
BLENDED FLUORO . [SM. ' ..3'300 to Fell [00011This application claims the
benefit under Title 35,119(e) of U.S. Provisional Patent Application Serial
No, 61/057entitled BLENDED FLUOROPOLYMER COMPOSITIONS, filed on May 30,
2008; U.S. Provisional Patent Application Serial No. 61/100,311, entitled
BLENDED FEUOROPOINMER COMPOSITIONS, filed on September 26, 2008; U.S.
Provisional Patent Application Serial No, 61/145,433, entitled BLENDED
FLUOR.OPOLYMER. COMPOSITIONS, filed on January 16, 2009; and U.S.
Provisional Patent Application Serial No. 61/145,875, entitled BLENDED
FLUGROPOLYMER COMPOSITIONS, filed on January 20, 2009, the disclosures of
each are expiessly incorporated by reference herein in their entirety. C;
ICCROUND [90021Field ofel Of [0003)present invention relates to
fiu4aEopolyrners and, in particular, relates to Vended fluoropoymer
compositions having improved, synergistic properties. [00041)2.Description
of the Related Art, [OOU5Fluoropolymers are long-ehain polymers
con'',ethylene [3 .2 units in which some or all of the hydrogen atoms are
replaced1 0    ude polytetrafluoroethylene (FITE), perfluoromethyl vinyl
ether (MFAI, fluoro eth propylene (PEP). Der-fluor alkoxy
(Pkpoly(ehlorotrifluoroethylene) and poly(vinyffin [0006iFluo.ropolyamers
are amongst the most chemical y inert of ail dolymers and are characterized
by an unusual resistance to acids, bases and solvents, They have unusually
low frictional properties and have the ability to withstand extremes of
kmperature. Accordin0y, fluoropdlymers are utilised in a wide variety of
applications in which resistance to extreme environments is necessary.
Cixtrcnt appheatons include the formation of tubing and packing materials
within chemical plants emiconductor equipi31031E, automotive parts and
structural cladding.  



WO 2009/010740 discloses a method. for the preparation of a modified
flitoropolymer powdered material. A suspension of solid fluoropolymer
particles together with FIFE particles in an aqueous carrier is frozen and
the -frozen carrier is then removed by sublimation at sub-atmospheric
pressure to produce a dry powder of modified fluoropolymer particles.
WO 2007/061915 discloses the mixing together of aqueous dispersions of
non-melt flowabte PTFE and meit-fabri cable perfluoropobmer, followed by
recovery of the resultant mixture of the dispersed particles of each of
these polymers, and melt mixing of the resultant mixture of particles to
obtain a blend in which the PTFE particles form the disperse phase and the
perfluoropolymer forms the continuous phase.       WO 00/58389 discloses
sprayable powder comprising triable granules of agglomerated primary
particles of non-fibrillatable fluoropolymer and, optionally, at least one
other component, the powder having a bulk density of at least 20g/100cc and
average particle size of 5 to 100 micrometers. A spruyable powder
comprising friable granules of agglomerated primary particles of a first
non-librillatable fltioropolymer and at least one other non-fibrillatable
component is also disclosed This document further discusses a process for
preparing the sprayable powder by spray drying a liquid dispersion.
US 2006/180936 discloses a dielectric composition for forming a dielectric
layer usable in circuitized substrates such as PCBs, chip carriers and the
like, the composition including at least two fluoropolymers and two
inorganic fillers.  Mi\il &RN- OF THE .lNVENTION MtnThe present invention
provjdes blended fluoropolymer composltmns. In one embodiment, a liquid
dispersion of a first fluoropolymer is blended with a liquid dispersion of
a second fluoropolymer. The first fluoropolymer may be
poirletraltuoioethylene (PTIFE), such as a low molecular weight FITE
(1.1)TI-2E) that has been polymerized via a dispersion or emulsion
polymerization process, and which has not been agglomerated, irradiated, or
thermally degraded. The 1.21TE may be in the form elan aqueous dispersion,
having a mean particle size of less than .0 microns (um), with the I.P.IFE
having, a first melt temperature (1,-") of 332' C or less. The second
litioronotymer may be a melt processibie fluctropolymer (MPH, such as
pertiuoromethylvinvyl ether (WA), .fluorinated ethylene propylene (HP), or
pertinoropropylvinvyl ether (PFA), for example, in the form of an aqueous
thsperswi ,  having a mean parin.le site of less than 1,0 microns, Blending
oldie dispersions facilitates interaction of the LPTFE: and TOPE. on a
submicron level to facilitate intimate blending such that, WaCE3 the
blended fluoropoymer composition is dried, a crystal structure representing
a tme alloy of the fluoropolymers is formed, having melt characteristics
that differ from those of the individual fluoropolymers. The blended
fluctropolymer composition may be used, to provide a coating having
improved impermeability, stain raSixtallee, abrasion resistance,
smoothness, an higher contact angles. 1,00981In one form thereof, the
present inv.ntion provcies a blended fmuo dispersion. neluding
polytetralluorocthyletie (PIPE) having a first melt teMPe3Tr") of 332 C or
less, in the form of a liquid dispersion of particles having a mean
particire of 1,0 microns (dm) or less; and a melt proeessible
fitioropolymer (Wit) in the form of a Muid dispersion of particles having a
mean particle size of 1 .0 microns (urn) or less. [0091In one embodiment,
the polymtraftuoroethylene (FIFE) dispersion may have a mean particle size
of 0.9 microns (dm) or less, 0.75 microns Gun) or less, 0.5 microns (mint)
or less" 0.4 microns (pm) or less" 0.3 microns (pm) or less, or 0.2 microns
(um) or less, and a first melt temperature (n) of 330' C or less, 32lr C or
less, 328 C or less, or s, 326C' or less, and 325' C or less, 



