gﬂiﬁﬁﬂmrfmdrdpylymelsm thableédqqﬁhlﬁ@i’o geh as by

laser light diffraction by |.SQ 13320. g@ﬁ}; ErY Idstntmay
have a neanopeasitiop] B agpther ebo Wbﬁ‘ gblon C%%géagg% G:] )E)r@a]%se%l arge as
200, 250, g @é&uﬂmct\ﬂ?&ﬁSemm’peine?s[u@@@lb)a]sa&mlth@ivt?éﬁohdﬁré’?lﬁb’é’ M5 ecul ar wei ght
(MB) of the LPTFE wi | | g %g ér @ | ess &JQ&@OSOO 000 and, in nost

enbodi ment uoteagiypers isthe BRndsd HeropyE sr P eat er, 20, 000 or@gpﬁ%

25,000 or gEfAafer, OfnelBiadendswmdiuaswag, oD Otipflugreslyleng gy Iess

r 70,000 or less, 60,000 or, |les (EXRIPE 0. 7[50091] An
al t er nat i véayrennean DSRickFe A¢lPE fi‘?nh ’Clgﬁoupggl%sgﬁﬁ Jz)if(r?)%\/\l/(’]éuG&%(of the LPTFE is

by its first. ‘%FA @m{ SPRE! 8k YigrofsTin) oﬁﬁssdenemmme(dmbyr laSSsQuB madsens (W8t flod such
as differentia gnnlng calorinetry

first t ure
(Tn) for LPHEEnHAY rhieroes (SO Eet At /ftfdnaé’ aY"e%‘\ém‘trﬂghte’:?%‘g?f“ Jr)sgﬁgz@f%
enbodi nents, the fir.st b € oOlksst 109° CRT ks, ij’qmlg;s,ts rCegqual to
or less thdhf @g%ommfnﬁregr%gezqggﬁpﬁg)%gr l ess than 330C, either equal to or
| ess than 38@(326%Ct0hess,@lqi.fél5 €or 6P | ess than 328C, either equal to or |ess
than 327G, %@er ’r‘%' %st%e oevsiﬁo&éww “a%ﬁ@ommmbﬂaahylawm’ﬂf@rwbieess
t han 325C. {? 2] The F?'i‘ rowq1 % m ran%ﬂt gous
di sper si on abhiigdd viesendsdsi quwzattﬂﬁé?‘ﬂ%wl e%(ﬁu J%:Fe i ﬁ%grmnlg)ﬁ ilized. As
used herein eﬁrdtH N&ha ng!uﬁaq n, &y 'Eb@hHBTFB/m&Ir@hwﬂermddnedefa@nsﬂStom an aqueous

a es

di spersion ¢ int ess t 1.0 %of atra Jdagkant,
such as nonpdi;ﬁmrtzafmmrdfa@paﬁt‘?ﬂ@PWﬁ‘ﬁ“@ﬁ%Wﬂ% OLTHRONET B eq&%ngggl c%ﬁgt%ﬁwel ght

of the LPTFEgagg di spersion. In sonme enbodi rrents t he LPTFE di spersion
may be provide ‘he form of an aqueous. di s Si Q lugs'@[%tthan 1.0
e O e onohboh famr S50 PRE1F) v i e,
surfactant, dub@Red &a%g&ﬁ@wﬁad:ﬂ@m)stratmcmmemge et et s,

t he LPTFE o mgs%er‘)id&% rco?n ded H}i %Iq{ % ?@ﬁ_@yg&vqig%perm on
that is stfhlbIOIpoimal’mcltuillbg@5‘1‘F‘§’bﬁ‘é{%r|"r‘@g A R RS Iy ant. However, the
nature of the,st Q,gg %@, @Eéu@eﬁ‘ wRakkag ‘?oﬁd’(méa@tyj@d OD@armdquresent &t 4n dvesalt G SSFGFE of
this invention. 0 %

as dISCUS b r,evi ded
in the formooft. ‘Vaarsi(ﬂ&vﬂ %ﬁe%%%ﬂé?‘a S‘i @% ‘Rfé%ﬁfg%@%%l V\oxzcgd% 036935
[ 0094] The LIF 'y g}e\%‘i{ Inofe¥RhCdidtt p&ﬁtetrmmtmhmm}:ﬁ) haomerrola®e 2 Fagkei ght
PTFE honop However, in ot

ts 5 NGhase a
smal | anou nnolg:fulanmm ghi/ Mgy Oﬂé“ﬁliﬁ‘?éﬁ@vpgdm“ﬁ i f’né n a(':naatsng)%mhﬁ-E Sléﬁéép?lvsv{ a
co- pol yner &WDWQS@B Bn ot A ei@s of eﬂﬂﬁiofdpedmﬁfﬁﬁﬁfhewpaﬁhg{a@é et lawhoneinedt- PTFE" .

Exanmpl es of the nodifying co-nononer incl fluo DY atah @teher
(PPVE), ot hepcendidp ﬂv@m@iw%ﬁé’lﬁ?“%{’é IR ?233‘%"%‘% ééﬁg ?@W :

chlorotrif |¢E&F%ﬁ%ﬂﬂf§l‘?ﬁu&r6§ao’[ﬁ@m inpeys fdathiey. obut yl et hyl ene (PFBE) or ot her

er fl uor oal vinylethers, suc rfly 5 udrEMRne OF
Berf | uor oet H9{}1\ﬂ ng;l et Fidhe (PSS e&ﬂ‘?g% &g&hﬁ%\é EltéJ %&J@r%fl ((rg)t ypi cal ly be

pr esent '”[33 Wt bE| ﬁz%e:ﬂh@dﬁag%imbfwvghﬁ Wf%mn@kéwb%eand\ﬁklet%{eraa%‘é;t to
t he PTFE ui tabl e LPTFE di spersions vaii abbged dnom
Chenguang Rflle“@fpces@i%ﬂb‘ﬁﬂpo %’iﬁ@?@gg . moﬁg&%labgq%eﬁ%g?a%%SgﬁN avai | abl e
from DuPont X fier  exame lalaworb;EbTﬁEersrinah@mm@ rie ahlgdsties IIYEBRTSSHE 9207,

avai | abl e from Dyneon LLC, LDW 410, available from Dai kin Industries, Inc.,
and MP-25, MP-55, MP-8T and UF 8TA, each avail able from Laurel Pr oducts

[ 0096] These fi uoropol yners have characterlstics set forth in Table 1 bel ow
Table 1 Ch2PEERFPStics of exenplary | ow nol ecul ar wei ght

pol ytetrafl uoroet hyl enes (LPTFE) LPTFE Solids content (wt.% Ml ecul ar

wei ght (M) (estimated) Mean particle size (,tm Surfactant (w.% based on
wei ght of LPTFE) (type) First melt tenperature (DSC) (C) SFN-D 50 10, 000 -
20,000 0.19 5% 324.5 -326 TE3877N 60 65,000 - 70,000 0.2 6% (non- ionic)
327.6 LDW 410 40 80,000 - 90,000 0.2 5% 329.4 TF-9207 100 65,000 - 70,000




N A 327.6 MP-8T 100 ca. 25,000 1.32 NA.323.1 MP-10 100 100,000 0.84 N A
330 MP-55 100 40,000 - 50,000 11.06 N A 3243 MP-25 100 ca. 130,000 0.28 N A
332 15 WD 2010/036935 PC111382009/ 058444 LPTFE Solids content (w.%
Mol ecul ar wei ght (M) (estimted) Mean particle size (gn) Surfactant (w.%
based on wei ght of LPTFE) (type) First nelt tenperature (DSC) (t) UF-8TA
100 ca. 95,000 1.22 N A 331.5 [ 0097] Exenpl ary types of LPTFE that nay be
used in the prgs@dhscfzventi on are discussed bel ow. i.LPTRE/\Fe@d0®EEE by

di spersion polynerization or enulsion polynerization and which is
thereafter not agglonerated, irradiated, or thermally degraded. [0098]In
sone enbodi rrents of the present invention, the LPTFE is produced by a

Bgl i | At Q0 AU REERS d g@}mé H?erﬁ‘(ﬁ)'r(;dll&gameA) reb @ inBintan@8nidiesen $1 0% and

ymeri zation hese pol yneri z[atl onvip cesses
may be conaﬁamnefdbmddmtbdnacrmbquaﬁglfsehdsagf‘éﬁtt o ey et P (R BORRITY i ge
\r/TmnlerezEL/a: h\é)\e tr%frlrl'gofrl?et% gﬁene %&’ﬂf{@aﬁeéa{ &{élﬁ%ﬁ%m@ﬁbﬁﬂl@ﬂu&b@h@ﬁdﬂer rret hods

eSSIS control edtof rm ;

di sper si on [mﬁl'!ul rectThe Gp@ilggmylhz‘é@%@if PPE PEYPeies fHige %ﬁ’ﬂtﬁ gmgwchﬁlls e¢ul ar
wei ght (LPT%EQ Sur{agéiggéllegsﬁﬁl ?mesgmg(j@qﬁ@ltoﬁs aiuh@mb:ﬁi[ﬁ&,glo@ﬁc (ﬁf&f lcheBO®lg pr oduced
by di spersion zation or enul sion poI ynmerization, is thereafter not
aggl oner at edﬂcctam%@dﬁ&t ed, or thermally degraded. In particular, the LPTFE
has not been subjected to any aggl oneration steps during its rranuf acture,
and therefore retains a small rrean artlcle 7 er, the LPTFE has
not been subjected to thel¥dEEHS RAON R [HE DRAN ' m)l ecul ar wei ght.

Still further, the LPTFE has al so. nq " be ub i such
as by high [BpS) gy el BEaaPBYf Iﬁéﬁ’r’ﬁ“ed[ Pg’ﬁhggmm? aAa%;dg%gﬁ%%ﬁﬁg%%hoﬁdt hese

enbodi ment sy, &%aﬁ&ﬁéﬁﬁnﬂﬂgma{ SliDB o kﬂorerupparekemmt fratwtion 1@@%&11&9#?%% d/ or

wi |l be below a detection en subj ect RaLappanstihc
resonance (‘EPRyo bHe@éet“F%?? tg%)’{oHo‘?”@% Sﬁﬁrnlgcuon() ‘%‘%e“g‘ﬁ é)f(s%geolpy,n as oppl(;s ed
to irradi atc%ﬁ;uﬁél{!%ﬁ,wmhhh&&c&mﬂyahy1dgEmmrstgs atleresuch a spectra and/or will

ot herw se have detectable free radic P4p E50 8 3)lRIEEE

di sper si onsl08¥% pr oviigelss Q&’Sﬁﬁfféfj?]gouapgobg{r Si O%J%§ﬁt]%¥g 0 tal)?ed via a
control | ed gi,SReFAi A0 LOTFE bt Gt tipabyooss inztht Exmps e st oP-cersder
directly polynerized LPTFE not L h fler subjected to

aggl oner atl‘éﬁ‘Pa%eﬁM‘Ftog rkg)g@%‘l ﬁareaOf%ilr (:ﬁésgﬁl EI on. These types of LPTFE

di sper si onsjguad)! be BppI g}m'raéﬁktb@/ntmh@k)eofﬂAT)mdbln@rlp%s(iﬂi‘iﬁlmpl‘l’v retdart to be

di stinct from other eri t.hat IRI&! Vak Gwer 16 WO
2010/ 036935@@1‘%@&"0@@/{%@%&%‘?&?‘E‘ﬁ‘]‘eﬁ"?‘x’?ﬁlq“‘ﬁ‘gge t;}%et@tgmﬁpw sper si ons
are disti nC'th}f5%bﬁTIE&dfhﬁtHH"lS"Ep‘ldhdma@ﬂthb}ﬁrﬂtth@t pol yneri zation process wel |
known in the art as u 1d HMloth b Slhsypred ds
PTFE known fﬂg{]he ar Lﬂ&?”ﬁﬁ rSt Co]%pfﬁg%rt gg{ﬁ?gqu;gﬁ a?q)o o sd| n(?
powder . GamlmFBEEﬁeme*smmstomdats it $hp Eeahples thetyesugle ﬁF@HO%ﬁShleééVJPéPec\Rié ght,
such as a n e _nole .ght (Me) of at least 1, 000 000 or
nore and a PPt gth%éﬁﬁ?ré?‘}lpaé?ao?&}c?r a%% greater than the 335C, YPLgal !y
much gr eat efpottyan 335@.4@[@@@@& cBHtHE p&(égf'ﬁW]g()QO)(BFWi? P P&t@@@%f’é‘bf P soI id,
powder fonn i r m?efdab@hﬁ ShAker Hfith 3 g¥RnAl

m crons, ty?ﬂdgt;E %8%1% Oth? 0%%{}6}%@:%3%3 Hat. These rtegl nsr rlray al so be
provi ded asplb{éfeh&mTHEﬁcMedta‘thf@S@htnan partl cle size of 20 to 40 m crons
(um, for exgoml e. [ ROSLOAN L4 ANBhb- odiREFRTEYRAS hplb BTfiGcdlugmat Bhons may

be dlstlnct ecul ar wel ghit materi a reparedfromhlc%
nol ecul ar WeidQtRTREr@ntahteor BT t%ﬁccra@snﬁs %Wapleh%%ﬁoéégﬁ’ Flelgrdbra By s

irradiation rad forml ow nol ecul ar weight nmaterials
HBl e S s hen i e

known as gr cropo ers mhlch typically have a particleg size
rangi ng bet yaes) 0.2 i 6280wn acﬁr@tmgn@um)lo* WI@%gWOSP%Wa%(%W% 5
m cr opowder 51(;% | ”g]%‘t NG PR 200, dnt'}@tﬂéu‘é?&mt@m&\@x&ﬁ@& (K@ Sichde PEA,AI | abl e

from DuPont ? a registered tradenark du Pont de Nermours &
Co.). [0104}@ethand¢h 4 frese mqtpééleﬁPTﬁﬁTﬁEa@PQHé? §isbilst are al so distinct from
hi gh nol ecul ar wei ght PTFE di spersions made from di spersion or emul sion

pol yneri zati on conducted wi thout chain transfer agents to thereby

pol yneri ze a hi gh nol ecul ar wei ght PTFE havi ng a nunber average nol ecul ar
wei ght (Ma) of at |east 1,000,000 or noré, and a first nelt tenperature (TO
greater thaPrithe>335C, typically much greater than 335C. These high

nol ecul ar wei ght PTFE di spersions are typically stabilized with a
traditional surfactant present in an anount greater than



1.0 wt.% typically nuch greater than 1.0 wt.% [0105] Addi-tionally, these

types of LPTFE dispersions are also distinct from high nol ecul ar wei ght

PTFE di spersions that are produced via di spersion or emulsion

pol ynmeri zati on and thereafter coagul ated or aggl onerated. [0106] Still

further, these types of LPTFE dispersions are distinct from high nol ecul ar

wei ght PTFE di spersions that are produced via dispersion or emnul sion

pol yneri zat i iy BQshstdier eaf ter coagul ated or aggl omer at eBCTHRIYRER ar e

subj ected to thermal degradation or irradiation to form | ow nol ecul ar

wei ght PTFE powders, known in the art as PTFE m cropowders, which are

provi ded as solid powders having a particle size between 0.2 and 20 17 WD

2010103693@5 / USZOQ%(@?:%%@% 1l 65088 plod BY pizaudetighasolting retese (Eraneplt $lusi on and
ca

ot her appl i ons. anpl es of PTFE m cropowders_include. Z MP1000,
MP1100, MPIGEM agnidst MPA60H LPEER penteng {ps fhiedpncnaty ‘P&’f‘ﬁsﬁj‘ﬁ‘ LGP %&3%99{4 Flws a

regi stered trademark of (Eid of HUFPORL. riieardiesny Sisiplélp. ) . However, as

di scussed Tt?%“ftow, these types of LPTFE m ¢ropowders a in the
present i nwéddli on. [F1®F)oRsiafast C?‘I‘T%‘gé’ktt?fca@é&B‘Fc W@%%S%t%r%gggr?gﬁg%g

di stinct from L RTEE JHSrRReNERIs: thiibooatsen olEyimpléaed indwle 8F s peesicon or
emul si on pogl ymerization in the presence Sj cg@i n transfer agents, and then
are aggl owﬁbae@onﬁbplﬁmfﬁhqjﬂﬁﬁ“@ra@ﬁcﬁﬁﬂﬁ U'R&Vi ng an average particle size
of between o%zﬁ and 29, Bl QNShrkleBhtout st orappee. (CRRHFE2)IT @ pouteP i
[0108] In a"second enbodi nent of the present invention, TEE.gY be in
t he for m ofndlP TRBRPEeR; for b ERERSS 12 fhﬁ%ﬁé‘]“ °§ fpid C??({?Egﬂb%otg‘%}%ﬁlg@ M cr opowder s
are deri Ve@&&f‘%ﬂ%ﬁﬁﬁ[ﬁi—ﬁ%ﬁ*@%ﬁﬁemmi PTFE di spersions that are produced
via di spersion or enulsion polynerization.and ther N Baeghqor
aggl oner at é¥28land t Wéh 1@&‘?5]“@@1%%5 C?IHOLP‘WE? ﬂ%@osﬁé%)?aén&’g%)g’ﬁﬁ%%%%r radiation to
form | ow MpLeskl aientel @it RIRERaVBeipleskinoimluiaPt hdogther with PRrend plot

m cropowders and referred to herein as LPTFE m cropowders, which are
typical |y pféyHBEEEaishawr PHbpERIRPS having a particle size typical Ié
between 0. 2y@ed 20 It;gNORSowsUMrst chtdkGldboacmiesangte (Exrernde Dyjntisd againsbTRE

m cropowders 1 nclude ZonylQ 1000, MP1100 MP1oQ0r &2 NS,

avai | abl e PFoMOLBERE cqdhirt eit%pcaatf"é“g}&es %P@%Eghgglggﬁgﬁ 6f E. 1. du Pont de
Nemours & QQCO)@Ti%ﬂ&ftﬁﬁﬂﬁ’ﬁ?E-NHrﬁ&.of@Mrﬂl{ﬂc&jrA, each available from Laurel
Products. [0111] A second type of LPTFE m cr Ak ep.der iokit@m hi gh
nol ecul ar R38ht gr gl gt ‘rftecé’fltﬂ%rp(l%é)? ! gtgl\?te %{észi;(]) g_gEra&Jee\é@g;

i rradiati on,ghe PhRLARLPHEYEAEAL fopthe tapoby imtheinamplee that iasludeeifdntosfilitTer i al s
known as granul ar PTFE m c ler s e ically have a particle size
rangi ng typ’i’lﬁlaﬁsieﬁpnﬁé’{%@ﬁe%‘gﬁﬁ]\'ﬁl\g‘ﬁ%wﬁ?mﬂ{&%@m%%%. [0112] Exanpl es of these
types of LREF(BELM cr opEWdaRsws Nidstidetodonyll of kinetiFre CExapPi30 olottehe*P1400
resins, available from DuPant. (Zonyl (r) i j ﬁ@ﬁFA,rt@éiﬁ{éB%Kh@f E.I.
du Pont de Henimdad TRE egntsnt i dhqprcs Sgnn%ekgﬁn%é,ﬁg%g%cﬁabl e from Laur el
Products. [Qdehd]t bithé HpTyPecired biabefisyets LPTFE ni cr opowders are

pol ynmerized via dispgrsjon or | sjon NS00 RPk Y IRE hdatibORsts N t he
presence of 03t n trlé‘ﬁsffziesgo‘ﬁb%ﬁ{&sjfoné)ﬁr 1? oef?lﬁésrn%y 18 BBDBOl 5835935v1

PCT/ US2009/ @28Adé s Vi1 k9403 088 andBP Bifytcotret fat e taperdor eEPTPECHIEr opowder s
havi ng an average particle size aof . typjc¢ Yrhet weeds f. Brsepek; 20 m crons
(um), for e‘?%{H‘Eﬂng.A’Qgﬁfl?f"rtwﬁl'%?:e@%ngiptl)?tépﬁ‘tlﬁﬁﬂglgopol YIMEr S (ws 0114] Th “ﬁecond
f I uor opol ynmpanf t herkl Endeds f fisoropot pineef teorepadized triFrajhp nd %u d

di spersi on of one or _nor | t.pr bl erhlUOT PPat YonehStof MPHpcoatdiah as
per f | uor oal %’6@?3?“(“ff’fﬁﬁxT@gﬁgﬁe?ﬂéfglggﬁs&?%?gﬁarﬁjor oet hyl ene (T%E;& ?r]%lﬁ .
per f | uor oal fy kinyiés Bithetsly PFinopai mih reedeyd pIoiRS i KIGEyIORER)T (g 1T

copol yrer Oflg‘{, etrafl uoroethyl ene (TFE) and perfl uoronet hyl vi nyl ether
(PMWE)) andP'8thyl fl uor oal koxy (EPA) (a copol ymer of tetrafluorqethyl ene
(TEE) and ppodjuor oeFhyl&iloyh a dtshemtquPBvEyfthe nsmalized syl B9 C%cﬁ‘l‘fiﬂ rglﬁaée
propyl ene (PEP), for ex €. %?35 TVEEol1BY £ $heR6REME BAhdFxathples that

pol yreri zat Yeﬁfﬁz%ﬁa@@%ssgpfoﬁ%agia?gtm Jné-rquvvn i(r)lq t he art %g di spersi on

pol yner i zat jeRdOPF & nbicticonitpobatmet jlatat therPTHEaid apgiof ke firss BPFon processes
may be conducted with chain transfer agents, which reduce the average

nol ecul ar wei ght of the fluoropol yners produced, and/or via other nethods
wher eby the pol ynerization process is cofitrolled to forma i qui d

di sper si on 39P80dR¥%ect |y pol ymeri zed particles of MPF. [0116] I n nost

enbodi nents, the MPF, after being produced by dispersion polynerization or
emul si on pol ynerization, is thereafter not agglonerated, irradiated, or
thermal |y degraded. In particular, the MPF will not have been subjected to
any aggl oneration steps during its manufacture, and therefore retains a
smal | mean particle size as described below. [0117] The |iquid dispersion of



TE9568 55.6 0.17.11.9 257.84 Dai kin Neoflon ND- 56.5 0.16 232.83 110
(FEP) Solvay Hyflon XPH 6202-1 27.2 0.28 4.5 306.31 (shoul der 287.29) 20
| 1 DDBA 5835935.'1 PCT/ US2009/ 058444 WD 2010/ 036935 (MFA) C. LPTFE/ MPF

bl end conpositions. [01241To formthe bl ended fl uoropol yner conposition
conpositions of the present invention, a LPTFE |liquid dispersion and a MPF
| i qui d di spersion are bl ended together. Wen |iquid dispersions are used,

t he di spersi apgdTB¥sshave varying solids contents, and orRCTES2GPeRSHAry ski
inthe art will recognize that the wet weights of the liquid LPTFE and MPF
di spersions may be sel ected based on the solids contents of the dispersions
and the desired relative weight percent ratio of the LPTFE and MPF that is

desired in resulg ndgd M it oF @0 Sorn]aQ3ciatiNas aflthyroustiness, t he
LPTEE and I[(L(}ggl Hig. 19 oY R ornlal _

