WO 2009/ 146277PCT/ US2009/ 044516 BLENDED FLUOROPOLYMER COMPCSI TlI ONS Cr oss
reference to related applications [0001] This application clainms the benefit
under Titwe 28®/14627%. C. 119(e) of U.S. Provisional Patentchastioatisoan Seri al
No. 61/057,597, entitled BLENDED FLUOROPOLYMER COVPCSI TIONS, filed on May
30, 2008; U.S. Provisional Patent Application Serial No. 61/100, 311,
entitled BLENDED FLUOROPOLYMER COWVPCOSI TIONS, filed on Septenber 26, 2008;
U.S. Provisional Pa | i [ j , entitled BLENDED
FLUORCOPOLYMER COMP i’rﬁ%ﬁéﬁ #ﬁ@h‘%@%@?ﬁ%@oﬁgd U.S. Provisional
Pat ent Application Serial No. 6 1/145,875, entitled BLENDED FLUOROPOLYMER
COWCOSI TIONS, filed on January 20, 2009, the disclosures of each are
expressly incorporated byCresaeferenec tomnckatad dpplicdtions entirety. BACKGROUND OF
THE | NVENTI ON [ 000211. Field of the Invention. [0003] The present invention
rel at fl uorgpol yrers and. in partic g T l.e
quori@%ﬁ@ner cg%%H%%@E%%QIWEgF563@%%§%W%3?&g§ﬁ§$g%%?%g?gggﬁgﬁfges.

[ 0004 P2osisailiFatdn0A pplicdiiog SREha® & 145t7,597 0&RIEFIBIANIPEDTRIGROPOLIYOMBRChai n
polymers conprising mainly ethylenic linear repeating units in which sone

or al ICQYIPOSETIONG . dYehon 02 @0%; &5P dreuisignehPateni syripHeatiom&siidl ¥8- i ncl ude
pol yt et l.yar i t uor
D0yt SIS AN AR TR RO DL B i O TIONS 8 b Vol

pol y( Qel 2008t Ei.$.| RrovieiehdlyHaeme ApahichtipalS¢iei Nyl 61V 145433 edntit[c@BIFNADEDr opol yner s
arc a em nert of all I rs re. characterized
by anmgﬁ’giﬂ@éf@ﬁpﬁﬁ&% g e%@a%af ﬁ%@é@;@d@ﬁ%@@%@ﬁm ly
low f rA G QR SRHaPRBY 61/885, 874 chd& BRENBRD FLYOROPOLVS{EANd extremes of
tenperature. Accordingly, fluoropolynmers are utilised in a wide variety of
appl i COMEOSITIONG fdbd o dinsinartle 2000, dlxt disttesueepifrcacinemtes picssinevegwaatyd
Current agﬁ%ic tionst'ncl d% the formati on of tubing and packing materials
wi t hi 7Y EHERRES PSR S onduct or equi prent, autonotive parts and
structural cladding. WO 2009/ 010740 di scl oses a nmethod for the
preparation of a nodified fluoro oI%nermﬁpmdered material. A suspension of
solid fluoropol yner partBAGKﬁRﬁgﬂi AF WHEANMENHAN j cl es i n an aqueous
carrier is frozen and the frozen carrier is thus anoved by sublimation at
sub- at heri c ;pressy a dry powder of nodified

quoero .rner]part?gégg?ﬁwﬁﬁagﬁﬁéi2007/061915 di scl oses the m xi ng

t oget H80030f aqudduepreiestpevaitionsclafes noflusrepdlyiks\wgdhbingaRidukar athtes to

mel t -fabricahl e perfluoropolyner,. foll owed by recovery of the resultant

m xt urbienged 3H%roai>1§5@r SRPYRHQnS a@@gdmp@géﬁ, Yherghbs &' gIfver s, and nel t

m Xi ngoej4)t he rg§ultqﬂ%mﬁhﬁhqﬁqh@ﬁdgéayhgles to obtain a blend in which the
PTFE particles formthe disperse phase and the perfitioropolynmer forns the
cont i H0@N phas&luoropolymvy® apOlobgI8ingiobaha's esmpyiviay alindy phyldeic lowapr i si ng
friabl e granul.es of, . | oner at i mar articles of non-tibrillatable

{1 uor SRy PAEN A higherGna et tad hyEResh B bHERsFeapanBhRTI e Hilier
havi ngn@uRubdiyte@amidryctRfle@d (PTEES pelPebrohORGLvidPIbtRUGVATS), Radioi fhyBerl ze Oof 5
to 100 microneters. A sprayabl e powder conpr|5|ngwfr|able ranul’es of

aggl omeeratend (BEP haesfluozr elikexe@Fd¥), poly(chlprotridnofoctiylank hanghcdy (vinyttuspsdrey nor
and at st one,other, non-fibrillatable.c anent is.also disclosed. This
ocumdMI5L her TRy RSNk Pt B ny FRIRPIR et & B PRYBTEWer by
spray cHinttefgzal by fhhithsail $EENt&iceNo acids, basddand 08164nkS 0B, Idive ahesARy Sow

dielectric conposition for formng a dielectric |ayer usable in circuitized
subst rHgtEnakonciaiss mrBavedhy Pilityrte vathstand gxtrgrpes gfgamperpiare ohgsesdinglyn

i ncl ugy I - - i ' i WO
2000/ 1 18R BT R g e B R e o R Bt R st

i nventenoinorpmats descdskandEdrehtuppipalopsarchcienpofirinhtnsof thbingned patkadt ment , a
liquid dispersjion of a fjrst fluoropolynmer is blended with a |iqui

di sperr%art?ﬁfﬁ%’?"lt Inghemif! Pﬂaafér%?am%fst.or W@pmpmsﬁuwaev%ww@rﬂ Wge
polyt%kﬁaﬁ&uoroethylene (PTFE), such as a | ow nol ecul ar wei ght PTFE (LPTFE)
t hat has been pol ynerized via a dispersion or enul sion polynerization
process, and which has not been aggl onerated, irradiated, or thermally
degraded. The LPTFE may be in the form of an aqueous di spersion, having a
mean particle size of less than 1.0 mcrons (gn), with the LPTFE having a
first melt tenperature (Tn) of 332 C dr | ess. The second fl uoropol yner may
be a nelt processible fluoropolynmer (MPF), such as perfl uoronethylvinvyl
ether (MFA), fluorinated ethyl ene propyl ene (FEP), or perfl uoropropylvinvyl
ether (PFA), for exanple, in the formof an aqueous dispersion, and having
a nmean particle size of less than 1.0 mcrons. Blending of the dispersions
facilitates interaction of the LPTFE and MPF on a subm cron level to
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[0026] Figure 7 is a chart of second nelt AH for the MFA phase, taken from
DSC data, v5. concentration of MFA, [0027]Figure 8 is a chart of fusion
tenperature of the LPTFE phase, taken from DSC data, vs. concentration of
MFA; [0028] Figure 9 is a chart of the second nelt point of the LPTFE phase,
taken from DSC data, vs. concentration of MFA, [0029]Figure 10 is a chart
of normalized AHOR00PO$DHHD disclosdse niTgefop tespreparatienoffa wadibet dat a, vs.

concentratj on of MFA; and [ 0030],Fiqure 11 i .chart of no pzed second
ol oA | flpraRde pep ARt it SUirRarp el i IRk ba B LT DeCt
MFA; [ 00314 Jekic ineth I*ﬂ*El?arﬁ@l'éé BSRPRMcb® daXddn! Goen aHdehefibzen QO3]iEi gure 12
is a chart of fusion nelt point for the LPTFE phase, taken from DSC dat a,
vs. conceithanaeinoredy sbtimatioo 383ub-gimosphezicipsessureiiaprodgee 3 eoPRWHERE poi nt
for the LPTZFq%ﬂﬁlse t.aken %E m DSC data, vs. concentration of FEP;

[ 0034] Fi git%! OFOPQIKIE PAHCEY i on el t point for the FEP phase, taken

from DSC dat a, wd.2000/06¢91 5 dikélesesdhe midthd H@ehkrotugueovksiisprrsiorshdr t  of
second nelt point for the FEP phase, taken from DSC data, vs. concentration

of FEP; ‘nwon2udvoflawsdy ?HEE andperiefbreblcperioemprygier.dolgvedbyrecAssy of
nornal i ze Si - ] . i EP;

[ 0037] Fi g(érf ieh%f?a?té‘éémc t‘é‘%ta"lfgl% ‘%‘%‘?%a‘i%zgg o ehch %gtﬁ?&%g)‘tlﬁ?%rﬁgi%d re(%{r; DSC
data, vs. nfiRligedthiateswlnofnifbi ofaatid @43 8bfairgablend & which thhBTFE of fir st
melt point of the FEP phase,  taken Lrom DSC data, vs. ﬁoncentrati on of FEP;
[0039] Fi gwagicles fprn thectispersegthase dnghtheperflugrapRiyMar fomms OIS e, t aken
from DSC %ﬁ\%\% vb. concentration of FEP;, Figures 20-26B correspond to
Exanpl e 3, erein: Figure 20 is a chart of fusion tenperature, taken from
DSC data, vs. OHOEMIS3’Didicldsegsprayable pesvdzr coraptisiog frsabdeogranwhes of poi nt

taken from DSC data, .vs. concentration.Fiqure 22 i.s a chart..of .nor.mali zed
fusi on AH3ggPMeRte Raguc ?Sa‘?é}?nfwaf%% ﬁ'&%?&?”%? SREHAIY Hon of
PFA; [ 0044455 i SihdohthoRethietpotderf hivima Bk fdehsityhsT ak Rist20ph@ses addaken

from DSC data, vs. concentration of PFA10045]Figure 24 is a chart of
nor mal i zedvénagé partigleisizeaf Stthd 00 RiEEMsas eA sprdyableprydrDRmRIsing frighle

concentration.of .PFA; [0046] Fi qgure 25 | chart .of j ond nelt
A for t nE IR BB R g e AT OB RbABEL IR b

[ 0047] Fi guh& aPRéstiosie Bthel hbnLFibfillhtablR cOmpdfdd iLilshdiselsted: ThigldosuaéntPFAI LPTFE
blend filns of Exanple 3; and [0048] Figure 26B is a chart of contact angles
of water dhrthEdiscpssesa prasess for prepaning e spslyeblg poyvdedy) spryidydesy - 34
correspongi to (ﬁxarrrﬁlge 4, wherein: [0050]Figure 27 is a chart of peak

nor mal | zed WKt A1 for various MPF s, taken from DSC data, vs.
concentration afS Miri6/140906 Hjsciogey £didBcirk cdngiosition ddr foaalngraticattiized f usi on
AH for various MPF s, taken from DSC data, vs.. concentra i?_ O{l MPF, WO
2009/ 1462 tpRCwsabbriocurcorizsd sustatss prshpstE By chip carriersgnd the lgﬁ»é € nornal i zed

LPTFE sec : . i ) %ﬁ.{a : , VS.
concentra% ?%R&é\hgﬁ{/@éh}d[l%%@é]\!ﬁ{g‘ﬁérlgugégg?@ntae C art?’rog eaﬁqliz%éhal i zed LPTFE
fusion AH for various MPF's, taken from DSC data, vs. concentration of MPF;
[0054] Figure 31 is a chart of LPTFE second nelt point, taken from DSC dat a,
vs. concentration of MPF; [0055]Figure 32 is a chart of LPTFE fusion
tenperature, taken from DSC data, vs. concentration of MPF, [0056]Fi gure 33
is a chart of second nelt point for the MPF phase, taken from DSC data, vs.
concentration of MPF, and [0057]Figure 34 is a chart of fusion nelt point
for the MPF phase, taken from DSC data, v5. concentration of MPF;

[ 0058] Fi gures 35-37 correspond to Exanple 5, wherein: [0059]Figure 35 is a
DSC trace for the of MFA of Exanple 5; [0060]Figure 36 is a DSC trace for
the of LPTFE of Exanple 5; and [0061]Figure 37 is a DSC trace for the of
MFALLPTFE bl end of Exanple 5;
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[0062] Figures 38 illustrates the clanping arrangenent used in Exanple 6;

[ 0063] Figures 39 and 40 illustrate results of the stain resistance test of
Exanpl e WO[20@84pF7gures 41-47 correspond to Exanpl e 8, Pamarsednn/044516

[0065] Figure 41 is a chart of normalized AU of fusion of PFA vs. PFA
fraction; [0066] Figure 42 is a chart of contact angle vs. PFA fraction;
[0067] Figure 43 is a chart of "Diff CA" vs. PFA fraction; [0068]Figure 44
is a chart of acid resista5gﬁgéghkaggﬁggkﬁﬁég&iﬁgﬁton; [0069] Figure 45 is a
chart of fusion nelt point . orr; [0070]Figure 46 is a
chart of second nelt point of PFA vs. PFA fraction; and [0071] Figure 47 is

a cont{gey7| pl ot %e%@és@nﬁlﬁﬁérﬁﬂ)ﬁf}b@@sflde%tblélﬁleé lﬂlﬂ@fdpﬂﬁfﬂﬁ:@@oﬁﬁoﬁtl&ﬁaflﬁ of¢ acid
hours vs. fraction of PFA; 2] Fi gures 48-54 correspond to Exanple 9,

wher euembopmm@]aiﬂ@md dispgsios 0§a é‘lﬁ%trﬂuompotmmfr blzededawtibg lifudidbpesionrElR vs.

[Fgg’?‘;]r g‘r%tehog{?%l 24%Fg%§[§st+&otcﬁofﬁ%&y i pqi%&%r?f%or?&%ﬂgnev%ﬁg%u%ﬁ getion;
2009/ MGMHQEBMMSQQQBIWT[F@QM R gbuea polyn@izad ehar disgfsiat bdemelsiogt ance
rating vs FEP fraction; [0077] Figure 52 is a chart. of fusion nmelt point of
FEP vPolymppizatign:priogess. "[11910"718]31?41@%?02 5@31 jaglomerpisds ingdliatedcpmfgermally q@&aﬁ? of
rooi stasad 1oy P bel @Rl A RLAN frntids? nEE B pBl e e FALE ha

FEP, [10D8r&ngwheswibGlLETFE Repoga ﬁm nistetopberatde (m)eifeszf‘ C bPR84 ] Figur e 55
is a chart of nornallzed AH of fusion of M-A vs. M-A fraction; [0082]Figure
56 i s sgeappdhuorgelrpritat behgird precessipta fluprapplyaier (MEG331E Bure 57 is a chart

f d
reS|s aﬁg%??ggﬁ#gwggl&k@ﬁﬁ?@&%{%@ﬁﬁﬁ% %ggﬁﬁ gﬁszgg( IS agcﬁarﬁchf fusi on
mel t petfhtorqfropfAnvgl. et]itd%APFA;a,(fbn oampld 61861]@ Foig o Barbiljuesusadispeasion,ahd second

melt point of MFA v fra and 87 e 61 is a.contour plot
of acﬁ]avmgargtaa@é&@%%%@ lgtﬁp% ﬁ@aglélamén genétvaé‘]f @rdlémrﬁ%t%@

fract i;oRrefiodeFhe [ PAEE] a%H%Ple §n @%u@rﬁlc?(ﬁf I8RO @af\i:lﬁtgte EX@nRt ®1chdin Vgﬂ@ﬁ fah
[0089] Figure 62 is a chart of usion 1 vs. fraction; gQO]Flgure 63

is a oztta:ntthe)blendﬁdtfhmtotmhgh@ qomposllﬁAnﬁs droadi, @nrysaihstrt[cmﬁele}piﬁayunmg sfues a

chart FA. act 2] The exe ifi set

hor &1 1Py 55@?#@@50108%%% e Pine TG eRRe ST Teber bR SRR RSRF P B 1 ons

ar e nehditdubeeRelyHed. ae bichiidd Morb eORMYsitioAand eettsteu@cm foR Y

manner. DETAI LED DESCRI PTI ON 0093]Th@ﬁg?esenﬂﬂfnventpg% prOV|%es bl ended

f1 uor @p@tqamvlngdm@teﬁllmmgﬂnqa ilgnetasmrststare tabragion reistancgi ypeqtbnesp af a

flrst I L, is blended with a liquid dispersion of a second
oroﬁ%%chR&h¥ﬁ§’ irst fluoropolymer may be pol ytetrafl uoroethyl ene

