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thermal |y degraded. The 12TEE may be in the form of an aqueous di spersion,
having a nean particle size of less thdn 1.0 microns (un), with the ',FITE
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Bl endi ng of the dispersions facilitates interaction of the 1, 13TEE and MPF




100161i n another formthereof, the present invention provides a nethod of
formng a. blended fkioropol yner conposition, including the steps of
providing a first liquid dispersion of polytetrafluoroctlitylene (P rFE)
iarticles having a first nelt tenperature (TO of 332 C or |less and a nean
particle size of 1.0 mcrons or |ess; providing a second |iquid dispersion
of particles of a nelt processible fluoropolynmer (NAPO having a nean
particle size of 1.0 mcrons or less; and mxing the first and second
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100221F1 gur &adi i 8t fiddisplise PAsERAd t&@gerﬁa&eﬁaypﬁ& fmdmak toriguodsaken from
DSC data, vs. a:lnc:mtt 1ton of MFA, 10023]Figure 4 is a chart of
normal i zed spwemd Aft of nelting of the MFA dphase, taken. from DSC dat a,
vs. concentrati Or\NﬁfOODﬁé@ h@&%&lgﬁmﬁ&w&r&mﬁ{gﬁ%wm@bmlt poi nt of
n Fr ;

the |' AFA phase, take om DSC data, vs. concentration of MA
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and 100301Fi fther ditcusses 3 proRess forJrenstpe e SPAYPOLRHIS: A DAY IER (he LFTFE
phase taken. fhPmiieGoslata, vs. concentration of MA; [00311Fi gures 12-19

correspond to Exanple 2, wherein; [Q0321Figure 12 js.a chari .of .fusion.
nelt point for tf&@@ﬂéﬂﬁ@%@é‘é‘?seﬁ aﬂ@kcwwmuaﬁﬂa,ﬁwg&dﬁ%‘m‘% ation of
FE-F; [00331f] 3 dirsui ' PQB, &Bp tarl@rs Bid thelikd, e LPTFE
phase, takenﬁyé}t)ﬁrgn&l!%%éclfgwtllgi,ze(f/%.%&ca(t)eﬁggﬁlts?ati on of FEP; [00341Figure 14 is a
chart of f uséempositiok inchulingatlesst twhdlupopolymgesand twg wRrEepis HIESC data. , vs.
concentration of PEP; 100351Figure 15 is a chart of second nelt point for
the ELF' phase, taken from DSC data, vs, concentration of FEP;

[0036] Figure 16 is a chart of normalized Fusion AFT, taken from DSC dat a,
vs. concentration of PEP:
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[0037] Figure 17 is a chart of nornaelized second nelt AH, taken from DSC
data, vs. concentration of FEP; and 100381Figure 18 is a chart of first

melt point of the FEP phase, taken from DSC data s concentration of FEP;
[0039] Figure 19 is a chart of first nelt point of the LPTFE phase,t aken
from DSC data, vs. concentration of FEP; 100401Fi gures 20-26B correspond to
Exanpl e 3, wherein: 100411Figure 20 is a chart of fusion tenperature, taken
from DSC data. vs. concentration of PEA.; [0042]Figure 21 is a chart. of
second nelt point taken from DSC data, vs. concentration of PEA
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coating having improved impermeability, stain resistance, abrasion resistance, smoothness, and

higher contact angles.

[0008] In one form thereof, the present invention provides a blended fluoropolymer

dispersion, including polytetrafluoroethylene (PTFE) having a first melt temperature (To) of

332° C or less, in the form of a liquid dispersion of particles having a mean particle size of 1.0

microns (um) or less; and a melt processible fluoropolymer (MPF) in the form of a liquid

dispersion of particles having a mean particle size of 1.0 microns (um) or less.

[0009] In one embodiment, the polytetrafluorocthylene (PTFE) dispersion may have a

mean particle size of 0.9 microns (um) or less, 0.75 microns (um) or less, 0.5 microns (um) or

less, 0.4 microns (um) or less, 0.3 microns (um) or less, or 0.2 microns (um) or less, and a first

melt temperature (Tr) of 330° C or less, 329° C or less, 328° C or less, 327° C or less, 326° C or

less, and 325° C or less.

[0010] In one embodiment, the polytetrafluoroethylene (PTFE) dispersion is obtained via

emulsion polymerization and without being subjected to agglomeration, thermal degradation, or



[ 0060] Figure 36 is a DSC trace for the of LIPTTE of Exanple 5; and
100611Figure 37 is a DSC trace for the of |VIEVEPTFE bl end of Exanple 5;
100621Figures 38 illustrates the clanping arrangenent used in Exanple 6;

[ 0063] Figures 39 and 40 illustrate results of the stain resistance rest of
Exanpl e 7; [0064] Figures 41-47 correspond to Exanple 8, wherein:
100651Figure 41 is a chart of normalized Ald of fusion of PEA Vs. PEA
fraction; 100661Figure 42 is a chart of contact: angle vs. PFA fraction;
[0067] Figure 43 is a chart of "D ff CA" vs. PEA Fraction; [006%$]Figure 44
is a chart of acid resistance rating vs PEA fraction; 0069] Figure 45 is a
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a cont oupglﬁfe% ﬁj‘bofroeéhc‘il%%éa s@ dlfgﬁlro\gtl ng superi rrposed on a chart of acid
hours vs[oofitpct i onneffuliEApmb@Dbm2]tFing urck prat8ssible BwropdpondViPs) Exanpl e 9,
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[ 00941The present bl ended finoropol ynmer conpositions, upon drying or
curing, have been found to include two phases, nanely, a predom nantly
LPTPE phase and a predom nantly KI PP phase. | 00951As shown in i he Exanples
bel ow, bl ended fl uoropol yner conpositions nmade in accordance with the
present invention provide inproi/cd barrier properties, as denonstrated by
the ability of filnms cast fromthese conpositions, made from bl ends havi ng
conmponent ratios corresponding to naxinma in the fusion or re-rneli.
ent hal pi es of the predom nately MPh phase as neasured by DSC, to protect

al um num panel s from hydrochloric acid attack as conpared to conp03|t|ons
that do thoPTEBrn&ERRNStitl durthex sxeepilany edrepcsifionohave e FEBcapipnt o6 AQ Walyipel.
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bel ow. 91l n one enbodi nment, e LPTEE i s produced a pol énﬁéﬁz_atl on
process bmlxug the biendaddiuerapalypiee compposiion i G sybsiTefp, anBBF%} ReneAat

enul si o shese polymerization processes may be conducted
wth chgtlhg&{)é/ogﬁ{sl%rzc% gﬂ?ﬁ s, which reduce the aver ag(ﬁ nol ecul ar wei ght of

t he fl uol0@p@l unmer dn m@@cﬁ@mthm@ﬂ@ppﬁb@tm‘ﬁ@wﬂ@?ﬁ $ TORAIEH forpHiRg 2

pol yner i £

Gi ot | o RuploaG AR R ERILE 2ol g LOB oy ) AR ST o
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di spersi o nmeri zat i on,9r emnmul SI ot
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[ FI FE hasrt anatlt proesikib leSﬂﬁbtc@Glyﬁﬂr (MP@rmivmg glmna’e paticlonize bep8 mierpnsg lerss,s

manuf acture,. and therefore retains %@g mean particle size as described
cr

bel ow. [BYTOFDERS st andispeog 88???8?& i bed, herein, the LIPTFE has not
been subjogetied t o ThbefciRl nelgghaAstat thOmMditont etipad d't}tnSg theblesddddluowpbighicr

[ 001031Still further, in enbodinents de cri bed, e{)ei(ge;d he LPTFE has al so
not beenC%IEH?F'é‘@’t’ &xforp alpPWQﬁlaati’l‘EHam%‘E}@h raeze gy g YR OlEH OEPaYIHn beam to

r _educe i &ﬁ’nﬂ@i‘h@ﬁ U'h"ﬁé’m%btgﬁlfay alk®inkh@as ﬁleﬁmﬂgﬂeﬂ@t@ﬁﬁf abf@ink HEfEendes per si ons
will not denonstrate a spectra and/or wl| bel ow a detection limt

vi neti siiisjrerel waericomapsieary tg Sb@ﬁ&ﬁa@ﬁéﬁ?@“ﬁ@%@ﬁ&%@z@%@@%m ectron spin
resonancg, ﬁgﬁ}) spectroscopy, as opposed to irradiated FIFE, which will
denonstratd such a spectra andlor will otherw se have detectable free

radi cal s. [00104] The liquid dispersion of LPTFE in nost enbodi nents will be

art agueous di spersion. §RgufridepolIENTEDeyRigper sed in ot her
sol vents and/ or LPTFE orTQ aqueous phase may he phase

transferred into another solvent, such as organic sol vents incl udi ngh
€

hexane, HW@ilone, dihcabovgtoationed g oS fertiees 2Pt FEanigersof Broaveean 484

descri be I% I%EPXF ta 11% th&r}{ %ﬁlade%[m@ﬁg% ﬂ?@t@n@ ﬁfetlﬁ\%h@otﬁhél? w2l bdbefr Crons
(pun) or fes 28 e g mcrons (gm or less, 0,5

m crons ﬁmin*)stcmd bbrea"erenwm mhieciodmsing geﬁ)crlmonl Cé 3155 CmDOCerfmt gwsnyepiign taken|iess, or

0.2 mcrons n.so t he LPTFE may have a nean
particl e“%{Y &“%%Wﬁ%ﬂma%“%@”n%%PH%B§¥£b %ﬁ nun or as large as 200, 250, or
350 run, [0bo9] exanigired I00LaGIevadnuBkenplaverviagen:nol ecul ar wei ght (M) of
the LPTFE will typically be | ess than 500,000 and, in nost enbodi nents, nay
be as | ow as 10,000 or greater, 20,000 or greater, or 25,000 or greater, or
may he as high as 200,000 or |ess, 100,000 or |ess, or 70,000 or |ess,

60, 000 or less, or 50,000 or less, for exanple. [00107]The ITTFE wlt have
a first nelt tenperature (IL), as detergmined by a suitable nmethod such as
differential scanning ealorimary (DSC), that is either equal to or |ess
than 332C. In other enbodinents, the first nelt tenperature of the LPTFE
may be either equal to or less than 330C, either equal to or less than
329C, either equal to or less than 328C, either equal to or less than 327C,
either equal to or less than 326C, or either equal to or less than 32.5C
1001081The | PTFE may he provided in the formof an aqueous di spersion which