VPF are” provided in the form of #_‘gui ertsi %rsﬂgavi ng the
smal | mean glas tiddoatas] el teser Eranth 25ire 22amsb R D ERHE WG SP“he 'di sper si ons
par ti ol es_of, (e, GG AN (NPFAREPH QUG Jiti oscont sisiol el PTeRoThather  at
the submicron leve , prior to later processing steps in which the
di sper si onsftedrdipiotd or nelted, for exanple. As discussed above, the LPTFE

and MPF ar E%mkp one ﬁ%{h@@hm firstNBhtoRG bt @B abachlipsd ogults of thé BATiandyTWduch
m e

that the s cron interaction of the LPTFE and s though
facilitat e ablhgon setétiemnicsp and Pplbepehcgop s {5 ]ip%gifto? “rr‘%"o‘-r“g?%ée“%t??“ed or

e T BT, e e b e sy
| CI | W | | u
bl endi ng ofind hETHorRytmbier &isitopepiiginy ﬂiﬁqﬁ‘taa“Pgeﬁ &taém?%lg‘%%s@?%ﬁ‘? ﬁ;"lﬁk%r;‘g"ﬁ?/

appl i cati 02,%tom@p@trbgrricﬁmhb%&mmgm;powﬂer bl ends are al so desirable, as
denonstr at d0

in the present Exanples by t fective ' owder s
when enpl oyl87hs thﬁ&-ﬁ?ﬁ@m%ﬁpm%ﬁtfgm%ﬂ%f%tﬁ’t%%@(ra%ﬂeo 1,915?@%“ ons,
or Wei ght RERASRER «pl 1P1ve: LtTdiroRnd bl in thHexatip R detinéllidsItEdp toizsthesT
conposition escri bed bel ow are Eg}iseggftg total solids weight of the

. n.t .
LPTFE and Nifi¥d ssennd it hide P TER Qe ?E@F&?ﬁ’uor opol ymers ot her than
LPTFE and Npfsgs Wel fipas ews £ hinoscapat ylossf Redhpdrient 8% (Fampired) plséedr esent

such as water or _other solvents, surfactant i o ot lid B8 Byoctfifdd Ot her
conposi t i orfsaingtdER Apd- HBTEWW%(S?%??%@ t%’sE’{%F}?’gF g{ ag%w}g&{/\%t . %§yg€10 w.% or
15 Wt . % Ory@ss fEHGH st oBfe MPIHE-rRA aih ofthe Girst Blbt Wt . % by wei ght of the

bl ended fl uoropol ymer_ conposition. |n ane ﬁ{ﬁﬁ% MREP
conpri se bd®dn 40 e b HAES BESHC ou'f)\g’)k“t?'ue eng@&{%%g@ggoggiﬁ? such as 50
W . % of t he, hl @ree dorfitdd a5 aRabydTRE ichaposiptiésomt inThde NPE toatiheetitht $$@das nuch

as 85 w.% 90 w.% or 95 wt.% or  little as 5 w.% 10 wt.% or 15

Wt . % 21 Bommt@éﬁﬁsfv%m\?@f%fg?t@g’ggss PCT/ US2009/ 058444 by wei ght of

t he bl endedipbdgjor OpOFKNET she@EPaSE tintmur plonofGiVe! 200D Getiarmmiet4) ploed dgpps

conprise between 40 w. % and 60 wt. % of FEb UL QRPN WIB becond
conposi ti ortddEdRESEEH f%atﬂ%ogcfoattsﬁ%tﬁ%r%é%r%‘g% t@%%rr%gggt fﬁo’n.£610128lBl ends of
LPTFE and Msés d¥ane HMKRELGe, ardarof anefiraphodi ment, from 35 wt. % to 90 wt. % MNEA
and from10 wt. % to 65 ,% LPTFE. | n_anot hay; LB ) oiddedangind® may

i nclude frofP%d wt . (V?’tgox\g%m?/\”f f‘}/:%‘sﬁﬁ%t%lﬁ ij?Er)om &%@A)@o ot : 0%QLPTFE. I'n
anot her enbggiimeaFE, coste fothenpatsay th e tuges thet drahsle FRP. togathst vBh f#ccoBMFA and
from24 w.%to 44 %.LPTFE.. .| n. anot her enbodi ment, such bl ends may

i ncl ude froﬁl‘P’S‘Sfﬂi’/&H}\gﬁF '“'%Lbar O.f&/%el%%pgor%’d from30 w.%to 37 wt 96 LPTFE In a
further embagiszent, Such Mosndsirmayntounplotokeosiic deusboorgkinerigass SEXHPH Y PTFE.

[ 0129] Bl ends, of LPTFE nd i L QR @,xgp@% MRhhelndd TED, 25 W . %
to 90 wt. %Flﬁﬁﬁdaargdmi’&@%aﬂ)ggﬁg? 5eng§)lrv%%lﬁg$%%ckP¥FE. I n anot her enbodi nent,
such bl endsggaeriwiel dsdeonti pooBhic WPTYE tich 802 ofthefiFERotand from 10 wt % to 65

wt . % LPTFE. | n.anot her odi t, i 28 (hekpld $5om 35
W o to b5 WNERep B ZE AR ”%C?rﬁ%%‘%gldggpgn%%gﬁ%‘f%g@%%f Fom e vt % to
90 Wt . % PEPpmAeh fonamFED antl YPTBE déhiwt foygtepqesats inthabrsrmks tehBedndilt | such
bl ends may | nclude either from4 9 % P and from50 wt.%to
60 wt. % LPTEE?“L‘&W%%%%”}%‘?E&"PE?J’F%P&EV{%&Q%%%H%%? P 15 Wi U to o5 wi o6
LPTFE. In a further enbodi nent, such blends may include either 50 wt.% PEP
and 50 wt.% LPTFE, or 75 wt.% PEP and 25 wt. % LPTFE. [0130] Bl ends of LPTFE
and PFA may include, in one enbodinent, from37 wt.%to 80 wt. % PEA and
from20 wt.%to 63 w.%LPTFE. |In another’ enbodi nent, such bl ends may

i ncl ude froPB7* W% to 65 w. % PEA and from35 w.%to 63 wt. % LPTFE. In
anot her enbodi nent, such blends may include from43 w.%to 63 w.% PEA and
from37 wt.%to 57 w.% LPTFE. | n another enbodi nent, such bl ends may
include from50 wt.%to 60 wt.% PFA and from40 w.%to 50 wt.% LPTFE. In a
further enbodi ment, such bl ends may include 53 w. % PEA and 47 wt. % LPTFE.

[ 0131] When aqueous di spersions are used, the dispersions nmay have varying



[ 0140] The LPTFE/ MPF bl end conpositions are those describe above with
respect to the first enbodi nent. C HPTFE/ LPTFE/ MPF bl end conpositions.
[0141] To form the present conposition, aqueous dispersions of the
conponents of the present coating conposition nmay be bl ended in any order
with slow stirring, for exanple, or via another |ow or nediun1shear met hod
which mnimzes the potential for aggloneration, coaglulation,
fibrillationyafshid@sdskuor opol ymer particles. Wen |IQUI3CHW§$g%§F%hS 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 i quid HPTFE,
LPTFE and MPF di spersions nmay be sel ected based 24 |1 DDBO 5835935v1 WO
2010/ 03693fh US209RL 056444 10t iR glot chaant enking oa‘lca‘sm(@x@tngpém@t@ﬁs and
the desire élatlve i ght percent ratios o% %Wg égn Egﬁ%%g MPF t hat
are desi reaganmtEﬁfbamdéé’ﬁfﬁlcﬁ’gefﬁlf@ﬁ%ﬂp@éﬁﬁb@? f eSHF PEIF R Gnes enbodi nent ,
based on the,[h 9cmﬂfw89ﬂﬁﬁﬂﬁpﬂﬁaﬁ&im&hﬂﬂﬁqﬁﬁﬁyﬁﬁr conponents of the presept
conp03|t|ons uor opol ymer base conpone Aff|pnt o
as |1t c @4l . OGFiR 2Rehoys fmf%ntﬁ‘ep@)% gf"“@kﬁe%fm 2@3@%&@}1 0,

Wt % :’I:%la%/ ﬂP"l% égﬁtet({)foptﬁle 7(@0&@3 i¥Ghe@xa@plegthedbclais m Wget@grv\gt@ awgcoryg 95

. % Y9 or within a range defined between any pair of the
foregm ng v@ltg‘fetheﬂwlfﬁrn@a%‘ﬁa%frt oBEEHPIYF the components of the bi ended
f | uor OPO' ygyﬁztgf0”PO%%DQnththeanﬁ&tcomBu@mtafrglth(ﬂmpd@)lpﬂmeﬂ egainst HERptndog 2

. % w.% or w . %
45 e % 55 P 9nt @0 fafboopegss it Do “7%?1%“‘33‘“"@@ g‘fﬁg/&’e g o X\@m{%%% W . %
or within g {h@@ﬁﬁrf«*ﬁ%h@%obﬁ%m@oany palr of the foregoing val ues.
[0143] I n particul ar enbodi nent

the f Uor.o Q@Q sy be
present i n [#H&] compdds£P ST %ﬁt CﬁﬂtBWrﬁl n%tcy&g[e (ggé%r% Q)g;p& % bet ween
70 and 98 \@tE % ﬂf)Tﬁ?Ed’t\@e@lﬂfogaxea@Qoﬁﬁm\Me Efqamibtms ﬂemnlpdeeFEPmépgetherdﬁfhtahe t ot al
wei ght of 2%?uo ol éners int $ %Itlon The LPTFE/ MPF bl ended
fluoropolyrwmﬂmyat Eﬁﬁwﬁﬁe%P&%?’ﬁébohdlng amount of between 2 and 40
W . % bet waggygp and riii J0tshS@s Ofirshehivesiothf andntigont ot (Bomps@mpied based
on the total ht all fl uoropol rs. i QiEp, {oQdrk4] Wt h
respect to al%ﬁé“&%ﬁl?rﬁ‘i KPHfE {qﬁﬁeﬁE{(’éﬁ‘a (ﬁ?ﬁﬁm’ruellt%t]%x\gtgl %gmgﬁg&gdﬁot herg in
partlcular\gqughgﬁ$h§of&B%PEPEEEhﬁnyobmeﬁnE$QMt in an anmbunt of between 33
W.%and 66 WM. % between U ;AGsO5 WM. %
or present [ﬂ?f‘%n armﬁﬁt”ogf‘m‘g?)‘\’*ﬂﬁk"t %?ng)ﬂ }gsimao%méﬁ%@?%\gﬁn%?nﬁ?}\gﬁﬁl dggacgntent of
the LPTFE anth MEPQ"PET@&H@%E&,&MD}MM& IechdvPRnples sl include BER (egedsHBi ng
amount of between 33 w . E mgme%mﬁﬁgyeen 40 wt. % and 60 wt. % betmeen
45 wt . WbandWBE‘ﬁW“@ﬁmﬁppg §§hﬁm?ﬂ an anount of 50 wt.% based on the
conmbi ned solghgtg cont Ei@UZJJhO{vheﬁtsPa'dﬁEmanldtWWﬂ@@ﬁ‘éﬁ’ﬁ@ts of fhe gehsapn ({87 ds,
the LPTFE/ MPF ratio ma Rtk FRadpi@d@atl: 1. 5,
bet ween 1. 2Examplg Sypiqtt EgﬂpgﬁgeeﬁyLﬁT%E%ﬂggﬁbgﬁet %Mﬁﬁhﬁlneé Zoli ds cont ent
of the LPTFﬁd@mgmmPE@@m&paﬂenﬁﬁmwﬁmi¢5%mﬂ@ﬁFﬁﬁ@b@@%OE@%B@F@P%ns are used,
t he di spersions may a 89 Eb-SalizthesVBlor WRIRGHTt &ad @fWIt he
aqueous dlsB@?glons g ?%%’F% 3£9§b9&ﬁﬂ uo?;%o ;ners to be blegpe
are sel ect egorQ@e@btmmh@emmdB pbﬁeﬁ@ﬂ@@ &P anthbP B psest Bh e Saothi
desired relative h H M TAIES -rickawd ef e 6ifst plbie
quoropontﬁ ﬁﬁ?“g1bﬂgggﬁ ?%gﬁegﬁﬁggC&Len&g?sgersedZ;;g BDDBO 5835935
VD 2010/ 036QREHCT/ US20094 8584 44ird 0dme1 Plreoktbrpsariiacs reuifed i BUHEF & n nay
al so include suitable LLiVves, -isle gggﬂks bith In@hSExamples that
r ei nf or cemeéts Q@ﬂp?kvagpgg%ﬂwﬂmf%ent§I§§¥Egégﬁ}e f47 ?he ;;np05|t|ons
can be prepﬁﬁ@ﬁebﬂPamy&ﬁtammas@meMmuﬁémﬁﬁﬁFﬁéﬁﬁﬁﬁﬁ@§m§dgﬁpﬁg si npl e

addi tion and | ow she n B4 b&u e thc-athugdvss, a
primer and/ &103 dcoa?%gk%a“gaeﬂ%\%gﬁgﬂg%bwhem N

ted b a%) known echnl %ﬁ and are
then cured tgg,s@amwodactamglea&sadlimnmt@ Blpéot@dlb&aﬁshﬁ %dtIﬁ)TE SO ﬁﬁ avi ng
i nprovenents in ab fmb Pk 6f the HPTEE -ridiherea
parti cul ar 6‘25’ (S)Elﬁ‘é"mgl; ?rh%&??%e?ﬂgﬁétﬁéﬁﬁﬁd%oat @may vary w dely, and
are not tho%ghh%f'[rfﬁ)phﬁ critical vvlth respect to the inproved properties
denonstrated by the coatings disclosed herein. However, as has been
observed in connection with Exanple 7 bel ow, inproved resistance to oil and
grease ingress may be obtai ned when no prgi mer or mdcoat is used under the
present coatdPyss1*0148] The conpositions may be applied to a dry film
t hi ckness (DFT) of between 15 and 80 m crons, depending on the application,
and nmay be cured at a tenperature above about 400C for between 2 and 10
m nut es, depending on the applied thickness. Depending on the application
and degree of thickness desired, the conpositions may be applied in several
|l ayers. [0149]1t has been found that blending of the dispersions
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[6054] Fig. 36 shows a first contour plot of the normalized results of the RAT and TWI
abrasion tests (Examples 3 and 4), the adhesion tests (Example 8), the cooking release tests
(Example 5), and 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 area of the first plot;

[0055] Fig. 37 shows a first contour plot of RAT ambient initial (Example 3) 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;

[0056] Fig. 38 shows a first contour plot of RAT ambicnt 10% (Example 3) 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;

[0057] Fig. 39 shows a first contour plot of TWI 1000 (Example 4) plotted against MPF
and 1. PTFE 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,

[0058] Fig. 40 shows a first contour plot of TWI 2000 (Example 4) plotted against MPF
and LPTEE 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;

[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),
topether 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 sccond 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 (MPE), 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;

BDDBOL 5835935v1
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{0063} Fig. 45 shows a first contour plot of roughness (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;

[0064] Fig. 46 shows a first contour plot of gloss (Example 2) plotted against MPF and
LPTFE content for the topcoats in the Examples that include both PFA and FEP (MPY),
together with a second plot of the HPTFE-rich area of the first plot;

[0065} Fig. 47 shows a first contour plot of contact angle (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 HPTEE-rich arca of the first plot;

[0066] Fig. 48 shows a first contour plot of instantancous force (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 arca of the first plot;

[06067] Fig. 49 shows a first contour plot of kinetic force (Example 8) plotted against
MPF and LPTEE 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;

[0068] Fig. 50 shows a first contour plot of the normalized results of the adhesion tests
(Example 8) plotted against MPF and LPTEE content for the topcoats in the Examples that
include both PFA and FEP (MPF), together with a second plot of the HPTFE-rich arca 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
inchude both PEA and FEP (MPF), together with a second plot of the HPTFE-rich area of the
first plot;

{0671] Fig. 53 shows a first contour plot of the normalized results of the roughness,
gloss, and contact angle tests (Bxample 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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[0072] Fig. 54 shows a first contour plot of the normalized results of the RAT and TWI
abrasion tests (Examples 3 and 4), the adhesion tests (Example 8), the cooking release tests
(Example 5), and 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-tich area of the first plot;

[0073] Fig. 55 is a picture of the light source through sample F(33), a piece of glasscloth
including a coating having HPTFE, PEA, and LPTFE (Example 6);

[0074] Fig. 56 is a picture of the light source through sample F(46) control, & piece of
glasscloth including a coating having only HPTFE (Example 6); and

[0075] Fig. 57 is a picture of the naked light source used in Example 6.

[0076] The exemplifications set out herein illustrate embodiments of the invention, and

such exempliﬁcatiohs are not to be construed as limiting the scope of the invention in any

manicr.

DETAILED DESCRIPTION

{0077] The present invention provides blended fluoropolymer compositions that, in one
exemplary application, may be applied as a coating toa flexible substrate and, optionally, to a
flexible substrate that has been previously coated with a primer or basecoat and/or a midcoat.

In one embodiment, the composition is & blend of at least one low molecular weight
polytetrafluorocthyelene (LPTFE) and at least one melt-processible fluoropolymer (MPF). In
another embodiment, the composition includes a fluoropolymer base component including at
Jeast one fluoropolymer such as high molecular weight potytetrafluoroethylenc (HPTFE), and
additionally includes the LPTFE/MPF blended fluoropolymer composition. After being applied
1o 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 o 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] Quitable flexible substrates to which the present coating compositions may be

applied include glasscloth of the type commonly used in applications such as food conveyer

il
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belts for continuous ovens, architechiural fabrics of the type used in stadium roofs and radar
domes, as well as heat scaling belts, circuit boards, cooking sheets, and tenting fabrics, for
example. "Glasscloth" or "olass cloth" is a textile material made of woven fibers such as, for
example, linen, glass, or cottol.

{00791 Other flexible substrates that may be coated with the present coating
compositions include any material including natural or synthetic fibers or filaments, inchuding
staple fiber, fiberfill, yarn, thread, textiles, nonwoven fabric, wire cloth, Topes, belting, cordage,
and webbing, for example. Exemplary fibrous materials which may be coated with the present
coating compositions include natural fibers, such as vegetable, animal, and mineral fibers,
including cotton, cotton denim, wool, silk, ceramic fibers, and metal fibers, as well as synthetic
fibers, such as knit carbon fabrics, ultra high molecular weight polyethylene (UHMWPE) fibers,
poly(ethylene terephthlalate) (PET) fibers, para-aramid fibers, including poly-paraphenylene
terephtalamide or Kevlar®, and meta-aramid fibers, such as Nomex®, each available from E.I
du Pont de Nemours and Company, polyphenylene sulfide fibers, such as Ryton®, available
from Chevron Phillips Chemical Co., polypropylene fibers, polyacrylic fibers, polyacrylonitrile
(PAN) fibers, such as Zoltek®, available from Zoltek Corporation, polyamide fibers (nylom),
and nylon-polyester fibers, such as Dacron®, available from Tnvista North America.

[06080] The flexible substrate may optionally be coated with a 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 PTEE 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 o
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.

12
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[0082] In another application, free-standing films having high optical clarity and

excellent impermeability may be cast from the present compositions. For example, films may
be produced from the present compositions by casting the compositions onto a suitable surface
from which they are removed after drying and curing,

[0083] In a still further application, powders having the compositions discussed herein
may be prepared, which may then be dispersed in solution, or may extruded such as by paste or
melt extrusion, for example, to produce articles with enhanced impermeability.

[0084] Tn a first embodiment described herein, the present composition generally
includes a blended fluoropolymer composition of at least one low molecular weight PTFE
(LPTFE) and at least one melt processible fluoropolymer (MPE).

{0085] In a second embodiment described herein, the present composition generally
includes at least one fluoropolymer base component and a blended fluoropolymer composition.
The fluoropolymer base component is typically a high molecular weight PTFE (HPTFE). The
blended fluoropolymer composition includes at least one low molecular weight PTFE (LPTFE)

and at least one melt processible fluoropolymer (MPF).

I. First Embodiment.

[0086] Tn a first embodiment, the composition is a blend of at least one low molecular
weight PTFE (LPTFE) and at least onc melt-processible fluoropolymer (MPE). 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 polytetrafluoroethylene ( 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

13
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aqueous phase may be phase transforred into another solvent, such as organic solvents including

hexane, acetone, or an alcohol.

[0089] The LPTFE, 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 (pm) or less, 0.4 microns (um) or less, 0.3 microns (pum) or less, or 0.2 microns

() or less, as measured by a suitable manner such as by laser light diffraction by ISO 13320.

Tn some embodiments, the LPTFE 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.

[0090] The number average molecular weight (M) of the LPTFE will typically be less

than 500,000 and,

in most embodiments, may be as low as 10,000 or greater, 20,000 or greaier,

or 25,000 or greater, or may be as high as 200,000 or less, 100,000 or less, or 70,000 or less,

60,000 or less, or 50,000 or less, for example.

{0091) An alternative manner of characterizing the molecular weight of the LPTFE is by

its first melt temperature (To), as determined by a suitable method such as differential scanning

calorimetry (DSC), which first melt temperature (Tr) for LPTFE may be either equal to or less

than 335°C. In other embodiments, the first melt temperature of the LPTFE may be either equal

10 or less than 332°C, either equal to or less than 330°C, either equal to or less than 329°C,

either 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 LPTEE 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 agueous 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 "siabilized", typically having 1-12 wt.% surfactant. However, the nature of the stabilization

package employed is not a critical feature of this invention.

10093} Also, as discussed below, the LPTFE may be provided in the form of a solid

micropowder.

BDDBOL $835935v1
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{0094] The LPTFE will typically be in the form of a Jow molecular weight PTFE

homopolymer. However, in other embodiments, the LETFE may include a small amount of
modifying co-monomer, in which case the PTFE is a co-polymer known in the art as "modified
PTFE" or "trace modified PTFE". Examples of the modifying co-monomer include
perﬂuoropropyivinylether (PPVE), other modifiers, such ag hexafluoropropylene (HEP),
chlorotrifluoroethylene (CTFE), perfluorobutylethylene (PFBE), or other
perfluoroalkylvinylethers, such as perfluoromethylvinylether (PMVE) or
perfluorocthylvinylether (PEVE). The modifying co-monomer witl typically be present in an
amount less than 1% by weight, for example, with respect to the PTFE.

[0095] Quitable LPTEE dispersions include SEN-D, available from Chenguang R.I1CI,
Chengdu, 610036 P.R. China, as well as TE3877N, available from DuPont. Other exemplary
LPTFE micropowders include Dyneon TE-9207, available from Dyneon LLC, LDW-410,
available from Daikin Industries, Inc., and MP-25, MP-55, MP-8T and UF 8TA, each available

from Laurel Products.