( PTFE)[00(m1|c h asIa oh@%rﬂilhét@df e meghmvaﬁﬁﬁ frbHIER) bichddd fhasofutaner

pol ymeri zed via a_dispersion or enul sion ynerj zation process and whi ch

has ndéispesian. Hshidepaytetraflyqroeibylgped THE %@weg ditstyneleigrpgedre the) APTFE nay
be inhbenf I of
ass CharC e 6 s b SoRE PRl G ToP A O R PRLE B BEER 70 e
(Tm ofiic@sR Guay of lesss and h enchtgrosedsible thioagpol e r(MAL) ib thedorme bt a figuidessi bl e
fluoropol yner (MPF), such as WD 2009/ 146277PCT/ US2009/ 044516

perf | @@ﬁp@ﬁﬁtﬂtﬁﬂmﬁw\tﬁw ha@tnlg@rm@m@rﬂclt bigepf thU@GfOélﬁ prﬁ@eﬁﬁr opyl ene (FEP), or
perfl r opyl |nv for exanp orm of an .aqueous
di spe:i (fbi and\i A&V ngg(a&}nnlénalft? Fta%ﬂlls‘tr%e ?ﬂq (Igggtﬁlélﬁ SR8 "M cragrets

Bl endinfin phartidhesigh SAEY iidss {Lak) dﬂ 16t @95 nilEhagtn Por 164s, 0. lsemleBBE@ra)tér MPF on
a submcron level to facilitate intinate bl endi ng such that, when the
bIendé@mt0$0n0pn$ynn)mﬁoﬂpaéunmnmm(gmMOIbasoaoénywﬁm$(gmbqtk&£endafhm

repre ting a tr allqy, af the fluaropolypers, is fo avi

Chor actd eBPrauit b bR ol o Ko TROC O SRS IS CrtoPata G ont Jrd s.
The bligpdgd Flsuerppakymer conposition nay be used to provide a coating
havi ng i npr oved i mperneability, stain resistance, abrasion resistance,
snoot HﬂQelsiH and Ihjoghembedintcat theam@ﬁetsaﬂl{ommhb]lq’l‘rfe(Pﬁ FE% éisperpion n@l@lﬂamed via
quoro ner itio r. cur fo

i ncl ude “tlm%n %‘H DEhZtion W“hggtobel%?ﬁ Rant1'§ aﬁﬁl‘?ﬁ‘%fat as@e%grasgm% cI)lmornant ly
MPF phase. [0095]As shomn in the Exanpl es belom/ bIended quoroponner
conpositions made in accordance with the present invention provide inproved
barrier properties, as denonstrated by the ability of filns cast fromthese
conpositions, made from bl ends havi ng conponent ratios corresponding to
maxi ma in the fusion or re-nelt enthal pies of the predom nately MPF phase
as neasured by DSC, to protect al um num panels from hydrochloric acid
attack as conpared to conpositions that do not correspond to maxima in the
fu5|on or re- nelt enthalples [0096]As also shomn |n the Exanples bel ow,
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[ 00106] The nunber average nol ecul ar weight (M) of the LPTFE wll typically
be I ess than 500,000 and, in nost enbodi nents, may be as | ow as 10, 000 or
great er, W0,200046277gr eat er, or 25,000 or greater, or napChaSa@olouLne as

200, 000 or |ess, 100,000 or less, or 70,000 or |less, 60,000 or |less, or
50,000 or less, for exanple. WO 2009/146277PCT/ US2009/ 044516 [00107] The
LPTFE wi Il have a first nelt tenperature (T",), as determ ned by a suitable

nmet hod such as differential annj.n | orj netr DSC), that, is either
Doun Tty Bad ine Ak b an T BTG S ivE oY ot bt ¢aR oy
terrperpgl}mﬁgt@dfglt)rdeng,léﬂg'(ﬁﬁ]éymsﬁ@sigﬁ‘t her equal to or |less than 330C, either

equal to or less than 329C, either equal to or less than 328C, either equal
to or [0@Hd t han Is27gthasicmbedinagtidhe meltgrodesslye flnaropaleCr (MiPFistdher equal to

or |less than,325C 01081The LRPTEE. may be provided in e for a
aqueouygr%%%aél?y oK' &ﬁ%ﬂr fijf%or%é‘.af SNSRI a‘sm?flmE ﬁ?%?ﬁe@@{@&% i zed.
As usedldagrse pilomunst abi lized" or "mnimally stabilized" refers to an

aqueous dispersion that includes less than 1.0 w.% of a traditional
surf ad®@®,  sucHhagndlorropessible uprepedymat (MPF)anasabg prifleoreniopabimm ctheased on

the wepghS ,0f ot 08, IE T AQHEAYR, I SREL Shaty: 7Sk £EPQRL N sprkBe LPTFE
di spersiofi may eppryow ed n the Tormof an agueous di spersion having | ess
t han Toftewt of9%0swit; Yoac HA R, %, as&l drhtha tétaBsohitls &6 e PTEEt ad tPFA. eQthet Bamarg Wt . %
surfactant, or even | ess than g 5 % %surfactant. [001091The LPTFE will
typi cépwéﬁegzh;wﬁé;g& ?ﬁnéqngaf P?;;v; d;ge@%%ﬁ méiagi{EFﬁmqiﬁeqﬁe kaw;/;gz .63f

Wevelt,o i ; PHA MRyt " 0
nodi fsl)l&th/g’ %18 m)nglﬁgr , pgjrllﬂgvﬁi glﬁ case the PTFE }%eggaéhg@? o%rltlgﬁ%m ian t he
art aPFAnouitdnt 004 PFEE tood3 Wt.Yeand anBIHE caderPDFET wt Bk enpl et %@ baseHenrtindi f yi ng

co- nononer .i.ncl.ud rfl opropyl vi nyl.et her (PPVE), ot nodi fi er.s, such
S oS oSG 8 Rt P e i S abt o b e Ot oF'55 S
per f | yargksby Webhl eNpTEREREEnt JF400HY8 o BE Wt loh Magl dvihY kdixl BliResSthe SUCh as
per fl uor onet h%\nn nyl enter (PWE) or perfluoroethylvinylehter (PEVE). The

modi f Wk and-Hrgnofrdnrthdrickemplancedmosiwnpndudasts 3i wit- ‘P Fanandrt 7 weksLR 0.1%

by wei 4 T Of anpl w th respect to PTFE. [0Q1101Sui tabl PTFE
i spet@Bhs'  noiaeraper BRI s A oE b il st
61003¢MRAB, afddxRinpla$ cv@bbsiBonsiassd TN A avdichtadtl36 witonmd DOReVE and hPTEE
fl uoropol yners have characteristics set forth in Table 1 below Table 1

Char ac¢Paienief 10svigho ta e wyi|arkaseden thsitetalgodids aethg Rl FE{ﬂn@tl\léEAaﬂthﬁfr oet hyl eﬂes
LPTF i t~dFLr st i ght
e ¢ 1 SremplbCeohdsfonb B RGN Mitthe SHU BELRR 7L 7 B PR kb 481 O

(O V20003 1462 baRdonUb2 004/s04ddSdBhe PTFERMERIFA L Fpeher coeplr?5 10, 000 -
20,000 0.19 < 1.0 V. nstabiljzed) typically between 324 5 and 326 TE3877N
60 0 .Cgm@%ltl%#%vs ﬁil\él_gxmt.ea@f %ngffﬁfﬁé"tL/Pfﬁ‘ga gil§ persicahe! eyt Béd

above,y (Wi 1Re PG LRGN G 88 HRPUFRUR INIBRETSHIIANRhENEEm [afy 9&5&65&%5“ aa
controll ed dispersion or enulsion polynerization process to produce

di r ecthlaye pdKAreontzeadf KB TER- tda wit.$o mot a PREE earfitterof SObjte6 ted7 to.%, based on

aggl oneration, ther e tion, or irradiation,.will b pregci d by
o Tt b §P i) TaE R Pl PR L& s PG i itimingtids o Ah BT o s
that apg3gsmerereiEl y avail able. [001121First, the present LPTFE

di spersions are distinct from PTFE that | SH]%r oduced by the pol ynerization

proced@0Md| | knde migit preecsaible BupregpauruMy) mus beRsoraiatqsoltyyierd prapyless

whi ch i PTEE known i n.the art ranul PTEE r&esi n,,or. gr ar PTFE
ol i A PR AR oo Dby Bl 1%, A BB BT PO AR KoY 80 10
wei ghtcontShiCdr 18Sw 0N ITH evt. Y MRKaDeh 1R t&elofids weihg MTFEMnH FHP. adthbe@&mplary

1,000,000 or. nore and a first nelt te%eraoture TO greater than the 332C,
t ypi c&Pmposiiens yve atfdP qomant sB3owt. Gy ot wit"opm e FIEE ¢pntant of b whP4 tp G5r ovi ded
in soli.d f [ j ' R i.ze of
severa ﬁ"l%?%gﬁ t%e?%@cgﬁﬁéﬂf{rhg% ?EE %dgcfl 0 mecr g%@%{&&?g&?ﬁé&;&%&%g may
al so FREPpronwindef3awt.Vi toes Sout Yoraad iarPS Hiasanngnt af een Yp@rdsi el.%, si ZEERPto@éntt o 40

m cron pm., f ex | e. 01131Addi tignal |y, resent LPTF

i spererBRe Yaie el TS FFBReodRRiol ABruare e ye ey 4 piepeh ed
from hi gh nol ecul ar wei ght granul ar PTFE resins that have been degraded by
irradiation or thermal degradation to formlow nol ecul ar wei ght naterials
known as granul ar PTFE ni cropowders, which typically have a particle size
rangi ng between 2 and 20 mcrons (j..in). Exanples of granular PTFE

m cr opowders include Zonyl0 MP1200, MP1300, and MP1400 resins, avail able
from DuPont (ZonylO is a registered trademark of E. 1. du Pont de Nenmours &
Co.). [00114] Second, the present LPTFE dispersions are also distinct from
hi gh nol ecul ar wei ght PTFE di spersions made from di spersion or emnul sion
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that are polynerized via dispersion or enulsion polynerization in the
presence of chain transfer agents, and then are agglonerated to form PTFE
m cr opowdwo009aM627g an average particle size of betweenP2TAISA0020445€r ONS
(um, for exanple. [0011712. Melt processible fluorpolyners (MPF).
[001181The second fluoropol yner may be a liquid dispersion of a melt
processi bl e fl uoropol yner (I\/PF) such as perfl uoronet hyl vi nvyI et her (I\/FA)

erfl uyor fluorinated. eth 0 P
or 11 0% BEroRu by e Hah ek FoRPERiga < BER PoReRM Ao oRY L Pree
di scusgeq aﬁ@Q\PerFEtdaﬁteNP&w BRoBOGAHUGESE DYERCRALM TR ZabL %18%@%‘3&1%1 4 hat
is well known in the art as di spersion polynerization or enul sion

pol yrr?PrTFfamntﬁﬂt Oﬂ'%we‘yq)‘fol%dﬁrmtr%z sedan ﬁr@do‘@éstdsisméﬁwdﬁ%mﬂﬂi%ﬁwlteh chain
t
1 uor SRBT OGr o prRleeaaIFERGTAY ) S G Er «REaFRLL TELRy 7oy o P ana

pol ymensivat IPTHE. ocess i s control | ed to forma liquid di sperS| on of
di rectléstiol yrrerl zed particles of MPF. [00120]1n nost enbodi nents, the MPF,
after [B&Mg pro é’aesegﬁ igyasien eisedrpafsremEthat pbFprenhblcad s uoropolymer

poly 0 f r Iy
oot ARl el dind AELERlor iR BRI Bhfiongld T ARG AG NG

aggl oneayetid cmnalﬁédeﬁsmdhlas bllegdedtfmdmmllirraeﬁmmosmd biyhieyieg dtedolétﬁieal ns a snall
mean particle size as descri bed, bel ow. 2009/ 146277PCT/.US2009/ 044516

[ 0012 fPﬁ“ﬂ?@SlPPla Eﬁlqzj ypapetiar Siveet dryipe thablspead OReaititBnt sCarfing M3¥ b0 deous
di spersiqg glylﬁgwlegnna&?ﬂﬁ@ Hg%epgorﬁl%(ﬁﬁﬁfnstg%é QibOEA18 and YeSiatii ARAIHdlYPF
origin an aqueous p ase e phase transferred into %not her

sol verﬂu,orcmwt;hnawmpganom sol vents includi ng hexane, acetone, or an al cohol.

0012 MPF, wh duced d bed ab h
O V1 PR R G e e B g e e R L g
0. 75 mi&idenflublépdlydier k&ﬁﬁosn@mﬁ 1ﬂﬂlﬁiﬁg‘ﬁle(sfbm oPprok RESy a ﬁrs@llﬂ%ﬁr&@férs(d?f@f or

|l ess, 0.3 mcrons (unm) or less, or 0.2 mcrons (um or less. In particular,
t he NIPPl}ﬁ@tSﬂﬂhlarﬁ@ﬂH’ me(BTBE} parti¢les bm@ afirst owltgempgatus(T)©f 33HrC %t@ssnm or
as lar as 20
o ovi da e arieh e Y LA R e B st b Gl TR 5 e
or is omammem@rbyessﬂlaebﬂlddr@@ﬂyrn%(mre)mahﬁfg@ rAcan’ panedl @izt b2 €0'miofons B fisgral | y
stabl i zed refers to an aqueous di sper5| on that includes less than 1.0

. % ¢pd gixingdhe fishand @dea‘@ﬁlﬁﬁﬁlonss@%ﬁ s non-ionic surfact ant or an
anl oni rfact In
some dREAT ot & e RREa oo MEAPo] LB M AL BB ARG AR
aqueousmpbsifien s fonmhagpowigr hes $n pdréouldr, Grewde. &@zﬁugrtlﬁeablteﬁdetd ﬂdoeegolg‘nhan 0.8 wm.%
surfactant, |ess than 8 6 %surf tz(aia or eve ss thaﬂ %
sur f aCPERPSItipBOIBUMTE éwv%ﬁo gl derderadel)tignalisiips o ? yingfthg enfhdp will be
gr eat §fyof er%/onigsﬂbﬁ‘to AuRBLE! MR QMH@%T%I%@&@MO& %EJ:IAI SO, the MPF
wi Il typically have a co-nonomer content, i.e., a content of one or nore
nmononepsipositien. t han tetrafl uoroet hyl ene (TFE) of about 3.0 wt. % or
greater, such as 4.0 w.%or greater, 4.5 w.%or greater, 5.0 w. % or
greater, 5.5 wt.%or greater, or 6.0 wt.%or greater. [00126] Suitable MPF
di spersions include 1ERRIAF ORORIPRYONIGRITEE HDRAVEMNRNt, 6900Z ( PFA),
avai |l abl e from Dyneon LLC, 1E9568 (FEP), available from DuPont, Neofl on

ND- 110 6FEP) avai l abl e from Dai kin, and Hyfl on XPH 6202-1 (I\/FA) avai l abl e
from $8008y. Thdde abpr @ﬁ@tpfewéuaaﬁgﬂwa&@ww@ch@w@wﬁ thignvepfiarh apdithrap| e

2 bel f |
oo s AR fiafind BRACRUE b ifioRap BB NG BRI REARII B Selqu DN ORP, |
fl ow ruatiﬁrst(oNEIR)r réf@fefh@e 1o thg fdtiomshg daleti ﬁl(ﬁfmémadmlfcﬂlrﬁ&fsﬁf tHeGhvdatiBanikebn 6

0.26 2.4 313.0 é)%houl der WD 2009/ 146277PCT/ US2009/ 044516 TE7224 ( PEA)
321. 2)CORREHN BibH2 ae0mPHYHIE avines IBhren( pEA) DuPont 55.6 0.17 11.9