Solids Mol ecul ar Mean Surfactant First nelt content weight particle size
(wt, % based tenperature (Mn) Cum) on weight of (DSC) (t) 11 10,000 -
20,000 0.19 LYME) (t)1P.0 < 1.0% (unstabilized) typically between 324.5 and
326 6% (no ionic) .32763 0011li The LPTFE di spersions descri bed above, which
are provi ded as aqueous dispersions that are obtained via a controlled

di spersion or enul sion polynerization process to produce directly

pol ynmeri zed LPTFE that is not thereafter subjected. to aggl oneration,
thermal degradation, or irradiation, will be appreciated by those of
ordinary skill in the art to be distinct fromother PIFE naterials that are
commer ci HIORY] avai |Fapire] ist:oten 26 mprmstizedtfiyet AJF elsfasion, tEFrEoH Refdt.0fs are

di stinct frorp .TFE@[/I at is produced by the polynerization process well
known i n“YPREG" AV grtanul ar or suspensi on pol ymeri zation, which yields
PTUE knomn2in t he Rgire 2% avhanwl drst RHRE firsémi of tterMBA phateankdrl fiom PBCdikiag
powder. G anular PIPE resins will typically have a high nol ecul ar wei ght,
such as ¥ fYiBeiFraigy ef M§é: mol ecul ar weight (M 1) of at |east 1,000,000 or
for e andgﬁﬁ]‘ rst mehble 8 QPELALIL&alizod seHQAESE hdlBRy, then BSADSA 3, &l |y
much greater than 332C. G anular PIPE resin is typically provided in solid,
powder f concentiatioh ofMbd; particl es having a nean particle size of several

m crons, ically.from 10t 00_m.crol 0 be
pr ovi ded[@éﬂti ne ?ﬁ%ur? §i an%hdﬁé)\zlfl%réndéze;?ebg%ng%r ?fc[ﬂ-éelﬁé %fgﬁ%y@% to f4?1I%eﬁlrri crons
(um, i hfro@X8PliRa, vk WRhda}Aetdi dfinohal | y, the present 1.13TFE di spersions are

distinct from| ower nolecul ar i gh teri pared, from hi | ecul ar
vei ght gf™Adl ar PIfEgYTT @df ﬁ@ﬂfﬁgecﬁﬁé@gﬁé’@ﬁt %‘letg? %Zxdﬁ‘S & faﬁ(?[éd?%t[gobhﬁgar
thermal deghadatition of MHAQr m | ow nol ecul ar wei ght materials known a.s

granul ar PTFE m cropowders, which typically have a particle size ranging
bet ween M038d 20 MHigHoAds *(‘flﬁaﬁ)o.ftfﬁﬁﬁgﬁﬁ@@’b or e it @rasey PRy Pgﬁ ers

i ncl ude j Y2 .A-MP1300, and MPI 400 resins, avail able from DuPont
(ZonyM ig'gﬁ%ﬁ%ﬁ)ﬁ%ﬁg&t{&’ademrk of EET. du Pont de Nenours & (:0.).

[ 001141S@06id, t heFigpredér chart oPTEBrdlinslp aHsfooths Mit/eplaiss dakgi §oindiC datvym hi gh
nol ecul ar wei ght PI PE di,spersions made from di spersion or emnul sion

pol yrer i ¥afPUH EERBGEMEG Wi t hout chain transfer agents to thereby

pol yrer i p@2a hi gh Figire 8w athaweif §izionfrerdtatiof hed PIliRipdrscarlemetgren PSCecul ar
wei ght (Ma) of at |east fJ /g.0,000 or nore, and a first nelt tenperature ClIO
gr eat er fiﬁ?azﬁ’stQ%C"é@?@n‘h}\ﬂQ al |y much greater than 332C. These high

mol ecul apoosf ght RifR: 9% SERFF ARScANE nicPotiabf tic SPABE bhasedalivh flomaDSC
traditional surfactant present in an anmount greater than 1.0 wt. %

t ypi cal | Jatprsrcogeeageden M1, 0 wt. % 001151Additional Iy, the present LPTFE
di spersi Rggpr C a'ﬁ@n&’géﬁs‘ NGt bF QSR ATPhEGUbATor WRI INFERphES, dikgi@dsi ons
that are produced vra dispersion or enul sion polynerization and thereafter
coagul at BdCaiataagy comentattiod of BtHA; knd urt her, the present LPTFE di spersions

v a i splPbn’ or i 4Bt Bh Fhas RO R b PSRk PRY AR bRk G R G,

aggl oner abedhs@ada, shencateticudMesed to thernmal degradation or irradiation
to form | ow nol ecul ar wej ght FTFE pogder , known in the art as PTFE

ni cr opowtB8l  whi cﬁ*g‘ﬁ?%up?go?ﬂrﬁé&?“&%o ’641?@6&0 &S baying a particle size
between goand 20 naigONS is(dhhst oﬁﬂ@i@naxse\}\t;‘f@[ntlﬁ&ehd P ED (HaSd, @Rcrafion OiSTer
applications. Exanples of Mrh, m cropowders include Zonyl (r) MP 1000, MN
100, MP150® var@nsieoe: ¢fddiPhs, avail abl e from DuPont (Zony103) is a

register 3%]":ade_rmfri§ur9fl3 EA chdi oPQRbn g e INSSRUGSth& T COFY ?he[s@,Q_aléleﬁ]ﬁ:Bhi Dsic the
present LIPTFE di spersions are also distinct from LPTFE m cropowders
data, vs. concentration of FEP;

[0034] Figure 14 is a chart of fusion melt point for the FEP phase, taken from DSC data,

vs. concentration of FEP;

[0035] Figure 15 is a chart of second melt point for the FEP phase, taken from DSC data,

vs. concentration of FEP;



that are polynerized via dispersion or enulsion polynerization in the
presence of chain, transfer agents, and then are agglonerated to thou VIRE
m cropowders having an. avenge particle size of between 2 and 20 m crons
(Jun), for exanple. 0011712. Melt processible fluorpoNmers (MM [NUS] The
second fluoropolynmer may be a liquid dispersion of a nmelt processible

fl uoropol ymer (MPE), such as perfluoronel hylvinvyl ether (1A FA),

per fl uoroot hyl vinyi ether (EFA), fluorinated ethyl ene propyl ene (FEP), or
perfl uoropropyl vinvyl ether (PFA), for exanple. 091.191Simlar to the

I I PTFE di scussed above, the MP1l, may be produced by a polynerization
process [0b@d] is wWeldurkisawa chart dfhermalizedfuson e takicn fropddSOeats, zat i on or

exnul s ion polynerj ZE tion. These polynerization processes may be conducted
with chaiPRerairrdtEhgent s, which reduce the average nol ecul ar wei ght of
the fluqpepgl uner g;PEOAUS & dnarBdiofthalibbd@s@bitEie MBHNQARS f¥die DS0Yatahes.

pol ynmeri zation process is controlled to forma liquid dispersion of

directl WOpcﬂnVﬁfE(mqfé:(EPp@ndtl cles of MPF. [00120]In nost embodi nents, the MPF,
after produ I t ata, V.

pol ymer ﬁl}ﬁ%‘l] %ﬁg[qﬂeg?gég t% ga?{#oﬁtmag&{ I)oﬁﬁn%ro gtagc}le @lrbrh ?%dtlggétﬂefgd&grs Ctdher mal |y
degr aded:oncantrpmnochlmPar the IMF will not have been subjected to any

R g L e e S

i n nost wniedémmibsofdiBP;, be an aqueous di spersion, though the MPF nay be

di sperse ot her.. sol andl or P17 i I 'y in an a(pleCl ESS phase
may be dﬂ%idi tran %‘Feﬁég%ﬁt%“gsi%?%er "0 %/ece)jl’ﬁt“% rgﬁlch as organic sol vents

i ncl udi ngodigxane, FaeeaiINiea chirt cifusbc @hpbratut€ @k2R iidheDNPHta, whann@nodivsoed as
descri bed. _above, will typically have a nean particle size of .0 mcrons
(pm or ‘?e)géa 0. 9 mcrons (p.m or less, 0.75 mcrons (Ltrn) or less, 0.5
m crons [()Ucml or | essre A, i4 a Wh&t 6MScdnd MeliQoirlt &sisen dABDAT draNs. (duntidtior ess,

or 0.2 mcrons (prr) or less. In particular, the MPF nmay have a nean
partlclé’é’ée as low as 30, 50, 100, or 150 m, or as |large as 200, 250, or
350 urn, gb@f exaff@t% o 12003 281 TG oMl R YiisRIn 501 R 1R1E0W gk, kit hembwom of an
aqueous di sder si on ich is either unstabilized or is mnimally stabilized.
As used dwx, es. mpndbutmfgtoabfPFAed or "mninmally stabilized" refers to an
aqueous dispersion.that, .inc t |

surf act alﬂbi such éguﬁeg%?-llsoﬁ*lacfgfgfﬁftltlgggH fhratg? tg%p%ﬁﬁagétgeg%o%ﬁe%%tgqgased on
t he wei glohc@iratidieofeA; aqueous di spersion. In some enbodi ments, the Mff

di spersi on may be provided |ntheform f.an ueo ispers avmg Iess
than 4. 0005106 sur Fietedftis ajchabolng albzeé?%t‘m%@g)r‘ ﬁ?gtsfgﬁhpaﬁﬁségﬂtg

surfact afge 4Qh, V&ﬁc&@éﬁoﬁmo S w.%surfactant. 1001241Typi caIIy the
melt flow rate of the MTWlII be vveaterthan4g/10 m n,

det er m n@dy ASTIE[gchB&s a[chot oBGloanslized s¢vendvmpit (| fr thg BPEEE Plyasﬁé%l@na

COATI OTI CET nt ent ntent of one or nore nononers other than
tetraflu‘glz%i)?kyfg ?_}E)emr !thé)g 18 3.0 wt.70 or greater, such as 4,0 Wt %
or gr eat [0047]4 vvltﬁgtfreozwgrseaﬁlhrstratﬁm(bfmm%chrtesgresdtsexf PES/IFTRE biend filgs efat er
or \;é % glr ater. [01)1261Suitabl e MPF di spersions include TE7224
(PEA) ? rom DuPont, 6900Z (PFA), available from Dyneon LTC,
1E9568 (bR, avairigbl BH ikarhidovhtaciNegfes ofiwiNE-chlfFA/PEFYE blavdfilhabife from
Dai kin, and Ityllon KPH 62021 (MEA), available from Solvay. These M T

di spera%’fﬁénpr]fé e characteristics set forth in 'fable 2 below. Table ,2
Char act efppg4)i cs ofy d@i‘e@'mlﬁrcﬁrreiﬁﬁhcﬂtq(E)QmpMmlhhﬁmf| uor OOOtyrrers (NPF)

1), HF (type) Sol i content Mean Melt flowFirst nelt }(I cl e
size ratl@OFNER) | Fesvired Tais arcbart of Rerk yormpajized sespnd pt AL foy Vdrlous o*nt“‘