[0096] These fluoropolymers have characteristics set forth in Table 1 below:
Table 1
Characteristics of exemplary low molecular weight polytetrafluoroethylenes (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 - (.19 5% 324.5-326
20,000
TE3IRTTN 60 65,000 - 02 6% {(non- - 327.6
70,000 ionic)
LDW-410 40 80,000 — 02 5% 3204
20,000
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-10 100 100,600 0.84 N/A 330
MP-55 100 40,000 — 11.06 N/A 324.3
50,000
MP-25 100 ca. 130,000 0.28 N/A 332
15
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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)
UF-8TA 100 ca. 95,000 1.22 N/A 3315
[0097] Exemplary types of LPTFE that may be used in the present invention are
discussed below.
i. LPTFE produced by dispersion polymerization or emulsion polymerization

and which is thereafter not agolomerated, irradiated, or thermally degraded.

10098} In some embodiments of the present invention, the LPTFE is produced by &
polymerization process that is well known in the art as dispersion polymerization or emulsion
polymerization. These polymerization processes may be conducted with chain transfer agents,
which reduce the average molecular weight of the fluoropotymers produced, and/or via other
methods whereby the polymerization process is controlled to form a liquid dispersion of directly
polymerized particles of PTFE having low molecular weight (LPTFE).
[6100] In these embodiments, the LPTFE, after being produced by dispersion
polymerization or emulsion polymerization, is 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
LPTEE has also not been subjected to irvadiation, such as by high cnergy electron beam, 10
reduce its molecular weight. Tn these embodiments, the LPTFE dispersions will not demonstrate
a spectrum and/or will be below a detection limit when subjected to clectron 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 10 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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10102] First, these types of LPTFE dispersions are distinet from PTFE that is produced
by the polymerization process well known in the art as granular or suspension polymerization,
which yields PTFE known in the art as granular PTFE resin or granular PTEE molding powder.
Granular PTFE resins will typically have a high molecular weight, such as a number average
molecular weight (M) of at least 1,000,000 or more and a first melt temperature (Ty,) greater
than the 335°C, typically much greater than 335°C. Granular PTFE resin is typically provided in
solid, powder form including particles having a mean particle size of several microns, typically
from 10 to 700 microns (pm). Thesc resins may also be provided as fing cut resins having a
mean particle size of 20 to 40 microns (pm), for example.

[0103] Additionally, these types of LPTFE dispersions may be distinct from lower
molecular weight materials prepared 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 between 0.2
and 20 microns (um). Examples of granular PTFE micropowders include Zony!® MP1200,
MP1300, and MP1400 resins, available from DuPont (Zonyl® is a registered tradcmark of E.I
du Pont de Nemours & Co.).

[0104] Second, these types of LPTFE dispersions are also distinct from high molecular
weight PTFE dispersions made from dispersion or emulsion polymerization conducted without
chain transfer agents to thereby polymerize a high molecular weight PTFE having a number
average molecular weight (My) of at least 1,000,000 or more, and a first melt temperature (Tw)
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.

[6506] 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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microns (um), such as for use in extrusion and other applications. Examples of PTFE
micropowders include Zonyl® MP1000, MP1 100, MP1500 and MP1600 resins, available from
DuPont (Zonyl® is a registered trademark of E.I. du Pont de Nemours & Co.). However, as
discussed below, these types of LPTFE micropowders may also be used in the present invention.
[0107] Third, these types of LPTFE dispersions are distinct from LPTFE micropowders
that are polymerized via dispersion or emulsion polymerization in the presence of chain transfer
agents, and then are agglomerated to form PTFE micropowders having an average particle size

of between 0.2 and 20 microns (um), for example.

il. LPTFE micropowders.
[0108) In a second embodiment of the present invention, the LPTFE may be in the form
of an LPTFE micropowder.
[0109] A first type of LPTFE micropowders are derived from high molecular weight

PTEE dispersions that are produced via dispersion or emulsion polymerization and thercafter
coagulated or agglomerated, and then subjected to thermal degradation or irradiation to form low
molecular weight PTEE powders, known in the art as PTFE micropowders and referred to herein
as LPTFE micropowders, which are typically provided as solid powders having a particle size
typically between 0.2 and 20 microns {um).

[0110] Examples of these types of LPTEE micropowders include Zonyl® MP1000,
MP1100, MP1500 and MP1600 resins, available from DuPont (Zony!® is a registered trademark
of E.L 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 gramular 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® MP 1200,
MP1300, and MP1400 resins, available from DuPont (Zonyl® is a registered trademark of E.L
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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be agglomerated to form LPTFE micropowders having an average particle size of typically

between 0.2 and 20 microns (um), for example.

B. Melt processible fluoropolymers {MPE).

[0114] The second fluoropolymer of the blended fluoropolymer composition may bea
liquid dispersion of one or more melt processible fluoropolymers (MPF), such as
perfluoroalkoxy (PFA) (copolymers of tetrafluoroethylene (TFE) and perfluoroalkylvinyl
cthers), including methylfluoroatkoxy (MFA) (a copolymer of tetrafluoroethylene (TFE) and
perfluoromethylvinyl cther (PMVE)) and ethylfluoroalkoxy (EFA) (a copolymer of
tetrafluoroethylene (TFE) and perfluoraethytvinyl ether (PEVE)); and fluorinated ethylene
propylene (FEP), for example.

[0115] The MPF may be produced by a polymerization process that is well known in the
art as dispersion polymerization or ermulsion polymerization. These polymerization processes
may be conducted with chain transfer agents, which reduce the average molecular weight of the
fluoropolymers produced, and/or via other methods whereby the polymerization process i8
controlled to form a liquid dispersion of directly polymerized particies of MPF.

(0116} Tn most embodiments, the MPT, 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
acueous phase may be phase transferred into another solvent, such as organic solvents including
hexane, acetone, or an ajcohol.

[0118] The MPF, when produced as described above, will typically have a mean particle
size of 1.0 microns (um) ot less, 0.9 microns (um) or less, 0.75 microns (nm) or less, 0.5
microns (um) or less, 0.4 microns (um) or less, 0.3 microns () or less, or 0.2 microns (pm) 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] Tn other embodiments, MPF powders could also be used.
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[0120] The MPF may be provided in the form of an aquecous dispersion which is

stabilized, unstabilized, or minimally stabilized. Asused 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 MPF
aqueous dispersion. In some embodiments, the MPF 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 MPF
dispersion may be provided in the form of an aqueous dispersion that is "stabilized", typically
having 1-12 wt.% surfactant.

[0121] Typically, the melt flow rate (MFR) of the MPF will be greater than 0.5 g/10 min
and, in one embodiment, may be about 2 g/10 min or higher, as determined by ASTM D1238.
[0122] Also, the MPF will typically have a co-monomer content, i.e., a content of one or
more monomers other than tetrafluoroethylene (TFE), of about 3.0 wi.% or greater, such as 4.0
wt.% or greater, 4.5 wt.% or greater, 5.0 wt.% or greater, 5.5 wt.% or greater, O 6.0 wt.% or
greater,

[0123] Suitable MPF dispersions include TE7224 (PFA), available from DuPont, 69007
(PFA), available from Dyneon LLC, TE9568 (FEP), available from DuPont, Neoflon 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 (MPE)

MPF (type) Solids content | Mean Melt flow First melt
(wt.%) particle size | rate (MFR) temperature
{um) (2/10 min) (DSC) (°C)
DuPont 58.6 0.26 24 313.0 (shoulder
TE7224 (PFA) 321.2)
Dyneon 6900Z | 49.4 0.31 19.4 310.25
(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 | 272 0.28 4.5 306.31 (shoulder
XPH 6202-1 287.29)
20
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C. LPTFE/MPF blend compositions.
{0124] To form the blended fluoropolymer composition compositions of the present

invention, a LPTFE liquid dispersion and a MPE liquid dispersion are blended together. 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 LPTFE and MPF

dispersions may be selected based on the solids contents of the dispersions and the desired

relative weight percent ratio of the LPTFE and MPF that is desired in the resulting blended

compositions.

[0125] Notably, when the LPTFE and the MPF are provided in the form of liquid

dispersions having the small mean particle sizes set forth above, upon blending of the dispersions

particles of the LPTEE and MPF are brought into contact with each other at the submicron level,

prior to later processing steps in which the dispersions are dried or melted, for example. As

discussed above, the LPTFE and MPY are, in one embodiment, not agglomerated prior to

blending, such that the submicron interaction of the LPTFE and MPF is thought to facilitate the

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,

surfaciants, 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 wi.% by weight of the blended fluoropolymer composition. In one

embodiment, the LPTFE may comprise between 40 wit.% and 60 wt.% of the blended

composition, such as 50 wt.% of the blended fiuoropolymer 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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by weight of the blended fluoropolymer composition. Inone embodiment, the MPF may
comprise between 40 wt.% and 60 wt.% of the blended fluoropolymer composition, such as 50
wt.% of the blended composition.

(0128 Blends of LPTFE and MFA may include, in one embodiment, from 35 wt.% to 90
wt.% MEA and from 10 wt.% to 65 wt.% LPTFE. In another embodiment, such blends may
include from 35 wt.% to 76 wt.% MFA and from 24 wt.% to 65 wt.% LPTFE. In another
embodiment, such blends may include from 56 wt.% to 76 wt.% MFA and from 24 wt.% to 44
wt.% LPTFE. In another embodiment, such blends may include from 63 wt.% to 70 wt.% MFA
and from 30 wt.% to 37 wt.% LPTFE. In a further embodiment, such blends may include 67
wt.% MFA and 33 wt.% LPTFE.

[0129] Blends of LPTFE and FEP may include, in onc embodiment, from 25 wt.% to 90

wt.% FEP and from 10 wt.% to 75 wt.% LPTFE. Tn another embodiment, such blends may

include from 35 wt.% to 90 wt.% FEP and from 10 wt.% to 65 wt.% LPTFE. In another
embodiment, such blends may include either from 35 wt.% to 55 wt.% FEP and from 45 wt.% to
65 wt.% LPTFE, or from 60 wt.% to 90 wt.% FEP and from 10 wt.% to 40 wt.% LPTFE. In
another embodiment, such blends may include either from 40 wt.% to 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 cither 50 wt.% FEP and 50 wt.%
LPTEE, or 75 wt.% FEP and 25 wi.% 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
comtents. 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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[0132] The coating compositions described herein may also include suitable additives,
such as surfactants, fillers, reinforcement additives, and pigments, if desired.

[0133] The coating compositions can be prepared by any standard formulation technique
such as simple addition and low shear mixing. The coating compositions may be applied over a
primer and/or midcoat by any known technique, and are then cured to provide a coated flexible
substrate with a coating having improvements in abrasion resistance and release characteristics.
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. However, as has been observed in connection with Example 7 below, improved
resistance to oil and grease ingress may be obtained when no primer or midcoat is used under the
present coating.

[0134] The coatings may be applied to a dry film thickness (DFT) of between 15 and 80
microns, depending on the application, and may be cured at a temperature above about 400°C for
between 2 and 10 minutes, depending on the applied thickness. Depending on the application

and degree of thickness desired, the coatings may be applied in several layers.

Ii. Second Embodiment.

[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/MPY blended fluoropolymer composition.

A Fluoropolymer base component.

[0136] The fluoropolymer base component includes at least one fluoropolymer, such as
polytetrafluorocthylene (PTFE), co-polymers of tetrafluorocthlyene and cthytene (ETFE), co-
polymers of tetraftuoroethlyene and perfluoro(alkyl vinyl ethers) (PAVE), co-polymers of
tetrafluoroethlyene and perfluoro(ethyl vinyl ether) (PEVE), co-polymers of tetrafluoroethylene
and perfluoro(propyl vinyl cther) (PPVE), co-polymers of tetrafluoroethlyene and
perflnoro(methyl vinyl ether) (PMVE), co-polymers of tetrafluorocthylenc and
hexaftuoropropylene (FEP), co-polymers of tetrafluoroethylene and perfluoroalkoxy (PFA) and
polyvinylidene fluoride (PVDF), and co-polymers of tetraflucroethylene, hexafluoropropylene,
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and vinylidene difluoride (THV), and other perfluorinated polymers. Fluoroclastomers based on
PTFE may also be used.

10137} Typically, the fluoropolymer base component will be one or more perfluorinated
fluoropolymers and, in particular, will be one or more traditional high molecular weight PTFE
(HPTFE) components.

[0138] The number average molecular weight (Mx) of the HPTFE is typically at least
500,000, and may be at least 1,000,000, and suitable HPTFE in the form of liquid dispersions
and/or powders are available from many commercial sources. Liquid HPTFE dispersions
typically include surfactants for stability, though "unstabilized" HPTFE dispersions, typically
having less than 1.0 wt.% surfactant, arc also available and may also be used. When a powder is
used, the powder will typically be dispersed in a liquid to prepare the coating composition.
[0139] In some embodiments, the HPTFE may include a small amount of modifying co-
monomer, in which case the HPTFE is a co-polymer known in the art as "modified PTFE" or
"race modified PTFE". Examples of the modifying co-monomer inchude
perfluoropropylvinylether (PPVE), other modifiers, such as hexafluoropropylenc (HFP),
chlorotrifluoroethylene (CTFE), perfluorobutylethylene (PFBE), or other
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. LPTEE/MPF blend compositions,
(0140} The LPTEE/MPE blend compositions are those describe above with respect to the

first embodiment.

C. HPTFE/LPTEE/MPE blend compositions.

[0141] To form the present composition, aqueous dispersions of the componenis 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 sclected based
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on the solids contents of the dispersions and the desired relative weight percent ratios of the
HPTFE, LPTFE and MPF that are desired in the resulting blended compositions.

[0142] In one embodiment, based on the solids content of all fluoropolymer components
of the present compositions, the fluoropolymer base component is present in an amount of as
little as 1 wt.%, 2 wi.% 4 wt.%, 10 wt.%, 30 wt.%, 35 wt.%, 40 wt.%, 45 wt.%, 55 wt.%, 60
wt.%, or 70 wt.%, or as great as 80 wt. Y%, 90 wt.%, 95 wt.%, 90 wt.%, or 08 wit.%, or within a
range defined between any pair of the foregoing values, with each or both of the components of
the blended fluoropolymer composition present in an amount of as little as 1 wt.%, 2 wt.%, 4
wt.%, 5 wt.%, 10 wt.%, or 20 wt.%, or as great as 30 wt.%, 40 wt.%, 45 wt.%, 535 wt.%, 60
wt.%, 65 wt.%, 70 wt.%, 96 wt.%, 98 wt.%, or 99 wt.%, or within a range defined between any
pair of the foregoing values.

[0143) In particular embodiments, the fluoropolymer base component may be present in
the composition in an amount of between 60 and 98 wt.%, between 70 and 98 wt.%, or between
82 and 96 wt.%, for example, based on the total weight of all fluoropolymers in the composition.
The LPTFE/MPE blended fluoropolymer may be present in a corresponding amount of between
7 and 40 wt.%, between 2 and 30 wt.%, or between 4 and 18 wt.%, for example, based on the
total weight of all fluoropolymers in the composition.

[0144} With respect to the amounts of LPTEE and MPF relative to one another, n
particular embodiments, the LPTFE may be present in an amount of between 33 wi.% and 66
wi.%, between 40 wt.% and 60 wi.%, 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.%, ot 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
11 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.
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[0146] The compositions described herein may also include suitable additives, such as
surfactants, fillers, reinforcement additives, and pigments, if desired.

[0147) The compositions can be prepared by any standard formulation technique such as
simple addition and low shear mixing. The compositions may be applied over a primer and/or
midcoat or may be overcoated by any known technique, and are then cured to provide a coated
flexible substrate with a coating having improvements in abrasion resistance and release
characteristics. 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. However, as has been observed in connection with Example 7 below,
improved resistance to oil and grease ingress may be obtained when no primer or midcoat is used
under the present coating.

[0148] The compositions may be applied to a dry film thickness (DFT) of between 15
and 80 microns, depending on the application, and may be cured at a temperature above about
400°C for between 2 and 10 minutes, depending on the applied thickness. Depending on the
application and degree of thickness desired, the compositions may be applied in several layers.
[0149] Tt 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.

I11. Phvsical 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.

10151} 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°, 1205, 125° 130°, or 135°,

for example, as measured for a water droplet according to the Young Relation. Contact angle
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may be measurcd according to ASTM 733408 with any suitable commerciaily available
instrument, such as the “Drop Shape Analysis” system (DSA10), available from Kruss GmbH of
Hamburg, Germany.

[0152] The present composition, when applied to a substrate, cither directly to the
substrate or over an underlying coating, or formed into a film, cxhibits a surface roughness (Ra,
arithmetic mean deviation of the roughness profile, measured in microns) of less than 1.5
microns, and may have a surface roughness of less than 1.3 microns, 1.2 microns, Or 1.0 microns,
for example, as determined according to EN ISO 13565 in Example 2 below.

[0153] The present composition, when applied toa flexible substrate, cither directly to
the flexible substrate or over an underlying coating, or formed into a film, exhibits a measured
gloss, in % reflectance, of at least 15, and may have a measured gloss of at least 25, 30, 35, 40,
or 45, for example, as measured at 60° with any suitable commercially available instrument, such
as a Microgloss 60° glossmeter, available from Byk-Gardner, in accordance with the following
standards: BS3900/D5, DIN EN 1SO 2813, DIN 67530, EN ISO 7668, ASTM D523, ASTM
D1455, ASTM C346, ASTM C5%4, ASTM D2457, JIS 7 {741, MFT 30064, TAPPIT 480.
Units of measurement arc expressed as %o reflectance.

10154] 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
{ransmission, 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 substraie 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 10/
instantaneous force, and/or at least 4 10/f, at least 5 Ib/f, at least 6 1b/f, or at least 7 Lb/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 arc by weight unless otherwise

indicated.
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Exampie 1
Exemplary compositions and application to
a flexible substrate, e.g., glasscloth

10157] In this Fxample, coatings were made from compositions of blended

fluoropolymers in accordance with the first embodiment of present invention, and from high

molecular weight PTFE (HPTFE) together with blended fluoropolymers in accordance with the

second embodiment of present invention.

[0158] In this Example, these compositions were coated onto glasscloth over basecoats

and/or midcoats, and the resulting coating systems were tested for abrasion resistance, release

properties, and other properties in the remaining Examples.

[0159] The formulations of the basecoat and midcoais are set forth in Tables 3A and 3B,

respectively, and are expressed as wet weight fractions whereas the topcoat components, set

forth in Table 3C, are expressed as dry weight fractions.

Table 3A
Basecoat formulations
Grade of ]
Contiog # | S0 Fof
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 0.5 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 0.5 30 2
F{06) 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 0.5 30 3
0.05
{with
(1025
F(10) 7628 | 0425 0 0 0 x-link .5 30 3
28
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. 0 F(22) PIPE FIFE Cara-nic 0.9 0 0.053 0 0.047 02 607 F(22

recure) PTFE FITE Ceramic 0.9 0
Gora i n 0.85 0 0.0795 0 0. 0705 0.053 0 0.047 02 607 F(23) FIFE PTFE
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agent)
0.05
(with
0.025
x-link
F(1) 7628 1 0.423 0 0 (| agent) 0.5 30 3
F(Control 12) 7628 0.5 0 0 0 0 0.5 30 3
F(13) 7628 0.5 0 0 0 0.5 30 3
B(13 recured) 7628 0.5 0 0 0 0 0.5 30 3
F(14) 7628 0.5 0 Q 0 0 0.5 30 3
F(14 recured) 7628 0.5 0 0 0 0 0.3 30 3
0.026
F(15) 1080 0.45 5 0| 00235 0 0.5 30 1
0.026
F(16) 2116 .45 5 0] 0.0233 0 0.5 30 2
F(CONTRO
L17) 1080 0.5 0 0 0 0 0.5 30 1
F(CONTRO
Li%8) 2116 0.5 0 0 0 0 0.5 30 2
F(CONTRO
L19) 2116 0.5 Q 0 0 0 0.5 30 2
F{CONTRO
L 20} 7628 0.5 0 0 ¢ 0 0.5 30 3
F(21) 7628 0.5 0 0 0 0 0.5 30 3
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 Q0 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 0.5 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(2H 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 (1 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! 00235 0 0.5 30 3
F(34) 2116 0.5 0 0 0 0 0.5 30 y
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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02 602 F(23 recurc) FIFE PIPE Ccramic 0.8 C |
_ | .85 0 0.0795 0 0.0705 02 ‘
ELFEWFLFE gegagmg5g.g 8 843581053'047 01 575 F(24 recure) FIFE F?gé R4
. . . 5 F(25) FIFE FIFE Ccrani. O
2.227 02 557 F(25 recure) PTFE FIFE Ceramic 0.9 0 0.053 0 o.bi7oog'gg§ °
(26) FIFEFIFE0 0 0 0.5 0.5 02 287 F(27) FIFE PIPE 0 0 0 0.75 0.25 02
280 F(28) PTFE PTFE 0.9 0 0 0.05 0.05 02 294 F(29) ' '

WO 2010/036935 PCT/US2009/058444
F(37) 2116 0.5 O 0 0 0 0.5 30 2
F(38) 2116 0.5 0 0 0 0 0.5 30 2
F(39) 2116 0.5 0 0 0 0 0.5 30 2
F(40) 2116 0.5 0 0 0 0 0.5 30 2
F(41) 2116 0.5 0 0 4] 0 0.5 30 2
F(42) 2116 0.5 0 0 0 0] 0.5 30 2
F{43) 2116 0.5 0 0 0 0 0.5 30 2
F(44) 2116 0.5 0 0 0 0 0.5 30 2
F{45) 2116 0.5 0 0 0 0 0.5 30 2

7628 —
F(Control 46) | 577 finish 0.5 0 0 0 0 0.5 30 3
F(47) 2116 0.5 0 G 0 0 0.5 30 2
F(48) 2116 0.5 0 0 0 0 0.5 30 2
F(49) 2116 i 0 0 0 0 0.5 30 2
F(50) 2116 1 0 0 0 0 0.5 30 2
E(51) 2116 1 0 0 0 0 0.5 30 2
F(52) 2116 1 0 0 0 0 0.5 30 2
F(53) 2116 ! 0 Y 0 0 0.5 20 2
F(54) 2116 1 0 0 1] ¢ 0.5 30 2
F(53) 2116 1 0 0 0 0 0.5 30 2
F(56) 2116 1 0 0 0 0 0.5 30 2
F(57) 2116 1 0 0 0 0 0.5 30 2
F(58) 2116 1 0 0 0 0 0.5 30 2
F(59) 2116 1 0 G G 0 0.5 30 2
F(60) 2116 1T 0| 0 0 o] 05| 30 2
F(61) 2116 I 0 0 0 0 05 30 2
F(62) 2116 1 0 0 ¢ 0 0.5 30 2
F(63) 2118 1 0 0 0 0 0.5 30 2
F(64) 2116 i 0 0 0 0 .5 30 2
F(65) 2116 1 0 0 0 0 0.5 30 ]
Table 3B
Midcoat formulations
Coating # | prpp | ppa | ¥EP | LPTFE | THV pal | PPS | Coramic | Water | Sofids ﬁ;ies

F(Control :

A) 0.92 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) 0.62 G 0 0 0 0 4] 0 0.08 30 Z
F(3) 0,92 0 0 0 0 0 0 0 0.08 50 2
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FIFE FIFE 0.9 0 0 0.075 0.025 02 298 F(30) F(28) Top-coat PT '
02_F(31) F(29) Top-coat FIFE0 0000 b é(céntrgl 32) e LPTP B
FIFE - LPTEE 0.9 0°0 0 0.1 02 267 F(33) F(13) Top- coat F(13) Top coat