[00101in one embodiment, the polyterrafluomethylerie (RIFE) dispersion is
obtained via emulsion polyinerxzatton :3.ad without being subjected to
agglomeration, thermal degradation, or  irradiation, and includes less than
1,0 wt.% surfactant, based on be weight of said polytetrafluotoethslene
(FIFE) dispersion, [0011in a further embodiment, the Enelt processible
fluoropoiymer (,,IPE) is a nerflitoroa,kyl vinyl ether or fluorinated
ethylene propylene, and has a melt flow rate (MPR) at least 4.0 g/lOintu.
[()01 21The melt pmeessible fluoropc5lytner COPE) may be perfluoropropy,s
(PEA), and exemptary compositions have a PEA content of 37 wt.% to SO wt%
and a FIEF content of 20 wt.% to 6$ wt.%, based on the total solids of the
PTEE and PEA. Other eKetnplary compositions have a PEA content of 37 wt.%
to 63 wt% and a PIPE. content of 35 wt,% to 63 wt,%, based on the total
solids of the FIFE and PEA. Further exemplary compositions have a PEA
content o[43 wt.% to 6$ wt% and a PTEE content of 37 wt.% to 57 wt.%, based
on the total solids of the PTFE and PEA. Further exemplary compositions
have a PEA content or 50 wt.% to 60 wt% and a FTFE content of 40 wt.% to 50
wt.%, based on the total solids of the WIPE and PFA. A further exemplary
composition includes 53 wt.% PEA and 47 wt% EPTEE. 100131'The melt
processible fluatopolymer (MEE) may be peadluoromethylvincyl ether (MEA),
and exemplary compositions have a MFA content of 35 wt.% to 90 wt.% and a
PIPE content of 10 wt.% to 65 wt.%, based on the total solids of the PTFE
and MFA. Other exemplary compositions have a MFA content of 45 wt..% to 76
wt.% and a LITE content ot 24 wt.% to 65 wl,%, based on the total solids of
the PT FE. and MFA. Further exemplary compositions have a MEA content of 56
wt.% to 76 wt.% and a PIPE content o124 wt wt.%, based on the total solids
of the FIFE and MFA, Still further exemplary compositions have a MFA
content of 63 wt. 36 to 70 wt.% and a PTEE content of 30 vi:.% to 37 wii,%,
based on the total soiids of the ETEE and W.A. A further exemplary
composition includes 67 wt.% MEA 31LPTEE. 100141The melt processible
fluompohmer (MIT) may be fluorinated ethylene prOpykrie (PEP), and.
exemplary compositions have a FEE content of 25 wt% to 90 wt% and a PTEE
content of 10 wt.% to 75 wt, %, based on the total solids of the PTFE and
FEE. Other exemplary compositions have a FEE content of 3:5 wt.% to 90 wt.%
and a ETEE content of 10 wt.% to 65 wt.%, based on the total solids of the
PTEE and F EP, Further exemplary compositions have a PEP content of 35 wt,%
to 55 wt% and a PIPE content of 45 wt.% to 65 wt.%, or a EEP content. of 60
wt.% to 90 wt% and a PIPE content of 10 wt.% to 40 wt.%, based on the total
solids of  