0.26 2. é&m%&da@a, (/§ Qgﬁgeg@a{tlon-glzw (PEA)

[0051] Figure 28 is a chart of pcak normalized fusion AH for various MPF's, taken from

DSC data, vs. concentration of MPF;



Dyneon 6900Z 49. 4031 19.4 310. 25 (PEA) 4 DuPont 55.6 0.17 11.9 257.84
1E9568 ( MP) Daikiri 56.5 0.16 2_2.83 Neofl on ND 110 (PEP)
Solvay fiyflon "")7.2 0.28 4.5 306.31 (shoul der XPfi 6202-1

[0052] Figure 29 is a chart of peak normalized LPTFE second melt AH for various
MPF's, taken from DSC data, vs. concentration of MPF;

[0053] Figure 30 is a chart of peak normalized LPTFE fusion AH for various MPF's,
taken from DSC data, vs. concentration of MPF;

[0054] Figure 31 is a chart of LPTFE second melt point, taken from DSC data, vs.
concentration of MPF;

[0055] Figure 32 is a chart of LPTFE fusion temperature, taken from DSC data, vs.
concentration of MPF;

[0056] Figure 33 is a chart of second melt point for the MPF phase, taken from DSC
data, vs. concentration of MPF; and

[0057] Figure 34 is a chart of fusion melt point for the MPF phase, taken from DSC data,
vs. concentration of MPF;

[0058] Figures 35-37 correspond to Example 5, wherein:

[0059] Figure 35 is a DSC trace for the of MFA of Example 5;

[0060] Figure 36 is a DSC trace for the of LPTFE of Example 5; and

[0061] Figure 37 is a DSC trace for the of MFA/LPTFE blend of Example 5;

[0062] Figures 38 illustrates the clamping arrangement used in Example 6;

[0063] Figures 39 and 40 illustrate results of the stain resistance test of Example 7;
[0064] Figures 41-47 correspond to Example 8, wherein:

[0065] Figure 41 is a chart of normalized AH 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 resistance rating vs. PFA fraction;

[0069] Figure 45 is a chart of fusion melt point of PFA vs. PFA fraction;

[0070] Figure 46 is a chart of sccond melt point of PFA vs. PFA fraction; and
[0071] Figure 47 1s a contour plot of acid resistance rating superimposed on a chart of

acid hours vs. fraction of PFA;

[0072] Figures 48-54 correspond to Example 9, wherein:

[0073] Figure 48 is a chart of normalized AH of fusion of FEP vs. FEP fraction;
[0074] Figure 49 is a chart of contact angle vs. FEP fraction;

[0075] Figure 50 is a chart of "Diff CA" vs. FEP fraction;



287.29) 11v112A) 0012713. Bl ended fl uoropol ynmer conpositions. 1001281To form
t he bl ended fl uoropol ynmer conpositions of the present invention, a LETIFF
liquid. dispersion and a MT |iquid dispersion are bl ended together. Wen
liquid dispersions are used, the dispersions may have varying solids
contents, and one of ordinary skill in the art wll recognize that the wet
wei ghts of the liquid UWNE. and MPF di spersions nmay be sel ected based on the
solids contents of the dispersions and the desired relative wei ght percent
ratio of the LPTPE and MPF that is desired in the resulting bl ended

conposi tions. 1001291Not ably, because the LPTEE and the MPF are provided in
t he for m0876ll i qui @ig‘!lir@b]eiﬁgi%mofrmﬂ mystenve rafinglve. FPaiRcpart i cl e sizes set
"forth a , UpoR. J. i i I - of thel ,PTFF. and
MPE are @%ﬁght [ %ﬁ%’lreg%ifggp Q{Woiitﬂﬁgﬁ%ﬁﬂ@?ﬁ%&%ﬂﬁféﬁlﬁﬁﬁéﬁo@? on level, prior
to | at er{0pr8icessi wigusd &pis aicharibi sebortdeslidicspef EEB s F&Pdradiioredncr nel ted, for

exanpl e. di scussed ove, the LPTFE;, and | MPE a - ) ed prior
Co bl endOAE1 suoh TG St Ré coubMRTSh i raPhort BnEhPe BBt TR VR

t hought 4ot fiagd Vsl fradtentohBEP,or mat i on of the highly crystalline formof the
dried or ed flyoropalymer blend that is believed to be inportant: to
achi evi n@(&?‘he ben%f%#ejs'éggcé’ffﬁpé’n‘gﬁ’t%a Lewt’)f”:l?erfﬁle present bl ended

conposi tjoggn. 109F39H 55 Rarchie vt imalided W81 diTIGT Nihat s IMEA lhaRded

fl1 uoropol ymer conpositions of the present invention, and the manner of

bl endi ngl088He, redigursSq i aghyeeh @ptapericy MFAHEUPPTEE and MPE in the M PE
crystal e. ASPﬁJ seussadnidot arlorarnl ggabelaw. in one enbodi ment,

opti mal .R’Egﬁki ng of t'ﬁe _crysta?s for any I,PTEE. or . MPF may be determ ned
by findi #§84lhe naXigwmddnslatchargolsidresighnoehgingas fdFA 36800 and/ or t he maxi mum
normal i z eat ofg; i 1 rRNASEERT LG t Wo conponent s
under ex@ﬁ?iﬂati on%%?%%?%éﬁﬁﬁ%égeltggﬁgpﬁg |h/§'cussecil il_n’the Exanpl es
bel ow, t#68&onposiFiguons) mssbot aff edondindit poie o€ Mk vardiia Eectionrandspond t o
peaks in contact apgle data and i h. resi

mat eri al @bgﬁ[ 00 13%?%%81?1&&‘59 I?’[\%r p?(r);ttolfggl,d g?s%gagl i %ﬁgé g@?gﬁ?sgﬁ £ Itl Qg@?‘c"é nts of

t he | . PTik lsdwes WPfradtiontohi®THN;ended fi nor opoi yner conpositions descri bed
herein a ased on the tatal weight of the LPTEE and MPF fl uoropol yners,
excl udi n@sgﬁher fl%n&ﬁ’;‘rr%p?&r rFBF&SP8P%E)rE’i"H%P§F ﬁp’\"gﬁre%d _MPF as wel |, as

non-f | uopees! ymer FeaRPeNsattart BADHTaYoOEVY) PESERIoUCh as water or ot her
sol vents, surfactants, pignents, fill erf, an ther additives, [00132] The
LPTFE nmelp0%Ynpri s&iguee ?f{stalcéarégf@nwt.%elvﬁ' A&?"%’P; Ww.% or as nuch as
85 Wt .. %09q W . %FiRic &bisWcHarbyr MEF ORtys ofF AL hectibhended conposition. In one
enbodi nent, the IPTITE may. c,omri se between 40 w . % and_ 60 wt.% of the

bl ended W8%osi ti die exqiamifigations seious ksreie HisEte prakeliReHh 8N ingFntion@dve:  may
COMpI i Se,,25 oI RS o 200 o« Qi@ the scopdlof @S ibvchtibBinagy 5 W . % 10
w . % orsu?@ewt ol %ét\lf\oglgaﬁmof thg bll'uen?jedmco%pgssicc%#iagn. Iln eone 1grr‘o}(,)di ment ,

t he MPF mmnneconpri se between 40 wt. % and 60 wt. % of the bl ended

conposi tion, such as 50 wt ., 4150fA{ ¢ BE giogonposi tion. [00133] The

foll owi ng are exenplaiy content ranges for e MPF and LPTFE
fluoropolytners in blends of the present invention that, as wll be

appar ent [009Hm t he Thg argstre snviselianprotidssdlandehlfaorriyred campiers hl Penef i ci al
char act e}, s14 {1 i RS GTE ol AUEROEPBEymMER R HARLERn b RRIEAisi&Sioh 6F 4 N

bel ow ar%ﬁfoﬁgﬁﬁéﬁvlé&uglfdlg[{eﬁ% er rr%ﬁ?’at@ iyrlﬁ eger val ues. F%Oll?fgi Blloends of

EVI TE anstcoivdFAonapplinme] Gbkefirsi fucel gndsodivismolytdtragneraghyiencP T BEQ enolies % MFA

and from 10 wt. % tQ 6° 0 : L ch. ds may
i ncl ude ¥’ ﬂlgcﬁr.vi%l‘gl 6%?&%@%&%%@%%%&%?%%9%%& rs\?#. (&CFELFE% I'n
anot her githodizent prosisshndwainthasmeyt bearcdggbencfatainB@iandyet ther@élly aeradedFA and

from 24 . 9% 44 wt. % LPTEE. I n another enbodi ment such. bl en

ot ude Tieribd: ey B b forh ohen GfPR ARGRRon 48 ee S e Br et it 1 n
a thrill epnaeBedieBNith 84S IPTPE@ARS o BYst e tetdigerBure W ,)%6f VBER @nde33 Ting . %
LPTFE. 100135] Bl ends of LPTFE and FEE' may include, in one enbodi ment from
25 Wt . % 16080 upropobgFEma g amrebrarawsyiRle Shergraismek (MRRPYEEES | n anot her
enbodi nent, such blends may include from35 w.%to 90 w. % FEP and from 10
w.%to 65 w.% EPTFE. I n anot her enbodi nent, such bl ends may i ncl ude
either from35 wt%to 55 wt.% FTE and fgom 4.5 wt.%to 65 wt. % LPTFE, or
from60 w.%to 90 wt. % EFP and from 10 wt.%to 40 w. % LFTEE. |In anot her
enbodi nent, such blends may include either from40 w.%to 50 w. % FEP and
from50 wt.%to 60 w.% |.PTEE, or from75 w.%to 85 wt.% FEP and front 15
w.%to 25 ,,vt..% :ETTER la a further enbodi nent, such bl ends may incl ude
either 50 wt. % PEP and Sil w.% L. PTEE, or 75 w. % EEP and 25 wt, % LPTPE.
(00136] Bl ends of LPTEE and PEA may include, in one enbodinent, from37 w.%