19 0 0.053 0 0.047 02 498 F(34) FIFEFIFEO0 0 0.25 0 0.75 01 287 F(35)
FIFE PIPE0 0 0.4 0 0.6 01 287 F(36) FIFE PTFE0 0 0.6 0 0.4 01 290 F(37)

FIFE FIFE O
WO 2010/036935 PCT/US2009/0538444
F(4) 0.92 0 0 0 0 0 0 0 0.08 50 2
F(5) 0.92 0 0 0 0 0 0 0 0.08 50 2
F(6) 0.92 0 0 0 0 0 0 0 0.08 50 2
F(7) 0.92 0 0 0 0 0 0 0 0.08 50 2
F(8) 0.92 0 0 0 0 0 0 0 0.08 50 2
F(9) 0.92 0 0 0 0 0 0 0 0.08 50 2
0.1 (with
(.05 x-
F(10) 0.4 0 " 0 linkagent) } 0.1 ] 0.2 0.05 0.1 50 2
0.1 (with
0.05 -
F(11) 0.4 0 0 0 | linkagent) | 0.1 ] 0.2 0.05 0.1 50 3]
F(Control
12) 0.92 0 Y 0 0 0 0 0 0.08 50 3
F(13) 0.92 0 0 0 0 0 0 0 0.08 50 3
F(13
recured) 0.92 0 0 0 0 0 0 0 0.08 50 3
0.1 (with
0.05 x-
FE(14) 0.4 0 0 0 | linkagent) | 0.1 | 0.2 0.05 0.1 50 2
0.1 {with
F(i4 0.05 x-
recured) 0.4 0 0 0| linkagenty | 0.1 0.2 0.05 0.1 50 2
0.1 (with
0.05x-
F(15) 0.4 0 0 0 {lmkagent) | 0.1 1 0.2 0.05 0.1 50 1
0.1 {with
0.05 x-
F(16) 0.4 0 0 0 i linkagent) § 0.1 0.2 0.05 0.1 50 2
F(Contrel :
17) 0.92 0 0 0 0 0 0 0 0.08 50 i
F(Control
18) 0.92 0 0 0 0 0 0 0 008 50 2
F(Comntrol
19} 0.92 0 0 0 0 0 0 0| 008 50 2
F{Control
20) 0.8 0 0 0 0 0 0 0.1 0.1 50 3
F(2D 0.8 0 0 0 0 0 0 0.1 0.1 50 3
F(21
TECUTE) 0.8 0 O O 0 0 0 0.1 0.1 50
F(22) 0.8 0 0 0 0 0 0 0.1 0.1 50
F(22
TeCUre) 0.5 0 0 0 0 0 0 0.1 0.1 50 3
F(23) 0.8 4 0 0 0 0 0 0.1 0.1 50 3
F(23
recure) 0.8 0 0 0 0 0 0 0.1 0.1 50 3
F(24) 0.8 0 0 0 0 O 0 0.1 0.1 50 3
F(24
Tecure) 0.8 G 0 0 0 0 0 0.1 0.1 50 3
F(25) 0.8 0 0 0 0 0 0 0.1 0.1 50
F(25 0.8 0 0 0 0 0 0 0.1 0.1 50 3
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TECUIC)
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0.05
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F(34) 092 ol o© 0 ol ol o o| 008 50 2
¥(35) 092| ol o0 0 ol ol o 0| 0.08 50 2
F(36) 092 0] 0 0 oi o] o 0! 008 50 2
F(37) 092t o) © 0 ol o) 0 o| 008 50 2
F(38) 092 ol o0 0 ol ol o 0| 0.08 50 2
e 092 o] o 0 o| of o 0! 008 50 2
F(40) 0o2f 0] O 0 ol 0] 0 0| 008 50 2
F(41) 092| 03 0 0 ot ol o 0| 008 50 2
F(42) po2| o] 0 0 ol ol o 07 008 50 2
F(43) 0oo2| o] o 0 ol ol o 0| 008 50 2
F(44) 092 0] 0 0 0f 0] 0 0| 0.08 50 2
F(45) 092t ol 0 0 ol ol 0 o] 008 50 2
F(Control 2
46) 092! 0§ 0 0 0r o) o0 0| 0.08 50
F(47) 0o2! ol o 0 ol ol o 0] 0.08 50 2
F(48) 0.92 0 0 0 o| o] o 0| 008 50 2
F(49) 092 o] 0 0 o| o] o 0| o008 50 2
F(50) 092] 0] © 0 ol o] o 0| 008 50 2
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0.04 01 290 F 42 FIFE PT FE 0.9 0. 06

0.06 01 285 TFEO09 096 oo it 290PTFP PTFP 0.9 C 0.04 C

0.9 0 0 0 285 F(45) PTFL PTEE
WO 2010/036935 PCT/US2009/058444
(765 | os2] o] o l 0| o] ol ol ol oos] so 2]
Table 3C
Topcoat formulations
#of
. Top Top Top Top Top Top  Top- .
Coating # gg?ﬁ g:)l:t Coat coat Coat Coat Coat Coat  coats fvﬂjitlﬁ%
(PTFE) | (MFA) | (PFA) | (FEP) | (LPTTE) (MP)  App- £
lied
F(control
A) PTFE | PTFE 1 0 0 0 0 0 0 248
F(comirol
B) PTFE | PTFE 1 0 0 0 0 0 0 280
F(1) PTFE | PTFE 0 0.67 0 0 033 0 1 258
F(2) PTFE | PTTR 0 0.67 0 0 0.33 0 2 264
F(3) PTFE | PTFE 0 0.67 0 0 0.33 0 3 269
F{(4) PTFE j PTFE 0 {0 0.53 0 0.47 0 1 261
F(5) PTFE | PTFE 0 0 0,53 0 0.47 0 2 263
F(6) PTFE | PTFE 0 0 0.533 0 0.47 0 3 267
F(7) PTFE | PTFE 0.96 0| 00212 0 0.0188 & 1 488
F(8) PTFE | PTEFE 0.93 0| 0.0371 0 0.0329 0 1 492
F(9) PTFE | PTFE 0.9 0| 0.053 0 0.047 0 1 490
PAI-
F(10) THY | PRS 095 0 | 0.0265 0 0.0235 0 6 498
PAI-
F(11) THV | PP5 095 0§ 0.0265 0 0.0235 0 6 670
F{12) PTFE } PTFRE ¥ 0 0 0 0 0 0 556
F(13) PTFE | PTFE 09 0 0.053 0 0.047 G 2 567
F(13
recured) PTFE | PTFE 0.9 O 0.053 0 0.047 0 2 567
PAIL-
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 1\ 2 454
F(9)
Top- | PAI-
F(13) 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(confrol
17) PTFE | PTFE 1 0 0 0 0 0 0 133
F(control
18) PTFE | PTFE 1 0 0 0 0 0 0 248
F(contro}
19) PTFE | PTFE 1 0 0 0 0 0 0 280
F(corirol PTFE
20} PTFE | Cera- 1 0 0 0 0 0 0 556
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F(control 03 518 PT FE PTFF 1 0

000 '46) PTFEFTFE0.900.10
8 201 295 F(47) F(48) P FL PIPE0.9 00 0.1 0 0 1 299 PTFF PTFE 0.8 0
Fi FE6P'(I)' 2E0848g é 299 F(49) PTFE FIFE 0.7 0 0.159 0 0.141 0 1 299 F(50)
i FE . 0.14 0 0.03 0 1 296 F(51) F 52 FIFE PIPE 0.76 0 0.2 0
WO 2010/036933 PCT/US2009/058444
mic
PTFE
Cera-
F(21) PTFE | mic 0,95 0| 0.0265 0 0.0235 0 2 610
PTFE
F(2i Cera-
TECUFE) PTFE | mic 0.95 0| 0.0265 0 0,0235 G 2 610
PTFE
Cera-
FR2) PTFE | mic 0.9 0| 0.053 0 0.047 0 2 607
PTFE
F(22 Cera-
TecuIe) PTFE | mic 0.5 0] 0.0353 0 0.047 0 2 607
PTFE
Cera-
F(23) PTFE | mic 0.85 01! 00795 0 0.0705 0 2 602
PTFE
F(23 Cera-
recure) PTFE | mic (.85 0] 0.0795 0] 0.0705 0 2 602
PTFE
Cera-
F(24) PTFE | mic 0.9 0 0.053 0 0.047 0 1 575
PTEE
F(24 Cera~
recure) PTFE | mic 0.9 0 0.053 0 0.047 0 1 575
PTFE
Cera-
F(25) PTFE [ mic 0.9 0] 00353 0 0.047 0 2 557
PTEE
F(25 Cera-
recure) PTFE | mic 0.9 0| 0053 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 i Q0 0.75 0.25 0 2 280
F(28) PTFE | PTFE 0.9 0 0 0.05 0.05 0 2 294
F(29) PTFLE | PTFE 0.9 0 0 0075 6.025 0 2 208
F(28)
Top-
F(30) coat PTFE 0 0 0 0 Y 0 2
F(29)
Top-
F(3D) coal PTFE 0 0 0 0 0 0 2
PTFE | PTER
F(comtrol | LPTF | LPTF
32) B i3 0.9 0 0 0 0.1 { 2 287
F(13) | F(13)
Top- | Top
F(33) coat coat 0.9 0] 0053 0 0.047 0 2 498
F(34) PIYE | PTEE 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 { 0.6 0 0.4 0 1 250
F(37) PTFE | PTFE 0 0 0.75 0 0.25 0 1 292
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0 1 297 F(53) PT F » | . -
0.4 Co 4Tt 02 FEzggPE(gS?SPTgESPTgEOS 00,4 L 294 292 F(54) PTFE PTF
0.500.25 0 0.25 0.25 290 F(57) PTFE, FITE 0.75 0 O. F(56) PTFE PTFE
: - TFE, FITE 0.75 0 0.05
F(58) FIFE PTFE 0.75 0 0.18 0 0.07 0. 1¢ | T
: : . .18 1
0.05 0.5 1 291 FIFE PTFE 0. 15 297 F(59) PTFE PTFE 0.450 0.5 0
WO 2010/036935 PCT/US2009/058444
F(38) PTFE | PTFE 0.9 0| 0075 0 0.025 0 1 290
F(39) PTFE | PTFE 0.9 0| 00265 | 0025 00485 0 1 286
F(40) PTFE | PTFE 0.9 0| 0025 0 0.075 0 1 285
F(d1) PTFE | PTEE 09 0! 0075 0 0.025 0 1 287
F(42) PTFE | PTFE 0.9 ol 006 0 0.04 0 1 290
F(43) PTFE | PTFE 0.9 0| 004 0 0.06 0 1 285
F(44) PTFE | PTFE 0.9 0 0 0 0| 01 1 290
F(45) PTFE | PTFE 0.9 0 0 0 0| ol ] 285
F{control
46) PTFE | PTFE i 0 0 0 0 0 3 518
F(47) PTEE | PTFE 0.9 0 0.1 0 0 0 1 295
F(48) PTFE | PTFE 0.9 0 0 0.1 0 0 i 299
F(49) pIFE | PTEE 0.8 o] o0.106 0 0.094 0 1 299
F(50) PTFE | PTFE 0.7 0§ 0.159 0 0.141 0 1 299
F(51) PTFE | PTFE 0.83 ol o014 0 0.03 0 1 296
F(52) PTFE | PTFE 0.76 0 0.2 0 0.04 0 ] 297
¥(53) PTFE | PTFE 0.65 0 03 0 0.05 0 1 294
F(54) PTFE | PTFE 0.4 0 0.4 0 02| 04 1 202
F(55) | PIFE | PTFE 04 0 0.2 0 041 02 1 293
F(56) PIFE | PIFE 05 61 025 0 025 | 025 1 290
F57) PIFE | PTFE 0.75 5 005 0 02| 005 1 289
F(58) PTFE | PTVE 6.75 0| o018 0 0.07 | 0.18 1 297
F(59) PIFE | PIFE 045 0 0.5 0 005 05 1 291
F(60) PTFE | PTFE 0.15 0| 005 0 0.8 0 1 291
F(61) PTFE | PTFE 0.3 0 0.1 0 0.6 0 1 294
F(62) PTFE | PTEE 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 | PTER 0 0 0 0 ] 0 1 293
F(65) PTFE | PTFE 0 0 ] 0 0 0 1 307
[0160] The fluoropolymer components of the Topcoats were as follows:
[0161] PTFE (HPTEE) - Solvay D3112X, solids = 60%.
[0162] MEA - Solvay Hyflon MEA XPH 6202-1, Lot# Lab, solids =27.2%.
[0163] PEA - du Pont PEA TE7224, Lot# 0804330003, 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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0 0.05 P :
FI FE Oggggéggi S(EO) F(61) FIFEFIFE0.300.100.601 294 FIFE
F(63) F(64) PIPE P 292 F(62) PTFE PIPE 0.05 0 0.9 0 0.05 0 1 296
[0160] The f | TFE0O 000101293 FIFEFIFEO 0 1

uor opol ynmer conponents of the Topcoats were as foll ov\gp? F(65)

101611PTFE (HPTFE) - Sol va i
y D3112X, solids = 0 VF Hy
MFA XPH 6202-1, Lot# Lab, solids = 27.2% [Olggf%ka}62] A - Sol vay flon

Lot # 0804330QQ5¢030 - d T
a103Rbds = 58.6% . - o s TET 224,
54. 0% . [Olgg?LPTFE = SFN- D, cﬁ%nghgﬁg4]FEP du Pont d%ﬁﬂﬁﬁéggg, solids =

24. 0 _ except that to
Dyneon 9207 TF PTFE m cropowder, and togcoat F(45')0C32ts E:(agg) vmm??\ Eﬁde

8TA surface treated PTFE m

o oune cropowder. 35 BDUB015835935v1 = 1CT.

v 2010/ gﬁgég_{Q1g@%ﬂ}ﬁ%kogyﬁequ@HMH&#@Q}Uﬁgﬁﬁh@ﬁ&N@@M@@@mﬁ%U %§55ﬁ058444
i nKi'ng agent. [0167] PAT-PPS - PAI: Wi ti‘ord D7949 PAT

. S. 1 81A| |

Ryton PPS.

[0168] All of the coating compositions were mixed using a standard mixer under medium
shear for 57 minutes. All mixed coatings were applied (o glasscloth in the laboratory using
draw down bars. The glasscloth substrate grades are set forth in Table 3A above, produced by
PD Interglas or Porcher Industries. The coated substrate is subjected to a flash off in a laboratory
box oven set at 260°C (500°F) for 2 minutes followed by curing in a laboratory box oven set at
400°C (752°F) for 1 minute.

[0169] The control samples were standard products produced using conventional PTFE
dispersions by AFC (Advanced Flexible Composites) and no modifications or further coatings
were applied to these samples. The basecoat, midcoat and PTFE of the topcoat of the control
samples were all standard PTFE dispersions.

[0170] Due to line speed conditions used in some {rials dwell time at temperature was
reduced. In these instances samples were post cured in a laboratory box oven for 2 minutes at
430°C. 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

offect on propertics. The foregoing samples arc labeled "recure” or "recured” in the tables

herein.
Example 2
Determination of roughness. aloss, and _contact angle
j0171] In this Example, roughness, gloss, and confact angle of the coatings were

determined. The test protocols arc as follows.
10172] Roughness. A stylus type surface roughness detector equipped with an analyzer
that provides a tracing of the surface was used according t0 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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shear for 5-7 minutes. Al mxed coatings were applied to glasscloth in the
| aboratory using draw down bars. The gl asscloth substrate grades are set
forth i.n Tabl e 3A above, produced by PD Interglas or Porcher Industries.
The coated substrate is subjected to a flash off in a | aboratory box oven
set at 260C (500F) for 2 minutes followed by curing in a | aboratory box
oven set at 400C (752F) for | mnute. [0169] The control sanples were
standard produgbsomsaduced using conventional PTFE di speiCdfUSHE B*ArC
(Advanced Fl exi bl e Conposites) and no nodifications or further coatings
were applied to these sanples. The basecoat, m dcoat and PTFE of the
topcoat of the control sanples were all standard PTFE dispersions.

[0170] Due t&rll_}i,lghe_%pp%dme@ @i Lt QRS GUSRely). Mhe@Bstinmiah srcabwel Ha (wilthectat
tenperature“was reducded. In these instances sa Ie? ‘é‘ﬁegkpo%ﬁ{ cured in a

| abor at or yndoxicoutEm of e rougHneREPESlcaeasFEn BITHEF AE £ R E S 'térg Wfto(ség
measur ed 30C ' frQlovRe kg Sitehle tAnEhnpR: 16 be onamred SAPIoERe wer e
subj ect eda[pgmi ful Y@?eelg%&g{élﬁgﬂﬁlg to det ?nl%qlne vvheLQerb g}gglﬂlatsgﬂfg& had any
ef fect on qonBpentiones moTHetepigisdgs My TRRLTHEEANRISS 8Y™ Fecure” or

"recured” |n e g' gr'é Herei Me dEXRNTh&EndIetegab natleahivefhizhougiméss, | oss
and contact angle ﬁf 1

In this Exanple, .r hness, ; cont act
angl e of téxtpe@@kipﬁg@sss\ﬁ@‘?@n%?étlréiiﬁ%gg.le“?ﬂ‘eo(%?‘g%ef Scﬁ%&%&:@l%gmg?ig@as fol | ows.
[ 0172] pj gh#: %&%mmﬁuﬁhé’hiﬁli%%'?ﬁleﬁw-f A8 Bratotighnass ad@tchm;foﬁheenﬁﬂuﬁ‘_ﬁ@@fw th an
anal yzer that provides a tracing of t he sglr_f‘ace was g%%@r@tﬁg%hg{n@&&fo EN
| SO 13565, instushomsisinge kneh wiFege sSwideth &Y B &P rest surfacé roughness
detector apd anal ¥agke. @¥aidk Rl @ nidomntsut oyo Canada, 2121 Meadowal e
Bl vd, M ssi'ssauga, Toronto, Ontaria, ON L5N S(iNl %rﬁii Pellhomat gy MeBod, MBP
| MAP surf {d&4Ir oughiess. @@ﬁ%@?ﬂdweﬁlﬁﬂsgﬁrﬁlag%? TRERr H 36 BDD1301
5835935v1 a‘}é\gaﬁgﬂr QFEIRGH LS 20 0 hREBA44°. - THEaIdss btiar cogfarmad 10137073
Got ti ngen, rmany). These instr § Id sk CA OBAMS23,
devi ati on 6&filowhe S@@d@%&%%WB?Wmﬁflégéﬁgﬁsg%ﬂg) angl’ Pc_( peak
count). [0%§§}\AT]B?45B[Q§@Q@3%]§%1&\‘& 504, 1AM DEHT7sH1S Z78pAMET 3643 d to be
measur ed. e to the configuration %f etectors this may require

) oS
cutting théd&dapisel meagrEPhrrasPrate saﬁlr/ﬁ‘rg}(;:leecgaélg%essi ble to the detector. Set

t he detect ?{h 7E]o ughn @j%@% t@ortdacansweds njcasredHipighestcn dienict Frb!s EXPER e d
roughness to be neasured. Set (#ké\qe I @;?ﬁ-(}gﬂ%ﬁ@m @%ﬁsﬂg?gmgg@ﬁti on and
measur ementn daglees ap fFiRRTIeH 46 1Pi"jgjl.% | brate tlhe detector according to
t he manuf ag;gtg@(]jgﬁmiom%éiuﬁteif@ﬂﬁmsd @gbE ok Howbnre.Sheamatye ecgidigdaia Yore t he
same manner, neasure the roughness of the sanple surface. Make at |east 6
measur enentfslatipD174] G oss. G oss neasurenents were attained using a
M ni gl ossmgf e 110V AQ-6Q1ts av adtlfa@bl ie Thvlomb8heen | nstruments, at an angle of
60. The gl oss neter conformed to the foll ow ng standards: BS3900/ D5, DI N EN
| SO 2813, DIN 67530, EN I SO 7668, ASTM D523, ASTM D1455, ASTM C346, ASTM
C584, ASTM D2457, JIS Z 8741, MT 30064zblgAPPI T 480. Units of neasurenent
are expressed as %reflect ancg. !h%%sg%lg%@n@%% La90lete Contact angle was
nmeasured for a water droplet N_degrees__as det erni ned
according to ASTM Dy332-08 using tlhe "Drop Shape AfRanpeiArsleysi em ( DSAL0),
avai | abl e from Knss| Ggiatheof Hanbur|ga Ger np6ioss accofWRrey to t Young
Rel ation. [0176] ThelrggHlfiSaar€ set bapth|in20l@bl e 4 belpin le 4
Roughness, d oss anjp(‘(%&{&&l‘é) Anglre Caafi ng #15.8a @ ossl2€@ont act| Angl e
(Water) F(Control A P 266 1193 F(Contgoh B] 1.37 15.8 128.02 F(1)
1.6 25.9 F(2) 1. 48495 4 F¢3 T AL 2o (4 1.59 22.6| F(5) 1.06
2 4

5 )
26.5 F(6) 1.01 23f®) g7y 1 4 22 —F(8f,, 1. 0272371 37 pDDL301
100 147 24

5835935v1 F(9) O0/8A22 6 F(10)| 14
F(4) 1.59 22.6 -
F(5) 1.06 26.5 --
F(6) 1.01 234 --
E(7) 1.4 227 --
F(8) 1.02 23.1 -~
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recur ed)

48.1 F(11) 0.47 33 -- F(12)
0.42 52.1 --
1.93 32.4 111.98 F(16)
F( Contr ol

F(14)

( 3.88 50.5 --
.54 33.5 117.04 F(Co

18) 1.66 20.6 119.3 F(Control §ont
1.52 38.7 68.23 F(21)
0.79 43.8 124.7 F(22 recure)
recure) 0.85
114.9 F(25)

19)
1.2 45.35 102.3 F(21 recure)
0.61 44.4 125 F(23)

17)

0.61 44.1 109.57 F(13) 0.24 46.3 102.93 F(13
F(14 recured) 2.37 54.2 F(15)
2.67 24.1 125.78
1.37 15.8 128.02 F(Control
0 82(7) 6124 108. 8 F(22)
: : 103.
6\4%%&%%3%%54 F(24) 1.13 33.25 95.8 F(24 recm?ﬁé‘f)USZOQ?fé@%ﬂg.( 533