the PTFE and PEP. Still further exemplary compositions have a FEP content
of 40 wt.% to 50 wt.% and a PTFE content of 50 wt.% to 60 wt,%, or a PEP
content of 75 wt% to 85 wt.' and a PTFE content of 15 wt.% to 25 wt %,
based on the total solids of the PTFE and FEP, Further exemplary
compositions include either 50 wt.% PEP and 50 wt.% LPTFE, or 75
t,,,,,t111; PEP and 25 wt.% LPTFE. [00151The present invention a1so
provides a method of tbrrning a blended fluotopolymer thspersion, including
the sten of mixing the foregoing components. A fluompolyiner powder may be
obtained from the blended thioropoiymer composition by drying the blended
composition and, in particular, freeze drying the blended composition. A
coating may be fbaned by applying the blended fluoropohmer composition to
the substrate, and heat cuting the blended fluoropolymet composition.
0Ol6{n another form thereof, the present invention provides a method of
forming a blended fluoropolymer composition, indtiditicl: the steps of
providing a first liquid dispersion of .polytetrailuoroethykte (PTFE)
particles having a first men temperature (111,-,) of 332 C or less and a
mean particle size of 1,0 microns or less; providing a second liquid
dispersion of particles of a melt processible fluoropolymer (11,11PF)
having a mean particle size of 1.0 1710.0n5 or less; and mixing the first
and second dispersions together, i00171The method may include the
additional step of drying the blended flooropolyiner composition to form a
powder and, in particular, freeze drying the blended finoropolymer
composition. The method may also include the additional steps of applying
the blended fluoropoiymer composition to a substrate; and heat curing the
blended fluoropolymer composition. BRIEF ITtON FT HF DRAWINGS [00181The
above-mentioned and other features and advantages of this invention, and
the manner of attaining them, will 'become more apparent and the invention
itself will be better understood by reference to the following description
of art embodiment of the invention taken in conjunction with the
accompanying drawings, wherein; [00191Figures 1-11 correspond to Example I,
wherein:  NOMFigure 1 is a chart of normalized frst AFT of fUS:031, taken
from US - concentration of MFA, 100211Figure 2 is a chart of tics; AR of
fuston of the 1sIFA phase.n from DSC data vs. concentration of MFA 



100221Figure 3 is a chart of normalized second AH of melting, taken from
DSC data, vs. coneennation of MFA, 111102131Figure 4 is a chart of nonna1
.d,dof mehinc of the M FA phase, taken from DSC: data, vs. concentration of
MFA; [9024Fiptre5is a chart of second men point of the MFA phase, taken
from DSC data, vs. concentration of MFA; 100251Figure 6 is a chart of the
AR of fusion for the MFA phase, 2,ken from DSC data vs. concentration of
MFA; 10026[Figure 7 is a chart of sccond melt AF for the MF/ phase, taken
from USC data, VS. concentrat 100271Fi 9We 8 is a chart of fusion
temperature of the LPTFEi phase, taken from DSC data, vs. concentration of
MFA; [00281Figure 9 is a chart of the second mei.t po of the LPIFE phase,
taken from DSC data, vs. concentration of MFA; 100291Figure 10 is a chart
of normalized AH of ision for the L.PTFE phase, taken from DSC data, vs.
concentration of ,MFA; and 