L ——




vacuum The use of a reduced pressure causes sublimation of the carrier
froma frozen state directly to a gaseous state, avoiding the solid to
liquid and liquid to gas transition. The reduced pressure nay be created by
means of a vacuum punp, for exanple, in the range 0.01 atmto 0.99 aim or
0.04 atrn to 0.08 atm Typically, sublimtion m ght be conpleted in 12 firs
to 48 hrs. [00145] The freeze drying may be carried out at a tenperature
which is in practice below the glass transition tenperature of the

fl uoropol yner. The glass transition tenperature, ;, of a polyner is the
tenperature at which it changes froma glassy formto a rubbery form The
measur edpe\vﬁlllQ!i@m@ifl}’lVWVVlleﬂtféﬂ?—i{%d),éhlo‘{'lﬁ’ée Wengi pappyeaE )0 t he pol ymer, its

thei thal B gm 8nOforfi@Rhh MieaitdiiGeRlonNhd Typi cal

val ues a?égh%&%po‘g{l 9\9?9%:@ M g’ggﬂ%ﬂ%g%?;nPEg Oab_gﬁt F@880, %iﬁ)n/ DF about -45C.
Al so, t hievirgrpesaatpartelosiae diéese than f §lnhiendns. oBlasding of thedisgannersierilitees pr ocess
and avoid, nel.ting, o C kLer |.jqui i . [.Cl 0l NGy ce
Fhat 't neBETEURT Mo kP LOE yiPHPLRR ashilicthn L LAy BRTRA AL Ben B 0Eh PRDCS
of the nmaherthablsndedstuethpollines cortusitior ishbatdneayrydde steetutc echresattingta tambi ent

tenperatyre. Al ternatjvely, .the t.hod be carried,.out. at t erature
above a [Oé of the @ng[yﬁ}eé%qs (ﬁqu’g'gYm% g eﬁggﬁ%cger%%gs ?trfiég%aff?glnth 0 Oggﬁr%fpl ete
t he procrasidub0iGbTerh| Brdeadéd forepdyyaebmpasiposiiy mnsahly phe/idereat ed
after sublimtion has occurred or at .any. point, during the progess of the
present FHUBHERGH, METRAY FBRATRLL Y GHEY g Nt P IaRo™ ‘Rr P Ty P Palilat | on
of the fhiyRs:epahdaRgleconposition. Irradiation of the fittoropolymer
conposition woul d eneralli/ be carried out after mininpg.to assist in

ep

particl el08P4e contlPgpresst biendiy THFRODEE FAMPRSFIONE UBOR Y WERF S8R Fon of
the t duogRROLYARS intREPRSI BHaGR, ndn@ly, @paiBIENh 8 UBPTIYpRRE aiB At cRiihdntl e Si ze
to produce a finer powder. Typi cal%y the mlling would be carried out
convent i WREIPhgsei n a pin or jet nmill. [00147]Were the nmethod additionally
conpr i seggh4r adi atj i IRAEd R, bHARQPloY bifdsRions fbilsinwoul d
typicall 0%5& carriplesﬁﬁ%‘glﬁl%tﬂg%gh_e pgbgv\%éer_,' but al t.eﬁﬁgl yﬁégn t?le "

di sper si onordanacadihdhé praseatijnyettion pryidegmpraypd bas erar Prerics sisememEaispay f i ed

fl uor opo o f X 4 N i . :

trans £ 05 e Uiyt ipERATRYR e LM bRE TRL oIGATREA! dhGRhGH A58 o1
fittor opahysmndaispersimns thiedudosoussed cnthalgBs oPtie @radomatey;, MPE ph@8 as t he

di scl f i i ly i t t . el F f
{01481 TRE“PrE LT ING If mERETRE I m Rt B R ERP ISl Bt & BHERE 0 2t on
of the péamigositiess thixuo ronsdregsbupnoe dkicies iathcifagorpeweere]t enwthkipkesi s sui tabl e for

use in extrusion, conventiona owder spray, a i cation techni ques or for

redi sper 9% in ad’tfé’&ﬁf?s“ﬂ‘& nB‘rtb?A i"ﬂ“‘lﬁ? e&w%ﬁgﬁ%i!il%?pg?%%%rppocsg}?n%rém it oken

down easinl cdr@ncPaith i Resshtzfvdieh flkepblian imploeedsetihagistamae, Halea@nstiaed out

at a tenperature below the glass transifjon teng(grature of tpe )

i no: CopB RATEET STrived SHTASE MEGS 9B TERGAICH PHeBLS BTGP FRE SE15F B yi ng

and coagulyafo @fhpoddik fllio§ B AIRMTD BaRinllif SheWBdibn britcctieataPics bOOE. The use

of anbient tenperature allows greater energy efficiency, while the use of

t enper at preéaminigly MPIEpkasee measT ety R¥mes el osamppalionythehee Mtass

transiti = 1 ' ase the speed with which the

subl i mat%ﬁg‘g‘iﬁg?‘é@égﬁﬁfgﬁw‘%@%‘?‘uﬁgﬁﬁﬁﬁg’ﬁfi ent can al so be used to assi st

secondar O8Flyi ng, 1t o dliowenelédulasmeightpelitairait thylege JRERR

1. 001t 491The freeze drying nmethod can be used to prepare a nodified

f 1 uor opolPM8Ir powddie éidst ifmb@pdlamenbighhignesenhid efded Sporoodlyrer conpasiHOSerY t o be

ifibrillatapl e . or non-fihrillatabl P -?E‘!ﬁ I i.G: whi ch

forns fi@eear fs%qu\}\flllels eési%%%tlepé) Ii}ftg[ragl.ugttsz)ﬁ%zlreé? {)r ce.5 Lélﬁﬁlie no%’a?,ﬁ%% ?lqg\kn‘ﬁ i ch.

i nvol ve gipgoayiordsRia MFFangtingodge nadlécnhy whphh(IEXHEs endidietisopioperfi¢siior opol yner

particles to shear I rees, which can result in the production of an

i nt ract aBPESHFALRIT ! **'9He present invention does not invol ve shear forces

?It any sfa94g andhilﬁ oﬁehﬁﬁlgfd@fﬁﬁlt,ghé LHbIgEisfpmduU&Bowﬁ pdﬁymsfjﬂz?ﬁdddﬂrecfe&bdha isl
noropotyner. The method nmay be used to prepare a nodifie uor opol yrer

powder ed VALK& BN ﬂ?‘-’rWséhi?ﬁﬁﬁ’éﬁ’lowzﬂmﬁgGWBEWQOQ’H?B@@%#%? the solid

fluoropol ynier particles in a liquid carrier. The di spersion may be

non- punpabi e because of high viscosity or shear sensitivity, The mnethod.

does not involve any steps where the suspension nust be punped. |nstead,

t he di spersion may be poured or scooped into the tray for freezing, and the

solid, froztin block may be transferred into the vacuum chanber, EXAMPLES

U. 001501The fbllowing non-limling Exanples illustrate various features and

characteristics of the present invention, which is not to be construed as

limted thereto, Throughout the Exanpl es and el sewhere herein, percentages

"




the2nd nelt. curve, [001611Considering Figures 1-4 and Figures 940 it can
be seen that: both the LPTFE phase and the MFA phase experience increased
in crystallinity at conpositions between 65-75% MPA. Exanple 2 FEMPI TE

bl ends [001621Wth respect to PEP, a appears that there m ght be 2 peaks in
the FEP phase nelt and fusion enthal py curves, at approx.:mai* 40% and at
approximately 80% [PEP]. Simlarly, there are also apparently 2 peaks in
the SFN-D phase, but these occur at slightly different conpositions, Le.,
at approxi mately 35% and at approxi mately 75% [ FE13] (see Figures 18 and
19). [001631By anal ogy with the MR& bl ends of Exanple 1, it would seem

r easonabpadymeriaseuprecdskatmaylie chedvetei ovithlchaih freatfer agénts, ndighrredisp thejafiszagt i on

m ght: be pbserved  at..approximat el 9 /. iRl proxi mately
80% [ FEI\f.m%ﬁ A VAYP tt?tgthre Bﬁgfotpf) Plgersﬁ%?(ﬁges/’[saﬁg%/{vyvﬁ%a %H?%ﬁés(?m ege%)y?dé%gi ons as
was the gag@crizatibhgobsiisabniirapd forh a(liqugitigsrsioh,of Ibectli@olyarwdzdiPerticles

[ 001641 f exam ne the F ,P/.SEI\@P B%)gnds we see that in the 2fid nelt

t enper at Arfe 16 1A HE @Eﬁmﬁeﬁ& Eveigar &P Thbhars to be at a mini numfor 70% PEP
but therpoigoja peak sahe &O06dM:s, TRAIPTFE| sfter dpipg prostuted tyaisperpieak in the AH
for 271 nelt and in the fusion data at 80-90% (Fi gur es 16 g_nd 17).

[ 00165] APYBMeqZEOHR) FRUMOTHRRIRRCTFAtie & tapRE(EST BplASBlORs R dalRd et U a second
PEP phasg.fsgnotgdidy 4- marker in Figure 12) starts to appear in the
re-melt hut in the case for MFA shown above this decregse iS seen betbre

the secoiPase deeurisulirighParBas mtdaimiabicsiRd 120y 1188 BREHAMTES denRins _
that t he{tfm@t{u? AurbSRK hek dfor2 Ltk D ematEhedd é&?@fﬁ@blﬁ@&s deQ¥vadkigR% PEP) and in
t he PEP phase %at 40% and at | east 80% FEP) (Figures 16 and 17). Bl ends of
40- 60% PEP182d 80-FoohsrHR aribgiimepts desgpibed kescipghe RBWFIh haspet bseastbisrtddeor dance

with. th nef | Ci nt invention. Exanple 3
PFAI LPTF%%&&?%%?AG?%?@%%@S é)%éacnlgbgélgﬁg to be sonmewhat nore difficult to
anal yze @0#03o di fStillduithdr.gs einhodimsuth désagbesidrercip aleadsP Witk ek alae sotdicetar | y

ent har py A e Blivd 540k b e TP e A Rl PR e el e
as i ndi cétiengnboliengpol e PAFEGpemiohuwilher dpeaisiral aspectr809d/¢rseid beibglawes 21
fhe di Splreiian ibea Sen BrarLRasSiut oo Brar Bl ekl ShhBh i T "
concent r ak@AnddQESR) Epev@sscopyead dpyposditl errdididuit THH) e/h 0 %0ik den GG tPEADRI ends
did not reveal nuch, ii any, ﬁnet rﬁt %on ar eas t he ot her conpositions
showed s?%?ﬁ??@é?ﬁf‘“%P@ﬁW‘fﬁwg CEPRYHECS S Fat e (see Figure 26A). The

present jogyed)t or s EPghiaeBipéBioh BALPTRE & h6st d@dodimbets WileBiii0edusevi dence
that, as anticipated, peaks in the nelt/fusion enthal p{Pcurves, gccur at

conposi t fignvesiens shswphthed-PAFERm e drrerd gioser iy gy ander LPHRE B]F%‘g@ g an

i nventi of, Wi kel iyt td pha&aRBsteRcdRIPASIEAIBAND Yudhed WEakic RivaTT Balihbty.
Thi s observation was further reinforced by contact angl e neasurenents which
appear tlexghowesonvastiamarobell ue in a sinilar range of conposition (Figure
26B). [0 For REA[i [ ' b @CRMdy REAy RhasemBsaks