257. 840759568 (FRies 1-11 DBlkipBnd@ Exnghf 1, #RGcRS Neof I on ND-



110 (FEP) Sol vay Hyfl on 27.2 0.28 4.5 306. 31 (shoul der XPH 6202-1
287.29) (MFA [ 0012713. Bl ended fl uor opol yner conpositions. [001281To
f orm t he when@edsef77uor opol ynmer conpositions of the preseqt/useaentison, a
LPTFE liquid dispersion and a MPF |iquid dispersion are bl ended together.
When |iquid dispersions are used, the dispersions may have varying solids
contents, and one of ordinary skill in the art will recognize that the wet

wei ghts of the |iquid LPTFE and MPE di spersiqons. may be _sel ected based on
the sl cont @W@éﬂ%ﬁ@%@%ﬁ@?@ﬁﬁ%ﬁ (ohF b Bi%iR T4k fiog) Qg%:\fiétav\éﬁé-ght
perce thQoPhe e LPTFE and MPF that is desired in the resulting bl ended
corrpogit)ﬁegns.mf OlngNot ably, because the LPTFE and the MPF are provided in
t he f@0o0219f | i quHighrdRspe clsdiromhinkeai g fisien sfitat MEYe aiaspankdnciren HAedats et
forth above, upon hl ending of the dispersions particles of the LPTFE and
MPF arve gneeirtion gt ¥ont act with each other at the subnicron level, prior

to | at rocessi: . | i . L Spek Si . ar ! ted, for
exarpl 028 G s iaged Ep o ode PR B0R RUCH EBR BEC TR 65 )
t o bl epdécngatisuetMFRat the subm cron interaction of the LPTFE and MPF is

thought to facilitate the formation of the highly crystalline formof the
dri ed [8923ur ed fHighse dpot glast ofyicsmalizadaseconst M of mgkimngtd threMbtpphasartkano

achi ey n eneficial resu aobtained with the present bl ended

ool PP B eREaT s AP T BEMA 7 "Te thought that the bl ended

f1 uor qped4yner c@i@Esistis @RBar®bf §daendineR §oint bMHRMNIF Alphad) ehkth GoREDSEdatf

bl ending sane, results in a better packing of the LPTFE and MPF in the MPF
cryst a8 Ragurating ofMfAissed in the Exanpl es bel ow, in one embodi nent,

opti cki ng I f . L RPTE ned by
a0 Bhe it A3 § BNt B Plo e R Pl LB T
nor mahis Z&mchigationbf MBA;onl 2nd nelt for the MPF phase of the two conponents
under exam nation by DSC. Furthernore, as also discussed in the Exanples
bel ow, 0926 conpdigure dnsa skasbef seeen melt A foe te YR nhasc kaken Eiom BSpalith. t o
peaks incotnrclee cont ag%gl e data and acid etch resistance of these

mat er 41 ©CRRA19H6 277PCT/ US2009/ 044516 [00131] The rel ative rati os,
fractijogxy] or weHiglit 8pes cledit of fabioh Renpdrditie ke MPFFE phisaetakéefé@dSC

fl uor opol yner conpositions described herein are based on the total weight
of t helatapyrEongeatrimm ¢f MEAsopol yners, excl udi ng ot her fl uoropol yners ot her
t han and . - I : C t
preseh@-ﬁguch as%) %g?grly\%ylao etggg%clobgﬁ{eﬁs}, %!gﬁ;s?g%et an s,%%&%@s&@ﬁﬁrs,
and otdaer vaddhdentretson ¢fOAEA2] The LPTFE may conprise as little as 5 w.% 10
Ww.% or 15 w.% or as nuch as 85 wt.% 90 w.% or 95 wt.% by wei ght of
the bIl@}Hd corrﬂ%&‘}r? 18 s 2 sharpfaoanpized Adhef fusir forthe EPTRY nhasep faksn fioat ween
40 W .9 9 . ngded conposition, such as 50 w. % of the

bl endgégcgg%%’g‘gi }V’gnocgﬁt?iﬂ?gelwgm%%conpri se as nmuch as 85 w.% 90 w.% or
95 wt .[00309r as IRigirt @1 &Sa Shant of%orrhizd .s&eondmdbAMfothb Y PIFEHasq takehe

bl ended conposition. In one enbodi nent, the MPF may conprise between 40

wt . % dirin BOGatasvefcoppentigfiemgeMFésnposi ti on, such as 50 wt. % of the bl ended
conposhsi@n. [O The i . content ranges for the MPF
and L Q'(H':l?fl uor%%%lﬁ%lsrrfef%é ?%ﬁ%%ﬁcg?a%%nﬁﬁggﬁgﬁéﬁt invention that, as wll
be appes3t fromiglre 1 Exeaphagisofifesionvmehaoint beethe LOURE phasee tdhod frotrhBSC
beneficial characteristics of the present invention The content ranges set
fort h 9Bk Bwvearenfradn ik :of all internediate integer values. [00134] Bl ends
of LP nd M-A: hE i i , 9 . %
MFA a-rig@:’?om 10%\}\%{3 %(/01%('1}0 %%%%Oﬂ(%ei(%{%‘é%a ﬂggﬁgp{ﬁe%ﬁ%%%%?@fgﬁ%%ﬁ%nds
may i nletaude con@mrdtionwf PER;0 76 wt. % MFA and from24 w.%to 65 wt. % LPTFE.

In an r enbodi.nent , .such bl ends may incl.ud 56 .%.to . % MFA
ond IS 4 G4 154 SHyasTiReon Matangt o e b Bt fioh BEe e mmy

i ncl udg, §dnestRdodbf EPO 70 wt. % MFA and from 30 wt.%to 37 w.%LPTFE. In a
further enbodi ment, such bl ends may include 67 w.% MFA and 33 wt . % LPTFE.

[ 00139988 nds ofFigPTEE issheharER spegndimelt peiet for thedidd ghasodilparitom DSEndRs wt . %
to 90 wt . % F Pt.and Fﬁgm 10 wt.%to 75 wt. % LPTFE. | n anot her enbodi nent,
such tYFe“f?&%erﬁwoPﬁé e from35 w.%to 90 wt.% FEP and from 10 w.%to 65
wt. % LPTFE. | n another enbodi ment, such blends may include either from 35
W.%to 55 wt.% FEP and from45 wt.%to 65 wt.% LPTFE, or from60 w.%to
90 wt. % FEP and from10 w.%to 40 w. % LPTFE. In anot her enbodi nent, such
bl ends may include either from40 w.%to 50 wt.% FEP and from50 w.%to
60 wt.% LPTFE, or from75 w.%to 85 w.%FEP and from 15 w.%to 25 w. %
WO 2009/ 146277PCT/ US2009/ 044516 LPTFE. In a further enbodi ment, such bl ends
may include either 50 wt% FEP and 50 wt. % LPTFE, or 75 wt.% FEP and 25 wt. %
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occurred or at any point during the process of the present invention. Such
nodi fications may include, mlling or irradiation of the fluoropolyner
conposi t iwn.200wrexd7at i on of the fl uoropol ymer conpositi eoTwseéod/ogesner al |y
be carried out after mlling to assist in particle size control. MIIling
adjusts the particle size distribution of the fluoropol ynmer conposition,
for exanple reducing the nean particle size to produce a finer powder.

Typi ca the mlling would be carrijed out conventi onal inapinor jet
mil. lh%l 2009/ TABBIIHET @@M@P@M@f@ fmmalrlwﬁs? gthQééréiﬁWo?ﬂs-addi tionally
conprigg é‘engﬁﬁé}gjﬂaﬁlﬁo” of the nodified fluoropolyner particles, this would
typically be carried out on the powder, but alternatively on the

di spern8o3wp. | rr a&dgat ilois acdjausifsoihelizedlstcondandcAHl fakén frsmdDSC detanadi i ed

fl uoropol yner, for exanple to |ower the nelting tenperatures/glass

t r ansicPPesHtedorhel EERired and increase the nelt flow rate. Irradiation of

1 uorqppis(mer dEsRRE 3k WPctladt ARGURSLlolotar EBFHEN 1oMh fmPB0c 48, v he

di scl osure of whi is expressly incorporated herein by reference.

[ 0014 &diideatrhtie@eaeFKl;yi ng nmet hod does not result in the tight aggl omeration
of th rticles, but instead oduces a fine er, which_.is jtable for
ose T TOBBAT et oTieeg bk roRe Toondhicr papt ayRE BT E abism KGR RRIISE B  or
redi SREr §nfthtiadloAGPEPPS or organic nedia. The friable powder can be broken
down easily for particle size nodification. The nethod may be carried out
at a tleM9dr at ur &FipetoiD-26B coirespond tealrsinlod, wherpar at ure of the

fl uor mer, i coptrast to e _known processes | ving spray drying
and cQUBHH At on Pt ah i St el s SRR RLE GRRT Rpi Sk 8% BaBdet ke Y use
of anbyrepi;tenperature allows greater energy efficiency, while the use of
tenperatures that are above anbient tenperature, but below the gl ass
transil®942h t enpdiigirafd is celwrigd saewd et peiat ékee fiopeDSpalath. Wh-tcANGRiTehon he
subl i gpbiqn proceeds. Tenperatures above ambient can also be used to assist
secondary drying, to drive off any remaining liquid carrier traces.

[ 0014900433 freedipde VD iga dRirtsithoemnliRe fusied AHToPhe PaAEp s8R aidhi fashn DSC

fl uoropol yner powdered nmaterial whether the fluoropolynmer would tend to be
fi bri ldate Eplcencentrpiéon ¢fi Al | atable. A fibrillatable polyner is one which

| mvor BT, 2, GRS PE R e TS RE Bh R 10 St TR Psobby e

parti gh&ntratighe@PFA.or ces, which can result in the production of an
intractable material. The present invention does not involve shear forces
at anj0@Shge andigwe Rhey efloreofawimalived fisen dEldonihicH PAHE phrais¢, Itakeaitam

fl uor mer. The nmet hod y. be used to prepare a nodified fluoropolyner
powdeﬁgié ﬁ%t?’e‘FSi ﬁcfncf]?tf)arﬁoé}.(’ﬁ bl e or non-punpabl e suspension of the solid
fluor qpedey™r PaiLirEbS$s d Mhadt diirndithliZLa sbit- mANEHILSRE TPTIR JFaYe, Bfken

non- punpabl e because of high viscosity or shear sensitivity. The nethod
does dam DS¢odare vampnstnepsomhEPEAL he suspensi on nust be punped. | nstead,

t he di si on b oured, or scogped into the tr f Zi and t he
sot i o I0FFRz en bitoies Agh ot HhShukbraa s el bR rere EinPr s
WO 20Q9/LAp623. 4RET/ US2009/ 044516 [00150] The fol l owi ng non-limting Exanpl es
illustrate various features and characteristics of the present invention,
whi ch [0@&48hot t o Higure 808ty uelhrief dontact mlqswéwm.onﬂfrﬁdhaﬁBEfolqnﬁéﬂm@frpl es
and el evvh?eréa, herei n, percentages are by wei ght unless otherw se indicat ed.
[0015ﬁSX§Ien\I/3er dal of the Figures herein were originally prepared in color, and
i ncl ugesoghar actregigePl7-3acyirdsgosdioExdndpls epirgeit data points associ at ed
with different types or grades of LPTFE and/or MPF materials that were

t est ed0030h or deFigusc @7 &% 9 ehyi oftpcalanermdiced segprdmaiti] fareatpds MPERt takgipes or
gr ade o%‘iD%ﬁC atam%tsecri aén?'atiThefﬁP%“r es arc now presented herein in black and
white to primarrly PS8t 8" tTénds in the data based on the col | ection of
data peesrys. andipirk DR a AREhilRaRASEREE TR MAFIrOMSiotRIPRGE RKkSn BB dat a
points with the particular types or grades of LPTFE and/or MPF materials

t hat ¥ edused. cansentodigotaf MPl;0 Exanpl es 1-5 [00152] Exanpl es 1-3 present
three data sets for blends of LPTFE (SFN-D, Chenguang) with each of PFA (du
Pont PFA TE7224, Lot# 0804330005, Solids = 58.6% (Exanple 1); FEP (DuPont
FEP di spersion 1E9568, Lot# 080333032, Solids = 55.6% (Exanple 2); and PFA
(Sol vay Hyflon MFA XPH 6202-1, Lot# Ldb, Solids = 27.2% (Exanple 3). The
data presented was obtained using differential scanning calorinmetry (DSC)
and, in nost cases, individual data points in the Figures were each taken
from DSC curves. [00153]In Exanples 1-3, 'normalized neans data that is
normal i zed for the fraction of the given conponent in the original mxture,
i.e., for the SFN-D phase the normalized SFN-D data is given by, {SFN-D
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Exanpl e 4 WO 2009/ 146277PCT/ US2009/ 044516 [00170] Fi gures 27-34 sumuari ze
the differences in location, with respect to the inventive conpositions, of
t he MPF phaseodusi’on and nelt ent hal py curves clearly i mdirast@ooinsieraxi ma
for each MPF (Figures 27, 28) whereas the correspondi ng SFN-D phase for PFA
and MFA appear to be shifted on the [ MPF] axis by anpbunt equivalent to the
difference in [ MPF] of the MPF phase peaks (Figures 29, 30). A simlar
shift is found for the SFN-D fusion and 2" nelt tenperatures (Figures 31,
32). [[b@%naarﬁ%}a??gﬂﬁ %gﬁaﬁﬁ@@é%nwl e FBWE preond it M AOYAIES ar e
shi ft el @ldnforh DINERA GHEURRIBY oPRipieen 10-20%towards | ower [ MPF.
Conparing the regions for the eneftl cial effects of the present invention
bet wed®Bfanpl eFiguradd is3a ehast afgregk aomiatized LBTFE $usidas AH\Vfedvarlons REA's,t hi s
occurs at approximtely 50% PFA and with MFA at approxi mately 70% FEP
possi BSPITHEND SOuitd i ORserdiatigaPf Midne at approxi mat el y 40% FEP and

oL Jh0Re=s! o) gl SEROU R o R o ERIE R ARGy EARNGALRG, S O,

PTFE sohé¢algatiasofad®€d t o MFA 6202-1 MFA dispersion to give 25:75 PTFE MFA

Y IS L G R e

el ect rgstAlhGorsOf MPFgUN over a Xyl an 4018/ Q0916 priner on to a grit blasted
al um num panel . The panel was flashed off at |50C and cured at 400C for 20
m nut ¢8056The povdsire dglis &charioifsoeandamebpeinhigo the ¥MIPF phaje0@kaBirRafl@8€ence i s

now made to three DSC _sets in Figures 35-37. A conparison of the
mel ti S%p?ﬁ‘r‘f?n%eﬂﬁfi?o%?fgﬂkgu?@ polymers (Figure 35 - MFA and Figure 36

- PTFE)[0637]t he alHi@yte 62% Pk of TasiMr Aveltfpogid fer tBE M s& Ratentthen POICydRE, S
forma true alloy and co-crystallize together. [00174] The MFA/ PTFE bl end

pr odudédcopgentrgtion of ¥8¥ss has certai n advantages. Increasing the crystalline
nat ur the Mg t .consi dering the heat of

f usi oﬁo?gr?]the D@%g%%ﬁzﬁééﬁpgﬁd%rys 1% ?’n‘gg%g ymer has better barrier
propernodssg. Al sEigirbss iy ebge-tehicy iftrighodRESSofiiantise & honpbgenous bl end of
PTFE and MFA. M x on a_nano scale and freeze drying | ocks pol yner

i N :
parti dP¥I1i n p afé%}rgﬁél%g’sg tegg fedhe PohP BFE phErymalgaf @bl yner conponent s
occur 2009/ 4 rs.t est of
pree N end TOR98] FPRESHER X ot AR PEE Lftnd P EBRS: F*Coat i ngs
made WAa@42]a conthiglrePFAlubtigeotho iclamgnn@ardangeihntaisbd enteanpl ®SFE/ MFA

fl uor mer e in accordance with th resent. i nventi wer
vesthgea Thayeod HEHORUTEuARE SaP SER B TR pRI505 T st andar d
Test X@qu)d for phpRay £nl7 shedbost {eMdinth108, whéteihe- Lap- Joi nt Adhesi vel y
Bonded Metal Specinens by Tension Loading (Metal-to-Metal)), which test
met hod0&d nodi fhigde 4% ith sowtssedrmbletedvdH pOMILID6[of REACGNPF Alfrdctiomr opol yner

was . kin ACX-3l|. PF owder. An experinental bl ended fl uoropol yner powder
nos e AT e R R e e el G PR P P A b 6505 1737 206
sol i ddogd an LRIFEdiSpalH Sk FTK Qs BEKRRlbAS) fol | oned by freeze

drying to give a 75: w.%ratio of MFA:PTFE in the resulting powder.
[ 001710BBipl e pdingirs 44fis gehartfasidodsistned mingvadFd fpaatioar ed and t hen

treat pth Xylan 80:178/,G34 metal lic.hl pri f 0. owed by fl ashing
of f aﬁﬁi(ié%c and Pigu[rg%s Ho? TR ?loq‘ﬁlghé)(%{%lpg?ﬁénv&‘ gEééﬁWJPr%%t al powders were
appl i ggotey el eCFPﬁ%ﬁé abiiCa SQNCSTscEdidacIapsint SYETF 2 Ug. @t AafrachRACarfdor 15

m nutes. The gritblasting pretreatnent used for the coated panels was one

net hod09Thbr ovemditgure dhdia soidow R insidaptistensatraléin b erampossliogt qhartofir n gave
| ess t N I Using freshly coated panels gave greater

consi Z‘F@n%;ﬁgsr\;st If"{é?[?({%h%ﬁ)FrAé- using test panels. [00178] The al um ni um pl at es
used BOR]1" W digues8-boogrespord pl Britaenpha9, wivatiad and a second pl ate was
sol vent w ped using ethanol. One inprovenent to the test nethod was the

car ef ilP73br epar diigwp401s 4 phartimeraakized Atbef fusigniob FERsr BER Fastiahere were no
differ S in pr ke he. t S f..panels. PSI-326 (Polyneric
Syste&@ﬁﬁﬁc.) e%@%@gggﬁg%ggémaggn%¥&%ﬁﬁg?fEhﬁ mﬁ?@% approxi mately 45
seconds0zand t heFigppbi evh tlartst" DiSOA 'axe SEP Thetigh;ai n al um ni um panel
received the |arger proportion with the coated plates being sneared until
full wet out was observed. Solid spherical glass beads of nomnal 0.6 mm
were scattered onto the al um nium plat’e. [00179] The test was perforned
using PSI 326 epoxy adhesive. Pairs of plates were aligned and firmy

cl anped together using strong spring clips as shown in Figure 38. The

coat ed panel and adhesive overlap is 1 in2. The thickness of the

epoxy/ adhesi ve bond was set using WO 2009/ 146277PCT/ US2009/ 044516 gl ass
beads (0.6 mm The adhesive was hand m xed and applied to the panels which

o - N N o a v .