[00301Figure 11 is a chart of normalized second 'Mcfor1-PF  frse, taken
from DSC data, vs. concentration of N1FA; [00311Figures 12-19 correspond to
Example [00321Figure 12 is a chart of fnsion men point for the I_ rIFE
phase, taken from DSC data, vs. concentration of FEP, [00331Figure 13 is a
chart of second melt point for the LPTFE phase, taken from DSC 5.ratiOn of
FEP, 100341Figure 14 is a chart of fusion melt point for the PEP phase,
taken from DSC data, vs. concentration of FEP; 100351Figure 15 is a chart
ot secondfor he FEE' phase, taken from DSC data, vs. concentration of FIT,
[03611 gure 15 is a chart ot normalized fusion Aft taken from DSC data, vs.
COIWCIStration of EEP l00371Figure 17&raw:I:zed second melt AFT, taken fiom
DSC data, vs. concentration of PEP; and 



100381Figare IS is a chart ofmelt point c?e PEP phase, taken from DSC data,
vs. concentration of FIT; 100391Figure 19 is a chart of first melt point of
the WIFE phase, taken from DSC data,. vs. concentration of PEP,
100401Figures 20-2E13 correspond to Example 3, wherein: 100411Figure 20 is
a chart of flision temperature, taken from DSC data, vs, concentration of
PEA, 100421Figure 21 is a chart of second melt point, takeSC data vs.
concentratto of PEA; [00431Figure 22 is a chart of normaltzco uuision AU
for the PFA time, taken from DSC concentration of PFA;      Figure rm is a
chart of fusion AFT for the LPTFE, phase, taken from DSC data, vs.
concentration of PEA [00451Figure 24 is a chart11-, IUSZOEI At hr the LPTFE
phase taken hot DSC data. vs. concentration of PEA, i00461Figure 25 is a
chart of normalized sec<H for the 1,PTEE phaseen from DSC data, vs.
concentration of PEA; 



[00471]pre 26A is an illustration of cid etch test results oIPFTEE blend
thrIS of Example 3; and [00481hart of contact angle -water on PFA/LPTEE
blend films o Example 3; [00491Figures34 correspond to Elm:II:pie 4,
wherein: [0501Figure 27 is a chart of peak norna]ized second melt AH for
various MPE's, taken from 0-SC data, vs, concentration of WE; [00511Figure
28 is a chart of peak normalized fusion Ali for various MPFs. taken fror
Figure 29 is a chart of peak normauzed PTFE second melt AFT fbr various
INIPPs, taken from DSC data, vs. concentration of MPF; [00531Figure 30 is a
chart of peak normalized LPTFF fusion Ah to-" taken from DSC data, vs.
concentration of N1PE; [0054]Figure 31 is a chart of LPTFE second inch
point, taken from DSC d concentration of TAPP; [005$]Figure 32 is chart of
LPTEE fusion temperature, taken from DSc concentrati, a of NIPF; 