F(9) 0.87 22.6 -~
F(10) 1.47 48.1 -
F(11) .47 33 -
F(12) 0.61 441 109.57
F(13) 0.24 46.3 102.93
F(13 recured) .42 52.1 -
F(14) 3.88 50.5 --
F(14 recured) 2.37 54.2 -
F(15) 1.93 324 111.98
F(16) 1.54 33.5 117.04
F(Control 17) 2.67 24.1 125.78
F(Control 18) 1.66 20.6 1193
F(Control 19) 1.37 i5.8 128.02
F(Control 20) 1.52 38.7 68.23
F(21) 1.2 45.35 102.3
F(21 recure) 0.77 454 108.8
F(22) 0.79 43.8 124.7
F(22 recure) 0.61 444 125
F(23) 0.9 40.05 103.1
F(23 recure) 0.83 44.4 1354
F(24) 1.13 33.25 95.8
F(24 recure) 0.85 45.6 114.9
F(25) 0.83 46.7 -~
F(25 recurc) 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)* 342 28.1 -
F(31)* 3.16 27.4 -
F(Controt 32) .84 46.4 -
F(33) 0.78 64.8 106.9
F(34) 1.05 41.7 125.87
F(35) 1.19 459 1134
F(36) 101 50.1 118.33
F(37) 0.97 353 117.16
F(38) 0.62 532 116.32
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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F(25 recurc) 1.01 48.8 73.37 F(26) 1.028 2 |
. 37 F . 6.02 119.98 F(27) 1. :
éggi?} ngié 27723 48#520155.5935§29) 0.75 51.48 120. 36 é(s%)* §12213é6i
. 4 -- ntro 0.84 46.4 -- F(33) 0.78 64.8 '
F(34) 1.05 41.7 125.87 F(35) 1.19 45.9 ( 1°118 33
. . .9 113.4 F(36) 1.01 50.1 118
F(37) 0.97 35.3 117.16 F(38) 0.62 53.2 ' 56
. . .2 116.32 F(39) 0.7 54.4 11
F(40) 0.8 46.8 127.51 F(41) ~ 0.82 48 114.02 F(42) 0?96 45. 4 116.085'638

WO 2010/ 0369 09/ 05
112" 94 F(45)%§ﬁﬁlhk§%9 8444 F(43)  1.02 47.1 107.39CFUSAYP0S84 91 36. 8

F(43) 1.02 47.1 107.39
F(44) 0.91 36.8 112.94
F(45) 1.12 33.1 109.09
F(Control 46) 0.86 439 126.4
F(47) 0.82 45.5 119.7
F(48) .84 445 112.57
F{49) 0.82 46.2 --
F(50) 0.87 421 119.78
F(51) 0.76 48.3 109.31
F(52) 0.69 464 113.12
F(53) 0.65 42.5 119.63
F(54) 0.7 24.1 -
F(55) 0.76 276 124.5
F(56) 0.82 315 1319
F(57) 0.71 437 128.83
F(58) 0.35 40.6 130.49
F(59) 0.78 434 120.15
F(60) 1.22 10.4 -
F(61) 0.89 16.6 -
F(62) 0.9 243 -
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 cach coating under the test

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

Table 5
Reciprocating abrasion test (. RAT)

39
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1.12 33.
F(48)
F(51)
F(54)
0.71 43.
1.22 10.
0.77 18.9
significant

enbodi nents of t

128. 83 F(58)
F(61)

FeRrlorodeds? 7.8

| Mpr ovenment

F(55)

0.89 16.6

I n snoot hness,

1 109.09 F(Control 46) 0.86 43.9 126.4 F(47)
0.84 44.5 112.57 F(49)
0.76 48.3 109.31 F(52)
0.7 24.1 --
7
4

0.82 46.2 --

F(62)
[01771The results

0.69 46.4 113,12 F(53)
0.76 27.6 124.5 F(56)
0.85 40.6 130.49 F(59)

0.9 24.3 --

F(50)

F(63)

he—preseht
T Ambient .
Coating # RA - t‘i‘:ﬂ‘e“ RAT ambient 10%

F(Control A) 2000 4000
F(Control B) 2000 5000

4000 6000
F(1)
F(2) 3000 8000
F(3) 5000 2000
F(4) 4000 7000

6000 11000
F(5)
F(6) 6000 12000
F(7) 12000 18000
F(8) 12000 19000
g 14000 22000
F(9)
F(10) 14000 31000
F(11) 16000 32000
F(12) 12000 26000
F(13) 18000 22000
F(13 recured) 28000 32000
F(14) 4000 7000
F(14 recured) 6000 10000

5000 8000
F(15)
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) 2000 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

BDDBO1 5835935+v1
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0.82 45.5 119.7
0.87 42.1 119.78
0.65 42.5 119.63

0.82 31.5 131.9 F(57)
0.78 43.4 120.15 F(60)
1.39 17.6 F(64)
i n Tabl e PETHBWIE &Y dw a
_ _ an increase in gloss,
I ncrease in the contact angle of water over the control

coating conpositions made in accordance with the first and second

and an
topcoats for




‘invention when applied to flexible glass substrates. Exanple 3 :

Reci procating abrasion test 1.01781A reciprocating abrasion test (RAT) was
conducted on each coating under the test protocol set forth at the end of
this Exanple. The results are set forth in Table 5 below. Table 5 Reci
rocatin abrasion test RAT 39 Coating # RAT Anbient initial RAT anbient
10% F(Control A) 2000 4000 F(Control B) 2000 5000 F(1) 4000 6000 F(2)
3000 8000 F(a% 201388R6558000 F(4) 4000 7000 F(5) 6000 PLIOGOF(HY44 6000
12000 F(7) %000 18000 F(8) 12000 19000 F(9) 14000 22000 F(10)

14000 31000 F(11) 16000 32000 F(12) 12000 26000 F(13) 18000 22000 F(13
recured) 28000 32000 F(14) 4000 7000 F(14 recured) 6000 10000 F(15)

5000 8000 F(16) ?%00 8000 F(Contyol 17)_ 3000 000 "(Control [18) 2000
4000 F(Control 1\‘;;1%000 5000—F-Cohtrol 29) 560G-8000
F(Control 32) 4000 10000
F(33) 4000 21000
F(34) 7000 31000
F(35) 7000 12000
F(36) ' 7000 14000
F(37) 10000 15000
F(38) 9000 15600
F(39) 10000 27000
F(40) 12000 20000
F(41) 4000 18000
F(42) 12000 18000
F(43) 8000 23000
F(44) 7000 11000
F(45) 8000 12000
F(Control 46) 4000 8000
F(47) 3000 6000
F(48) 4000 8000
F(49) 6000 12000
F(50) 3000 8000
F(51) 6000 ‘ 10000
F(52) 5000 8000
F(53) 6000 12000
F(54) 5000 12000
F(55) 9000 17000
F(56) 3000 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
10179] The results in the table above show that thereisupto 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.

4
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F(21) 7000 9000 F(21 recure) 8000 10000 F(22) 8000 11000 F(22 r
) r
_é?ggor17ooo F(23) 11000 14000 F(23 recure) 7000 11000 F(24)( 70080568%0
F( 24 lgcure) 7000 10000 F(25) 8000 14000 F(25 recure) 9000 15000 F(26)
000 F(27) 6000 12000 F(28) 6000 11000 F(29) 10000 29000 40 WD
2010/ 036935PCT/ US2009/ 058444 F(30) -- -- F(31) -- -- F(Control 32) 4000
10000 F(33) 4000 21000 F(34) 7000 31000 F(35) 7000 12000 F(36%t|6 7000
)

14000 F(37) wPOQR34p900 F(38) 9000 15000 F(39
B 10000 PE¥i 09@(5
20000 F(41) 4000 18000 F(42) 12000 18000 (39) 007E7080 12000

Reciprocating abrasion rest (RAT).

[0180] The reciprocating abrasion test was conducted based on the complete protocol set
forth below with the following modifications: (1) the coated sample were tested until 10%
exposure of substrate; (2) the test was performed using a 3kg wei ght at ambient temperature; and

(3) the Scotchbrite 3M (7447) pads were changed every 1000 cycles.

[0181] The complete test protocol is as follows:
[0182] Scope. This test measures the resistance of coatings to abrasion by &

reciprocating Scotch-Brite pad. The test subjects coating abrasion in a back and forth motion.
The test is a measure of the useful life of coatings that have been subjected to scouring and other
similar forms of damage caused by cleaning. TM 135C is specific to a test apparatus built by
Whitford Corporation of West Chester, PA. However, it is applicable to similar test methods
such as the one described in British Standard 7069-1988.

[0183} Bquipment and Materials.

[0184] (1) A test machine capable 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, wei ghted stylus. The machine must be equipped with a counter,
preferably one that may be sct 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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F(43) 8000 23000 F(44) 7000 11000 F(45) 8000 12000 F(Control 46) 4000
8000 F(47) 3000 6000 F(48) 4000 8000 F(49) 6000 12000 F(50) 3000 8000
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
tabl e above g@pﬂh%@@gsthere is up to a 200% i nprovenent PERUFIHERP*4br asi on
resi stance over the control topcoats with the topcoats nmade in accordance
with the first and second enbodi nents of the present when applied to

flexi ble glass substrates. 41 WO 2010/ 036935PCT/ US2009/ 058444

Reci pr ocat | ng, abr asi o0, fest{ ATlew, 0180 enseai priosatUingvabe as! i et

conpl ete protocol set fort | oW Wat B t he
f ol | owi ng demtidfleatimnsnowil §f subsraisdat gn §§Wﬁqde%\tﬁé”rﬁéerttges?@dj% UI’tl_%lMIa% 0%
exposur e of Sci'f,bSt I %tel%mﬁ&){ §§ Q%ﬁ&s%%n Was,spaE fsaomegosdi Ml EreBRiGNREIoEHES at
n

ambi ent t SPRFPAL A" A e Scotchbrite 3M(7447).. .o changed
every 1000 @ychessurd G581 Thavedhrbersd Fiasts *ﬁ“‘r %35’1“%9%& d%@smg‘g&f%%%ﬁ?‘%% :

[ 0182] Scone. T.h%s at%%éségeasur es the resistance of coatings to abrasion by a
r eci procatqnﬂao‘g Sten-Brite pad. The test subl ect ccagtir LOLASHORL a
back and fjoraih not i SewurcTheparids be fegteduntshOf o6 pb‘f‘:dtt%f?ep u'se?%i%i fe gg; coat i ngs
t hat have been . subj \U FihB Gariduldibb es fisianpdssiblefand lpbg gfoughhitage
caused by t@%?ﬂiwﬁtg.bgq%\’ﬂ%%gl%géoﬁgﬁgpec?fi ¢ 10 a test. apparatus huihdindm

Whi t f or d’ Ghaiqinr petlidoes mof runedhanchess tapmps Buhe BRREG &Y W i "appli cabl e t o
simlar test meth q1§e§aggl?d@a%sé Enane sdesking helh false Bsilt-i sh St andar d

7069-1988.° 63@’3‘1: qui‘pnent and Materials.. [.0184] (1 He8sict MBChimme raapabl e
of hol di ng[ea9Fcot chCBt ¢ piecesth SeFh &G a4 ‘I“reabldérﬁgléé i)’sct@éfeze %o the surface to

be tested wth stgl%]%. L@%%rés@l{t%e%ﬂ Sapabl p1aofas sevdant andtbe Haet" PHIGSHEER and

forth (recfproc noti on over a distapce.to L&k &bt THAChes) .
The force andestmbdhon ind em&DHPEREHINAME S v %@aﬁé?ﬁﬁaﬁg? ﬂn\?\/e(ll;[ght ed stylus, The

machi ne nust  bep equl PREG Mol ‘FodOByIhelns opr gé@rabY sierohaliediatherigfoBat 6t t o
shut off after a given nunber of cycles. [0185](2) Scotch-Brite pads of
requi red alfrasi veness cut to required size. Scotch-Brite

[0193] If the machine has an adjustable stroke length, set the required length. The

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

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

used a 3.0 Kg weight as standard, but this can be varied.

[0194] 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

courter, 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 abra,
ith debris. The present inventors

siveness of the

pad changes (usually becomes less effective) as the pad fills w

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

between pad changes. |
10195] Start the test machine, Allow to mun 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. Asthe

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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pads are made by 3M Conpany, Abrasive Systenms Division, St Paul, M
55144-1000. Pads cone in grades with varying |l evels of abrasiveness as
foll ows: Lowest --7445, 7448, 6448, 7447, 6444, 7446, 7440, 5440 -- Hi ghest
[ 0186] Scotch-Brite pads nay be used at tenperatures up to 150C (300F).
Equi val ent pads may be used. [0187](3) Hot plate to heat test specinens.
(Optional) [0188](4) Detergent solution or oil for perfoi1&3’@@%@,@%4 in wth
a |iquid (OphiORRlkeokd189] Procedure. 42 PCT/ US2009/ 05844 / 036935
[ 0190] Bef ore beginning the test, the end point nust be defined. Usually,
the end point is defined when some anobunt of substrate has been exposed.
However, the end point may be defined as a given nunber of strokes even if
substrate_js_not e S The present inventors use a 10% exposure of
substrate[q}@@r the)%’gfolrugtgygd area as the st%ndard definition of end point.
Q her endjpesnts miectyd hedeliowippTy CSSEWFE he part to be tested under the
reci procat | g pad. \The joand sipstschen-Biifepky. fastened with bolts, clanps or
t ape. The[?)@]c shoul e as fiat as possible and | ong enough so that the
pad does negoor un ofX Lawi axdgdus Bunps in the surface will wear first, and
overrunni edg rdihevpRadrgnd coapgse premature scratching and a
fal se resﬂ%t{ﬁp[ow '%ﬂﬁlbg%isg%:e of Sc%?ch Brite of required abrasiveness to
the exact [8t@e of thdendtoststrobf the stylus. The present inventors use G ade
7447 as st rd, ~EpQldhot. the stylus on the test machine is 5 cm
(2 inches)[aﬁﬁﬁdi arrea{!g)rem%to?gch tphe ad.tto the bottomof the "foot." The
Scot ch- Br i jp2o4pad isﬁ-waé@f?WtrP]FFétﬁ”F‘gl "hy means of a piece of "Velcro"
glued to the bottomof the foot. [01931lf the machine has an adj l{sstuﬁbl e
st roke Ien[t%?gbﬂ set bnﬁicré@qwtsrﬁ@l,iaeegigﬁdixelfﬁhiétypﬂ@h@tﬁtlfPW\RQHF&QS“ E“4710 cm
(4 inch) stroke | ength as standard. Lower the pad onto the surface of the
piece to be thestads ofikEalgeHEs-t hat the wei ght is conpletely fbre A 1;I('lhe
present i nﬁﬁﬁ'& ors usglai3 desckioneitghtcoameshafbiathipkngseend i SUERHC BE vari ed.
1019411 f thé r%achi ne 1s equipped with a counter, set the counter to the
requi red nsanfes profardiorokes. One stroke is a notion in one gi recbti . If the
mﬁchi nﬁ dﬁﬁﬁﬁﬂm ha\ﬁetg@{gstqyg&gaa&fc?o@,cgpmtfemumbq@f@tmm%,éffco@é cfmi%u “Wat ched so
that the nmachi’ne can be turned off at, the L Eof shhsraf@etisaigol s
st opped at stvekes. dRasoidritdspayRian ?fdh%ﬂ‘é‘?%‘é‘te“?‘%%ﬁg‘g?ggs?% %gd. The ab?%fi \aness
of the pad changes fusyakyutiesosrssiresptishflbe rogrd et REISEF T 'S5 t h
debris. The present inventors changed pads at intervals of 1,000 strokes.
One t housandiostandREy t$5§"%-he preferred interval between pad ¢ anges. o
[0195] St artoiolgg t eStip RGN B @erfiineow doatedrmuereiore, EROENRF HIPATES MeSched or
until a required number of strokes ar. \ ~before changi ng the pad.
[0196] | nspéﬁperﬁﬁéei\@&a‘&l%é“@é#r%@f ?ﬂcflgcsgt%ﬁdtﬁﬁgggegi nning and end of each
sLartuE. ﬁjﬂi(@ _end @%ﬁ&ntgflsrca@ﬁb@ached, t he _subst;gte Wi | Ihgegi g’ttt %tShOW
t hrough t heé coati ng. en close t - L2t pabserve cityeedisshtio pl ece
const ant | y.[050bp theB?FBé’HF%‘éfaﬁgtﬁﬁ)’tB %e%g é‘gi@nt has belﬁn each eg 3,. BDDBO
5835935v1 tEﬂ%MSZ@%w&%@ﬂ& MRL20d0 1056 93EV I S A RSP i B ‘f T&lgﬁ Recor d
the following for the test machine: L1929 hetB@6nmaciosiczbrasbn Bsiotcedibet i t e
{sablaer o SEYF QRO BDIOIT3. ] -
pad. [0200] 2t andbfies fmn STHAY Q8] 3. Number of strokes between nadeqin
changes. [ 0262 Ao henghbpabixsi T okbn HORORIBINDIH KPoff BF“SAd pol o
[ 0204] 6. Nunber, of strokes .to end. Rpoi ctddidhi inataeert Elsdtsst pmevar
greater rel 5{33@;113|qf1a>5_g/1}tﬁ§9@591é0' u“‘éeﬁgld%%%lr?{agig%ﬂa single result or the
aver age of %y&mhpﬁ@whﬂgﬁde{@iﬂﬁqm&ord t he description of the coating,
the filmthickness, and the substrate and surface preparation. 1020711f the
test is conducted to a specific nunber of strokes, record the nunber of
strokes Record a description of the anbmmpled wear, such as percent of
substrate exposed, or nunber otra E‘rl%i Sochfnd AuradioBteitst r at e exposure.
Optionally, record the filmthi nd/or wel ght before and after
testing. [02081llIf the test is perforned at el evated tenperature, record the
tenperature of the test. If perforned with a liquid, record the specifics
of the liquid. [0209] Comments/Precautions. 10210] Both sides of a
Scotch-Brite pad may be used. Pads nmust be cut precisely to fit the "foot."
Ragged edges or rough spots on the pad wil| give false results. Test pieces
must be fiat and free fromdirt or other farticles. This test nmethod is
simlar to tdescesrdsi on test described in BS 7069: 1988, Appendi x Al . Wen
tested according to BS 7069, test pieces are imersed in 50 cnB 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. Exanple 4 Taber
reci procating abrasion test 44 BDDI |1 01 5835935v1 WD 2010/ 036935
PCT/ US2009/ 058444 [ 0211] A Taber reciprocating abrasion test was conducted



12 11123 K2 18 13,5 19,93 H(9) L3 10,5 12 H) 2 10 4760 1Y) 1
23 F(10) 25 17 14 F(11) 14 7.5 9.37 537 66 F(15) 17 16 16

.5 9.37 F(12) 31 38 37.66 F
BDDBO 5835935vI  F(13 recured) 13 14.5 13.33 F04) 35 23.glgi.é7F%?416 ®

recured) 39 36 26.33 F(15) 42 64 102 F(16
54 4
87.3 F(Control 18) 15 20 23 F(Control 59))11 0 152 F(Control 17) 46 75.5

WO 2010/036935 PCT/US2009/058444

[0211] A Taber reciprocating abrasion test was conducted according to ASTM D3389
under the following conditions: (1) the test was completed on a Taber 5135 Abraser using the
weight loss method; (2) resilient Calibrase wheels H-18 were used with a 250 g load on each

abraser arm, and the wheels were resurfaced every 1000 cycles; and (3) the Taber Wear Index

was calculated as:
TWI = Wi(loss)(mg) / # of cycles

10212] Taber tests generally involve mounting a specimen (typically less than 12.5 mm
thickness) to a turntable platform that rotates at a fixed speed. Two abrasive wheels, which are
applied at a specific pressure, are towered onto the specimen surface. As the turntable rofates,
the wheels are driven by the sample in opposite directions about a horizontal axis displaced
tangentially from the axis of the sample. One abrading wheel rubs the specimen outward toward
the periphery and the other, inward toward the centre while a vacuum system removes loose

debris during testing.

[0213] The results are set forth in Table 6 below:
Table 6
Taber reciprocating abrasion test
Coating # TWI 1000 TWI 2000 TWI 3060
F(Control A} 15 20 23
F(Control B) 11 10.5 10
F(D) 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{&) 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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10.5 10 F(Control 20) 27 24 21.6 F(21) 3 2 5.66 F(21 recure) 1 2

14 14.5 13.66 F(22 recure) 11 12 12.66 F(23) 11 6 16 66 F(£3 ?eZu?ef(éi)zs
22 F(24) 14 13 9.33 F(24 recure) 10 15 14.3 F(25) 19 16.5 17.66 F(25
recure) 19 13 14.3 F(26) 32 22.5 19.7 F(27) 16 15.5 15 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

WO 2010/036935 PCT/US2009/058444
F(13 recured) 13 14.5 13.33
F(14) 35 23.5 21.6
F(14 recured) 39 36 26.33
F(15) 42 64 102
F(16) 54 40 152
F(Control 17) 46 75.5 87.3
F(Control 18) 15 20 23
F(Control 19) 11 10.5 i0
F(Control 20) 27 24 21.6
F(21) 3 2 5.66
F(21 recure) 13 7 7
F(22) 14 14.5 13.66
F(22 recure) 11 12 12.66
F(23) 11 19 16.66
F(23 recure) 31 23 22
F(24) 14 13 9.33
F(24 recure) 10 15 14.3
F(25) 19 16.5 17.66
F(25 recure) 19 13 143
F(26) 32 22.5 19.7
F(27) 16 15.5 15
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 i2
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(Conirol 46) 17 17.5 17.7
F(47) 24 19 18
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F(36) 17 17.5 14 F(37) 21 21 19.7 F(38) ' ' '
. 22 17.5 17.3 F(39) 24 1 ‘
é?4§f 30 254%)386F%goﬁfrgf4ié)2?72172é F(43) 28 26 26 é(4£) fo 105 5&42)
. .5 17.7 F(47) 24. 19 '
2010/ 036935PCT/ US20091058444 F(48) 18 18 19 é(4é) 31 93 93 F?SO)V[gl 28

23.3 F(51) 18 16.5 16.3 F(52) 24 16
. . . 5
12.3 F(55) 20 21.5 15.7 é(5%) 14 F(53) 13 11 12 F(54) 11 15.5

WO 2010/036935 PCT/US2009/058444
F(48) 18 18 19
F(49) 31 23 23
F(50) 31 28 233
F(51) 18 16.5 16.3
F(52) 24 16.5 14
F(53) i3 11 12
F(54) 11 155 12.3
F(55) 20 215 157
F(56) 12 18 13
F(57) 20 18 16
F(58) 17 11 12,7
F(59) 19 14 14.7
F(60) 25 20 21
F(61) 22 16 16
F(62) 20 15 12.7
F(63) 22 21.5 16.7
F(64) 27 20 18.3
F(63) 16 135 12.3
[0214] The results in Table 6 above show that theve is a reduction in the Taber Wear

Index with the topcoats made in accordance with the first and second embodiments of the present
when applied to flexible glass substrates, indicating an improvement in cross directional abrasion

resistance over the control topcoats.

Example 5
Cooking release tests

[0215] 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 3 mins.
Release evaluated including ease of release, residue and staining.