Ccceil I @é}?ﬁ]ose tTc?%tLﬁgFgWﬁ%rp;O%fééN@%)éjdﬁgﬁb??ug@g’n pezlﬂlil)s ty hat they are

di f fi cul partice siepaf B eiand (phapactsed Yzectono(gi) dr iess,d. 7Armeicionsl {Hpakdr d3ss Othat

t hese second peaks are present, Nevert ess simlarly t oth M FA and

FE! ? t hemﬁ?&séuﬁga%léssd%g?lgrﬁﬁw@)roégﬁ%{aSolﬁlchs r(r‘érfli ?rﬂﬁxp%;anfmw({nﬁ W easi ng
[ PEA]  whicgh 18kM8S cthBédifgits, HRASOIFH Qa PRlvk @\heah Baticlk Rie sOlotvalk 30/80h 2006t er i zed
PEA peaks are there, and at the very |east denonstrates that the PEA is

af f ect i ngPhe SpENIE RASS50{ BTG OITHE c5pdf-ent heat of fusion and rd nelt
ATl for fdagogPEND PRRSEmbACKHEASES WL WAEKERS) sTand BEAIE Wiutiybibils wilgbt be

m sl eading; I't could be caused by the undetected PEA nelt peak hidden
beneat h. tham 5§GQA0 anid nis enashersbqsignspite mag|be ellowsast Q0B AT gre%?reﬁ%()%%cgwage&ch an

i ncrease,_| r ' i i ' [ ceast
above SOQ%W,OPIE{&%E%EM tpgpiﬁ%%?%@g)opnﬁg% S%’Eg(?’g@?(gq%s’sdggg}bgé gtlféﬁi dden to
DSC) PEASQbEs® leskjowe 0800 of lesst freexax@ed nat i on of the fusion data has shown a
peak at ca 50% PEA and the beneficial properties of the present invention
have been observed for this Wend Exanple 4 100170] Fi gures 27-34 summari ze
the differences in location, with respect: to the inventive conpositions,

of the MEE phase fusion and nelt enthahpy curves clearly indicate the

maxi ma for each MPF (Figures 27, 28) whereas the correspondi ng SEN-D phase
for PEA and MFA appear to be shifted on the [ MPH axi s by anmpbunt equi val ent
to the difference in [ TAPE] of the MEE phase peaks (Figures 29, 30). A
simlar shift is Found for the SIN-D fusion and 2" nelt tenperatures
(Figures 31, 32), 00l17l11Exam nation of Figures 27-34 shows that the EPA
curves are shifted relative to the MFA curves by between 10-20% t owar ds

o p—



fl uoropol yEner and with a bl ended LPTEE/ MFA fl uoropol yr nmade in accordance
with the present invention were investigated. The test nethod used for
eval uati on was ASTM D1002 (Standard Test Method thr Apparent Shear Strength
of Singl e-Lap-Joint Adhesively Bonded Metal Specinens by Tension Loadi ng
(Metal -toj Nil eta0), which test nethod was nodi fied as di scussed bel ow.
[001761The control fluoropolynmer was Dai kin ACX-31 PEA powder. An
experinmental blended fittoropol ytner powder was made by bl ending an MEA
di spersion (Solvay Hyflon MEN XPH 62021, 272% solids) and an |.PITE
d| spersion (SR-D, 25% solids) followed by freeze Crying to give a 75:25

. % r at [09167] I\/FA 1FhﬂIETFE wil daveesiist el tepoarare (T.003 1gtesHms &y aoarells of

grl t bl ast e e Sal

951 0aass el HMURL AL RALRAARS (bSCR dhi RUEH dtibd Bl S

al | ow ng3323CcdxabtheernG)odmmrbotheﬁm ne:kpenpmﬁmtemf tIpdeT@EsnaMéxe@ith@ple édorhy
el ectros and, th 6@ t 40 r The
gritbl as{e?%tba'b&g)t\ée ggﬂle?b tgarf#é Sl eroc Ban A Plcs)le%\slz]atgan? e e ee? f%d

i Mpr ovengdifal toRdn sads tha@32ﬂ7°c:g)élﬂieﬁé®alto©0&tsmﬂa1$Ba(i"é‘,pm aitherchualio ondess tigave | ess
scatter in resul ts, Using freshly coated panels gave greater consistency
rat her t#ahCre- usi ng test panels. [00178] The al um ni um pl ates used were 1"

wi de x 4L 00k @819 Ongcplpatre MBDeGRatied inrd famsemnquwuaaemas[l sbick entithwi ped
usi ng et

anol, One inpr overrent to the test nethad s the c "
pr epar at Pastabgized Aeis prmigely sigpilipeds ﬁsr’rkje‘{ brreihs HP%QQ ]I‘F\gﬁ h é‘PTé‘"\RAY étul??Bzed
di f f er enggss i hnPigR&RE Hfsﬁerggﬁ waehchLie lés\éﬂlaiqt(ﬁwm/ cﬂ@ﬂ@ihﬁona?ﬁﬁ‘fa%ﬁt fRal ymeric
Systens Inc.) epoxy adhesive was n xed approxi mately 45 seconds

and t henaspHpeig SEECHst oF IR PALSETIactHE tﬁﬁ%ﬁ R tb‘f Wﬁ%‘h‘i QthcddrdiE 398e ¥ ved t he
| ar ger P&g%g&&%olﬁ Wg& BnbO&neRR! R PHEE &&&ﬁb&ﬁaﬁﬂ@&hﬁ@e&ﬁ&h& folth bf et out

was obser spherical’ gl ass beads of nom nal 0.6 nmwere scattered
ont o t heaqicows dispersiopl havieg gsotar 9w bectans desphen 88 vedo syfasgnipkss 896 epoxy
adhesi veq ¢Pal e rmy clanped together using
strong sprlvﬁ}§?r?a°%a8gg}§%3ﬁglﬁlﬁglh5%}d %@Qtaﬁlhe coated panel and adhesive
overl ap [(m109]| n2 TﬂeiPﬂ}EEOMHeﬂscadiV be krethe posnyofadére siolesulpord ghidS Féet  usi ng

gl ass be The. adhesi ve e panels
whi ch we "t ogétty eFmboldnmerIQt %nﬁq\rf\geﬁr(%g’f ﬁ?@d{? stH::\I%md‘;u ? ¢ 61*172 hour s
prior tOmbEEg‘nhglgo m@n(brhﬁ‘ inhﬂi){ch Msét%ﬂ)iTEEeSachpndymsmekanmi thirps anasodaiat her

i nprove tg the t A fur rovement |nehided renoval of
excess aaﬂggl‘?fetr?%%‘fg‘fw% %ﬁﬁl?}?leﬁ?ftstp %ngﬁ STRENEE Y adcr%ped pl at es
vere | ef berﬁ@éro%@pﬁ@hiﬁ&ﬂﬂéﬂ@mﬂ) rdves nifne stk hébglﬂoﬂﬁﬁrbﬁﬁl]nﬁ’(mml | owi ng

results were obtained: T ntrol fluor ner Table Xp, rirnental
bl ended fhlersrHperartylne ﬁ%T]fE)a?Fé&‘t?"rf’lEﬂtlﬁl@t vIRpe 8’%%% ogofher 3+ ‘94 0 83.0

(001. 8116éﬂh&ogk9ernyfemm LR8 af %ﬂg&bﬁguhzrvhgd&ea@mﬁ) smde WI th. the
experinmental bl ended fluoro &rrer di spkyed better_rel eas%%char acteristics

than t hepeBeerpeihelvialtbton(h he BREEENS Fe-GORYPEN YR At dePicHdh te oy
appr oxi Mah &l 12080k 831§/e[§y ‘Qbﬁkﬂlt' P ek dmfIOWafSespebt@RIPEFE, . Sl ai n resi stance
[00182]in this exanp tain resistance of coatings made with a

control FOALOIf | uorsoweblyﬁrBKFﬁld@pwmhs iaclyfieRdEd, perrrbe tom Chaers & Yabr made
in accor 00183] The
control &ﬁg%g V&]P@%@ﬁ\/ﬁéﬁ%&?%ﬂ%@%ﬁé% Ml@blk %)gﬁﬁl}&%ﬂégglgﬁ ment al bl ended
tinor opoﬂyasrepolmwsieava/vé;sramadstlcbyetlﬁ)rénlleﬁgledrbeM“A di spersion (Sol vay Hyflon
MFA XPH 6202-1, 272% solids) and an 1,1 TFE di spersion (SFIN-D, 25%

sol i ds) foll owed by freeze drying to give a 75:25 ,,vt.,%ratio of

MFA. : PTFE in the resulting powder. [001841Two al um num panels treated with
Xyl an 80478/ 63435 netallic black pri e flol | oned by flashing off at 150C
and allow ng to cool. The control and—%?perl ment al powders were applied by
el ect r ost at | ChapQNEBficsSPTRYMERE.low heiecalir @dight noma@ﬂhaﬁ)ethglcmsmmﬂét)

as ehn\n i STRTN 20 h r\l\r\h panel

II Il Ul LI CQA

speci fi cal ‘F’

coated on . MeaR ¢ oat |SH A8t on rs“?‘ie] ht snde with
the experi it F ik gize o (nf-guPasedg | tapgeratiae n_ prone
mat eri al s,_i ncl udi nhCsef@ar [ Mnkr (AL (Wm wor che8MEEHOf o 49519)4 Q)m sligar
(B-1), honey BBQ sauce (C-1). tomato sauce and. sugar (D 1), soy sauce and
sugar (1F-1), and orange juice (F-1) wene dropped onto each side of the
panel s, and then baked onto each of the control and experinental coatings
at 205C. for 30 mnutes. Once cool ed, each. panel was then tanmed upside
down and tapped once lightly. The inprovenent in stain resistance exhibited
by the right sides of each panel that were coated with the experinental

coating can be seen from['inures 39 and 40, although DO i nprovenent was
observed for soy sauce and sugar (E- 1) tnroduclioi 3 to Exanples 8-10

A N g ———p—




* "MPF % and "LPTIFE A" are the fractions of the MPF and. ', M T conponents
by -weight, he., 0.1 1is 10 wt.% "CA" is the contact angle are for a water
droplet in degrees, as determ ned using the "Drop Shape Anal ysis" system
(DSA10), avail able from Kruss GrbH of Hanburg, Germany, according to the
Young Relation. "Diff CA" is the difference in contact angle For a given,
conponent/ m xture froma linear interpolation of the contact angles :for
that of the pure MPE and LPTEE conponents, to degrees. "Vint" refers to
melting point,in degrees C, using the DSC procedure set forth below. Acid
rating scale is on a 0,1 - 1 scale according to the procedure set forth

bel ow, where 1 repriesents excellent| acid res|PaKER as judged by
phot ographi ¢ exam nation. | Enthal piles ("OHd") |éype)in |ig] [001881Exanpl es
10- 2 respaeNibvel y-\zﬁesent theode dgttalset s f or 1M %nds of tipRIWE ( SEN- D,