[ 00184] Two al um num panels treated with Xyl an 80-178/ G3435 netal |l i c bl ack
primer followed by flashing off at 150C and allow ng to cool. The control
and experwoentalicyowder s were applied by el ectrostati c pomadseopuye and
then cured at 400C for 10 m nutes, specifically, the panels were coated as
shown in Figure 39, with each panel coated on its left side with the
control coating and on its right side with the experinental coating.

[ 0018 erring.to Figure 39,.six stain-prone erials, including sugar
ot ORI " ok e 5L Shed e SN R Vel deBhty B0 auce (&3)
t omat qo@Ayce andigie3aD i Dohlakt ofTBYoS ARG oA Gf PHOAL. KEP fhetichnd or ange jui ce
(F-1) were dropped onto each side of the panels, and then baked onto each

of thd0@Tht r ol dinghireRpés 4 ehant oflsceadtnelypoiat of JHTvS. GEPIGichipmunds. Once

cool e ch panel .then Turned .upsi de down and tapped gnce |ightly. The
or ot 2B R IS A B T B TR B o RERE P A5G el Sanen
t hat weidehou@adse avidnlbtHEP; experi nental coating can be seen from Figures 39
and 40, although no irgr ovenent was observed for soy sauce and sugar (E-1).
I nt r od0@88lon t o Fisap? =61 gorteppebddianute herviEkipl es of MPF/ LPTFE bl ends
are gi bel owwher e nor etaill ed.e I nation er t cont act
angl eémgér;i(],l aci dF\r{msrf:s ésn%gla\%a%ﬁlggﬁglfzg)é%eﬁfﬁ @ngmjgvﬁggAﬁgacgg%mri zed in
Tabl e [pog2e! ow, im k6 Ik 4 b|rcst dortast @t X MRA Reetigess follows: "MPF 9% and
[ If_g& 3

"LPTFE 9% are the fractions of the MPF and LPTFE conponents by weight,
i.e., [0083]i s 10 Rigures 7 Wwo dooorfi et 7P M2009¢tewa516 "CA" is the contact

angl e for a in: 1 sing the "Drop
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perfluoromethylvinvyl ether (MFA), fluorinated ethylene propylene (FEP), or
perfluoropropylvinvyl ether (PFA), for example, in the form of an aqueous dispersion, and
having a mean particle size of less than 1.0 microns. Blending of the dispersions facilitates
interaction of the 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 impermeability, stain resistance, abrasion resistance, smoothness, and
higher contact angles.

[0094] The present blended fluoropolymer compositions, upon drying or curing, have
been found to include two phases, namely, a predominantly LPTFE phase and a predominantly
MPF phase.

[0095] As shown in the Examples below, blended fluoropolymer compositions made in
accordance with the present invention provide improved barrier properties, as demonstrated by
the ability of films cast from these compositions, made from blends having component ratios
corresponding to maxima in the fusion or re-melt enthalpies of the predominately MPF phase as
measured by DSC, to protect aluminum panels from hydrochloric acid attack as compared to
compositions that do not correspond to maxima in the fusion or re-melt enthalpies.

[0096] As also shown in the Examples below, blended fluoropolymer compositions made
in accordance with the present invention also provide improved stain resistance, as demonstrated
by powder sprayed substrates made from freeze dried aqueous dispersion fluoropolymer blends
having component ratios corresponding to maxima in the fusion or re-melt enthalpies of the
predominately MPF phase, as measured by DSC, as compared to compositions that do not
correspond to maxima in the fusion or re-melt enthalpies.

[0097] 1. Low molecular weight polytetrafluorocthylene (LPTFE).

[0098] The first fluoropolymer of the present blended fluoropolymer compositions 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 other properties as
discussed in detail below.

[0099] In one embodiment, the LPTFE is produced by a polymerization process that is

well known in the art as dispersion polymerization or emulsion polymerization. These
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polymerization processes may be conducted with chain transfer agents, which reduce the average
molecular weight of the fluoropolumers 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).

[00100] In some embodiments, the LPTFE, after being produced by dispersion
polymerization or emulsion polymerization, is thereafter not agglomerated, irradiated, or
thermally degraded.

[00101] In particular, the LPTFE has not been subjected to any agglomeration steps during
its manufacture, and therefore retains a small mean particle size as described below.

[00102] Further, in embodiments described herein, the LPTFE has not been subjected to
thermal degradation to reduce its molecular weight.

[00103] Still further, in embodiments described herein, the LPTFE has also not been
subjected to irradiation, such as by high energy electron beam, to reduce its molecular weight. In
these embodiments, the LPTFE dispersions will not demonstrate a spectra and/or will be below a
detection limit when subjected to electron paramagnetic resonance (EPR) or electron spin
resonance (ESR) spectroscopy, as opposed to irradiated PTFE, which will demonstrate such a
spectra and/or will otherwise have detectable free radicals.

[00104] 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
aqueous phase may be phase transferred into another solvent, such as organic solvents including
hexane, acetone, or an alcohol.

[00105] 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 (um) or less, 0.4 microns (um) or less, 0.3 microns (um) or less, or 0.2 microns (um) or
less. In 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.

[00106] 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 greater,
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.
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[00107] The LPTFE will have a first melt temperature (Ty,), as determined by a suitable
method such as differential scanning calorimetry (DSC), that is either equal to or less than
332°C. In other embodiments, the first melt temperature of the LPTFE may be 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.

[00108] The LPTFE may be provided in the form of an aqueous dispersion which is either
unstabilized or is minimally stabilized. As used herein, "unstabilized" or "minimally stabilized"
refers to an aqueous dispersion that includes less than 1.0 wt.% of a traditional surfactant, such
as non-ionic surfactant or an anionic surfactant, based on the weight of the LPTFE aqueous
dispersion. In some embodiments, the LPTFE dispersion may be provided in the form of an
aqueous dispersion having less than 1.0 wt.% surfactant, less than 0.8 wt.% surfactant, less than
0.6 wt.% surfactant, or even less than 0.5 wt.% surfactant.

[00109] The LPTFE will typically be in the form of a low molecular weight PTFE
homopolymer. However, in other embodiments, the LPTFE 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
perfluoropropylvinylether (PPVE), other modifiers, such as hexaflouropropylene (HFP),
chlorotrifluoroethylene (CTFE), perfluorobutylethylene (PFBE), or other
perfluoroalkylvinylethers, such as perfluoromethylvinylehter (PMVE) or
perfluoroethylvinylehter (PEVE). The modifying co-monomer will typically be present in an
amount less than 0.1% by weight, for example, with respect to the PTFE.

[00110] Suitable LPTFE dispersions include SFN-D, available from Chenguang R.I1.C.1,
Chengdu, 610036 P.R. China, as well as TE3877N, available from DuPont. 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 size | (wt.%, based | temperature
(wt.%) | (Mn) (um) on weight of | (DSC) (°C)
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2.71 1 212.62 309.48 232.87 325.93 16.4 9.9 FI' 0.5 0.50 130.16 3.97 1
212.62 309.48 232.87 325.93 16.4 9.9 PEP 0.55 0.45 126.95 1.56 0.9 212.6
309. 41 238038093362742 13.2 9.5 PEP 0.55 0.45 128. 54 3. 15P0TAIS2M02/0645309. 41
233.53 325.42 13.2 9.5 PEP 0.55 0.45 126.89 1.50 0.9 212.6 309.41 233.53
325.42 13.2 9.5 FI P 0.6 0.40 127.92 3.34 0.5 214.36 309.4 233.45 325.24
11.7 11.0 PEP

LPTFE)
(type)
SFN-D 25 10,000 - 0.19 <1.0% typically
20,000 (unstabilized) | between 324.5
and 326
TE3877N 60 -- 0.2 6% (non-ionic) | 327.63
[00111] The LPTFE dispersions described above, which are provided as aqueous

dispersions that are obtained via a controlled dispersion or emulsion polymerization process to
produce directly polymerized LPTFE that is not thereafter subjected to agglomeration, thermal
degradation, or irradiation, will be appreciated by those of ordinary skill in the art to be distinct
from other PTFE materials that are commercially available.

[00112] First, the present LPTFE dispersions are distinct 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 PTFE 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 332°C, typically much greater than 332°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 (um). These resins may also be provided as fine cut resins having a
mean particle size of 20 to 40 microns (um), for example.

[00113] Additionally, the present LPTFE dispersions are 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 2 and 20
microns (um). Examples of granular PTFE micropowders include Zonyl® MP1200, MP1300,
and MP1400 resins, available from DuPont (Zonyl® is a registered trademark of E.I. du Pont de
Nemours & Co.).

[00114] Second, the present 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 (M,) of at least 1,000,000 or more, and a first melt temperature (Tp,)

greater than the 332°C, typically much greater than 332°C. These high molecular weight PTFE
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dispersions are typically stabilized with a traditional surfactant present in an amount greater than
1.0 wt.%, typically much greater than 1.0 wt.%.

[00115] Additionally, the present LPTFE dispersions are also distinct from high molecular
weight PTFE dispersions that are produced via dispersion or emulsion polymerization and
thereafter coagulated or agglomerated. Still further, the present 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 2 and
20 microns (um), such as for use in extrusion and other applications. Examples of PTFE
micropowders include Zonyl® MP1000, MP1100, MP1500 and MP1600 resins, available from
DuPont (Zonyl® is a registered trademark of E.I. du Pont de Nemours & Co.).

[00116] Third, the present LPTFE dispersions are also 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 2 and 20 microns (um), for example.

[00117] 2. Melt processible fluorpolymers (MPF).

[00118] The second fluoropolymer may be a liquid dispersion of a melt processible
fluoropolymer (MPF), such as perfluoromethylvinvyl ether (MFA), perfluoroethylvinyl ether
(EFA), fluorinated ethylene propylene (FEP), or perfluoropropylvinvyl ether (PFA), for example.
[00119] Similar to the LPTFE discussed above, the MPF may be produced by a
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 fluoropolumers produced, and/or via other
methods whereby the polymerization process is controlled to form a liquid dispersion of directly
polymerized particles of MPF.

[00120] In most embodiments, the MPF, after being produced by dispersion
polymerization or emulsion polymerization, is thereafter not agglomerated, irradiated, or
thermally degraded. In particular, the MPF will not have been subjected to any agglomeration

steps during its manufacture, and therefore retains a small mean particle size as described below.
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[00121] The liquid dispersion of MPF in most embodiments will be an aqueous
dispersion, though the MPF may be dispersed in other solvents and/or MPF originally in an
aqueous phase may be phase transferred into another solvent, such as organic solvents including
hexane, acetone, or an alcohol.

[00122] The MPF, when produced as described above, will typically have a mean particle
size of 1.0 microns (um) or less, 0.9 microns (um) or less, 0.75 microns (um) or less, 0.5
microns (um) or less, 0.4 microns (um) or less, 0.3 microns (um) or less, or 0.2 microns (um) or
less. In particular, the MPF may have a mean particle size as low as 30, 50, 100, or 150 nm, or
as large as 200, 250, or 350 nm, for example.

[00123] The MPF may also be provided in the form of an aqueous dispersion which is
either unstabilized or is 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 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.

[00124] Typically, the melt flow rate (MFR) of the MPF will be greater than 4 g/10 min,
as determined by ASTM D1238.

[00125] 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 wt.% or greater, such as 4.0
wt.% or greater, 4.5 wt.% or greater, 5.0 wt.% or greater, 5.5 wt.% or greater, or 6.0 wt.% or
greater.

[00126] Suitable MPF dispersions include TE7224 (PFA), available from DuPont, 6900Z
(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 (MPF)
MPF (type) Solids content | Mean Melt flow First melt
(wt.%) particle size | rate (MFR) temperature
(um) (g/10 min) (DSC) (°C)
DuPont 58.6 0.26 2.4 313.0 (shoulder
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Diff CA Acid rating (0-1 scale) Fusion npt MPF Fusion npt 2nd nelt npt MPF

2nd nelt npt LPTFE Norm DH Fusi on MPF Norm DH Renelt MPF LPTFE
PEP 1 0. OWO2M®/126271. 10 0.1 PEP 1 0.00 117.13 - 1. 02C0/UB2009/044516EP 1
0.00 117.47 -0.70 0.1 MFA O 1.(X) 135.23 0.94 0.1 310.44
TE7224 (PFA) 321.2)
Dyneon 6900Z | 49.4 0.31 194 310.25
(PFA)
DuPont 55.6 0.17 11.9 257.84
TE9568 (FEP)
Daikin 56.5 0.16 -- 232.83
Neoflon ND-
110 (FEP)
Solvay Hyflon | 27.2 0.28 4.5 306.31 (shoulder
XPH 6202-1 287.29)
(MFA)
[00127] 3. Blended fluoropolymer compositions.
[00128] To form the blended fluoropolymer compositions of the present invention, a

LPTFE liquid dispersion and a MPF 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.

[00129] Notably, because 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 LPTFE 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 MPF are not agglomerated prior to blending, such that the
submicron interaction of the LPTFE and MPF is thought to facilitate the formation of the highly
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.

[00130] In particular, it is thought that the blended fluoropolymer compositions of the
present invention, and the manner of blending same, results in a better packing of the LPTFE and
MPF in the MPF crystal phase. As discussed in the Examples below, in one embodiment,
optimal packing of the crystals for any LPTFE or MPF may be determined by finding the
maximum melting point of the re-melt peak and/or the maximum normalized heat of fusion/2nd
melt for the MPF phase of the two components under examination by DSC. Furthermore, as also
discussed in the Examples below, the compositions associated with these maxima also

correspond to peaks in the contact angle data and acid etch resistance of these materials.
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[00131] The relative ratios, fractions, or weight percents of the LPTFE and MPF in the
blended fluoropolymer compositions described herein are based on the total weight of the
LPTFE and MPF fluoropolymers, excluding other fluoropolymers other than LPTFE and MPF as
well as non-fluoropolymer components that may be present, such as water or other solvents,
surfactants, pigments, fillers, and other additives.

[00132] The LPTFE may comprise as little as 5 wt.%, 10 wt.%, or 15 wt.%, or as much as
85 wt.%, 90 wt.%, or 95 wt.% by weight of the blended composition. In one embodiment, the
LPTFE may comprise between 40 wt.% and 60 wt.% of the blended composition, such as 50
wt.% of the blended 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.% by weight of the blended composition. In one
embodiment, the MPF may comprise between 40 wt.% and 60 wt.% of the blended composition,
such as 50 wt.% of the blended composition.

[00133] The following are exemplary content ranges for the MPF and LPTFE
fluoropolymers in blends of the present invention that, as will be apparent from the Examples
below, have been found to embody the beneficial characteristics of the present invention. The
content ranges set forth below are inclusive of all intermediate integer values.

[00134] Blends of LPTFE and MFA may include, in one embodiment, from 35 wt.% to 90
wt.% MFA and from 10 wt.% to 65 wt.% LPTFE. In another embodiment, such blends may
include from 45 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.

[00135] Blends of LPTFE and FEP may include, in one embodiment, from 25 wt.% to 90
wt.% FEP and from 10 wt.% to 75 wt.% LPTFE. In 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.%
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0.1 310 327.65 0.0 0.0 MFA 0.1 0.90 133.90 0.78 310 327.65 MFA 0.1
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LPTFE. In a further embodiment, such blends may include either 50 wt.% FEP and 50 wt.%
LPTFE, or 75 wt.% FEP and 25 wt.% LPTFE.

[00136] 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.

[00137] Aqueous dispersions of the first and second fluoropolymers may be blended 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.