[0217] Pizza Dough. Small round piece (approximately Som 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.
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- 12 18 13 F(57) 20 18 16 F(58) 17 11 12.7 F(59) 19 14 14.7 F(60) 25 20 21
F(61) 22 16 16 F(62) 20 15 12.7 F(63) 22 21.5 16.7 F(64) 27 20 18.3
F(65) 16 13.5 12.3 [0214]The results in Table 6 above show that there is a
reduction in the Taber War Index with the topcoats made in accordance with
the first and second embodi ments of the present when applied to flexible
gl ass substrates, indicating an inprovement in cross directional abrasion

resi stance owm%oh,gﬁ)gg)ntrol topcoats. Exanple 5 Cooki nBcVEPEREE Hest s
102151Cooki ng rel ease tests were conducted in accordance with the protocols

bel ow for cooki e dough, pizza dough, chicken |leg, and egg. The results were
graded from 1-5 (1-cannot renove, 5-excellent release with no residue and

no staini n(%%lS]d[()Zl Cookj e, %‘é@n Ckéﬁ@éﬁm&@@&dm%&cawa(capxmom At avioked5cm

di anet er)

ough |y on coated supstrat n Jor 12
m ns at 168G0 nAhd 0Bt Allcwzdtomﬂl 3 Sing  REEHeae atéeg’lﬁld égas;%%g{%‘gegl hg ease

rel ease, e .and staining. [0217] Pi zza Dough. Smal | round piece
(apprOX| nﬁ‘fbédlr %ﬁsﬁﬁ‘%

rreter) of dou h pI ac central strate
and cookedofioy 12 riiges The egw@s@foll;wp Elﬁg‘g%ﬁpt Ffr‘(’)tPC rrtlg %gﬁ&%&l@%gﬁeg@

eval uat ed i ncl udi ﬁ%l@lﬂ%@@%‘d alhcrvitireg relede tests of
PCT/ US2004% BEg#4 Q%&B‘”@ﬁﬁi}@%&l%ﬂ‘)%ﬁ% 4 '

35 102181Chi cken Leg. One chicken | eg pl aced
central | y TapleGotqedkesubstrat e and cooked for 30 mins at 225C. Allowed to

cool for R raluat.edn ek vdelog: ease of rel ease, residue and
st ai ni ng. EtPjgiﬁg] E, ejrhea}%%lt%e egg test followed a slightly different
protocol to the other rel ease tests in this case the nunber of cycles to

failure (equivalent to level 3 for thgaether release tests of Table 7) is
guot ed [02201The results are set forth in Table 7 below Table 7 Cooking
rel ease tests Coating # Rel ease @éﬁﬁm (Cooki e) Rel ease (Pizza)
Rel ease (Chi cken) F\I(%{Hntlé#’i A Reldase B RelbaseoNt Relead®) | 3RBledse2 F( 1)
(egg) (Cookie) | (Pizza) (Chicken)
F(Control A) 3
F(Control B) 3
F(1) -
F(2) -
E(3) -
F4) -
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

F N N RN IS N N R e B R Bt el

h&mumhgwmmuwwwm

F(14)
F(14 recurcd)

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) - >

B wmmmmmmmmwmwmmmmhbbh.&hww
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443F2 443F3) 443F4 443 F5 443F6) 44

| 3 F(7
454 (8 45 F9) 55 F(10) 455 F(11) 455)F(12) 54 5 h
Egigg 7 54 F(13 recured) 945 F(14) 5 5 4 F(14 recured) 545

WO 2010/036935 PCTIS2002/058444

F(22) g - . - -
F(22 recuse) -- 5 5 4
F(23) -- -- - --
F(23 recure) 8 5 5 3
F(24) -- - - -
F(24 recure) - 5 5 3
F(25) 2 -- - -
F(25 recure) 3 5 5
F(26) -~ 5 5
F(27) - 5 5 3
5 5
5 5

F(28) --
F(29) —
F(30) -- -- -- -
F(31) --
F(Control 32) 4
F(33) 8
TF(34) -
F(35) --
F(36) --
F(37) —
F(38) --
F(39) -
F(40) --
F(41) -
F(42) —
F(43) --
F(44) -
F(45) --
F(Control 46) --
F(47) -~
F(48) —
F(49) -
F(50) -
F(51) -
F(52) -
F(53)
F(54) --
F(55) =
F(56) --
F(57) -
F(58) --

&whw#whm.h.bb#w&mwwwwm#h.@:h.ﬁm—h’.
-h-&-h-u\-b.b.lhw-h-lhmu\-hmwu\mmu‘ulmmmu:mmm:

.
plm}
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55 F(16) 455 F(Control 17) 2 4 5 3 F(Control 18) 4 4 5 3 F(Control

19) 4 45 3 F(Control 20) 2 4 3 3 F(21
F(2
gUDBC] 5835935v1  F(22) 8 F(22 regur)e) -- 5 g 1Fzggijre) ° é(gs fgc
55 F(24) -- F(24 recure) 5 5 F(25) 2 F(25 recure 06y
85 cure) 3 55 F(26)
WO 2010/036933 PCT/US2009/058444
F(59) -~ 3 3 >
F(60) - 3 > >
F(61) = 3 3 2
F(62) - 3 4 &
F(63) - 3 3 -
F(64) 3 3 3 :
F(65) - 3 3 3
[0221] The resulis 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
Licht 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 BA below:

Table BA

Lighi 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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5 F(27)

55 F(28) -- 55 F(29)

55 F(30) --

F(31)

32) 445 F(33) 855 F(34) 45 F(35 ' —_ FlControl

F(38 ) 45 F(36) -- 454 F(37

F(38) 455 K39 255 H40) -- 354 F4l) 354F4) 3 55 F(43) -

WO 2010/036935 PCT/US2009/058444

F(T) 1.27
F(8) 1.3
F(9) 1.14
F(12) 1.16
F(13) 0.96
F(13 recured) 0.96
F(14) 0.56
F(14 recured) 0.56
F(15) 0.79
F(16) 0.68
F(Control 17) 0.64
F(Control 18) 1.47
F(Control 19) 0.61
F(Control 20) 1.56
F(21) 1.49
F(21 recure) 1.49
F(22) 1.53
F(22 recure) 1.49
F(23) 1.49
F(23 recure) 1.49
F(24) 1.49
F(24 recure) 1.49
F(25) 1.49
F(25 recuic) 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
E(40) 2.13
F(41) 2.11
F(42) 2.14
F(43) 2.05
F(44) 1.93

BDDR01 5835935v1
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5 F(44) 5 55 P45) -- 4 5 4 F(Contr a | |
_ ol 46) 3 4 3 F(47) 4 5 .
3 F(49) 4 4 4 F(50) -- 4 4 4 E(51) 5 5 4 F(52) 4(4 Z F(53)3-F(g8£ 3 40

F(54) -- 4 4 3 F(55) -- 3 5 4 F(56
-- 4
VWO 2010/036935PCT/US20091058444(F(é9) 34343F(57) 342F538) 443 49

WO 2010/036935 PCT/US2009/058444
F(45) 1.93
F(Control 46) 2.44
F(47) 1.52
F(48) 1.85
F(49) 1.96
F(50) 1.82
F(51) 1.77
F(52) 1.69
E(53) 1.81
F(54) 1.95
F(55) 1.66
F(56) 1.77
F(5T) 2.02
F(58) 2.03
F(59) 2.05
F(60) 1.74
F(61} 1.78
F(62) 1.57
F(63) 2.01
F(64) 1.97
F(65) 141

[0225] 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), whichis 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.

10226] 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. Tt is
believed that the transparency of these films i indicative of a void free material containing

crystalline structures 0o small to interfere with visible hight.
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F(60) 333 F61) 332F62) 343F63) --33 '
F(65) 3 3 3 [0221] The results in the tablé a%ove shomﬁtﬁg?4%herg ?SBan
LHErovsnent in the rel ease, reduction in staining, and ease of cleaning
ther?g grlftlcs for all types of food tested over the control topcoats wth
the prgsgﬁtsigsgﬁt:gna&ﬁggdgggf_m%tP tPF first and second enbodi nents of
. I nve ied to exi bl e gl ass substrates. Ex
glggg I;ansngﬁihgﬁﬁxg§t [0222] A light transnission test?ﬁE@E@Sﬁﬁﬂ%fggptgigg
a 34 light nmeter, available from TES El ectronic Corp. of Tai pei
f iwan. Units of measurenent are lux (Ix). [0223] Sanples were secured1on a
rame 2 inches in front of a light box and the peak readi ng was neasured

Li ght es tn ,
SN ANRRE D N R R B R EuRERGENTS cS@ribobbeinad shyldiaridei ng t he

| ue for a coated sanple by the
g RC oat ed samgdeped {nRAA hiTbve of e&imaf}SSkﬁlri@“ée@tﬁ Wigg?ecﬁg‘\‘g%ee tgﬁ%ﬁ%&%ﬁ%{%&?@abl e
O it O L STES, A st Forfula Feading | lux No Substrate 4,02 F
. . : : 2 1.38 F
éié; Fé?iégi%%?B;(E?{gﬁmﬁ@pmﬁg§d?TﬁMTE&OOQI058442 )MD 2010183%93é-§?7Fé?%)
recure F(14) F(14 recured) F(15) F(16) F(Contr
17) F(Control 18) F(Contfolq diddd ShEanipolE 26) HPTRE jn th wmmmsﬁ) ( °

2. Add the appropriate formulation to the blend created in Step 1. Use the following

formulations and percentages to make the blends for drawdown:
a. For PFA, use Mix A of Table 8B below. Multiply the amount created in

Step 1 by 2/3.
b. For FEP, use Mix B of Table 8B below. Multiply the amount creaied in

Step 1 by 0.70.

3 Blend the mix gently to avoid air bubbles.

4, Using a pipet, apply a small amount to an aluminum degreased panel.

5. Draw the coating down the panel in a smooth 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 pancl 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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F(22 recure) F(23 recure) F(24) F(24 recure) F(25) F(25 recure) F(26)
F(27) F(28) F(29) F(Control 32) F(33) F(34) F(35) F(36) F(37) F(38)
F(39) F(40) F(41) F(42) F(43) F(44) PCT/ US2009/ 058444 WD 2010/ 036935
F(45) 1 93 F(Control 46) 2.44 F(47) 1.52 F(48) 1.85 F(49) 1.96 F(50)
1.82 F(51) 1.77 F(52) 1.69 F(53) 1.81 F(54) 1.95 F(55) 1.66 F(56)

1.77 F(57) 2.02 F(58) 2.03 F(59) 2.05 F(60) 1.74 F(61) 1.78 F(62)

1.57 F(63) 2PhfihAs  1.97 F(65) 1.41 [0225] CoatingPFUERIY 6T 46) is
equivalent to coating F(33) in that it enploys the same HPTFE- based base
coat and md coat, includes HPTFE in its topcoat, and was coated onto the
sane bl eached gl ass fabric substrate, hence the light transm ssion test is
directly conparabl e—te—egatiao FEaT, fch 1S aghlksend of HRTFE/ PFA/ LPTFE.
As can be seen fro AP%T&:BZh %Qlléjéﬁfi MW T TNE glgpght trangm ssi on % has
been adj usting for gl Sﬁlei A—eoat g WeT gitloy coat T ng |F(33) transmits
31% nore light than *A.SE. Feont+o—46y—Furtiiernor e, coating F(33)
is not only translucent but was also found to be sem transparent t? t he
extent t ha}h}%‘gﬁm""as ROSSiB! & o Risslonramatdmyes: BAY thetzasnsrmat ¥dis &AP'S hr ough
it. 102261F cast fromthe fornul ation, of ihG@htk Yontact

t r anspar entot ey indivaisethaidh ¢ F@H“gﬁefsﬁ%ldg?( f(m\(}m%lef g‘ét?c%})tgi%iregségﬁ]_at tgeﬁe films
can be | am faLechclBuhy W 1010 bl bstic.afish ntintatd eont gy RgBfRAET EHES
transparency of these filnms is indicatiyv f i O f i @gnspBter Math the

cont ai ni ngnd rsfEncdn 48#@%?%%&’1{9“&%9‘?8‘5‘t‘6§1%§f1$‘°? g‘e?ﬁg‘gtt%f gltgarﬁe reh v sj,bl e

| i ggt 3 52_pr}{%&gé&ﬂ@fbggg%@M&Q@Qbﬁﬁﬁ@ﬁtﬁ@Zﬂ}ﬁ%Mﬁé%égdflf‘ssflf’ﬁ m casti ng
used herei'’n 1's described, bel ow. but s , icQhsisdekesk dndbt i ng, as
one of or diamabey issRmEVhat Jifippt tSFIF‘SWtT Wgr%é%(l)%gitd%&e)@?lhat anygfi | m ca ?'3 g

met hod woul,dbe, Bouah litds Sotiadiinesf s fRBLB}FS mmMe petedreidP e d ¢ ﬂ gws:

| . Make a liduid blend of MPF, LPTFEfglggggogﬂQﬂ'ﬁﬁagg%g Hfated @8th tigCtoti@d! IFGE).

which is light in color, versus a sample ©

[0230] These samples were placed in front of a small Hght source (Fig. 57) and

photographed. It is clear from a comparison of Figs 55 and 56 that the image quality is

considerably better and brighter for F(33) versus the control F(46). Fig 57 shows the naked light

source by way of reference.

Table 8B

{ight transmission test; results of

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

Transmission %
Coating | Reading - -
Coating# | e o | LUX Adjusted ) o atized
' for relative
Actual . versus
CG?tmg Control
weighis
F(33) 408 3.35 83% 3% 131%
F(Control 46) & <yg 244 61% 63% 100%
2110/5377
Example 7

il wicking test
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- 2.Add the appropriate fornmulation to the bl end éreate in .

LEL\I o formul ati ons and percentages to nake the bl endsdfijp i :\R/dlo{/m"usz tggr
2/3, gse M x A of Table 8B below. Miultiply the amount created in Step | by
2/3. b. For PEP, use Mx B of Table 8B below. Miltiply the amunt created
in Step 1 by 0.70. 3.Blend the mx gently to avoid air bubbles. 4.Using a
pipet, apply a snall ampunt to an al um num degreased panel . Dréw ihe °
coating dowméwgmp@@@g in a smooth nmotion using a 3 m | PREUSHAYHSHEr d
applicator. 6. Flash the panel for approximately 5-10 m nutes at 93C
(200F). 7. Move the panel to 204C (400F) and flash an additional 3-5
m nutes. 8. Cure the panel for 10 mnutes at 399C (750F). 9. Carefully peel

of f fllmf cured, panel . n's eunaX
al yeol /0 WEB) Gt 1ot B 8 S et L. 85

Aromat i c lg@&mdﬁilt o8 a(}ameimop@wreEFf 160°¢; @&0°F). Thydistagoe i he 01{5““ 9?25 V" Car bowax

EOIS%et hyle o Su ’n%g %laé RLAY Q! el QN of ROLsR@hedd Wed was mtlli&E’s.eﬂQmm)Sur fynol 440

[0232] The oil was replenished every 24 hours to avoid gelling.
[0233] The results are set forth in Table 9 below:
Table 9

0il wicking test

Height in mm
F(CONTROL E(33)
20)

No of Hours

16 11 2
24 12 2
96 16 3
168 16 5
216 18 6

[0234] Table © 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. Tt is belicved 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 belicved that this reduction in permeability 1s 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
10235] 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 & distance of 25mm. An

average reading of 3 measurements are quoted, and the units of measurement are Ibs/f.
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' 53 BDDBO 5835935V
Mor phol i ne

PCCUS2009/ 058444 WD 2010/ 036935 10% FC-4430 in DI W

ASE60 [0229]In the case of the dasscloth coated sanple F(33)

the transparency of this sanple not only indicates that the coating is
essentially void free but that there is also intinmate contact between the

coating and the fibers of the fabric.
reflections and refraction as |ight passes through the material,

mat eri al

IS LI QNFHAG

&7t .

Such intimte contact avoi ds internal

hence t he

Wth the proviso that the abiliPCFUSYIUELEr n

i mges and read prlnted text through the coated glasscloth sanples is

sonewhat difficult to illustrate well

in black and white prints,

Fi gs 55

and 56 respectively show this conparison of a glasscloth test sanple coated

with the coating of F(33) 1 S Tabighb vétBycol or, versus
glassclotﬁaﬁﬁgt haslﬁr‘ﬁt%%gggggiil “the control F(46).
were placed in front of a small light source (Fig. 57) and phot ographed.

a sanpl e of

[ 0230] These sanpl es

It

is clear froma conparison of Figs S55pamdp6 that the inmage quality is

consi derably better and brighter for F(33) versus the control

F(46). Fig 57

shows the naked |ight source by vay ence. Table 8B Light
transm ssion test; resttts of F(3J  UTmadoubOoNnt Aindée Rakaist €d for coating
wei ght Coating # Coati ﬁ?gaﬂg# Reaqt ek ap-UX Tr angip) ssion % Act ual
Adj usted for relative t % A wei Qs Nornallzeqzyﬁrsus Control F(33) 498
3. 35 83% 83% 131% F( CoREP Bl 246y 37S 577518 2 44 H51% 63% 100% Exanple 7
Gl wckinE test 54 yol 5 WE—20161 q4§§5PCT/u54U09/058444
[0231] An oi | wi cki nglX{ékt was per f6\2 ¥etreg—a—piege of substrate
in groundnut oil at pF@enperaturel of 160C (320F)~ The—di-stafice that the oi
travell ed up the web; BB) substrat e was neasured | The unit—of{nmeasurenents
used was millimeters|gmy) . [0232] Thed oil was reptehi shed every 24 hours to
avoid gelling. [0233 3¢ results pre set forth i a- Table 9 helow Table 9
Ol wcking test No Emtnurs Herght. in nun F(COONTROL 20) F(33) 16 11 2 24
12 2 96 16 3 168 16 ﬁﬂf16 186 0234] Tabl e 9 shows the heilght that the
oil has wicked up the @uatcd gidb:blO[h pirece ap_a function|of tine. It can
be readily seen that Fisd coating ig$uylug aHPf ggLHlkt/Pk\ system
coating F(33) was cowE@mprnhly ppfe—f-eststant—tp V$' rgresy and wi cki ng
along the fabric fibeFe0 1t is bel?8%ed that Subh Frprovenert is due to a
much nore intimte cohitiart bet weenSfhe coating ahdthe glasscloth in the
case of the F(33) coar(iayg versus th&control F(?hﬁl Furthernore, it is also
believed that this redugjion in permeability islfurther facillitated by the
essentially void free QQ§H£@ﬁof the present coati-ng systens,| as di scussed
inthe light transm s [y rest of |[Exanpl e 6 aboye. Exanple 8

F(14) recure - o

F(16) - =

F(Control 17) 2.44 1.4

F(Control 18) 432 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 - -

E(22) 5.09 471

F(22) recure - -

F(23) 45 4.85

F(23) recure 4.97 391

F(24) 5.84 4.04

F(24) recure - '

F(25) 7.64 6.02

F(25) recure - =

BDDROI 5835935v1
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Adhesi on test [0235] Adhesion tests were conducted under the foll ow ng
conditions: (1) the test was conpleted on a LI oyd LRX Tensontter; (2)
Sanmpl es 25mm wi de, 200mmin |length are prepared by sealing 2 strips of
fabric with PFA film (tenperature 375C, 25 seconds). [0236] The test is
conducted at a speed of 100mmm n for a distance of 25nm An average
readi ng of 3 neasurenents are quoted, and the units of neasurenent are

| bs/f. 55 %gﬁg&@@@QSSPCT/U82009/058444 [ 0237] The redGIUg208YE84%ét forth
in Table 10 below Table 10 Adhesion test Coating # |Instantaneous Force
(1101) Kinetic Force (IN) F(Control A) 4.32 2.29 F(Control B) 5.93 4.77
F(1) 6.24 4.32 F(2) F(3) F(4) 5.73 6.21 F(5) -- F(6) F(7)

F(8) F(9) '5.88 5.00 F(10) 3084278 F(I 1) 46568 6.43 F(12) 2,99 3. 41
F(13) -- -- F(13) regegre F34 % =—=——F(14) GURE -- - F 15) 3.03 1.59
F(16) -- F(Controll M) 2.44 1. 4" econtrot—18) 4322729 F( Control 19)
5.93 4.77 F(Control |A83$)5 67 -
F(29) - -
F(30) - -
F(31) 5.48 3.67
E(Control 32) 9.09 397
F(33) 4,68 4.09
F(34) 5.25 312
F(35) 5.37 3.75
F(36) 4.1% 5.14
F(37) 577 492
F(38) 5.21 5.29
F(39) 521 5.29
F(40) 4.16 3.83
F(41) 4.68 3.46
F(42) 4.63 3.19
F(43) 5.06 3.65
P(44) 4.74 3.61
F(45) 421 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 3935
F(53) 4.66 4.15
F(54) 6.22 523
F(53) 4.81 4.62
F(56) 364 3.65
E(57) 3.08 2.87
F(58) 5.01 4.82
F(59) 4.97 4.69
F(60) 6.07 579
F(61) 4.26 3235
F(62) 5.49 5.5
F(63) 4.46 3.88
F(64) 4.48 432
F(65) 5.09 423
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5.12 F(21) 6.36 5.66 F(21) recure -- F(22) 5.09 4.71 F -
F(23) 4.5 4.85 F(23) recure 4.97 3.91 FE24§ 5.84 4.04 F(éif)réﬁﬁ?ée .
E(25) 7.64 6.02 F(25) recure 56 F(26) 5.18 4 25 F(27) 4.69 2.92
Fggg) e F(29) -- F(30)  F(31) b5.48 3.67 F(Control 32) 9.09 3.97
) 4.68 4.09 F(34) 5.25 5.12 F(35) 5.37 3.75 F(36) 4.78 5.14 F(37)
5.77.4, 92 F(38) 5.21 5.29 F(39) 5.21 5.29 F(40) 4.16 3.83 F(41) 4. 68
.46 F(42)  4y83d0sbs PCT/US2009/058444

[0238] The results in Table 10 show that the adhesion properties of the control topcoals
are either maintained or show a slight improvement in the present coating cornpositions when
applied to flexible glass substrates, indicating that the addition of the coating compositions does

not interfere with the adhesion of the coating to the substrate.

Example 9
Statistical analysis of the use of LPTFE micropowders as the

LPTYFE component in HPTFE/MPF/LPTFE Blends

[0239] Two LPTFE micropowders were examined as the LPTFE components of the
HPTFE/MPE/LPTEFE topcoats, and were these were compared with their dispersion LPTFE
equivalents. The results are shown in Table 11 below. Examination of Table 11 reveals that the
blends made using the micropowders TF9207 (topcoat F(44)) and UF8TA ( topcoat F(45)) as
denoted by "HPTFE+HPTFE+HPTFE, PFA, MicroP" behave similarly to topcoats that include
LPTFE obtained via emulsion polymerization and without being subj ected 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/MPE/LPTFE
topcoats.

[0241] Tt should be noted that, for the Taber wear tesﬂTaber wear index (TWI) daia,

lower values equate to superior performance.