Chenguang) with each of a f20,&10 PEA, referred(unstabiizciabl betd8eni@dow ps " PTFE
(A" (Dyng¢on PEA6900Z Lot # 38C1998X, Solids=49.4'1/0) a|secimwd PEA
referred {QEsgy7Rabl [gsol3 befow as "HUEE (B) " (6% (RomionREASTETR24, Lokt
0804330005, Solids = 58.6% (Exanple 10), EEP ("0k:of:on FEP ND- 110
Di spersion, Lot# ND I i0OR86001, Solids 56.5% (Exanple ii); and ME/ (Sol vay
Hyf | on | MBEA]XP11 Toe@FTTE disperhipny dascritsd jaberes, whisly arpqgrovided 4fpqusousy) |

Eg? érS? g@%d%% ?Jt a%d\wasa &mranéaeﬂbpleawaq)r%ﬁfﬁ%tﬁ@hﬁ%%@g to

i n nost cases I ndividual data points in Figures

41- 64 mredmdﬁe@tmmwnd PRI thetie sot thooato 1ubaﬁce>damgé@mqretm2thennal

"'normal i a t Uven
componen e%?aﬁi att églis)lrn% &fdﬁ%r% %ﬁb %pﬂ?&ﬁﬂ?d Byztﬁ?se 0?5#1&&%@%& tg%}t Ifkgrslg t he
nor mal i z&ao SHRF DTEiﬁtrmtmlsglamm cbylme(ﬁﬂmalﬂam&a}/ (14I\/PED [001911The
bl ended | {or opol n
fol | ows. f"%‘teﬁm ver%:\{r {he np%?“ﬂgll:ﬁedgbg r?"foinbE%r% Y ﬁ@r?io% %ﬁ%@%tslls ngﬁ)‘%g(r% m xed
under ai the pblymetizaxien pdeéssS&llrhnﬁwﬁ @stht art en guanmial’rm: mmyemmnnsmmmatmnof t he
di sper si on. rewa m xed un w.to nediu ear
coagul at'fv héﬁ‘f:pdﬁlp gjﬁﬁéﬁ"ﬁ?&b f &5t gpsrant érsgtEio &S O gfa?%%{? mddm% 8&“’?0 pl ace
a known @ehght POFE tis Wlll(@gcaﬁ)} Eﬁ@@dngﬁl rﬁcﬁl@d’tﬁarmlghﬂtsﬁclﬁasmrrﬁmb&l abegde dryi ng

di sh. The di sperS| 0 s. f| ash nut es, and
the resi@orul i‘fd%%‘?t?%&ftah

e 1.00C. in_an 0
2 o0a b Dogent LA HE TS i oo
After thgadihi892R0Wedall¢ Rk greh@r heoB3 A eNMRimAlH PEFE ke ROMaRIly pasidéeinghed
and t he percent solids in the m xed di spersion was cal cul at ed. The bl ended

f 1 uor opotoyifferovsEER Il id gy 6@% BRI SFE PESCVera RS A C

anal ysi s [,um num
DSC sanp e’}‘gglr“?%dm{&“’“%ém %nﬂ{\f&ésgggg dglw(ptg aﬁgﬁﬁdﬁegﬁﬁ?ﬁh%aﬁg@ﬁeat i ng
and coolma@;mytﬁildaﬁzdﬁfzoh@4®ﬁ@rmr(gnasfotf@dalnplms (1) ranmp 15.0T/rnin to 400C;

2) isot I tt, (3 5.0°C/mn.t. 5CG (4) isqth I
for 1 o0 (5 AGisned: Stk 108 RobmeRing: ey Brmgbsr t heb I8 The
mel ting pegkimuneias }ﬁb@éﬁédﬁ‘&n diphicgedule welght g@ﬂiﬂhﬁfg‘PmIi'ehmhhtﬂ@vdo‘tﬁdaﬁess The
crystalli zatl on pea

were obi ained in the coug :%Eg 1Pr oces The 2nd
mel ti ng $reEaded e predplpn Pridermet degsdaponio g q olgf ght P18ty KK Fanel
pr epar at . qh, 1 fFtednfRipo ¢ a8t anticriR pical prd Eh @cle@Bh $4naRe®ct@sh D agd YRS as
fol | ows: 1. Ivake [iquid blend of IVP and LPTFE in the desired
ratios, microns (um). E?dmlpﬂ%@fﬁfﬂp\ﬂépﬂ%@ eigqenondeatipdictZony ReMBl e ME &k ed i n
step | f 0 nds
PP - Aot Bhloyg PRI g Rl o e
a pi pet Hdppbys & Geral | anobunt to an aI um num degr eased panel . 5. Draw
t he coat| own a i th nmotio th bird
appl i cat @B%ﬁ ts n% rﬁegﬁes? tiﬁgﬁg}w PBr A argfalgilli{rgra Cgfrgmg} M&ﬂ{ﬂ es at
200F. weight Pﬂ"FEVbsmrsidme npda &bmtdnspéﬂﬁiﬁ or amdlsfoln@slynanzeanbd icondoniad Wﬁihmtn ut es.
8. Cure the pan nutes at 750F. 195].T id etch t
pr ocedur‘a‘aVR}afga rf%ﬁ%ﬂ’/\gleglby polymegze aﬁlgWﬁeg%ﬁ %Fﬁ?ﬁﬁlhﬁv?lﬁf‘ 6" T'RE e | ar gest
pctri di §lara gbhﬁ)léchﬁr avighl (@) 6f at least 1 ,00020004p ploye, 8RA0ORst @t &ﬁxp&a&B%Tm)

concentrated HCl in two different: [btgtlong on th% %%é @#o ace for
any possgBiiehthsn Be 33 nEosicatempck %TF'T"FF f ¢p2°C. These high nggigq ‘"’ﬂl"’F*ﬁ t he
panel with FIG into the petri dish, 4. Cover the petri dish with
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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 (umy), 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 (pm) or less, 0.4 microns (um) or less, 0.3 microns (um) or less, or 0.2 microns (pm) or
less. In particular, the MPF may have a mean particle size as low as 30, 50, 100, or 150 nm, or
as large as 200, 250, or 350 nm, for example.

[00123] The MPF may also be provided in the form of an aqueous dispersion which is
cither 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 MPT 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, 7.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) (2/10 min) (DSC) (°C)
DuPont 58.6 0.26 2.4 313.0 (shoulder
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TE7224 (PFA) 321.2)
Dyneon 69007 | 49.4 031 19.4 310.25
(PFA)
DuPont 55.6 0.17 11.9 257.84
TE9568 (FEP)
Daikin 56.5 0.16 - 232.83
Neoflon ND-
110 (FEP)
Solvay Hyflon | 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.

15



133. 30-0. 99 1310.44 0.0 0 0O VIAO ,00'H352) 0 94 312.6 33031 00 00
191F40 1(K) 134. 350, 06 310.44 377.9 0.0 0.0 MAO 1,ga 0.99 317.6 .
330.31 00 '00

[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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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 gascous 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.

18



327.77 1f 1 1446A 0.15 0.85 133,73 1,19, 1 309,65 "' 327,77 .
11;117A 0.25 0.75 131.09 4328 0,1 '311,07 326.3 0.0 Pi _WA 0.25

[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 SEN-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
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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 SEN-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/SFN-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 decreascs 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 SEN-D phase (at 50% and 80% FEP) and in
the FEP phasc (at 40% and at lcast 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 HCL. 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 SFN-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
each 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°d 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 5
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 truc 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)
| 185
235
216
158

AW N

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 clectrostatic 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 each 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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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 ison a 0.1 - 1 scalc 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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[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.

51 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 HCl 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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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 13397 | -0.23 | 0.1 . 310.55 V 326.67 0.0 0.0
FEP 0 1.00 13402 | -0.18 | 0.1 : 310.55 2 326.67 0.0 0.0
FEP 0 1.00 134,62 | 042 | 0.1 . 310.55 : 326.67 0.0 0.0
FEP 0.1 0.90 130.64 | -1.96 | 0.1 3 310.45 ‘ 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 . 310.45 . 326.9 0.0 0.0
FEP 0.2 0.80 126.69 | -4.31 | 0.6 310.5 : 326.87 0.0 0.0
FEP 0.2 0.80 127.53 | -3.47 | 0.6 s 310.5 ] 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 | 198 | 1 213.96 309.99 232.56 | 326.46 8.0 9.9
FEP 0.4 0.60 12977 | 1.98 |1 213.96 309.99 232.56 | 326.46 8.0 99
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 12978 | 2.79 |1 213.35 309.9 2331 | 326.08 il.6 10.9
FEP 0.45 0.55 12955 | 2.56 |1 21335 309.9 2331 | 326.08 11.6 109
FEP 0.45 0.55 12843 | 144 | 1 213.35 309.9 2331 | 326.08 11.6 109
FEP 0.5 0.50 12738 | 1.19 |1 212.62 30948 232.87 | 32593 16.4 9.9
FEP 0.5 0.50 12890 | 271 | 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 23287 | 32593 16.4 9.9
FEP 0.55 0.45 12695 | 1.56 | 0.9 212.6 309.41 23353 | 32542 13.2 9.5
FEP 0.55 0.45 128.54 | 3.15 | 0.9 212.6 309.41 233.53 | 32542 132 9.5
FEP 0.55 0.45 126.89 | 1.50 | 0.9 212.6 309.41 233.53 | 32542 132 9.5
FEP 0.6 0.40 127.92 | 334 | 05 214.36 3094 233,45 | 32524 11.7 11.0
FEP 0.6 0.40 127.60 | 3.02 | 05 21436 309.4 233.45 | 32524 11.7 11.0
FEP 0.6 0.40 12738 | 2.80 | 0.5 214.36 3094 23345 | 32524 117 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 | 2.98 | 0.4 215.51 308.69 235.16 | 325.16 124 9.3
FEP 0.7 0.30 12623 | 3.25 | 04 215.51 308.69 235.16 | 325.16 124 9.3
FEP 0.8 0.20 122.48 | 1.10 | 0.2 21521 307.93 23479 | 324.63 151 10.9
FEP 0.8 0.20 122.61 | 1.23 | 0.2 215.21 307.93 234.79 | 324.63 15.1 10.9
FEP 0.8 0.20 123.87 | 249 | 0.2 21521 307.93 234.79 | 324.63 15.1 10.9
FEP 0.9 0.10 119.87 | 0.10 | 0.1 218.96 306.42 235.27 | 32549 15.7 11.6
FEP 0.9 0.10 11629 | -3.48 | 0.1 218.96 306.42 23527 | 32549 15.7 11.6
FEP 0.9 0.10 120.07 | 0.30 | O.1 218.96 306.42 23527 | 32549 15.7 11.6
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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 0.00 119.27 | 1.10 | 0.1