[00138] The blended fluoropolymer compositions may be used in the form of a blended
dispersion, such as part of a wet coating system which is applied to a substrate and subsequently
cured, such as by heat curing, to form a coating of film. The blended fluoropolymer
compositions may themselves comprise the coating or film, or may be a component of a more
fully formulated coating system which includes other components. Also, the blended
fluoropolymer compositions may themselves be, or may be a component of, a primer coating
which is applied directly to the surface of a substrate, and/or may themselves be, or may be a
component of, an overcoat which is applied over a primer coating.

[00139] The blended fluoropolymer compositions will typically be heat cured, but may
also be dried, such as by water evaporation, freeze drying, or spray drying, for example, to form
blended powders. The blended fluoropolymers may be used as powders and/or may be formed
into solid pellets that may be used to manufacture extruded articles such as wire, cable, fuel hose
liners or other tubing, and injection moldable items.

[00140] The blended fluoropolymer compositions may also include auxiliary components
or additives, such as fillers, reinforcement additives, pigments, and film formers, if desired,
depending on the end use application of the blended fluoropolymer compositions.

[00141] 4, Freeze drying of the blended fluoropolymer compositions.

[00142] In drying a blended fluoropolymer dispersion made in accordance with the

present invention using freeze drying, the blended dispersion is frozen in a freezer at a
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temperature below 0° C, such as at a temperature in the range of -60° C to -20° C. Typically,
freezing might be completed in 6 hrs to 24 hrs. The blended aqueous dispersion may be poured,
scooped or otherwise transferred into a tray prior to freezing, and the tray is then placed into the
freezer and frozen within the tray.

[00143] The fluoropolymer dispersions may be aqueous, with or without surfactant and
with or without bridging solvents (organic solvent used to aid the dispersion/solvating of
additional resins). If bridging solvents are used, they should be at concentrations low enough
and have high enough melting points so that freezing is not inhibited.

[00144] Then, sublimation is carried out, such as by using sub-atmospheric pressure or a
vacuum. The use of a reduced pressure causes sublimation of the carrier from a frozen state
directly to a gaseous state, avoiding the solid to liquid and liquid to gas transition. The reduced
pressure may be created by means of a vacuum pump, for example, in the range 0.01 atm to 0.99
atm, or 0.04 atm to 0.08 atm. Typically, sublimation might be completed in 12 hrs to 48 hrs.
[00145] The freeze drying may be carried out at a temperature which is in practice below
the glass transition temperature of the fluoropolymer. The glass transition temperature, T,, of a
polymer is the temperature at which it changes from a glassy form to a rubbery form. The
measured value of T, will depend on the molecular weight of the polymer, its thermal history
and age, and on the rate of heating and cooling. Typical values are MFA about 75°C, PFA about
75°C, FEP about -208°C, PVDF about -45°C. Also, the temperature may be controlled to assist
the sublimation process and avoid melting of the carrier liquid. It is a beneficial coincidence that
these controls also maintain temperatures below the Tg values for some of the materials listed.
Thus, the method may be carried out at ambient temperature. Alternatively, the method may be
carried out at a temperature above ambient temperature, in order to reduce the time taken to
complete the process.

[00146] The blended fluoropolymer composition may be treated after sublimation has
occurred or at any point during the process of the present invention. Such modifications may
include, milling or irradiation of the fluoropolymer composition. Irradiation of the
fluoropolymer composition would generally be carried out after milling to assist in particle size
control. Milling adjusts the particle size distribution of the fluoropolymer composition, for
example reducing the mean particle size to produce a finer powder. Typically the milling would

be carried out conventionally in a pin or jet mill.
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[00147] Where the method additionally comprises irradiation of the modified
fluoropolymer particles, this would typically be carried out on the powder, but alternatively on
the dispersion. Irradiation adjusts the melt characteristics of the modified fluoropolymer, for
example to lower the melting temperatures/glass transition temperatures and increase the melt
flow rate. Irradiation of fluoropolymer dispersions is discussed in U.S. Patent No. 7,220,483, the
disclosure of which is expressly incorporated herein by reference.

[00148] The freeze drying method does not result in the tight agglomeration of the
particles, but instead produces a fine powder, which is suitable for use in extrusion, conventional
powder spray application techniques or for redispersion in aqueous or organic media. The
friable powder can be broken down easily for particle size modification. The method may be
carried out at a temperature below the glass transition temperature of the fluoropolymer, in
contrast to the known processes involving spray drying and coagulation, which require
temperatures well in excess of 100°C. The use of ambient temperature allows greater energy
efficiency, while the use of temperatures that are above ambient temperature, but below the glass
transition temperature, can be used to increase the speed with which the sublimation proceeds.
Temperatures above ambient can also be used to assist secondary drying, to drive off any
remaining liquid carrier traces.

[00149] The freeze drying method can be used to prepare a modified fluoropolymer
powdered material whether the fluoropolymer would tend to be fibrillatable or non-fibrillatable.
A fibrillatable polymer is one which forms fibers when exposed to a shear force. The known
methods, which involve spray drying and coagulation, both expose the solid fluoropolymer
particles to shear forces, which can result in the production of an intractable material. The
present invention does not involve shear forces at any stage and is therefore suitable for use with
a fibrillatable fluoropolymer. The method may be used to prepare a modified fluoropolymer
powdered material from a pumpable or non-pumpable suspension of the solid fluoropolymer
particles in a liquid carrier. The dispersion may be non-pumpable because of high viscosity or
shear sensitivity. The method does not involve any steps where the suspension must be pumped.
Instead, the dispersion may be poured or scooped into the tray for freezing, and the solid, frozen

block may be transferred into the vacuum chamber.

EXAMPLES
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[00150] The following non-limiting Examples illustrate various features and
characteristics of the present invention, which is not to be construed as limited thereto.
Throughout the Examples and elsewhere herein, percentages are by weight unless otherwise
indicated.

[00151] Several of the Figures herein were originally prepared in color, and included
characters of varying color to represent data points associated with different types or grades of
LPTFE and/or MPF materials that were tested, in order to distinguish data associated with the
different types or grades of such materials. The Figures are now presented herein in black and
white to primarily illustrate trends in the data based on the collection of data points, and without
need to associate the various characters and data points with the particular types or grades of

LPTFE and/or MPF materials that were used.

Introduction to Examples 1-5

[00152] Examples 1-3 present three data sets for blends of LPTFE (SFN-D, Chenguang)
with each of PFA (du Pont PFA TE7224, Lot# 0804330005, Solids = 58.6%)

(Example 1); FEP (DuPont FEP dispersion TE9568, Lot# 080333032, Solids = 55.6%) (Example
2); and PFA (Solvay Hyflon MFA XPH 6202-1, Lot# Lab, Solids = 27.2%) (Example 3). The
data presented was obtained using differential scanning calorimetry (DSC) and, in most cases,
individual data points in the Figures were each taken from DSC curves.

[00153] In Examples 1-3, ‘normalized’ means data that is normalized for the fraction of
the given component in the original mixture, i.e., for the SFN-D phase the normalized SFN-D
data is given by, {SFN-D data}/ (1-[MPF]).

[00154] The preparation of blended fluoropolymer compositions for Examples 1-4 is
outlined as follows. The given amounts of aqueous fluoropolymer dispersions are mixed under
air in a mixer for 30 minutes to ensure homogenous mixture of the dispersions. The mixture is
mixed under low to medium shear to avoid coagulation of blended dispersion. A plastic eye-
dropper is used to place a known weight of the mixed, blended dispersion into a pre-weighed
drying dish. The dispersion is flashed at 100°C in an oven for 30 minutes, and the residual

powder is then dried at 200°C for an additional 30 minutes. After the dried powder is cooled to
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room temperature, the powder is weighed and the wt.% solids in the mixed dispersion is
calculated. The blended fluoropolymer powder is then ready for DSC analysis.

[00155] For DSC analysis, 10 mg (+/- 1 mg) of the dried powder is placed in a aluminum
DSC sample pan, and the pan is sealed with a standard lid. The heating and cooling cycles of the
DSC are as follows: (1) ramp 15.0°C/min to 400°C; (2) isothermal for 1.00 min; (3) ramp
15.0°C/min to 135°C; (4) isothermal for 1.00 min; (5) ramp 15.0°C/min to 400°C; and (6) air
cool.

[00156] The melting peaks are obtained during the (1) ramping up heating process. The
crystallization peaks are obtained in the (3) cooling process. The 2nd melting peaks are obtained

at the (5) heating process.

Example 1
MFA/LPTFE blends

[00157] Samples of MFA/SFN-D blends were obtained from a variety of sources
including powders formed by freeze drying, dried mixed dispersions, and scraped dried films.
The initial form of the blend did not influence the observations.

[00158] The main observation made in the DSC for these materials is the fact that there is
a maximum in the re-melt and fusion peaks for the MFA phase which corresponds with a
maximum in the observed melting points as well. These maxima occur at a composition known
to give the beneficial effects of the present invention (i.e., at approximately 65%-75% [MFA];
see Figures 1-5) and are believed to be characteristic of it. In these compositions the SFN-D
phase also yields higher melt enthalpies relative to pure SFN-D however in this case the melting
points are lower (Figures 8-11). It appears that both phases experience an increase in
crystallinity under these conditions and in the case of the MFA phase it appears that this may be
associated with denser crystals. In other words, the compositions of both phases appear to be
more crystalline. This will undoubtedly improve permeability resistance and is also expected to
lower surface energy (reducing staining etc).

[00159] When all the MFA data are fitted there is a maximum in the re-melt peak of the
MFA phase both for peak area (heat of melting) and melting point at approximately 70% MFA
which corresponds to the desired properties. The heat of fusion data appears to shift its peak to

slightly lower MFA content. This may be due to incomplete mixing of the first and second

21



LPTFE MFA 0.65 0.35 131.09 4.40 0.7 28436 300.23 303.36 321.93 4.6 3.0
MFA 0.65 0.35 129.69 3.00 284.76 300.23 303.36 321.93 MFA 0. 65 0. 35
129. 86 3.w020184627/6 300. 23 303. 36 321. 93 M FA 0.7 0. 30CTIRB2@9/044596 0. 6
285.2 301.59 303.37 322.86 4.6 2.9 MFA 0.7 0.30 131.17 5.06 285.2 301.59
303. 37 322. 86 MFA 0.7 0.30

fluoropolymers at the first melting point, but may be more likely due to an apparent shift in
melting point when the sample is heated vs. cooled.
[00160] The non-normalized data is shown Figures 6-9 and shows the same maximum in

the AH 2™ melt curve.

[00161] Considering Figures 1-4 and Figures 9-10 it can be seen that both the LPTFE
phase and the MFA phase experience increased in crystallinity at compositions between 65-75%
MFA.
Example 2
FEP/LPTFE blends
[00162] With respect to FEP, it appears that there might be 2 peaks in the FEP phase melt

and fusion enthalpy curves, at approximately 40% and at approximately 80% [FEP]. Similarly,
there are also apparently 2 peaks in the SFN-D phase, but these occur at slightly different
compositions, i.e., at approximately 35% and at approximately 75% [FEP] (see Figures 18 and
19).

[00163] By analogy with the MFA blends of Example 1, it would seem reasonable to
assume that the beneficial effects of the present invention might be observed at approximately
40% [FEP] and possibly at approximately 80% [FEP]. The various melting points show peaks in
similar regions as was the case in the MFA of Example 1 (Figures 14, 15, 18, and 19).

[00164] If we examine the FEP/SEN-D blends we see that in the 2™ melt temperature of
the FEP phase there appears to be at a minimum for 70% FEP but there is a peak at 50% [FEP].
There also appears to be a peak in the AH for 2™ melt and in the fusion data at 80-90% (Figures
16 and 17).

[00165] Also, the melting point of the SFN-D phase decreases after a second FEP phase
(denoted by + marker in Figure 12) starts to appear in the re-melt but in the case for MFA shown
above this decrease is seen before the second phase occurs (Figure 8). Examination of the
enthalpies shows that there are 2 peaks in both the SFN-D phase (at 50% and 80% FEP) and in
the FEP phase (at 40% and at least 80% FEP)(Figures 16 and 17). Blends of 40-60% FEP and
80-90% FEP might be expected to show properties in accordance with the beneficial effects of

the present invention.
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Example 3
PFA/LPTFE blends

[00166] PFA data appears to be somewhat more difficult to analyze due to difficulties in
resolving some peaks which are clearly overlapping, especially for the re-melt peaks.
Nevertheless the fusion enthalpy curve exhibits a peak in the data at approximately 50% PFA as
well as indicating the potential for a further peak at ca. 80% (see Figures 21 and 23).

[00167] An observation of note was made when films were cast from the dispersion
PFA/SFN-D blends onto Al plates and acid etched with concentrated HCI. It was clearly evident
that the 50% and 60% PFA blends did not reveal much, if any, penetration whereas the other
compositions showed significant breakthrough to the substrate (see Figure 26A). The present
inventors hypothesize that this is clear and unequivocal evidence that, as anticipated, peaks in the
melt/fusion enthalpy curves occur at compositions associated with the beneficial effects of the
present invention, which in this case is demonstrated by reduced permeability. This observation
was further reinforced by contact angle measurements which appear to show a maximum value
in a similar range of composition (Figure 26B).

[00168] For PFA it appears possible that second PFA phase peaks occur so close to the
primary SFN-D melt/fusion peaks that they are difficult to separate and characterize though there
are indications that these second peaks are present. Nevertheless similarly to both MFA and FEP
the SFN-D phase does show a reduction in melting point with increasing [PFA] which gives
further reason to believe that the so far uncharacterized PFA peaks are there, and at the very least
demonstrates that the PFA is affecting the SFN-D phase.

[00169] The apparent heat of fusion and 2™ melt AH for the SEN-D phase increases with
increasing [PFA] but this might be misleading; it could be caused by the undetected PFA melt
peak hidden beneath. In fact since this polymer blend is the only one to show such an increase in
normalized SFN-D peak area with increasing [MPF] (at least above 50% MPF), it appears to
indicate that there is a separate (hidden to DSC) PFA phase. However, further examination of
the fusion data has shown a peak at ca 50% PFA and the beneficial properties of the present

invention have been observed for this blend

Example 4
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[00170] Figures 27-34 summarize the differences in location, with respect to the inventive
compositions, of the MPF phase fusion and melt enthalpy curves clearly indicate the maxima for
cach MPF (Figures 27, 28) whereas the corresponding SFN-D phase for PFA and MFA appear to
be shifted on the [MPF] axis by amount equivalent to the difference in [MPF] of the MPF phase
peaks (Figures 29, 30). A similar shift is found for the SFN-D fusion and 2" melt temperatures
(Figures 31, 32).

[00171] Examination of Figures 27-34 shows that the PFA curves are shifted relative to
the MFA curves by between 10-20% towards lower [MPF]. Comparing the regions for the
beneficial effects of the present invention between Examples 1 and 3 a strong correlation is
observed. In PFA, this occurs at approximately 50% PFA and with MFA at approximately 70%.
FEP possibly shows two regions as well, one at approximately 40% FEP and another possibly at

>80% FEP.

Example S
PTFE/MFA blend

[00172] An SFN-DN PTFE aqueous dispersion stabilised with 0.6% D6483 (100%
polysiloxane) on PTFE solids was added to MFA 6202-1 MFA dispersion to give 25:75
PTFE:MFA solids content. The dispersions were mixed with slow stirring. The mixture was
frozen and freeze-dried. The resulting dry powder was applied by electrostatic spray gun over a
Xylan 4018/G0916 primer on to a grit blasted aluminum panel. The panel was flashed off at
150°C and cured at 400°C for 20 minutes. The powder melted to form a continuous film.
[00173] Reference is now made to three DSC data sets in Figures 35-37. A comparison of
the melting point shift from pure polymers (Figure 35 - MFA and Figure 36 -PTFE) to the alloy
(25 PTFE, 75 MFA) Figure 37, show that the polymers form a true alloy and co-crystallize
together.

[00174] The MFA/PTFE blend produced by this process has certain advantages.
Increasing the crystalline nature of the MFA polymer can be demonstrated by considering the
heat of fusion in the DSC data. The high crystalline polymer has better barrier properties. Also,
the freeze-drying process yields a homogenous blend of PTFE and MFA. Mixing on a nano
scale and freeze drying locks polymer particles in place; no macro aggregation of individual

polymer components occurs.
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Example 6
Lap shear test of PTFE/MFA blend

[00175] In this Example, the release properties of coatings made with a control PFA

fluoropolymer and with a blended LPTFE/MFA fluoropolymer made in accordance with the
present invention were investigated. The test method used for evaluation was ASTM D1002
(Standard Test Method for Apparent Shear Strength of Single-Lap-Joint Adhesively Bonded
Metal Specimens by Tension Loading (Metal-to-Metal)), which test method was modified as

discussed below.