Table 11
Test Coating System Type  (Basecoat + Midcoat + Table | Coating F# Number
Topcoal)

Iitial HPTEE + HPTFE + HPTFE, PFA, LPTFE, (recurodh 38.40,41,42,43 10
ARIK‘;I‘%’: HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1
Coating | HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2

SYSem  I"pTEE + HPTFE + HPTFE, PFA, MicroP 14,45 2 [
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F(43) 5.06 3.65 F(44) 4.74 3.61 F(45) 4 21 3.37 F(Cbntrol 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 5.5 F(63) 4.46 3.88 F(64)
4.48 4.32 F(65) 5.09 4.23 57 WD 2010/ 036935PCT/ US2009/ 058444 [ 0238] The
results in Tabhe,d@:@fow that the adhesion properties ofrdimeseonistsol
topcoats are EIt% mai nt ai ned or show a slight inprovenent in the present
coating conpositlons when applied to flexible glass substrates, indicating
that the addition of the coating conpositions does not interfere with the
adhesi on of—the-—ecogtin the—substrate—Exangpte | tijcal” afiakys] s of
the use of S AT DEpt, MR AL PO caloare

Bl ends [ 02
of the HPTFE MPH LRT Eﬂ{mmmatﬂvnandAwEPefﬂﬁe<e wer e3tonpar e

di spersi on| LPTFE eduivalents. ar e [showns.$,13.i1Tabl e
Exami nati oh _drteap)|dP1HE HR/EET § épfﬁ P%ﬁt Pt”ﬁi’)l endsremaes. i LAY 3

TF9207 (t opCab,uh{ 44rrrande EBES TATHE RpeoRt  F(45) ) agsdenot ed
" HPTFE+HPTFEHGREFE, jfﬁlfﬁJrMﬁEQBPTF@,eﬁﬁVt@mSF mlarly taes4topcoat

LPTFE obt ajned vi a |effsT off ol yIer T zatTon and Wl GogTiseiing
aggl omer at i, | Err '

i ncl ude LP1 ‘ . iadilto ]
pure HPTFE p«maﬂ: SHPt[rEﬂBBTHHoI\’/EeVPetht he HPTFE#HFfT FE+HP

M croP topc¢oats wide ﬁhﬁw@tm@ﬁk@tbt@bﬁa&mnmﬁel st ance3shen co
HPTFE/ MPF/ L RildeETVO pcoat-s, —andHhernce_m gonsi dep,ed3i nt e

per f or mance BEyien P WT?EHE’BF&CIEQ'(’%TSM HR TEENPEALPTER
[0241] It sho m% nated: ihat - nbore, t he Taber Veas, BllestTader

(TW) data, A ES T EAUELSrhR, SUPaRkor Perfor mapee.

,.

, MicroP 4445 2

HPTFE + HPTFE + HPTFE,
Taber Wear | HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7
Index (TWI i 789.13.13 0
2((:)00)_ by | HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38.40,41, 42,43
t 2 )
s;:t:ff HPTFE -+ HFTFE + HPTFE, PFA, FEP, LPTFE, 39 1

HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2

HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7

Taber Wear | HPTFE + HPTFE + HPTFE, PFA, MicroP 44,45 2
Tndex (TWI 7.8.9.13,13 0
3000)by | HPTFE + HPTFE + HPTEE, PFA, LPTFE, (recured),38,40,41,42,43
Coating

HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1
HUPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29

System

HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39

Normealized | HPTFE + HPTFE + HPTEE, FEP, LPTFE, 28,29 2
abrasion 7,8,9,13,13 10
testing by | HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38.40,41,42,43
Coatin, "
Sysm;g HPTFE + BPTFE + HPTFE, PFA, MicroP 44,45 2

A, B,12,17,18,19,46

28,29

Cookie HPTFE + HPTFE + HPTFE, FEP, LPTFE,
release test | HPTFE + HPTEE + HPTFE, PFA, MicroP 44,45 2
by Coating 7,8.9,13 ol
Systemn HPTFE + BPTFE + HPTFE, PFA, LPTFE, (recured).38.40,41,42,43
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Table 11 58 WO 2010/ 036935 PCT/ US2009/ 058444  HPTFE + || PTFE + HPTFE
A 13,12, 17,18, 19, 46 7 3857 || PTFE + HPTEE + HPTFE, PFA, PEP, LPTFE
39 1 27000 Anbient |IPTEE + || PTEE + HPTFE, PFA LPTFE, 7,8, 9 13,13 ’
(recured), 38, 40, 41, 42, 43 10 20700 RAT at 10% by Coating HPTFE + HPTFE +
HPTFE, FE?, LPTFE, 28,29 2 20000 System HPTFE + HPTFE + HPTFE, PFA, M croP
44,45 2 1 500 + HPTFE + || PTFE, A, 8,12,17,18,19,646 7 8285.7 " Taber
Wear | ndex (I,ggé%ggggﬁby Coati ng System EI VI TE + HPTEE #CIiUPHBHE)SS4HA

M croP 44, 45 "00 "HPTFE + HPTEE + HPTFE, PFA, PEP, LPTEE, 39 1 24 00
HPTFE + 11PTFE + || PTFE, PFA, LPTFE, 7,8,9, 13,13 (recured), 38, 40, 41, 42, 43
10 23.26 HPTFE + | I PTFE + HPTFE, A 11,12 17,18, 19, 46 7 20.86 HPTFE L

Coat i ng Systen1HPT'EyﬁﬁmﬁWE&“*@TB%cp oA EoRTp MRl beed (TW] 2690) by
HPTEE + HPTFE + HPTFE, PFA, FhP LPTTB, 39 1

28,29

HPTFE + HPTFE + HPTFE, FEP, LPTFE,

Pizza HPTEE + HPTEE + HPTFE, PFA, FEP, LPTFE, 39 1
release test . , . - 7,8,9,13,13

by Coating HPTFE + IIPTFE + HPTFE, PFA, LPTFE, (recured),38,40,4l,42,43 10

System HPTEE + HPTFE + HPTFE, PFA, MicroP 44,45 2

HPTFE + HPTFE + HPTFE, A, B,12,17,18,19.46

hick HPTFE + OPTFE + HPTFE, PFA, LPTFE, 7.8,9,13,38, 43
CKCH
relense fest | IPTEE + HPTFE + HPTFE, PFA, MicroP 44,45
b}’S Coating | HPTFE + HYTFE + HPTFE, A, B,12,17,18,19,46
steimn
Y HPTFE + HPTFE + HPTFE, FEP, LPTFE 28,29

]| o

44,45
7,8,9,13,13

HPTFE + HPTEE + HPTFE, PFA, Microl

ES{;‘;E;’ffﬁ HPTEE + HPTFE + HPTFE, PFA, LPTFE, (recnrod) 38,40,41,42,43 10
by Coating | NPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,20 2
System | [JpTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7
HPTEE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1

HPTEE + HPTYE + HPTEE, A, B,12,17,18,19,46

Surface | YPTFE + HPTFE + HPTFE, PFA, MicroP 44,45 2
Roughness, 7,8,9,13,13
Ra (microns) | HPTFE + HPTFE + HPTFE, PFA, LPTEE, (recurcc{) 38 4041 42.43 10
by Coating ‘ —
System HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2

UPTEE + HPTFE + HPTFE, PFA, FEP, LPTFE 39 1

HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 :
HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2L

P 7,8,9,13,13

Coating ] : . : ;0,213 :

Systern HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42,43 10 |:
HPTFE + EPTFE + HPTFE, PFA, MicroP 44 45 2

HPTFE + HPTEE + HPTFE, A, B,12,17,18,19,4

Example 10
Comparison of LPTFE/HPTFE/MPFE coating compositions with

HPTFE/MPF and HPTFE/LPTFE coating compositions
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44,45 2 30,90 HPTFE + HPTFE + HPTFE, A 8,12, 17,18, 19, 4

|| PTFE + HPTFE, WA, LPTFE, 7,8, 9,13, 13 (recured):38:40:4$ 222234§0 EPgEE '
HPTEE + 11 PTFE + HPTFE, PEA, PEP, LPTFE, 39 70& HPTFE + HPTEE + HPTFE
FE?, LPTFE, 28,29 2 15.25 Taber Vear Index (TW 3000) by Coating
System | i PTFE + EI PTFE + HPTFE, A, 13, 12,17,18,19,46 7 29.81 HPTFE +
|1 PTEE + || PTEE, PEA, M croP 44 45 2 25 65 HPTFE + |1 PTFE + HPI TE, PFA
LPTFE, 7,8, 9,13 ,k30dh@CUT €d) , 38, 40, 41, 42,43 10 24.32 | [RTREMBIFE +

HPTEE, PFA 'LPTFE, 39 1 6 o0 HPTFE + HPTFE + HPTFE, PEP, LPTFE, 28,29
2 14 65 Normal i zed abrasion testing by Coating System || PTFE + HPTFE +
|| PTFE, PFA, PEP, LPTFE, 39 0.71 HPTFE + HPTEE + || PTFE, PEP, LPTFE
28,29 2 || PTFE + HPTFE + HPTFE, PFA, LPTFE, 7,8, 9, 13, 13 ’ ’

(recured), 38,40, 41,42,43 10 0.66 HPTFE + |1 PTFE + HPTFE
2 0, 3 HRIEB]+ HPTREompirsBTEropsties of vorpmpgiengopgats of the ty\i/a\é HP%E[I\?IJ% 44,45

and TIPTEE/LPTEE with those of the three component topcoats of HPTFE/MPF/LPTFE is
shown in Table 12 below. For the HPTFE/MPF topcoats the most significant weakness for these
materials versus the HPTFE/MPE/LPTFE topcoats was in greatly reduced abrasion performance
particularly in RAT testing, where these materials perform even worse than pure HPTFE
topcoats. The HPTFE/LPTFE topcoats have even worse overall abrasion resistance than the
HPTFE/MPF topcoats and in most other aspects are generally inferior to the
HPTFE/MPF/LPTFE topcoats. When all the data for all the tests are normalized, the ranking
shown in the last section of Table 12 is obtained (on a 0-1 scale), where it is clearly seen that the
HPTFE/MPE/LPTEE topcoats are superior overall fo those of the other types.

[0243] « Normalized” 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 An gle)] /
[Maximum (Contact Angle) - Minimum (Contact Angle]}

Equation 2: Normalized Adhesion Calculation

Mean {[Instantaneous Force- Minimum (Instantaneous Force)] /
[Maximum (Instantaneous Force) - Minimum (Instantaneous Force)l,

[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 (TW1 1000) - Minimum (TW1 1000)],

61
BDDBOL 5835935v!



7 0.50 Cooki e rel ease test by. Coating System HPTFE + HPTFE'%

PEP, LPTFE, 28,29 2 5.00 |IIPTFE + |>l| PTFE +gl I >|;TEE, PFA, M croP 44, 4EP-2|-FE’
50 HPTFE + | I PTFE + HPTFE, PFA, LPTFE, 7,8,9,13 (recured), 38, 40, 41,42,43 9
3.67 59 WD 2010/ 036935 PCT/ US2009/ 058444  HPTFE + HPTFE + HPTFE, A,
8,12,17,18,19,46 7 3 57 |IPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE 139 12 00
HPTFE + HPTFE + || PTFE, FEP, LPTFE, 28,29 2 5.00 Pizza HPTFE + HPTFE +

| | PTFE, PFA, W&RedRIEE 39 rel ease test by Coating | [PRTRE200%0BHPTFE +

| | PTFE, PFA, LPTFE, 7,8,9,13,13 (recured), 38, 40, 41, 42,43 10 5.00 System

|| PTFE + HPTFE + HPTFE, PFA, McroP 44,45 2 5.00 RPTFE + IIPTFE + | | PTFE
A 8,12,17,18,19,46 7 4.29 Chi cken rel ease | est by Coating System ,

| 1 PTFE + HPTFE +, HPTE Ayool-PARE: 9,13, 3 -
AU (TW L2000 1206089, 13, 38,43 6 430: HPTFE + || PTFE
+ HPTFE, PEA, Ivf’a&??ug 115 2000) - Minimum (TWI 2000)],

11

[Maximum (TWI 3000) - (TWT3000)] /
[Maximum (TWI 3000) - Minimum (TW13000)]}

Equation 4: Normalized Release Calculation

Mean {[Egg Release - Minimum (Egg Release] /
[Maximum (Egg Release) - Minimum (Egg Release)],

[Release Cookie - Minimum (Release Cookie)]/
[Maximum (Release Cookic ) - Minimum (Release Cookie)],

[Release Pizza- Minimum (Release Pizza)] /
[Maximum (Relcase Pizza } - Minimum (Release Pizza)],

[Release Chicken - Minimum (Release Chicken)] /
[Maximum (Release Chicken ) - Minimum (Releasc Chicken)]}

Eguation 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
minimur 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, ifa
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, €.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  (Basecoat + Midcoat + Table § Coating F# Number |

Test Topcoat)

Initial
Ambient | HPTFE + HPTFE + HPTEE, PFA, LPTFE,

(recured),38,40,41,42,43 10} 120060
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2 4 50 HPTFE + HPTFE + HPTFE, A, 8,12,17,18,19,46 7 2 9

| | PTFE + HPTFE + HPTFE, FEP, LPTFE, Nor mal i zed gssteﬁ?ﬁé$Fé f’ﬂgTFE
+ HPTFE, PFA, McroP 44,45 2 0.90 HPTFE + HPTFEI | PTFE, PFA, LPTFE
7,8,9,13,13 (recured), 38, 40, 41, 42,43 10 0.80 Release test by Coat i ng

|| PTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2 079 HPTFE + HPTFE + HPTFE, A
B,12,17,18,19,46 7 0: |IPTFE + |IPTFE + || PTFE, PFA, FBI', LPTFE, 39 050
Surface Ra (RiGs@feksPTFE + HPITE + || PTFE, A, B, 12, 17 PCQ/USONGS44 1 57
| I PTFE + HPTFE + HPTFE, PFA, McroP 44,45 2 02 Roughness, HPTFE + HPTFE +
HPTFE, PFA, LPTFE, 7,8, 9,13, 13 (recured), 38, 40, 41, 42,43 10 0.82 by Coating
System |IPTFE + HPTFE + || PTFE, FBI', LPTFE, 28,29 2 0 74 HPTFE + HPTFE +

HPTRE, PR& Ié’iﬁgg’ IPTNL T HPTRE + IIPTED, PRA, FEP, LPTEE, 39 1 '_ 1000
System | HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2
HPTFE + HPTFE + HPTFE, FEP, 48 ]
HPTFE + HPTFE + HPTFE, LPTFE, 32 1

HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7
47

HPTFE + HPTEE + HPTFE, PFA, FEP, LPTFE, 39
7,8,9,13,13
. HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recurcd),38,40,41,42,43 10
Ambient
RATat | HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2
0
(ljgfhgz {IPTFE - HPTFE + HPTFE, LPTFL, 32 1
System | HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7
HPTEE + HPTFE + HPTFE, FEP, 48 1
HPTEE + IPTFE + HPT 47 1

HPTFE + HPTFE + HPTFE, LPTFE, 32 1

Taber HPTFE + HPTEE + HPTFE, PFA, 47 1
a
Wear Index | HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1]
(TWI 7.89,13,13 ,
1000) by { HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42,43 10
(Sloatmg {PTFE + HPTFE + HPTEE, A, B,12,17,18,19,46 7
ystem

HPTFE + HPTFE + IIPTEE, FEP, 48 1
HPTEE + HPTFE + HPTFE, FEP, LPTFE, 28,29

HPYEE + HPTFE + HPTFE, LPTFE, 32 1 35.00
HPTEE + HPTFE + HPTFE, A, B,12,17,18,19,46 7 27.43
Taber
Wear Ind 7,8,9,13,13
(W?I @ | LPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42,43 0 2435
2000y by | HPTFE + IIPTFE + HPTFE, PFA, 47 1 19.00
Coating | 1rorpr + HPTFR + HPTEE, FEP, 48 ! 18.00
System
HPTFE + HPTFE + HPTFE, PFA, FEP, LPTFE, 39 1 17.00
HPTFE + HPTFE + HPTFE, FEP, LPTFE 28,29 2 15.25

Taber | HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46
Wear [ndex 5
(Twi | HPTFE + HPTEE + HPTFE, LPTET, 3 1
3000) by 7.8,9,13,13
Coating | HPTEE + HPTFE + HPTFE, PFA, LPTFE, {recured),38,40,41,42,43 10
System  { [{PTFE + HPTFE + HPTFE, FEP, 48 1
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Q@ oss by Coating System HPTFE + HPTFE + HPTFE, PEA, FBI),

HPTFE + HPTFE + || PTFE, FEP, LPTFE, 28,29 2 49. 88

LPTFE, 39 54 40

| | PTFE + || PTFE +

| | PTFE, PEA, LPTFE, 7,8,9, 13,13 (recured), 38, 40, 41, 42,43 10 40.73 HPTFE +

HPTFE + HPTFE, PEA, McroP 44,45 2 34.95 HPTFE + HPTFE + || PTFE, A

B, 12,17,18,19,46 7 26.41 Exanple 10 Conparison of LPTFE/ HPTFE/ MPF coati ng
conpositions with HPTFE/ MPF and HPTFE/ LPTFE coati ng conpositions

60 WO
2010/ 036935PCJ LUngRRe4s058444 [0242] A conpari son of pr opardivEsseehsstao

conponent topcoats of the type HPTFE/ MPF and HPTFE/ LPTFE with those of the
t hree conponent topcoats of HPTFE/ MPF/LPTFE is shown in Table 12 bel ow. For

t he HPTFE/ MPF t opcoats the nost significant weakness for these materials
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Test Coating.System Type (Basecoat + M dcoat + Topcoat) Tabl e 1 [
Nurmber Mean Initial Ambient  7,8,9,13,13 Frecuz ed), 38 40C2?t |4294g#
HPTFE + HPTFE + HPTFE, PEA, LPTFE, 10 62 WO
2010/ 036935PCT/ US2009/ 058444 RAT by |-1PTFE + || PTFE + || PTFE, PEA, PEP
LPTFE, 39 1 0000 Coating System HI PTFE + HPTFE + HPTFE, PEP, LPTFE, 28,29 2
8000 HPTFE + HPTFE + HPTFE, FEP, 48 4000 HPTFE + HPTFE + HPTFE, LPTFE,
32 WO 2016/036935 PCT/US2609/058444

7,8,9,13,13

HPTFE + HPTFE + HPTFE, PFA, LPTYE, (recured),38,40,41,42,43 10
. HPTFE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2
Normalized

Release | HPTFE + HPTFE + HPTFE, FEP, 48 1

testby | ypTRE + HPTEE + HPTFR, PFA, 47 1
Coating

System | HPTFE + HPTFE + HPTFE, LPTFE, 32 1

HPTFE + HPTFE + BPTFE, PFA, FEP, LPTFE, 39 1

[IPTFE + HPTFE + HPTFE A, B,12,17,18,19,46 7

TIPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7
HPTFE + HPTFE + HPTEE, FEP, 48 1
Swrface
Roughness, | HPTEE + HPTFE + YIPTFE, EPTFE, 32 1
[Ra HPTFE + HPTFE + HPTFE, PFA, 47 1
(microns)
by Coating 7,8,9,13,13
System HPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42,43 10
HPTEE + HPTFE + HPTFE, FEP, LPTFE, 28,29 2

HPTEE + HP HPTFE, PFA, FEP, LPTFE 39

HPTFE + HPTEE + HPTFE, PFA, FEP, LPTFE, 39
HPTFE + HPTFE + HPTFE, FEP, LPTFE, 2829 2

. >

Glossby | HPTEE+ HPTFE * HPTEE, LYTEE, A
Coating | HPTFE + HPTFE + HPTFE, PFA, 47 .
Syslem

HPTFE + HPTFE + HPTEE, FEP, 48 1
7,8.9,13,13
WPTFE + HPTFE + HPTFE, PFA, LPTFE, (recured),38,40,41,42,43 10
HPTFE + HPTFE + HPTFR A, B,12,17,18,19,46

HPTFE + HPTFE + HPTEE, PFA, FEP, LPTFE, 39 1] 0833207

) HOPTFE + HPTFE + HPTFE, FEP, LPTFE, 2829 2 | 0.782477

Nermalized [7pTEE + HPTFE + HPTFE, LPTFE, 32 T 0734279

Pf;‘;g?‘i’;s HOPTEE + HPTEE + HPTEE, PFA, 47 11 0.72806

by Coating | PELFE* HPTFE + APTFE, FEP, 43 1] 0.715351
Syslem 7,8,9,13,13

HPTFE + HPTFE + HPTFE, PFA, LPTEE, (recured),38,40,41,42,43 10| 0.68109

0.435492

HPTFE + HPT¥E + HPTFE, A, B,12,17,18,19

HPTFE + HPTFE + HPTFE, FEP, LPTFE, 2%, 0.707215

7,8.9,13,13
Normalized | HPTFE + HPTEE + HPTFE, PFA, LPTFE, (recured),38,40,41,42,43 10} 0703204
oll data by | IPIVE + HPTFL + HPTFE, FEP, 48 1] 065974
Coating | HPTFE + HPTFL + HPTFE, PFA, 47 1| 0.649057
System | HPTFE + HPTFE + HPTEE, PFA, FEP, LPTFE, 39 1| 0647848
HPTFE + HPTYE + HPTFE, LPTFE, 32 1| 0.544165
HPTFE + HPTFE + HPTFE, A, B,12,17,18,19,46 7| 0436777
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1 4000 IIPTFE + HPTFE + LIPTFE, A, B, 12,17,18,19,46 7 3857 1 +
HPTFE + HPTFE, PFA, 47 1 3000 Ambi ent RAT at 10% by Coati 'ngpgjst‘em

| | PTFE + || PTFEI | PTFE, PFA, FEP, LPTFE, 39 27000 HPTFE + HPTFE + HPTFE
PFA, LPTFE, 7,8,9,13, 13 (recured), 38, 40, 41, 42, 43 10 20700 HPTFE + HPTFE +
HPTFE, PEP, LPTFE, 28,29 2 20000 |IIPTFEI + |II1PTFE + HPTFE, LPTFE, 32
10000 HPTFE + HPTFE + HPTFE, A, B, 12,17,18,19,46 7 7 HPTFE + || PTFE +

| 1| PTFE, PEP, ($:0k0/8889 HPTFE + | I PTFE + |11 PT E, PFA, #£71AusBo0ps+44 32 1 53
Taber Wear |Index (TW 1000) by Coating System HPTFE + HPTFE + HPTFE, LPTFE,

HPTFE + HPTFE + HPTFE, PFA, 47 24 39 | | PTFE + HPTFE +
) ) HPTFE, PEA,
PEP, LPTFE, HPTFE + HPTFE + HPTFE, PEA, LPTFE, 7, 8,9, 13,13
(recured), 38, 40, 41, 42, 43 10 23. 26 o
Example 11
Contour plots
" [0245] Figs. 1-18 are contour plots of the measured characteristics, including RAT and

TWI abrasion tests (Examples 3 and 4), cooking release tests (Example 5), and the roughness,
contact angle and gloss tests (Example 2) plotted against PFA and LPTFE content for the
topcoats in the Examples that include PFA.

(0246} Figs. 19-36 are contour plots of the measured characteristics, including RAT and
TWI abrasion tests (Examples 3 and 4), cooking release tests (Example 5), and the roughness,
contact angle and gloss tests (Example 2) plotted against FEP and LPTFE content for the
topcoats in the Examples that include FEP.

[0247] Figs. 37-54 are contour plots of the measured characteristics, including RAT and
TW]I abrasion tests (Examples 3 and 4), cooking release tests {(Example 5), and the roughness,
contact angle and gloss tests (Example 2) plotted against MPF and LPTFE content for the
topcoats in the Examples that include PFA, MFA and FEP (MPF).