FEP 1 0.00 117.13 | -1.04 | 0.1

FEP 1 0.00 11747 | -0.70 | 0.1

MFA |0 1.00 13523 1 0.94 | 0.1 310.44 327.9 0.0 0.0

MFA | O 1.00 13435 1 0.06 | 0.1 312.6 330.31 0.0 0.0

MFA |0 1.00 133.30 | -0.99 310.44 3279 0.0 0.0

MFA |0 1.00 13523 | 0.94 3126 330.31 0.0 0.0

MFA |0 1.00 13435 | 0.06 310.44 327.9 0.0 0.0

MFA |0 1.00 133.30 | -0.99 312.6 330.31 0.0 0.0

MFA | 0.1 0.90 13368 | 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 13358 | 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 13373 | 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 | 045 0.55 13325 [ 422 | 0.1 28372 306.29 325.59 2.9 0.0

MFA | 0.45 0.55 132,62 | 3.59 283.72 306.29 32559

MFA | 0.45 0.55 13142 | 2.39 283.72 306.29 325.59

MFA | 05 0.50 134.16 | 5.72 | 0.1 283.55 304.71 32584 3.1 0.0

MFA | 0.5 0.50 13286 | 4.42 283.55 304.71 325.84

MFA |05 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 | 32471 5.1 1.6

MFA | 0.55 0.45 130.89 | 3.03 284.7 304.18 303.13 | 32471

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 | 32341

MFA | 0.6 0.40 132.10 | 4.82 285.13 302.96 303.63 | 32341
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MPF | MPF | LPTFE | CA Diff | Acid Fusion | Fusion | 2nd 2nd Norm Norm

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

MFA | 0.65 0.35 131.09 | 4.40 | 0.7 284.76 300.23 303.36 | 321.93 4.6 30

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

MFA | 0.65 0.35 129.86 | 3.17 284.76 300.23 303.36 | 321.93

MFA | 0.7 0.30 131.07 | 496 | 0.6 2852 301.59 30337 | 322.86 4.6 29

MFA | 0.7 0.30 131.17 | 5.06 285.2 301.59 303.37 | 322.86

MFA | 0.7 0.30 130.18 | 4.07 285.2 301.59 303.37 | 322.86

MFA | 0.75 0.25 12837 | 2.85 | 02 284.71 298.63 302.56 | 320.72 3.5 2.7

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

MFA | 0.75 0.25 128.73 | 3.21 284.71 298.63 302.56 | 320.72

MFA |08 0.20 128.11 | 3.17 | 0.1 284.46 296.79 301.81 | 319.14 | 2.6 29

MFA | 0.8 0.20 12735 | 2.41 284.46 296.79 301.81 | 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 1 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 12250 | -0.10 | 0.1 281.71 305.09 16.1 13.8

MFA | 0.00 12236 | -0.24 279.88 304.13

PFA 0 1.00 13330 | -099 | 0.1 310.39 327.85 0.0 0.0

®»)

PFA 0 1.00 134.35 | 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 32787 | 0.0 0.0

&)

PFA 0.1 0.90 135.72 | 2.20 | 0.1 310.09 32787 | 0.0 0.0

(A)

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

V)

PFA 0.2 0.80 13495 [ 220 | 0.1 309 32788 |00 0.0

A

PFA 02 0.80 135,12 | 2.37 | 0.1 309 32788 | 0.0 0.0

(6]

PFA 0.2 0.80 13528 [ 253 | 0.1 309 327.88 0.0 0.0

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

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

PFA 04 0.60 137.00 | 5.79 | 0.7 ; 306.95 ; 32642 0.0 0.0

&)

PFA 04 0.60 138.20 | 6.99 | 0.7 ; 306.95 ; 326.42 0.0 0.0

&)

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

@)

PFA 0.45 0.55 136.84 | 6.01 |1 285 306.08 . 32587 0.0 0.0

(A)

PFA 0.45 0.55 13754 | 6.71 | | 285 306.08 s 325.87 0.0 0.0

A)

PFA 0.45 0.55 13792 1 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

(G

PFA 0.5 0.50 136.53 | 6.09 |1 28544 305.65 300.41 | 324.91 438 4.9

(Y]

PFA 0.5 0.50 137.18 | 6.74 | 1 285.44 305.65 30041 | 324.91 48 4.9

(A)

PFA 0.55 0.45 13586 | 5.81 |1 285.1 304.39 302.67 | 324.51 5.1 379

A)

PFA 0.55 0.45 13723 | 7.18 | 1 285.1 304.39 302.67 | 324.51 5.1 379

GV

PFA 0.55 0.45 138.05 | 8.00 |1 285.1 304.39 302.67 | 324.51 5.1 379

(A)

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

(A)

PFA 06 0.40 13544 | 577 | 1 285 303.94 298.43 | 323.23 4.0 5.6

&)

PFA 0.6 0.40 13535 | 568 |1 285 30394 208.43 | 323.23 4.0 5.6

@)

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 0.25 129.88 | 1.37 | 0.7 2853 300.85 295.17 | 320.56 11.7 43

@A)

PFA 0.75 0.25 132,65 | 4.14 | 0.7 2853 300.85 295.17 | 320.56 11.7 43

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

Type % % CA rating mpt mpt melt melt DH DH
01 MPI LPTFE | mpt mpt Fusion | Remelt
scale) MPF LPTFE | MPF MPF

&)

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

(A)

PFA 09 0.10 127.60 | 0.24 | 0.1 296.12 296.86 | 316.14 333 45.0

)

PFA 1 0.00 126.50 | -0.09 | 0.1 291.94 311.87 283 0.0

&)

PFA 1 0.00 12647 | -0.12 | 0.1 291.94 311.87 283 0.0

&)

PFA 1 0.00 126.79 | 0.20 | 0.1 291.94 311.87 283 0.0

(&)

PFA 0 1.00 13523 | 0.94 | 0.1 31044 3279 0.0 0.0

(B)

PFA 0 1.00 13435 | 0.06 | 0.1 31044 3279 0.0 0.0

(B)

PFA 0 1.00 13330 | -0.99 | 0.1 310.44 3279 0.0 0.0

(B)

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

B)

PFA 0.15 0.85 133.12 1 052 | 0.1 308.79 327.12 0.0 0.0

®)

PFA 0.2 0.80 13167 | -037 | 0.1 307.97 325.1 0.0 0.0

(B)

PFA 0.2 0.80 131.92 | -0.12 | 0.1 307.97 325.1 0.0 0.0

(B)

PFA 02 0.80 131.95 | -0.09 | 0.1 307.97 325.1 0.0 0.0

®)

PFA 03 0.70 12938 | -1.53 | 0.3 306.33 326.42 0.0 0.0

B)

PFA 03 0.70 132.77 | 1.86 | 0.1 306.33 32642 0.0 0.0

®)

PFA 03 0.70 131.14 | 0.23 | 0.1 306.33 326.42 0.0 0.0

B)

PFA 0.4 0.60 13442 | 463 | 0.7 28433 304.38 302.08 | 325.14 0.0 0.0

(B)
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PEAO, 150. 85113. 120.52 0.1 308.79 7.12 Si. 04.) (13) 080l .e. 7 1lor
0.1 30707 2?1 00 0.0 (r) |
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 04 0.60 13352 | 3.73 | 0.7 284.33 304.38 302.08 | 325.14 0.0 0.0
B)

PFA 04 0.60 133.69 | 3.90 | 0.7 284.33 30438 302.08 | 325.14 0.0 0.0
(B)

PFA 045 0.55 135.39 | 6.17 | 0.1 304.02 324.48 0.0 0.0
®)

PFA 0.45 0.55 13526 | 6.04 | 0.1 304.02 32448 0.0 0.0
(B)

PFA 0.45 0.55 13539 | 6.17 | 0.1 304.02 32448 0.0 0.0
(B)

PFA 0.5 0.50 13578 | 7.12 | 0.9 281.64 302.69 32334 2.0 0.0
(B)

PFA 0.5 0.50 13498 | 6.32 | 09 281.64 302.69 323.34 2.0 0.0
B8)

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 22 0.0
B)

PFA 0.55 0.45 135.15 | 7.05 | 0.9 281.16 301.88 316.5 2.2 0.0
®)

PFA 0.55 0.45 13391 | 581 | 0.9 281.16 301.88 316.5 ) 0.0
®)

PFA 0.6 0.40 130.12 | 2.59 | 0.5 281.75 300.23 321.15 1.3 0.0
B)

PFA 0.6 0.40 13132 |1 3.79 | 05 281.75 300.23 321.15 1.3 0.0
B)

PFA 0.6 0.40 13165 | 4.12 | 0.5 281.75 300.23 321.15 1.3 0.0
B)

PFA 0.7 0.30 131.27 | 486 | 0.8 252.07 297.29 319.71 0.0 0.0
(B)

PFA 0.7 0.30 13132 | 491 | 08 252.07 297.29 319.71 0.0 0.0
(B)

PFA 0.7 0.30 130.62 | 421 | 0.8 252.07 297.29 319.71 0.0 0.0
(B)

PFA 0.75 0.25 12770 | 1.86 | 0.5 254.53 296.54 31833 0.0 0.0
(B)

PFA 0.75 0.25 129.14 | 3.30 [ 0.1 254.53 296.54 31833 0.0 0.0




-4 F+A 0.2 0.RO PH 111 0, 1 307.9 SA Qu 0 -1.; PEA (12
131,95 -0,09 01 O
MPF | MPF | LPTFE | CA Diff | Acid Fusion | Fusion | 2nd 2nd Norm Norm
Type % %o CA rating mpt mpt melt melt DH DH
(0-1 MPF LPTFL | mpt mpt Fusion | Remelt
scale) MPF | LPTFE | MPF MPF
®)
PFA | 075 [0.25 12803 [ 2.19 | 0.1 25453 | 296.54 31833 | 0.0 0.0
®)
PFA |08 0.20 12799 [ 271 |04 249.05 | 291.86 31578 [ 0.6 0.0
(B8)
PFA | 0.8 0.20 126.40 | 1.12 [ 0.4 24905 | 291.86 31578 [ 0.6 0.0
®)
PFA |08 0.20 12751 | 223 [ 04 249.05 | 291.86 31578 [ 0.6 0.0
(B)
PFA |09 0.10 12629 | 2.14 [ 0.5 25112 | 29245 | 29428 [ 314.19 |00 0.0
(B)
PFA [ 09 0.10 12641 [ 226 [ 05 25112 [ 29245 [294.28 [314.19 |00 0.0
®)
PFA 0.9 0.10 12627 | 2.12 | 0.5 251.12 292.45 29428 | 314.19 0.0 0.0
B)
PFA 1 0.00 122.83 | 020 | 0.1 308.79 308.79 309.18 | 309.18 58.2 14.6
®)
PFA |1 0.00 122.93 [ -0.10 [ 0.1 308.79 [ 30879 [309.18 | 309.18 | 582 14.6
®)
PFA |1 0.00 12332 [ 029 | 0.1 30879 | 30879 |309.18 | 309.18 | 3582 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]
function of [MPF], a peak is visible in both cases centered on a weight fraction MPF= ca 0.53.