[00176] The control fluoropolymer was Daikin ACX-31 PFA powder. An experimental
blended fluoropolymer powder was made by blending an MFA dispersion (Solvay Hyflon MFA
XPH 6202-1, 27.2% solids) and an LPTFE dispersion (SFN-D, 25% solids) followed by freeze
drying to give a 75:25 wt.% ratio of MFA:PTFE in the resulting powder.

[00177] Sample panels of gritblasted aluminium were prepared and then treated with
Xylan 80-178/G3435 metallic black primer followed by flashing off at 150°C and allowing to
cool. The control and experimental powders were applied by electrostatic powder spray and then
cured at 400°C for 15 minutes. The gritblasting pretreatment used for the coated panels was one
method improvement, ensuring a consistent coated surface which in turn gave less scatter in
results. Using freshly coated panels gave greater consistency rather than re-using test panels.
[00178] The aluminium plates used were 1” wide x 4” long. One plate was coated and a
second plate was solvent wiped using ethanol. One improvement to the test method was the
careful preparation of the panels for testing to ensure that there were no differences in procedure
between the two sets of panels. PSI-326 (Polymeric Systems Inc.) epoxy adhesive was mixed
1:1 w/w for approximately 45 seconds and then applied to both surfaces. The plain aluminium
panel received the larger proportion with the coated plates being smeared until full wet out was
observed. Solid spherical glass beads of nominal 0.6 mm were scattered onto the aluminium
plate.

[00179] The test was performed using PSI 326 epoxy adhesive. Pairs of plates were
aligned and firmly clamped together using strong spring clips as shown in Figure 38. The coated

panel and adhesive overlap is 1 in>. The thickness of the epoxy/adhesive bond was set using
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glass beads (0.6 mm). The adhesive was hand mixed and applied to the panels which were then
clamped together. The panels were left to stand for 72 hours prior to testing on the Lloyd
Tensometer. The use of clamps was another improvements to the test method. A further
improvement included removal of excess adhesive immediately without disturbing the bond.
Clamped plates were left for 72 hours undisturbed before testing.
[00180] The following results were obtained:

Table 3

Control fluoropolymer

Panel # Pull-apart force (N)
1 185
2 235
3 216
4 158
Table 4

Experimental blended fluoropolymer

Panel # Pull-apart force (N)
1 95.1
2 81.3
3 94.0
4 83.0
[00181] As is clear from the foregoing, the coatings made with the experimental blended

fluoropolymer displayed better release characteristics than the coatings made with the control

fluoropolymer, as evidence by approximately 50% lesser pull-apart forces.
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Example 7

Stain resistance

[00182] In this example, the stain resistance of coatings made with a control PFA
fluoropolymer and with a blended LPTFE/MFA fluoropolymer made in accordance with the
present invention were investigated.

[00183] The control fluoropolymer was Daikin ACX-31 PFA powder. An experimental
blended fluoropolymer powder was made by blending an MFA dispersion (Solvay Hyflon MFA
XPH 6202-1, 27.2% solids) and an LPTFE dispersion (SFN-D, 25% solids) followed by freeze
drying to give a 75:25 wt.% ratio of MFA:PTFE in the resulting powder.

[00184] Two aluminum panels treated with Xylan 80-178/G3435 metallic black primer
followed by flashing off at 150°C and allowing to cool. The control and experimental powders
were applied by electrostatic powder spray and then cured at 400°C for 10 minutes, specifically,
the panels were coated as shown in Figure 39, with each panel coated on its left side with the
control coating and on its right side with the experimental coating.

[00185] Referring to Figure 39, six stain-prone materials, including sugar water (A-1),
worchestershire sauce and sugar (B-1), honey BBQ sauce (C-1), tomato sauce and sugar (D-1),
soy sauce and sugar (E-1), and orange juice (F-1) were dropped onto each side of the panels, and
then baked onto cach of the control and experimental coatings at 205°C for 30 minutes. Once
cooled, each panel was then turned upside down and tapped once lightly. The improvement in
stain resistance exhibited by the right sides of each panel that were coated with the experimental
coating can be seen from Figures 39 and 40, although no improvement was observed for soy

sauce and sugar (E-1).

Introduction to Examples 8-10

[00186] Further Examples of MPF/LPTFE blends are given below where more detailed
examination of thermal data, contact angles and acid resistance was considered.

[00187] The data is summarized in Table 5 below, in which the columns are explained as
follows:

e "MPF %" and "LPTFE %" are the fractions of the MPF and LPTFE components by
weight, i.e., 0.1 is 10 wt.%.
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6.71 1 285 306.08 325.87 0.0 0.0 PFA (A) 0.45 0.55 137.92 7.09 1 285
306.08 325.87 0.0 0.0 PEA (A) 0.5 0.50 135.94 5.50 1 285.44 305.65 300. 41
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4.8 4.9 PFA (A) 0.5 0.50 137.18 6.74 1 285.44 305.65 300.41 324.91 4.8 4.9
PFA (A) 0.55 0.45 135.86 5.81 1 285.1 304.39 302.67 324.51 5.1 37.9 PFA (A

e "CA" is the contact angle are for a water droplet in degrees, as determined using the
“Drop Shape Analysis” system (DSA10), available from Kruss GmbH of Hamburg,
Germany, according to the Young Relation.

e "Diff CA" is the difference in contact angle for a given component/mixture from a linear
interpolation of the contact angles for that of the pure MPF and LPTFE components, in
degrees.

e "Mpt" refers to melting point, in degrees C, using the DSC procedure set forth below.

e Acid rating scale is on a 0.1 - 1 scale according to the procedure set forth below, where 1
represents excellent acid resistance as judged by photographic examination.

e Enthalpies ("DH") are in J/g.

[00188] Examples 10-12 respectively present three data sets for blends of LPTFE (SFN-D,
Chenguang) with each of a first PFA, referred to in Table 13 below as "PTFE (A)" (Dyneon
PFA6900Z Lot# 38C1998X, Solids=49.4%) a second PFA, referred to in Table 13 below as
"PTFE (B)" (du Pont PFA TE7224, Lot# 0804330005, Solids = 58.6%) (Example 10); FEP
(Neoflon FEP ND-110 Dispersion, Lot# ND110R86001, Solids 56.5%) (Example 11); and MFA
(Solvay Hyflon MFA XPH 6202-1, Lot# Lab, Solids = 27.2%) (Example 12).

[00189] The data presented was obtained using differential scanning calorimetry (DSC)
and, in most cases individual data points in Figures 41-64 were each taken from DSC curves.
[00190] In Examples 10-12, ‘normalized’ means data that is normalized for the fraction of
the given component in the original mixture, i.e., for the LPTFE (SFN-D) phase the normalized
SFN-D data is given by, {SFN-D data}/ (1-[MPF]).

[00191] The blended fluoropolymer compositions for Examples 10-12 were prepared as
follows. The given amounts of aqueous fluoropolymer dispersions were mixed under air in a
mixer for 30 minutes to ensure homogenous mixture of the dispersions. The mixture was mixed
under low to medium shear to avoid coagulation of blended dispersion. A plastic eye-dropper
was used to place a known weight of the mixed, blended dispersion into a pre-weighed drying
dish. The dispersion was flashed at 100°C in an oven for 30 minutes, and the residual powder
was then dried at 200°C for an additional 30 minutes. After the dried powder cooled to room
temperature, the powder was weighed and the percent solids in the mixed dispersion was

calculated. The blended fluoropolymer powder was then ready for DSC analysis.
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0.55 0.45 137.23 7.18 1 285.1 304.39 302.67 324.51 5.1 37.9 PFA (A) 0.55
0.45 138.05 8.00 1 285.1 304.39 302.67 324.51 5.1 37.9 PEA (A) 0.6 0.40
136. 06 6.\80 200928627303. 94 298. 43 323.23 4.0 5.6 PFA (A ©CE/UB2e00/0485% 44 5. 77
1 285 303.94 298.43 323.23 4.0 5.6 PFA (A) 0.6 0.40 135.35 5.68 1 285
303.94 298.43 323.23 4.0 5.6 PFA (A) 0.75 0.25 132.46 3.95 0.7 285.3 300.85
295. 17 320. 56

[00192] For DSC analysis, 10 mg (+/- 1 mg) of the dried powder was placed in a
aluminum DSC sample pan, and the pan was sealed with a standard lid. The heating and cooling
cycles of the DSC were as follows: (1) ramp 15.0°C/min to 400°C; (2) isothermal for 1.00 min;
(3) ramp 15.0°C/min to 135°C; (4) isothermal for 1.00 min; (5) ramp 15.0°C/min to 400°C; and
(6) air cool.
[00193] The melting peaks were obtained during the (1) ramping up heating process. The
crystallization peaks were obtained in the (3) cooling process. The 2nd melting peaks were
obtained at the (5) heating process.
[00194] The panel preparation method for contact angle and acid resistance testing was as
follows:

1. Make liquid blend of MPF and LPTFE in the desired ratios.

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

formulations and percentages to make the blends for drawdown.

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 200°F.

7. Move the panel to 400°F and flash an additional 5 minutes.

8. Cure the panel for 10 minutes at 750°F.
[00195] The acid etch test procedure was as follows:

1. Trim the panel to fit into the largest petri dish with lid available.

2. Apply 6000uL of 36.5-38% concentrated HCI in two different locations on the

panel to account for any possibility of inconsistent film build.

3. Carefully place the panel with HCI into the petri dish.

4. Cover the petri dish with the lid and seal using vacuum grease.

5. Take pictures of the panels every hour for 8 hours.

6. Rate the pictures at the end of the 6 hours using the rating scale of 0.1-1 (0.1

worst — 1 best).

[00196] The results are presented below in Table 5:
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11.7 4.3 PFA (A) 0.75 0.25 129.88 1.37 0.7 285.3 300.85 295.17 320.56 11.7
4.3 PEA (A) 0.75 0.25 132.65 4.14 0.7 285.3 300.85 295.17 320.56 11.7 4.3
PEA 0.9 OWOQo®286037 0.71 0.1 296.12 296.86 316. 14 33. 3PLF/UB2000044516

2009/ 146277PCT/ US2009/ 044516 MPF Type MPF % LPTFE % CA Diff CA Acid rating
(0-1 scale) Fusion npt MPF Fusion npt 2nd nelt npt MPF 2nd nmelt npt LPTFE

Norm DH Fusi on MPF Norm DH Renelt MPF LPTFE
Table 5

MPF/LPTFE Blends
MPF | MPF | LPTFE | CA Diff | Acid Fusion | Fusion | 2nd 2nd Norm Norm
Type % % CA rating mpt mpt melt melt DH DH

0-1 MPF LPTFE | mpt mpt Fusion Remelt

scale) MPF | LPTFE | MPF MPF
FEP 0 1.00 133.97 | -0.23 | 0.1 . 310.55 . 326.67 0.0 0.0
FEP 0 1.00 134.02 | -0.18 | 0.1 . 310.55 . 326.67 0.0 0.0
FEP 0 1.00 134.62 | 0.42 | 0.1 . 310.55 . 326.67 0.0 0.0
FEP 0.1 0.90 130.64 | -1.96 | 0.1 . 31045 . 326.9 0.0 0.0
FEP 0.1 0.90 130.65 | -1.95 | 0.1 . 31045 . 326.9 0.0 0.0
FEP 0.1 0.90 129.21 | -3.39 | 0.1 . 31045 . 326.9 0.0 0.0
FEP 0.2 0.80 126.69 | -4.31 | 0.6 . 3105 . 326.87 0.0 0.0
FEP 0.2 0.80 127.53 | -3.47 | 0.6 . 3105 . 326.87 0.0 0.0
FEP 0.2 0.80 129.21 | -1.79 | 0.6 . 3105 . 326.87 0.0 0.0
FEP 0.4 0.60 129.77 1 198 | 1 213.96 309.99 232.56 | 326.46 8.0 9.9
FEP 0.4 0.60 129.77 1 198 | 1 213.96 309.99 232.56 | 326.46 8.0 9.9
FEP 0.4 0.60 12954 | 1.75 | 1 213.96 309.99 232.56 | 326.46 8.0 9.9
FEP 0.45 0.55 129.78 1 2.79 | 1 213.35 309.9 233.1 326.08 11.6 10.9
FEP 0.45 0.55 129.55 1 2.56 | 1 213.35 309.9 233.1 326.08 11.6 10.9
FEP 0.45 0.55 12843 | 144 | 1 213.35 309.9 233.1 326.08 11.6 10.9
FEP 0.5 0.50 127.38 | 1.19 | 1 212.62 309.48 232.87 | 325.93 16.4 9.9
FEP 0.5 0.50 128.90 | 2.71 | 1 212.62 309.48 232.87 | 325.93 16.4 9.9
FEP 0.5 0.50 130.16 | 3.97 | 1 212.62 309.48 232.87 | 325.93 16.4 9.9
FEP 0.55 0.45 126.95 | 1.56 | 0.9 212.6 309.41 233.53 | 325.42 132 9.5
FEP 0.55 0.45 128.54 | 3.15 | 0.9 212.6 309.41 233.53 | 325.42 132 9.5
FEP 0.55 0.45 126.89 | 1.50 | 0.9 212.6 309.41 233.53 | 325.42 132 9.5
FEP 0.6 0.40 127.92 | 334 | 0.5 214.36 309.4 23345 | 325.24 11.7 11.0
FEP 0.6 0.40 127.60 | 3.02 | 0.5 214.36 309.4 23345 | 325.24 11.7 11.0
FEP 0.6 0.40 127.38 | 2.80 | 0.5 214.36 309.4 23345 | 325.24 11.7 11.0
FEP 0.7 0.30 126.75 | 3.77 | 0.4 215.51 308.69 235.16 | 325.16 124 9.3
FEP 0.7 0.30 12596 | 298 | 0.4 215.51 308.69 235.16 | 325.16 124 9.3
FEP 0.7 0.30 12623 | 325 | 04 215.51 308.69 235.16 | 325.16 124 9.3
FEP 0.8 0.20 12248 | 1.10 | 0.2 215.21 307.93 234.79 | 324.63 15.1 10.9
FEP 0.8 0.20 122,61 | 1.23 |02 215.21 307.93 234.79 | 324.63 15.1 10.9
FEP 0.8 0.20 123.87 | 249 | 0.2 215.21 307.93 234.79 | 324.63 15.1 10.9
FEP 0.9 0.10 119.87 | 0.10 | 0.1 218.96 306.42 23527 | 325.49 15.7 11.6
FEP 0.9 0.10 116.29 | -3.48 | 0.1 218.96 306.42 23527 | 325.49 15.7 11.6
FEP 0.9 0.10 120.07 |1 0.30 | 0.1 218.96 306.42 23527 | 325.49 15.7 11.6
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(A) PFA (A) 0.9 0.10 127.86 0.50 0.1 296.12 296.86 316.14 33.3
45.0 PFA (A) 0.9 0.10 127.60 0.24 0.1 296.12 296.86 316.14 33.3 45.0 PEA
(A) 1 0. (WP 20®64607-0.09 0.1 291.94 311.87 28.3 0.0 PBAT(USR00D/08451)
126.47 -0.12 0.1 291.94 311.87 28.3 0.0 PFA (A) 1 0.00

MPF | MPF | LPTFE | CA Diff | Acid Fusion | Fusion | 2nd 2nd Norm Norm

Type % % CA rating mpt mpt melt melt DH DH
0-1 MPF LPTFE | mpt mpt Fusion Remelt
scale) MPF | LPTFE | MPF MPF