[0248] In Figs. 15, 33, and 51, the results of the abrasion tests of Examples 3 and 4 ar¢
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 HPTF E+HPTFE+HPTFE,PFA LPTFE system. Particularly good
propetties arc obtained when [PFA] is in the range 2-25 wt.% and [LPTFE] is in the range 2-14
Wwt.% i.e. the ratio of PEA:LPTFE is in the range 12.5:1 to 1:7. Superior overall properties being
obtained in the region where [PFA] = 4-18 wi.% and [LPTFE} = 1-7 wt.%. This is also
confirmed in the data of Fig 54 which inctudes 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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|| PTFE + HPTFE + HPTFE, A, 13,12, 17,18,19,46 7 .I|-1PTFE + HPTFE +

PEP, 48 1 18,00 HPTFE + HPTI/EHPTFE, PEP, LPTFE, 28,29 2 16.55 IIP¥ZEér
Wear I ndex (TW 2000) by Coating System HPTFE + HPTFE + HPTFE, LPTFE, 32 1
35.00 EIPTFE + || PTFE + EIPTFE A, B, 12,17, 18,19, 46 7 27.43 ElPTFE + HPTFE
+ HPTFE, PEA, LPTFE, 7,8,09,13,13 (recured), 38, 40, 41, 42,43 10 24.35 HPTFE +
HPTFE + |i PTFE, PFA, 47 1 19.00 |IPTFE, + |IPTFE + HPTFE, PEP, 48 18.00
39 1 17.00 HR3FERowsRTFE + HPTFE, PFA, PEP, LPTFE, POIPTEEIASHHPTEE +
HPTFE, PEP, LPTFE, 28,29 2 15.25 Taber Wear Index (TW 3000) by
Coating System HPTFE + HPTFE + |-1PTFE, A B, 12,17, 18,19, 46 7 29 81 HPTFE
+ |1 PTFE, + HPTFE, LPTFE, 32 1 29.00 HPTFE + LIPTFE + || PTFE, PFA, LPTFE,

7,8, 9,13, 1§, 4 eeur eg) o 38nidRiot br A2, #ABwtith BtheIdmdlRiTHE of aBATHEdaa HRTFE, PEP
apparent that enhanced properties for the HPTFE, MPF, LPTFE topcoat can be obtained over a
range of compositions and in particular with [LPTFE] ranging from 2-15 wt.% and [MPF]
ranging from 2-30 wt.% or higher. Also a further region where {LPTFE] ranges from 15-90
wt.% or higher and [MPF] can range from 15-85 wt.% or higher shows enhanced properties
compared to unbiended HPTFE or LPTFE or MPF.

[0251) In general, as can be seen from an examination of Figs 1-34, blends of these three
types of polymers (HPTFE, LPTFE and MPF) exhibit enhanced properties over a broad range of
composition and optimum formulations will depend on the precise nature of the duty required of
these blends.

[0252] For example, more detailed examination of the abrasion test data indicate that the
best RAT performance is found for samples with [MPF] or [PFA] or [FEP] in the range 2-6 wt.%
and [LPTFE] 4-8 wt.% however Taber wear testing yields a slightly different optimum range
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} Tt 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 propertics 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.
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48 1 19.00 63 WD 2010/ 036935PCT/ US2009/ 058444 HPITE + |1 PTFE + El PTFE
PFA, 47 1800 39 16.00 |IPTFE + HPTFE + || PTFE, PEA, PEP, LPTFE,

28,29 2 465 || PTFE + EI PTFE + 1l PTFE, FEP, LPTFE, HPTFE + HPTFE +
HPTFE, PFA, PEP, LPTFE, 39 0.71 HPTFE + HPTFE + HPTFE, PEP, LPTFE, 28,29 2
0.67 HPTFE + |i PTFE + HPTFE, PEA, LPTFE, 7,8,9,13, 13

(reeured), 38, 40, 41, 42, 43 10 HPTFE + HPFEEMS HPTFE, PEP, 48 4 HPTFE +
HPTFE + || PTFE, PFA, 47 0.50 HPTFE + HPTFE + FIFTH, A, B, 12,17, 18,19, 46 7
0.50 HPTFE + HPTFEHPTFE, LPTFE, 32 0.38 HPTFE + HPTFE + HPTFE, PEP, LPTFE,
28,29 2 5.00 1l | PEfuoropBRintercoitfdsRioREBmpt&ing. 00 HP' r FE + HPTFE + HPTFE,
LPTFE, 32 1 4.00 HPTFE + || PTEE + HPTFE PEA 47 400 HPTRE + LETEE +
FI PTFE, PFA, LPTFEL lgass aner Bigh molacalyr, waiehy. npiytsgaﬂgog)eéhﬁ?nw(H?EEEl in

FI PTFE 4, BRI or 44 a&ﬂq’eojc% d]i;pejrgx’o?lgandd%a%ég 2 humber average molecular weight (Mx)

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 said composition;

at least one low molecular weight polytetrafluoroethylene (LPTFE) in the
form of an aqueous dispersion and having a first melt temperature (Tm) of 335°C or
less and present in an amount of between 1 wt.% and 98 wt.% based on the total solids
weight of all fluoropolymers in said composition; and

at least one melt-processible fluoropolymer (MPF} in the form of an
aqueous dispersion and selected from the group consisting of perfluoroalkoxy (PFA),
fluorinated ethylene propylene (FEP), ethylfluoroalkoxy (EFA) and methylfluoroalkoxy
(MFA) and present in an amount of between 1 wt.% and 98 wt.% based on the total

solids weight of all fluoropolymers in said composition.

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, 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) in the
form of an aqueous dispersion and having a number average molecular weight (Mn) 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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| | PTFE + HPTFE + EI PTFE, PEA, PEP, LPTFE, 39 2.00 HPTFE + HPTFE +
HPTFE, PEP, 48 5.00 HPTFE + || PTFE + HPTFE, FEP, LPTFE, 28,29 2 5,00 HPTFE
+ HPTFE + HPTFE, LPTFE, 32 1 5.00 ||PTFE + HPTFE + HPTFE, PEA, 47 oo HPTFE
+ || PTFE + HPTFE, PEA, PEP, LPTFE, 39 1 5.00 ||PTFE + HPTFE + HPTFE, PEA,

CTTE 8 8% 5 el Sl R BT T
+ HPTFE.+ HPJEE, . . - -
I g B T 1 [ o O

B, 12, 178, k% #8edn paRiFE stze lIPTREmterbid fEmPEPlesk;RTRE, 28,29 2 2. 50 64
WO 2010/ 036935PCTI US2009/ 058444 HPTFE + HPTFE + HPTFE, PEA, LPTFE,

7,8,9,13, 13 (recunedyatsom mat-ppocessible flugoopalpmee (MEPTIEthe fprprof PEP,

LPTFE, azlgﬁgogusz d?s'p7e?sioNI? rsrg?zlecit%g’ dfrgr%l %ﬁes egryﬁg Fchn-'éis@{:r)lEF%f +pe'?'ﬁlgl%all?c§)or’ (14@3.),1 72
fluorinated ethylene propylene (FEP), ethylfluoroalkoxy (EFA) and methylfluoroalkoxy
(MFA).

5. The composition of claim 4, wherein said at least one fluoropolymer base
component is present in an amount of between 75 wt.% and 96 wt.%, and said blended
fluoropolymer composition is present in an amount of between 4 wt.% and 25 wt.%

based on the total solids weight of all fluoropolymers in said composition.

6. The composition of claim 4 or claim 5, 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.

7. The composition of any one of claims 4 to 6, wherein said at least one melt-
processible fluoropolymer (MPF) comprises perfluoroalkoxy (PFA), said fluoropolymer base
component is present in an amount of between 90 wt.% and 95 wt.% and said blended
fluoropolymer composition is present in an amount of between 5 wt.% and 10 wt.% based on

the total solids weight of all fluoropolymers in said coating composition.

8. The composition of any one of claims 4 to 7, 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.

9. The composition of any one of claims 4 to 8, wherein said at least one melt-

processible fluoropolymer comprises perfluoroalkoxy (PFA) present in an amount between
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test by HPTFE + | I PTFE + HPTFE, PFA, 47 1 72 Coating System HPTFE + |1 PTFE
+ HPTFE, LPTFE, 32 HPTFE + HPTFE + HPTFE, PEA, PEP, LPTFE, 39 WhO0:
| PTFE + HPTFE, A, B, 12,17,18,19,46 7 47 HPTFE + | | PTFE + HPTFE, A,
B, 12,17,18,19,46 7 Surface Roughness Ra (mcrons) by Coating System

|1 PTFEI

48 0.84 HPTFE + HPTFE + HPTFE, P

0..84
LPTFE,
HPTFE,

030 HPTFE + HPTFE + HPTFE, PFA, PEP, LPTFE, 39 54.40 d oss by Coating

System

P,.. .IIPTFE * HPTFEI|PTEE, | PTFE, 32 1
B and it g (otalal i Wsigl OF SPARIEOTORQEYRES 1 A PIERTER

wred) . 38, 40, 41, 42,43 10 0.82 HPTFE + FIPTILE +
ﬁE&?gﬁéﬁEéﬁoé@ségsg 034 HPTFE + LIPTFE + HPTFE, PFA, PEP, LPTFE, 39

HPTFE + HPTFE + HPTFE, PEP, %PTFE, i ,
10. The composition of any one of claims 4 to 9, 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, for example in an
amount between 50 wt.% and 75 wt.% based on the total solids weight of said

fluoropolymers in said blended fluoropolymer composition.

11.  The composition of any one of claims 4 to 10, 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.

12. The composition of any one of claims 4 to 11, wherein said low molecular
weight polytetrafluorocethylene (LPTFE) has a first melt temperature (Tw) selected from
the group consisting of 3320 C or less, 330° C or less, 329° C or less, 328¢ C or less, 327°

C or less, 3269 C or less, and 325¢ C or less.

13.  The composition of any one of claims 4 to 12, wherein said low molecular
weight polytetrafluoroethylene (LPTFE) is obtained via emulsion polymerization

without being subjected to agglomeration, thermal degradation, or irradiation.

14.  The composition of any one of claims 4 to 13, wherein said at least one
high molecular weight polytetrafluoroethylene (HPTFE]} includes a modifying co-
monomer in an amount less than 1 wt.% based on the weight of said high molecular
weight polytetrafluoroethylene (HPTFE).

15. A method of coating a flexible substrate, comprising the steps of:

providing a flexible substrate;

coating on the flexible substrate a composition comprising:
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28,29 2 49.8% HPTFEHPTFE + |1 PTFE, LPTFE, 32 1 4640 FIPTFE + |i PTFE +

El PTFE, PFA, 47 1 45, O HPTFE + HPTFE + HPTFE, PEP, 48 1 44,50 HPTFE +
HPTFE + 1l PTFE, PEA, LPTFE, 7, 8,9, 13,13 (recured), 38, 40, 41, 42,43 10 HPTFE
+ HPTFE + HPTFE, A, B, 12,17,18,19,46 7 26.41 Nor nal i zed Surface

Properths by Coating System HPTEE + HPTE HPTFE,, PFA, PEP, . LPTEE, , 3
0.833207 HPTFE + HPTER124 ,15@@"@%@%@@%@?9@“@“&%@3‘7‘7"&%&%@%

HPTFE +_ || PTEE, . L
b 7250aM 0oL weiplChplytérdnbndasiohe (HPIITE) haWin fmblEl dperafEfholddular
HPTFE, WE#ht (MEFES af7le3s05030006 aptemesat)in3s 40odht 42bdEvebd 0 682609nd MBPTFE
+ I I PTFE + HPTFE, A, B, 12,17, 18, 19, 46 0.435492 Normal.ized all data

by Coat Whip bgsedan thepotatsoliggyeight ofpiritporopety meysipthe sgmpgsitiop; 707215

an aqueous dispersion of at least one low molecular weight

polytetrafluoroethylene (LPTFE} having a number average molecular weight (Mn} 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 composition; and

an aqueous dispersion of at least one melt-processible
fluoropolymer selected from the group consisting of perfluoroalkoxy (PFA), fluorinated
ethylene propylene (FEP), and methylfluoroalkoxy (MFA) and present in an amount of
between 1 wt.% and 30 wt.% based on the total weight of all fluoropolymers in the
composition; and

curing the composition to form a coating.

16. The method of claim 15, 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.

17. The method of claim 15 or claim 16, 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 flucropolymer.

18. The method of any one of claims 15 to 17, wherein said coating has one or
more properties selected from the group consisting of:
a surface roughness (Ra) of less than 1.5 microns; and

a measured gloss of at least 30% reflectance at 60°.
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|i PTFE + LI PTFE, + |i PTFE, PEA, LPTFE, 7,8,9, 13,13 (recured), 38,40, 41, 42, 43
10 0.703294 |IPTFE + |IPTFE + FIFTH, PEP, 48 1 0.65974 FIPTFE + |I|PTDE +
HPTFE, PEA, 47 1 0.649057 HPTFE + HPTFE + || PTFE, PEA, PEP, LPTILE, 39
0.647848 HPTFE + HPTFE + HPTFE, LPTFE, 32 1 0.544165 HPTFE + HPTFE +
HPTFE, A, B, 12,17,18,19,46 7 0.436777. .65 MO 2010/ 036935PCT/ US20091058444
Example 11 &nto Flle srethed of g9y one; g Llaiqs lo E’rﬁgc"ﬁfﬁ?rﬁm S"’Hfigr{%eaé OPﬁi”g%
nmeasur e et ' j [ ; (Fxemées 3
and 4),9§%0 fﬁg&ggﬁggg Fg??gbﬁgﬁgﬂﬁﬁﬁfg??ggzgg? esfiug ﬁggfé%gontact angl e
and gl ofs aheghsur{tEheasmhen 2) waloothaadd agaiins weREhA afskid FEE molerelat Wweight he
topcoats in the Exanples that include PFA. [0246]Figs. 19-36 are contour

pl ot s oPolyrratusardylenetHdiFEYi stics, including RAT and TW abrasion tests
(Exanmpl es 3 and 4), cooking release tests (Exanple 5), and the roughness,
contact angle and gloss tests (Exanple 2) plotted agai nst FEP and LPTFE
content for phe taftsdile substrive doweepivieh thhabmpwsitimeoRER. o d@ddimsgh .2
37-54 are contour plots of the measured characteristics, including RAT and
TW abra’d dhofldsts (Exanpl es 3 and 4), cooking rel ease tests (Exanple 5),
and the roughness, contact angle and gl oss tests (Exanple 2) plotted

agai nst MPF and LPTFE content for the topcoats in the Exanples that include
PFA, MFA and2EEP @ANRkible s0B48dterokicgishy the m&Bodafidnp bne bheaimesb419. of t he
abrasion tests of Exanples 3 and 4 are normalized. In Figs. 16, 34, and 52,
the results of the cooking release tests of Exanple 5 are noiinalized. In
Figs. 17, 35, and 53, the results of the surface property tests (Contact
Angl e d oss and Roughness) of Exanple 2 are naunalizcd. In Figs. 18, 36,
and 54, the results of the abrasion tests of Exanples 3 and 4, the cooking
rel ease tests of Exanple 5, and the roughness, contact angle and gl oss
tests of Exanple 2 are nornalized. [0249] From an exam nation of Fig. 18 it
can be seen that optinmal properties overall are generally obtained for the
HPTFE+HPTFE+HPTFE, PFA, LPTFE system Particul arly good properties are
obt ai ned when [PFA] is in the range 2-25 wt. % and [LPTFE] is in the range
2-14 wt.%i.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
w.%and [LPTFEL = 1-7 wt.% This is also confirned in the data of Fig 54
whi ch includes all FEP and PFA exanpl es exam ned. From an exam nation of
Fig. 36 it can be seen that optinmal properties overall are generally
obt ai ned for the HPTFE+HPTFE+HPTFE, FEP, LPTFE system when [FEP] is in the
range 1-6 w.% and [LPTFE] is in the range 3-7 wt.% 66 WO

2010/ 036935P0O US2009/ 058444 [ 0250] By exam nation of Fig. 54 which is the
normal i zed plot of all of the data it is apparent that enhanced properties
for the HPTFE, MPF, LPTFE topcoat can be obtai ned over a range of
conpositions and in particular with [LPTFE] ranging from 2-15 wt. % and

[ MPF] ranging from2-30 wt.% or higher. Also a further region where [LPTFE]
ranges from 15-90 wt. % or higher and [ MPF] can range from 15-85 wt. % or

hi gher shows enhanced properties conpared to unbl ended HPTFE or LPTFE or
MPF. [0251]1n general, as can be seen froman exam nation of Figs 1-54,

bl ends of these three types of polynmers (HPTFE, LPTFE and MPF) exhi bit
enhanced properties over a broad range of conposition and optinum

formul ations will depend on the precise nature of the duty required of

t hese bl ends. [0252] For exanple, nore detailed exam nation of the abrasion
test data indicate that the best RAT performance is found for sanples with
[ MPF] or [PEA] or [FEP] in the range 2-6 w. % and [LPTFE] 4-8 wt. % however
Taber wear testing yields a slightly different optimumrange where [ MPF] or
[ PEA] or [FEP] is 5-30 w.%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 systemw || determ ne which fornulation m ght be expected to
performbest. [0253]1t will be clear to those skilled in the art that the
preci se formul ati on nost suitable to the duty for which the blend is being
utilized can be determ ned by consideration of the regions of optinal
properties shown in Figs 1-54. [0254] Wiile this invention has been

descri bed as having a preferred design, the present invention can be
further nodified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations, uses, or
adapt ati ons of the invention using its7%eneral principles. Further, this
application is intended to cover such departures fromthe present

di scl osure as cone within known or customary practice in the art to which
this invention pertains and which fall within the limts of the appended



11. The conposition of any one of clains 4 to 10, wherein said | ow

nol ecul ar wei ght pol ytetrafl uoroet hyl ene (LPTFE) has a nean particle size
selected fromthe group consisting of 0.9 mcrons (un) or less, 0.75
mcrons (um or less, 0.5 mcrons (um or less, 0.4 mcrons (um or |ess,
0.3 mcrons (um or less, and 0.2 mcrons (um or |ess. 12. The
conposition of any one of clains 4 to 11, wherein said | ow nol ecul ar wei ght
pol ytetrafl uoroet hyl ene (LPTFE) has a first nelt tenperature (T.) selected
fromthe group consisting of 332 C or less, 330 C or less, 329 C or |ess,
328 C or less, 327 Cor less, 326C or less, and 325C or |ess. 13. The
conposition of any one of clains 4 to 12, wherein said | ow nol ecul ar wei ght
pol ytetrafl uoroet hyl ene (LPTFE) is obtained via enul sion polynerization

wi t hout bei su I _or

irradiati onnégz W@%ﬁ%%oﬁ%ﬁs@ﬁ{%%ﬁ@*lﬁ%%ﬁe % ﬁﬁgm At 0 13,

wher ei mendtients sebsrsdd om thieghoup tewistang ofgicghtorpobyyleiny bt Q?E)‘éEhyI ene

éﬁfﬁ?@ﬁ%‘éﬁéﬁqy@é@%%@% g @{}nﬁgﬁr T(@E}EY?}S‘B%TR@? Paéf Srt)gtaﬂylle\rllvte % based

(HPTFE). 15. A nmethod of coating a flexible substrate, conprising the steps
of: providing a flexible substrate; coating on the flexible substrate a
conposi ti on ZonprTisd cupting composition of claim 22, avhexginesaid miidéfyinggioon of at

| east one fl uor clu nmol ecul ar wei ght
pol yt et'PARPIET &é{)@ﬁé‘y‘gﬂ@%ﬁﬁ?ﬁ%ﬂﬁa{gkgg)a nunber average nol ecul ar wei ght
(WMn) of at |east 500,000 and present in an anmount of between 70 wt. % and 98

wt . % based on the total solids weight of all fluoropolyners in the
conposi tion;24. The method of claimah3, azmm‘gussadd gp)@hfy;r(groomoapmegassselej:rﬁ@d | ow

I I i ght | yt et rafl th PT
ol cculfBmyiBe SRt SR e o6 RSP b, DBt Y £6 B B o°
bet weenypl k), %ﬁ@ﬁ&ﬂ%grd@ghy%lﬁﬁgﬁgr@g\tf@p total weight of all quoropoI yners

in the conposSition; an aqueous di spersion of at |east
one nelt-pr oce55| bl e fI uor opol yner selected fromthe group consisting of

perfl uor oaI 'EIL:A | nat t hyl ene. pr L ene (FEP d

met hyl f | uor kox %}I‘—% l%?’e%gﬁfeh{?r% rh??‘%%ogln n(%cab&]t ﬁeéfr?rig]vw % and 30
w . % a}ﬁgu(gaplbbgq\,IQQQher\@pvm of all fluoropolyners in the conposition;
and curing the conposition to forma coating. 16. The net hod of

claim 15, wherein said at |east one | ow nol ecul ar wei ght

pol ytetrafl uoroet hyl ene (LPTFE) is present in an anmount of between 5 wt. %
and 15 wt.% and said at | east one nelt-processible fluoropolymer present
in an anount of between 5 w.% and 15 wt.% based on the total weight of

all fluoropolyners in said coating. 17. The method of claim 15 or
claim 16, wherein said at | east one neltprocessible fluoropolynmer conprises
per fl uoroal koxy (PFA) present in an amount between 37 w.% and 65 wt.%
based on the conbined total solids weight of said at |east one | ow

nol ecul ar wei ght pol ytetrafl uoroet hyl ene (LPTFE) and said at | east one

nmel t processi bl e fl uoropol yner. 18. The method of any one of clains
15 to 17, wherein said coating has one or nore properties selected fromthe
group consisting of: a surface roughness (Ra) of less than 1.5 mcrons; and
a neasured gloss of at |east 30% reflectance at 600. 19. The net hod
of any one of clainms 15 to 18, wherein said at | east one high nol ecul ar

wei ght pol ytetrafl uoroet hyl ene (HPTFE) includes a nodifying co-nononer in
an anount less than 1 wt.% based on the wei ght of said high nol ecul ar

wei ght pol ytetrafl uoroet hyl ene (HPTFE). 20. A flexible substrate
coated with the conposition of any one of clainms 1, 2 and 4 to 14. 21. A

fl exi bl e substrate coated by the nethod of any one of clains 15-19.

22. The coating conposition of claim 14, wherein said nodifying co-nononer
is selected fromthe group consisting of perfluoropropylvinylether (PPVE)
per fl uor onet hyl vi nyl ether (PWE), and perfl uoroethyl vinyl et her (PEVE).

23. The coating conposition of claim?22, wherein said nodifying co-nonomer

i s perfluoropropylvinylether (PPVE). 24. The nethod of claim 19,
wherein said nodifying co-nonormer is éRected fromthe group consisting of
per f 1 uor opropyl vi nyl et her (PPVE), perfluoronethylvinylether (PWE), and

per f 1 uoroet hyl vi nyl et her (PEVE). 25. The nethod of claim 24, wherein
sai d nodi fying co-nononer is perfluoropropyl vinylether (PPVE).