Fig. 41 shows the normalized heat of fusion for these polymer blends as a

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 lincar

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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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.

37



0.70 30633 - .326.42 0.0 PEA 03 0.70 131.14 0,23 0.1 306,33 326.42
0.0 0,0---.4 (B) e Foe--

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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Exanpl e 8: PFAILPTFE Wends 1001971Exanple 8 is an extenS|on of previous
Exanpl es for further measurenments made on PFAILPTFE alends. in this

Exanpl e, two systens were exam ned based cm TE-7224 (PEA (B)) and PEA6900Z
(PEA (A)), respectively. [001981Fig. 41 shows the notmalized heat of fusion
for these polyner blends as a function of [MPH, a peak is visible in both
cases centered on a weight fraction WE- ea 0.53, Likewi se 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 | dareard thasratqeobsglots of Betwde h0 thEFidswd asdih dmert dgmansestangitee a gr eat er

than 6 de di fferepce at ti concentration of [WE] --- 0.53 with
signifi C%%E‘g@ 1@?‘28@&‘3 ub%?%e(g er[:wo 3 - 0.7. This behavior is

pr eci sely mrrored in Fig. 44, V\/mch shows the-acid resistance after 6

Hour s osure to E Under t es both ents have
fail ed c ?a%qt r ophi“¢ q%}‘s‘ eﬁ%{.ﬁ’ﬁ‘ggﬁ avigg e nrefe ‘Tﬁjc&s‘gg’dﬁ%wesc?fl li v1iP9
= ca 0. S3véfRRRich B ﬁlﬁhérﬁﬁ;dlﬂi&l%ﬁﬁaﬁiegplm 4kl Bsk Ahis hievbdule TR dpphigutipei Nt s

of the PFA based sanpl es and gi ve sone indication |.ocal. naxi ma

associ at Edhaigfers trrdeg i Favar ANY HHI SIS UShi's O deRigudns G’?%Wénu‘#} e “j? Fig. 47
shows th n@ﬁﬂ ﬂcﬁﬁéss FRALE, BRI DHAGROER iMedddd td SR eBdeh héﬁﬂtuﬂe@fr@m@%t@déﬁt pl ot;
t he darker ions represent. superior performance, it gquite clear from
this fi gdns@owrmqs cpme VohigeowaeF Bustoreasy BregkSan ihs agrp ht?Btt*aF HBItion gertains
conposi t Exanpl e 9 P/ 1 LPTFE bl ends

[ 002001 IﬁqﬁPgﬁg'|sﬁ%%mgg%gﬁgf%ﬁg%%nggg%?gﬁs Exanpl es for further
measurenents made on FEWTTFE bl ends in this case a different system was
exam ned based on ND-110. [002011Fig. 48 shows the nornalized heal. of
fusion for this polyner 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 sanme concentration, but an.
addi tional peak is also observed at [MPF]- ca 0.7. Fig. 50 plots the

di fference between the observed contact angle and that expected froma
linear interpolation between the two conponents; there is a greater than 1
degree difference at these optimal concentrations of [MEMca 0.5 -0.7, with
significant differences between [ MPF1 =0,4 - 0.8. This behavior is
precisely mrrored in Fig. 5], which shows the acid resistance after 6
hours exposure to Ha. Under these conditions, both pure conponents have
fail ed catastrophically. However, the conpositions in the region of [W/] ca
0.35-0.6 remain pristine and there is sone indication that at [ MPF] =0.7
acid resistance is slightly enhanced_ 1002021Figs. 52 and 53 show t he

mel ting points of the FEP based sanples and give sone indication of |ocal
maxi ma associated with the optinmal conpositions di scussed above,
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[ 002031Finally, Fig. 54 shows the acid resistance performance with tinme and
[MPEL in a contour plot; the darker regions represent superior perfornmance,
U is quite clear fromthis figure that prolonge.d acid resistance i.s only
obt ai nabl e at conpositions between [AH = 0.3 -0.6, with sanples outside
this range failing quickly. Exanple 10: MFATLPTFE bl ends [ 00204] Exanpl e 10
is an extension of previous Exanples for further neasurenents made on

MFAI LPTFE bl ends. [002051Fig. 55 shows the nornalized heat of fusion for
this polyner blend as a function of ENHFRAIM& peak is visible in this case
centered on a weight fraction, | MPF= ca. 0.65. Likew se, Figs. 56 and 57
show peaks in It he Adknded flupmerobymea digpeasion, kkaraptgmgedhcent rati on. Fig. 57
plots the differ e@%g:%?ﬁh%@&hﬁé}é(Pﬁﬁfgrh\mﬂgﬁﬁmﬁeﬁteﬁ@alaﬁr d) tf33d” @xpect ed
froma linear interpolation between the two conponents; there is a greater
than 5 degrless, iditcffomepfirdiquid dispersipptof particledriag e mean ptide siktfdden [ VPF] = ea
045 - 0.7_w L gnifd. cant,. di f.f | : -- -withBut8. Thi s
behavi or }n‘é@r%ﬁr(?%?&é‘&é%s,ﬂs@@idés-gkr&g?5%%1?1§cﬁv12 Eltgﬁv?gl%? ﬁ[)e&gg}ilzgg?ﬁel%ds“{lglﬁgte after 6
hour s expbsing ibjectedid, agglomdetion, ieseal clogradatipwvs irradistion; pad e conponent s have

fail ed eatastrophicaily. [0 ' [ TAM =
ea 0.6-0.7 are | arné%%}gﬂlﬁoﬁég%\%ﬁ?ﬂé’gé F‘gg‘g%gggféf%d&ggsﬂgnl gg pélﬁgl\%v%ﬁg&nel ting
poi nt s of aineen pdrtkcldbeisad 1 Yamiptoes (panabr fisy eaid cmepositidii bavitigobased od the ikl maxi ma

; d wi . o di ] Iy,
a1 S el Y R G T e e re R G e U
t is

cont our pBowr.vdtbe7 davdker regi ons represent superior pertbornance, i

quite clear fromthis figure that prolonged acid resistance is only

obt ai nabl e at: conpositions between. [MT] = ca. 0.55 -0.75, with sanples
out si de this range Afaéthdd c6iing i lsybstrits aiplaaerdzbd bPFAAPTEE bl end usi ng DuPont

TE- 7224/ TE- 3887N .[. 002 Bl ends of PM TE- 4 wit Pont.' |. TE- 3887N
EPTEE wer3Pgdoq e ﬁ&i APROGEFE CORRRREPn P 58{% o!ﬁtemio} %%artr%lagd %8{%?\1} n above
wi t h t he iEENefdeh Bungpdyhatcoinpdsitibnby TF3887N. Measurenent of the heat of
fusion data for the PEA C07.13. POReat (Fig 62) showed very simlar behavior
as for Exanple 3 (Fig 41) indicating that this substitution had a

negligi bl e ef fect. THémpethas off @aiinh® whieresit saidetldndetyflypoopotyner cafidsitioms 327, 9 deg
C and thaﬁ E"];\i-TE- 38§ﬁN as 329.9 deg Cindicating that TE-3887N is higher in
trimthan SEN"FEAHG "t &t such a change in inwt has a negligible inpact on
opti mum bl end properties. Figs 63 and 64 show the contact angle and contact
angle difference respectively far these TE-72241TE- 3887 bl en and here
again a peak ih thghﬁﬁlﬁ%degﬁorgb?}%?ﬁ%ﬁ‘?%%ﬁy’“héﬂamE%?aﬁ%&%dtgaté%l si st ent
Wi th the heglefiudrdtlyRite (EBET dRPGsibiBas ANaR g8 PrdletecRll filomipagben 10 i . e.
Figs 42 and 43, further denonstrating the neqgligible inpact of the use of a
di f f er ent coBoPOHAALT Mmicransi(sm) onlespt0. Brinigees ﬁrg:é%eéinb‘éfen%l@mﬂawﬁg a
preferred ' o [ ) gisfied within the
spirit angg‘gg%%gs Wﬁ)ﬁ%ggﬁg%?%g%@gb o‘?’%ﬁi@p@??ﬁ:ﬁ%ﬁsgﬁ[ﬁ? gmt her ef ore i ntended
to cover any variations, uses, or adaptations of the invention using its
general principl es pEhl A imuollismaRBL6AIR ol L NhGAdEl gV er such
departures fromthe present diScfosure as cone wthin known or custonary
practice i snid prdytetraflubocthilen(PTREShas a fiesh mick tenpperatuaé () salrstodifiontihe al | wi t hi n
the limts of the a l, al 3 b Iy rer

di sper si on?" O‘é%%orngllé?%o??g@%%%:l&g’%g ¢ Sil_l@gs!\%ogl S?Eftg%sg%groghee{gﬁglﬁ)g%m( PTFE)

havi ng a flesstnd®StCoeleperature (T,") of 332" Cor less, in the foali of a
i quid di spersion of particles having a nean particle size of 1.0 mcrons
(pm or less, said dispersion obtained via enul sion polynerization and

wi t hout bei ng &ubj écflwtorotynmygdvedesrchteinsd fromtibe Mended BugrapAYyMsn, or

irradiati OQdmp%Qﬂoﬂrngéﬂnfll uor oal koxy (WA) in the formof a liquid dispersion
of particlées a nean particle size of I .0 mcrons (pm or less, said
conposi tion having, based on the total solids of said PTFE and UFA, a AEA
content of 63 w.%to 70 w.% and. a PTITE content of 30 wt.%to 37 m.%
2. A nethod of coating a substrate, characterized by: applying the bl ended
fl ueropol yner conposition of Claimlto the substrate; and heat curing the
bl ended fl uoropol yner conposition. 3. The nmethod of Claim2, wherein
sai d bl ended fl uoropol yrne:r conposition lacks in -rank; fillers. 4,
The bl ended fl uoropol yner conposition of claim1l, characterized in that

sai d pol ytetrafl uoroethyl ene (PTFE) dispersion has a nean particle size
selected fro in the group consisting o 0.9 microns (pm or less, 0.75
mcrons (pm or less, 0.5 mcrons (pm or less, 0.4 mcrons (pm) or |ess,
0.3 microns (pm or less, and 0.2 mcrons (pm or |ess. 5. The

bl ended :fluoropol yrner conposition of claiml, characterized in that said