FEP 1 0.00 11927 | 1.10 | 0.1

FEP 1 0.00 117.13 | -1.04 | 0.1

FEP 1 0.00 117.47 | -0.70 | 0.1

MFA (0O 1.00 13523 | 0.94 | 0.1 . 310.44 . 3279 0.0 0.0

MFA (0O 1.00 13435 | 0.06 | 0.1 . 312.6 . 330.31 0.0 0.0

MFA (0O 1.00 133.30 | -0.99 | . . 310.44 . 3279 0.0 0.0

MFA (0O 1.00 13523 | 0.94 | . . 312.6 . 330.31 0.0 0.0

MFA (0O 1.00 13435 | 0.06 | . . 310.44 . 3279 0.0 0.0

MFA (0O 1.00 133.30 | -0.99 | . . 312.6 . 330.31 0.0 0.0

MFA | 0.1 0.90 133.68 | 0.56 | 0.1 . 310 . 327.65 0.0 0.0

MFA | 0.1 0.90 133.90 | 0.78 | . . 310 . 327.65

MFA | 0.1 0.90 132.55 | -0.57 | . . 310 . 327.65

MFA | 0.15 0.85 133.58 | 1.04 | 0.1 . 309.65 . 327.77 0.0 0.0

MFA | 0.15 0.85 13346 | 0.92 | . . 309.65 . 327.77

MFA | 0.15 0.85 133.73 | 1.19 | . . 309.65 . 327.77

MFA | 0.25 0.75 131.09 | -0.28 [ 0.1 . 311.07 . 326.32 0.0 0.0

MFA | 0.25 0.75 129.69 | -1.68 | . . 311.07 . 326.32

MFA | 0.25 0.75 12986 | -1.51 | . . 311.07 . 326.32

MFA | 0.35 0.65 126.60 | -3.60 | 0.1 287.84 307.87 . 326.25 1.8 0.0

MFA | 0.35 0.65 12023 | -9.97 | . 287.84 307.87 . 326.25

MFA | 0.35 0.65 13228 | 2.08 | . 287.84 307.87 . 326.25

MFA |04 0.60 13230 | 2.69 | 0.1 283.08 306.95 . 326.1 23 0.0

MFA |04 0.60 13242 | 2.81 | . 283.08 306.95 . 326.1

MFA |04 0.60 131.88 | 2.27 | . 283.08 306.95 . 326.1

MFA | 0.45 0.55 13325 | 422 [ 0.1 283.72 306.29 . 325.59 2.9 0.0

MFA | 0.45 0.55 132.62 | 3.59 | . 283.72 306.29 . 325.59

MFA | 0.45 0.55 13142 | 239 | . 283.72 306.29 . 325.59

MFA | 0.5 0.50 134.16 | 5.72 [ 0.1 283.55 304.71 . 325.84 3.1 0.0

MFA | 0.5 0.50 13286 | 442 | . 283.55 304.71 . 325.84

MFA | 0.5 0.50 132.06 | 3.62 | . 283.55 304.71 . 325.84

MFA | 0.55 0.45 13234 | 448 [ 0.1 284.7 304.18 303.13 | 324.71 5.1 1.6

MFA | 0.55 0.45 130.89 | 3.03 | . 284.7 304.18 303.13 | 324.71

MFA | 0.55 0.45 13030 | 2.44 | . 284.7 304.18 303.13 | 324.71

MFA | 0.6 0.40 13226 [ 498 [ 0.9 285.13 302.96 303.63 | 323.41 4.8 2.1

MFA | 0.6 0.40 131.84 | 4.56 | . 285.13 302.96 303.63 | 323.41

MFA | 0.6 0.40 132.10 | 4.82 | . 285.13 302.96 303.63 | 323.41
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126.79 0.20 0.1 291.94 311.87 28.3 0.0 PFA (13) 0 1.00 135.23 0.94 0.1
310.44 327.9 0.0 0.0 PFA (13) 0 1.00 134.35 0.06 0.1 310.44 327.9 0.0
0.0 PFA (WD 20@/14600 133.30 -0.99 0.1 310.44 327.9 0. O0POTWSREANOE)6 0. 15
0.85 1213.77 -3.83 0.1 308.79 327.12 0.0 0.0 PFA (B) 0.15 0.85 126.77
-5.83 0.1

MPF | MPF | LPTFE | CA Diff | Acid Fusion | Fusion | 2nd 2nd Norm Norm

Type % % CA rating mpt mpt melt melt DH DH
0-1 MPF LPTFE | mpt mpt Fusion Remelt
scale) MPF | LPTFE | MPF MPF

MFA | 0.65 0.35 131.09 | 440 | 0.7 284.76 300.23 303.36 | 321.93 4.6 3.0

MFA | 0.65 0.35 129.69 | 3.00 | . 284.76 300.23 303.36 | 321.93

MFA | 0.65 0.35 12986 | 3.17 | . 284.76 300.23 303.36 | 321.93

MFA | 0.7 0.30 131.07 | 496 | 0.6 2852 301.59 303.37 | 322.86 4.6 2.9

MFA | 0.7 0.30 131.17 | 5.06 | . 2852 301.59 303.37 | 322.86

MFA | 0.7 0.30 130.18 | 4.07 | . 2852 301.59 303.37 | 322.86

MFA | 0.75 0.25 12837 [ 2.85 [ 0.2 284.71 298.63 302.56 | 320.72 35 2.7

MFA | 0.75 0.25 12931 | 3.79 | . 284.71 298.63 302.56 | 320.72

MFA | 0.75 0.25 12873 | 3.21 | . 284.71 298.63 302.56 | 320.72

MFA [ 0.8 0.20 128.11 | 3.17 [ 0.1 284.46 296.79 301.81 | 319.14 2.6 2.9

MFA [ 0.8 0.20 12735 | 241 | . 284.46 296.79 301.81 | 319.14

MFA [ 0.8 0.20 128.05 | 3.11 | . 284.46 296.79 301.81 | 319.14

MFA [ 0.9 0.10 12191 | -1.86 | 0.1 . 288.35 . 313.77 0.0 0.0

MFA [ 0.9 0.10 123.99 | 0.22 | . . 288.35 . 313.77

MFA [ 0.9 0.10 12499 | 1.22 | . . 288.35 . 313.77

MFA 1 0.00 12294 | 0.34 [ 0.1 279.88 . 304.13 | . 21.9 13.8

MFA 1 0.00 122.50 | -0.10 | 0.1 281.71 . 305.09 | . 16.1 13.8

MFA 1 0.00 12236 | -0.24 | . 279.88 . 304.13

PFA 0 1.00 133.30 | -0.99 [ 0.1 . 310.39 . 327.85 0.0 0.0

(A)

PFA 0 1.00 13435 | 0.06 | . . . . . 0.0 0.0

(A)

PFA 0 1.00 13523 | 0.94 | . . . . . 0.0 0.0

(A)

PFA 0.1 0.90 13475 | 1.23 [ 0.1 . 310.09 . 327.87 0.0 0.0

(A)

PFA 0.1 0.90 13572 | 220 | 0.1 . 310.09 . 327.87 0.0 0.0

(A)

PFA 0.1 0.90 136.08 | 2.56 | 0.1 . 310.09 . 327.87 0.0 0.0

(A)

PFA 0.2 0.80 13495 | 220 | 0.1 . 309 . 327.88 0.0 0.0

(A)

PFA 0.2 0.80 13512 | 2.37 [ 0.1 . 309 . 327.88 0.0 0.0

(A)

PFA 0.2 0.80 13528 | 2.53 [ 0.1 . 309 . 327.88 0.0 0.0

(A)
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308.79 327.12 0.0 0.0 PFA (B) 0.15 0.85 133.12 0.52 0.1 308.79 327.12
0.0 0.0 PFA (13) 0.2 0.80 131.67 -0.37 0.1 307.97 325.1 0.0 0.0 PFA (B)
0.2 0.80 wBR@21467712 0.1 307.97 325.1 0.0 0.0 PEA (BpCouBd2@98®5181. 95
-0.09 0.1 307.97 325.1 0.0 0.0 PEA (B) 0.3 0.70 129.38 -1.53 0.3 306.33
326.42 0.0 0.0

MPF MPF LPTFE | CA Diff | Acid Fusion | Fusion | 2nd 2nd Norm Norm

Type % % CA rating mpt mpt melt melt DH DH
0-1 MPF LPTFE | mpt mpt Fusion Remelt
scale) MPF | LPTFE | MPF MPF

PFA 0.4 0.60 137.00 | 5.79 | 0.7 . 306.95 . 326.42 0.0 0.0

(A)

PFA 0.4 0.60 13820 | 6.99 [ 0.7 . 306.95 . 326.42 0.0 0.0

(A)

PFA 0.4 0.60 138.71 | 7.50 | 0.7 . 306.95 . 326.42 0.0 0.0

(A)

PFA 0.45 0.55 136.84 [ 6.01 |1 285 306.08 . 325.87 0.0 0.0

(A)

PFA 0.45 0.55 13754 [ 6.71 |1 285 306.08 . 325.87 0.0 0.0

(A)

PFA 0.45 0.55 13792 [ 7.09 |1 285 306.08 . 325.87 0.0 0.0

(A)

PFA 0.5 0.50 13594 [ 550 |1 285.44 305.65 30041 | 324.91 4.8 4.9

(A)

PFA 0.5 0.50 136.53 [ 6.09 |1 285.44 305.65 30041 | 324.91 4.8 4.9

(A)

PFA 0.5 0.50 13718 [ 6.74 |1 285.44 305.65 30041 | 324.91 4.8 4.9

(A)

PFA 0.55 0.45 13586 [ 581 |1 285.1 304.39 302.67 | 324.51 5.1 37.9

(A)

PFA 0.55 0.45 13723 [ 7.18 |1 285.1 304.39 302.67 | 324.51 5.1 37.9

(A)

PFA 0.55 0.45 138.05 [ 8.00 |1 285.1 304.39 302.67 | 324.51 5.1 37.9

(A)

PFA 0.6 0.40 136.06 | 6.39 |1 285 303.94 298.43 | 323.23 4.0 5.6

(A)

PFA 0.6 0.40 13544 [ 577 |1 285 303.94 298.43 | 323.23 4.0 5.6

(A)

PFA 0.6 0.40 13535 [ 568 |1 285 303.94 298.43 | 323.23 4.0 5.6

(A)

PFA 0.75 0.25 13246 | 3.95 [ 0.7 2853 300.85 295.17 | 320.56 11.7 4.3

(A)

PFA 0.75 0.25 12988 | 1.37 [ 0.7 2853 300.85 295.17 | 320.56 11.7 4.3

(A)

PFA 0.75 0.25 132.65 | 4.14 | 0.7 2853 300.85 295.17 | 320.56 11.7 4.3

(A)

PFA 0.9 0.10 128.07 | 0.71 | 0.1 296.12 . 296.86 | 316.14 333 45.0
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PFA (B) 0.3 0.70 132.77 1.86 0.1 306.33 326.42 0.0 0.0 [PA(13) 0.3 0.70
131.14 0.23 0.1 306.33 326.42 0.0 0.0 PFA (13) 0.4 0.60 134.42 4.63 0.7
284. 33 30W0280933&2708 325.14 0.0 0.0 WO 2009/ 146277PCT/ BE20BM044516 MPF
Type MPF % LPTFE % CA Diff CA Acid rating (0-1 scale) Fusion npt MPF Fusion
npt 2nd nelt npt MPF 2nd nelt npt LPTFE Norm DH Fusi on MPF Norm DH Renel t
MPF LPTFE

MPF MPF LPTFE | CA Diff | Acid Fusion | Fusion | 2nd 2nd Norm Norm

Type % % CA rating mpt mpt melt melt DH DH
0-1 MPF LPTFE | mpt mpt Fusion Remelt
scale) MPF | LPTFE | MPF MPF

(A)

PFA 0.9 0.10 127.86 | 0.50 | 0.1 296.12 . 296.86 | 316.14 333 45.0

(A)

PFA 0.9 0.10 127.60 | 0.24 | 0.1 296.12 . 296.86 | 316.14 333 45.0

(A)

PFA 1 0.00 126.50 | -0.09 | 0.1 291.94 . 311.87 | . 28.3 0.0

(A)

PFA 1 0.00 126.47 | -0.12 | 0.1 291.94 . 311.87 | . 28.3 0.0

(A)

PFA 1 0.00 126.79 | 0.20 | 0.1 291.94 . 311.87 | . 28.3 0.0

(A)

PFA 0 1.00 13523 | 0.94 | 0.1 . 310.44 . 3279 0.0 0.0

®)

PFA 0 1.00 13435 | 0.06 | 0.1 . 310.44 . 3279 0.0 0.0

®)

PFA 0 1.00 133.30 | -0.99 [ 0.1 . 310.44 . 3279 0.0 0.0

®)

PFA 0.15 0.85 128.77 | -3.83 [ 0.1 . 308.79 . 327.12 0.0 0.0

®)

PFA 0.15 0.85 126.77 | -5.83 [ 0.1 . 308.79 . 327.12 0.0 0.0

®)

PFA 0.15 0.85 133.12 | 0.52 [ 0.1 . 308.79 . 327.12 0.0 0.0

®)

PFA 0.2 0.80 131.67 | -0.37 | 0.1 . 307.97 . 325.1 0.0 0.0

®)

PFA 0.2 0.80 13192 | -0.12 | 0.1 . 307.97 . 325.1 0.0 0.0

®)

PFA 0.2 0.80 131.95 | -0.09 | 0.1 . 307.97 . 325.1 0.0 0.0

®)

PFA 0.3 0.70 12938 | -1.53 [ 0.3 . 306.33 . 326.42 0.0 0.0

®)

PFA 0.3 0.70 13277 | 1.86 | 0.1 . 306.33 . 326.42 0.0 0.0

®)

PFA 0.3 0.70 131.14 | 0.23 [ 0.1 . 306.33 . 326.42 0.0 0.0

®)

PFA 0.4 0.60 13442 [ 463 | 0.7 284.33 304.38 302.08 | 325.14 0.0 0.0

®)
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PFA (B) 0.4 0.60 133.52 3.73 0.7 28433 304.38 302.08 325.14 0.0 0.0 PEA (B)
0.4 0.60 133.69 3.90 0.7 284.33 304.38 302.08 325.14 0.0 0.0 PEA (B) 0.45
0. 55 135.80 26091146071 304.02 324.48 0.0 0.0 PFA (B) 0. 26TUS2®@9085126 6. 04
0.1 304.02 324.48 0.0 0.0 PFA (13) 0.45 0.55 135.39 6.17 0.1 304.02
324.48 0.0 0.0 PFA (13) 0.5 0.50 135.78 7.12 0.9

MPF MPF LPTFE | CA Diff | Acid Fusion | Fusion | 2nd 2nd Norm Norm
Type % % CA rating mpt mpt melt melt DH DH
0-1 MPF LPTFE | mpt mpt Fusion Remelt
scale) MPF | LPTFE | MPF MPF

PFA 0.4 0.60 133.52 [ 3.73 [ 0.7 284.33 304.38 302.08 | 325.14 0.0 0.0
®)

PFA 0.4 0.60 133.69 [ 3.90 [ 0.7 284.33 304.38 302.08 | 325.14 0.0 0.0
®)

PFA 0.45 0.55 13539 | 6.17 [ 0.1 . 304.02 . 32448 0.0 0.0
®)

PFA 0.45 0.55 13526 | 6.04 | 0.1 . 304.02 . 32448 0.0 0.0
®)

PFA 0.45 0.55 13539 | 6.17 [ 0.1 . 304.02 . 32448 0.0 0.0
®)

PFA 0.5 0.50 13578 | 7.12 [ 0.9 281.64 302.69 . 323.34 2.0 0.0
®)

PFA 0.5 0.50 13498 [ 6.32 [ 0.9 281.64 302.69 . 323.34 2.0 0.0
®)

PFA 0.5 0.50 13527 [ 6.61 [ 0.9 281.64 302.69 . 323.34 2.0 0.0
®)

PFA 0.55 0.45 13384 [ 5.74 [ 0.9 281.16 301.88 . 316.5 2.2 0.0
®)

PFA 0.55 0.45 13515 [ 7.05 [ 0.9 281.16 301.88 . 316.5 2.2 0.0
®)

PFA 0.55 0.45 13391 | 5.81 [ 0.9 281.16 301.88 . 316.5 2.2 0.0
®)

PFA 0.6 0.40 130.12 [ 2.59 [ 0.5 281.75 300.23 . 321.15 1.3 0.0
®)

PFA 0.6 0.40 13132 [ 3.79 [ 0.5 281.75 300.23 . 321.15 1.3 0.0
®)

PFA 0.6 0.40 131.65 [ 4.12 [ 0.5 281.75 300.23 . 321.15 1.3 0.0
®)

PFA 0.7 0.30 13127 [ 486 [ 0.8 252.07 297.29 . 319.71 0.0 0.0
®)

PFA 0.7 0.30 13132 [ 491 (08 252.07 297.29 . 319.71 0.0 0.0
®)

PFA 0.7 0.30 130.62 | 421 [ 0.8 252.07 297.29 . 319.71 0.0 0.0
®)

PFA 0.75 0.25 127.70 [ 1.86 | 0.5 254.53 296.54 . 318.33 0.0 0.0
®)

PFA 0.75 0.25 129.14 | 3.30 | 0.1 254.53 296.54 . 318.33 0.0 0.0
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281.64 302.69 323.34 2.0 0.0 PEA (B) 0.5 0.50 134.98 6.32 0.9 281.64
302.69 323.34 2.0 0.0 PEA (B) 0.5 0.50 135.27 6.61 0.9 281.64 302. 69
323. 34 2.WOoo®/REA7(B) 0.55 0.45 133.84 5.74 0.9 281. 16 PBOMISB® /084666 5 2. 2
0.0 PFA (13) 0.55 0.45 135.15 7.05 0.9 281.16 301.88 316.5 2.2 0.0 PFA
(13) 0.55 0.45 133.91 5.81 0.9 281.16 301.88 316.5 2.2 0.0 PFA (B)

MPF MPF LPTFE | CA Diff | Acid Fusion | Fusion | 2nd 2nd Norm Norm

Type % % CA rating mpt mpt melt melt DH DH
0-1 MPF LPTFE | mpt mpt Fusion Remelt
scale) MPF | LPTFE | MPF MPF

®)

PFA 0.75 0.25 128.03 | 2.19 | 0.1 254.53 296.54 . 318.33 0.0 0.0

®)

PFA 0.8 0.20 12799 [ 2.71 (04 249.05 291.86 . 315.78 0.6 0.0

®)

PFA 0.8 0.20 12640 [ 1.12 [ 0.4 249.05 291.86 . 315.78 0.6 0.0

®)

PFA 0.8 0.20 127.51 {223 (04 249.05 291.86 . 315.78 0.6 0.0

®)

PFA 0.9 0.10 12629 [ 2.14 [ 0.5 251.12 292.45 29428 | 314.19 0.0 0.0

®)

PFA 0.9 0.10 126.41 [ 226 | 0.5 251.12 292.45 29428 | 314.19 0.0 0.0

®)

PFA 0.9 0.10 12627 [ 2.12 [ 0.5 251.12 292.45 29428 | 314.19 0.0 0.0

®)

PFA 1 0.00 122.83 | -0.20 | 0.1 308.79 308.79 309.18 | 309.18 582 14.6

®)

PFA 1 0.00 12293 | -0.10 | 0.1 308.79 308.79 309.18 | 309.18 582 14.6

®)

PFA 1 0.00 12332 1 0.29 | 0.1 308.79 308.79 309.18 | 309.18 582 14.6

®)

Example 8: PFA/LPTFE blends

[00197] Example 8 is an extension of previous Examples for further measurements made
on PFA/LPTFE blends. In this Example, two systems were examined based on TE-7224 (PFA
(B)) and PFA6900Z (PFA (A)), respectively.

[00198] Fig. 41 shows the normalized heat of fusion for these polymer blends as a
function of [MPF], a peak is visible in both cases centered on a weight fraction MPF= ca 0.53.
Likewise Figs. 42 and 43 show peaks in the contact angle data at the same concentration. Fig. 43
plots the difference between the observed contact angle and that expected from a linear
interpolation between the two components; there is a greater than 6 degree difference at the
optimal concentration of [MPF] = 0.53 with significant differences between [MPF] =0.3 - 0.7.

This behavior is precisely mirrored in Fig. 44, which shows the acid resistance after 6 hours
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0.6 0.40 130.12 2.59 0.5 281.75 300.23 321.15 1.3 0.0 PEA (B) 0.6 0.40
131.32 3.79 0.5 281.75 300.23 321.15 1.3 0.0 PFA (B) 0.6 0.40 131.65 4.12
0.5 281. A3020W/138277321.15 1.3 0.0 PFA (B) 0.7 0.30 131. PCTAISZ®904861252. 07
297.29 319.71 0.0 0.0 PFA (13) 0.7 0.30 131.32 4.91 0.8 252.07 297.29
319.71 0.0 0.0 PFA (B) 0.7 0.30 130.62 4.21 0.8 252.07 297.29

exposure to HCL. Under these conditions, both pure components have failed catastrophically.
However, the compositions in the region of [MPF] = ca 0.53 remain pristine.

[00199] Figs. 45 and 46 show the melting points of the PFA based samples and give some
indication of local maxima associated with the optimal compositions discussed above. Finally,
Fig. 47 shows the acid resistance performance with time and [MPF] in a contour plot; the darker
regions represent superior performance, it is quite clear from this figure that prolonged acid

resistance is only obtainable at compositions between [MPF] = ca 0.3 -0.75.

Example 9: FEP/LPTFE blends

[00200] Example 9 is an extension of previous Examples for further measurements made
on FEP/LPTFE blends in this case a different system was examined based on ND-110.

[00201] Fig. 48 shows the normalized heat of fusion for this polymer blend as a function
of [MPF], a peak is visible in this case centered on a weight fraction, MPF=0.5. Likewise, Figs.
49 and 50 show peaks in the contact angle data at the same concentration, but an additional peak
is also observed at [MPF]=ca 0.7. Fig. 50 plots the difference between the observed contact
angle and that expected from a linear interpolation between the two components; there is a
greater than 3 degree difference at these optimal concentrations of [MPF] = ca 0.5 - 0.7, with
significant differences between [MPF] =0.4 - 0.8. This behavior is precisely mirrored in Fig. 51,
which shows the acid resistance after 6 hours exposure to HCL. Under these conditions, both
pure components have failed catastrophically. However, the compositions in the region of
[MPF] = ca 0.35-0.6 remain pristine and there is some indication that at [MPF]=0.7 acid
resistance is slightly enhanced.

[00202] Figs. 52 and 53 show the melting points of the FEP based samples and give some

indication of local maxima associated with the optimal compositions discussed above.

[00203] Finally, Fig. 54 shows the acid resistance performance with time and [MPF] in a
contour plot; the darker regions represent superior performance, it is quite clear from this figure
that prolonged acid resistance is only obtainable at compositions between [MPF] = 0.3 -0.6, with

samples outside this range failing quickly.
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319.71 0.0 0.0 PEA (B) 0.75 0.25 127.70 1.86 0.5 254.53 296.54 318.33 0.0
0.0 PEA 0.75 0.25 129.14 3.30 0.1 254.53 296.54 318.33 0.0 0.0 WO

2009/ 146 2¥70RO/ 1482009/ 044516 MPF Type MPF % LPTFE % CA PCfus@moMedsde r at i ng
(0-1 scale) Fusion npt MPF Fusion npt 2nd nelt npt MPF 2nd nmelt npt LPTFE
Nor m DH Fusi on MPF Norm DH Renelt MPF LPTFE (B)

Example 10: MFA/LPTFE blends

[00204] Example 10 is an extension of previous Examples for further measurements made
on MFA/LPTFE blends.
[00205] Fig. 55 shows the normalized heat of fusion for this polymer blend as a function

of [MPF], a peak is visible in this case centered on a weight fraction, MPF= ca. 0.65. Likewise,
Figs. 56 and 57 show peaks in the contact angle data at the same concentration. Fig. 57 plots the
difference between the observed contact angle and that expected from a linear interpolation
between the two components; there is a greater than 5 degree difference at the optimal
concentration of between [MPF] = ca 0.45 - 0.7 with significant differences between [MPF]
=0.45 - 0.8. This behavior is mirrored in Fig. 58, which shows the acid resistance after 6 hours
exposure to HCL. Under these conditions, both pure components have failed catastrophically.
However, the compositions in the region of [MPF] = ca 0.6-0.7 are largely unaffected.

[00206] Figs. 59 and 60 show the melting points of the MFA based samples and give some
indication of local maxima associated with the optimal compositions discussed above.

[00207] Finally, Fig. 61 shows the acid resistance performance with time and [MPF] in a
contour plot; the darker regions represent superior performance, it is quite clear from this figure
that prolonged acid resistance is only obtainable at compositions between [MPF] = ca 0.55 -0.75,

with samples outside this range failing quickly.

Example 11: PFA/LPTFE blend using DuPont TE-7224/TE-3887N

[00208] Blends of PFA TE-7224 with DuPont’s Zonyl TE-3887N LPTFE were made in an
analogous manner to those of Example 10 given above with the SFN-D being substituted by TE-
3887N. Measurement of the heat of fusion data for the PFA component (Fig 62) showed very
similar behavior as for Example 3 (Fig 41) indicating that this substitution had a negligible
effect. We measure the first melting point of SFN-D as 327.9 deg C and that of TE-3887N as
329.9 deg C indicating that TE-3887N is higher in mwt than SFN-D and that such a change in
mwt has a negligible impact on optimum blend properties. Figs 63 and 64 show the contact
angle and contact angle difference respectively for these TE-7224/TE-3887 blends and here

again a peak in the data at approximately MPF=0.5 is observed consistent with the heat of fusion
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PFA (13) 0.75 0.25 128.03 2.19 0.1 254.53 296.54 318.33 0.0 0.0 PFA (13)
0.8 0.20 127.99 2.71 0.4 249.05 291.86 315.78 0.6 0.0 PEA (B) 0.8 0.20
126. 40 1.W020094142299. 05 291.86 315.78 0.6 0.0 PEA (B) OPBTAIS2W9M2#161 2. 23
0.4 249.05 291.86 315.78 0.6 0.0 PFA (B) 0.9 0.10 126.29 2.14 0.5 251.12
292.45 294.28 314.19 0.0 0.0 PFA (13) 0.9 0.10 126.41

data and the analogous plots of Example 10 i.e. Figs 42 and 43, further demonstrating the
negligible impact of the use of a different LPTFE.

[00209] 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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2.26 0.5 251.12 292.45 294.28 314.19 0.0 0.0 PFA (13) 0.9 0.10 126.27 2.12
0.5 251.12 292.45 294.28 314.19 0.0 0.0 PFA (B) 1 0.00 122.83 -0.20 0.1
308.79 308.79 309.18 309.18 58.2 14.6 PEA (B) 1 0.(X) 122.93 -0.10 0.1
30/3.79 308.79 309.18 309.18 58.2 14.6 PFA (B) 1 0.00 123.32 0.29 0.1

308. 79 308.79 309.18 309.18 58.2 14.6 Exanple 8: PFA/ LPTFE bl ends

[ 001971Exanple 8 is an extension of previous Exanples for further

measur enents nade on PFALLPTFE bl ends. In this Exanple, two systens were
exam ned based on TE-7224 (PFA (B)) ﬁjd PFA6900Z (PFA (A)), respectively.

[ 00198] Fig. 41 shows the nornalized ¥§?§of fusion for these pol yner bl ends
as a function of [MPF], a peak is visible in both cases centered on a

wei ght fraction MPF= ca 0.53 Likewi se Figs. 42 and 43 show peaks in the
contact anglle datAeblandedbiomepatymas dispersiont sheractarized B plots the difference

bet ween th t r i
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di fferences between [ MPF] =0.3 -0.7. This behaviPL iS. r&%g S Ig 'rroaed in
Fig. adiquighispersinpgf Ragiéclesc aying & meanpaticlesize ¢f (g pisromgium) or less, sai

2009/ 1 4,'53%&, ithol I8k e bR RIGEAGIbeASon,bOL h
pure cﬁﬁrrﬁ)gﬁgﬂéﬂéﬁg%%%ﬁ e cg%qglgﬁﬁéaﬁiﬁ?%ggl%t.hokbwvger ,_ﬁ?he corgr%osi tions in
t he r egh@mabfdep@ors arairtidiBione said nLPFFE tdispsrsigrodncheding dess #h8n ah@ wW6’5show
t he neltipﬁgﬁp%@ts of the PEA based sanples and give sone indication of

| ocal f aSsociated with the optimal conpositions di scussed above.
Finally, Fig. 47 shows t he flactithtédeghgtmnsopyiend GERpincke furtntoftailipidand [ MPF]
in a contour plot; the darker regions represent supe %g 8ger.formance, it is
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and a LPTFE content of 50 wt.% to 60 wt.% said blended fluoropolymer composition not

including any additional fluoropolymers.

) A method of coating a substrate, characterized by:
applying the blended fluoropolymer composition of Claim 1 to the substrate; and heat curing the

blended fluoropolymer composition.

3. The method of Claim 2, wherein said blended fluoropolymer composition lacks

inorganic fillers.

4. The blended fluoropolymer composition of claim 1, characterized in that said low
molecular weight polytetrafluoroethylene (LPTFE) dispersion 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 (im) or less, 0.3 microns (um) or less, and 0.2 microns (um) or less.

5. The blended fluoropolymer composition of claim 1, characterized in that said low

molecular weight polytetrafluoroethylene (LPTFE) has a first melt temperature (Tr), being
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[ 00200] Exanpl e 9 is an extension of previous Exanples for further

measur enments made on FEWLPTFE blends in this case a different system was
exam ned based on ND-110. [00201] Fig. 48 shows the normalized heat of
fusion for this polynmer blend as a function of [MPF], a peak is visible in
this case centered on a weight fraction, MPF=0.5. Likew se, Figs. 49 and 50
show peaks in the contact angle data at the same concentration, but an
additional peak is also observed at [MPF]= ca 0.7. Fig. 50 plots the

di fference et he observed contact .angl t hat ected fr

| i near 46%%6}933?“#‘ sﬂ@?tﬁfig'ﬂmt & St °88?’r%8%éﬁ133&d?r?éfe s’ﬁésa&é’f eﬁf’éﬁgt ﬁan 3
degr ee lids, eeneey: dlss,HHESE of Risk Rl 389 BAkEAL i ons of [MPF] = ca 0.5 - 0.7,
with significant differences between [MPF] =0.4 - 0.8. This behavior is
precisely mrrored in Fig. 51, which shows the acid resistance after 6
hours exposure t e { B&RbSitRAY e
failed cat aLs&[: r op%} E&P&}&g&%@‘g‘?&’ ?@%ﬂg‘%#ﬁg‘giﬁf ibgéri}gali 9“?‘%881?@8?0n o%%lt{[aﬁ/PF] =
ca 0. 3fQlaémrnemai n pristine and there is sone indication that at [ MPF]=0.7
acid resistance is slightly enhanced. [00202] Figs. 52 and 53 show t he
melting points of the FEP based sanpl es and give sone indication of |ocal
maxi ma associated with the optimal conpositions di scussed above.
[00203]Finally, Fig. 54 shows the acid resistance performance with tinme and
[ MPF] in a contour plot; the darker regions represent superior perfornmance,
it is quite clear fromthis figure that prolonged acid resistance is only
obt ai nabl e at conpositions between [MPF] = 0.3 -0.6, with sanpl es outside
this range failing quickly. WO 2009/ 146277PCT/ US2009/ 044516 Exanple 10:

MFA/ LPTFE bl ends [ 00204] Exanpl e 10 i s an extension of previous Exanples for
further neasurenents nade on MFALLPTFE bl ends. [00205] Fig. 55 shows the
normal i zed heat of fusion for this polyner blend as a function of [ MPF], a
peak is visible in this case centered on a weight fraction, MPF= ca. O0.65.
Li kew se, Figs. 56 and 57 show peaks in the contact angle data at the sane
concentration. Fig. 57 plots the difference between the observed contact
angl e and that expected froma |inear interpolation between the two
conponents; there is a greater than 5 degree difference at the opti nal
concentration of between [MPF] = ca 0.45 - 0.7 wth significant differences
between [ MPF] =0.45 - 0.8. This behavior is mrrored in Fig. 58, which
shows the acid resistance after 6 hours exposure to HCL. Under these
conditions, both pure conponents have fail ed catastrophically. However, the
conpositions in the region of [MPF] = ca 0.6-0.7 are |largely unaffected.

[ 00206] Figs. 59 and 60 show the nelting points of the MFA based sanples and
gi ve sone indication of |ocal nmaxi ma associated wth the opti nal
conpositions discussed above. [00207[Finally, Fig. 61 shows the acid

resi stance performance with tinme and [MPF] in a contour plot; the darker
regions represent superior performance, it is quite clear fromthis figure
that prol onged acid resistance is only obtainable at conpositions between

[ MPF] = ca 0.55 -0.75, with sanples outside this range failing quickly.
Exanpl e 11: PFA/ LPTFE bl end usi ng DuPont TE-7224/ TE-3887N [ 00208] Bl ends of
PFA TE-7224 with DuPont's Zonyl TE-3887N LPTFE were made in an anal ogous
manner to those of Exanple 10 given above with the SFN-D bei ng substituted
by TE3887N. Measurenent of the heat of fusion data for the PFA conponent
(Fig 62) showed very simlar behavior as for Exanple 3 (Fig 41) indicating
that this substitution had a negligible effect. W nmeasure the first
melting point of SFN-D as 327.9 deg C and that of TE-3887N as 329.9 deg C
indicating that TE-3887N is higher in mM than SFN-D and that such a change
in mt has a negligible inpact on optinum bl end properties. Figs 63 and 64
show t he contact angle and contact angle difference respectively for these
TE- 7224/ TE- 3887 bl ends and here again a peak in the data at approxi mately
MPF=0.5 i s observed consistent with the heat of fusion WO

2009/ 146277PCT/ US2009/ 044516 data and t he anal ogous plots of Exanple 10
i.e. Figs 42 and 43, further denonstrating the negligible inpact of the use
of a different LPTFE. [00209] Wi le this invention has been described as
having a preferred design, the present4jnvention can be further nodified
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 fromthe present disclosure as cone

wi thin known or customary practice in the art to which this invention
pertains and which fall wthin the imts of the appended clains. Cains A