100561Figure 33 is a chart of second melt point for the MPF phase, taken
from DSC data, vs, concentration of MPF; and 100571Figure 34 is a chart of
fusion melt point for the NWT! phase, iake.n from DSC data., vs.
concentration of MPE; Figures 35-37 correspond to Examp e , wherein::
[00591Figure 35 is a DSC trace for the of N1FA of Example 5; 100601Figure
36 is a DSC trace for the of LPTEE of Example 5; and [00611Figure 37 is a
DSC trace for the of NIFAAFITE blend of Example 5; 100621Figures 38
illustrates the clamping arrangement used in Example 6; [0063]Figures 39
and 40 illustrate results of the stain resistance test of Example 7;
00641Figures 4; -47 correspond to Example 8, wherein: [00651Figure 41 is a
chart ofAK of frision of PFA vs PEA fraction; [00661Figure 42 is a chart of
contact angle vs. PEA fraction; [00671Figure 43 is a chart of 'tiff CA" vs.
PEA fraction.; [00681Figure 44 is a chart of acid resistance rating vs. PEA
fraction [0069Figure 45 is a chart of fusion melt point of PEA vs, PEA
fraction; 



100701Figure 46 is a chart of second melt point of PEA vs, PEA fraction;
and [0071]Figure 47 is a contour plot of acid resistance rating
superimposed on a chart of acid hours vs. fraction of PEA; Figures 48-54
correspond to Example 9, wherein: [0073;Figure 48 is a chart of normalized
AH of fusion of EEP vs. FEP fraction; [0074;Figure 49 is a chart of contact
angle vs. EEP fraction; [0075]Figure 50 is a chart of "tiff CA" vs. FEP
fraction;  100761Figure 51 is a chart of acid resistance rating vs. FEP
fraction; 100771Figure 52 is a chart of fusion melt point of FEP vs. PEP
fraction; [00781Figure 53 is a chart of second melt poini of HP vs. FEP
fraction; and 100791Figure 54 is a contour plot of acid resistance rating
superimposed on a chart of acid hours vs. fraction of FE.F, [90801Figures
55-6 correspond to Example 10, wherein; 10081Figure 55 is a chart of
normalized Ali of fusion of NIEA vs. NIFA fraction; 1002Figure 56 is a
chart of contact angle vs. NIFA fraction; 



P108:41Fnatre 57 is a chart of "Dirt- CA" vs. ktFA fraction; 100841Figure
58 is a chart of acid resiaiance rating vs. WA. fraction; 100851Figure 59
is a chart of fusion melt point of MFA vs. NITA_ fraction; 100861Figure 60
is a chart of second melt point of NI FA vs, MFA fraction; and 100871Figure
61 is a contour plot of acid resistance rating superimposed on a chart of
acid hours vs. fraction of Nel.FA. ENS'SFigures 62-63 correspond to Example
11, wherein: OngFigure 62 is a chart of DEI fusion I vs. PEA fraction;
[0090iFigure 63 is a chart of contact angle vs. PFA fraction; and
;0091;Figure 64 is a chart of DiffCA vs. PEA fraction. 100921The
exemplifications set out herein ii1ustrate embodiments of the invention,
and such exemplifications arc not to be construed as [Uniting the scope of
the invention in any manner. DET2.1N 100931The present invention provides
blended fluoropolymer compositions. In one embodiment, a liquid dispersion
of a first fluoropolrmer is blended with a liquid dispersion of a second
fluompolyrner. The first 11310:01)0i MOE' may be
pcilytetraflu.orociihylerie (NYE), such as a low molecular weight FIFE
LPTFE) that has been polymerized via a dispersion or emulsion
polsmerization process, and which has not been agglomerated, irradiated, or
thermally degraded. The LPTFE may be in the form of an aqueous dispersion,
having a mean particle size of less than 1.0 microns 0,m0, with the LPTFE
having a first melt temperature 07,4 of 332' C or less. The second
fluoropolymer may be a melt processible fluoropolymer (MWE), such as  



perfittorotnethylvinvyi ether (MFA), fluorinated ethylene propylene (17
perfluoropropyivinvyl ether (PEA), for example, in the lc= of an aqueous
dispersion, and having a MC2111 particle size or less than 10 microns,
Blending of the dispersions Facilitates  ,eraction of the L.PTFE and MPF on
a submieron level lo facilitate intimate blending such that, when the
blended fluoropoivmer composition is dried, a crystal structure
representing a true alloy of the fluoropolymers is formed, having melt
characteristics that differ from those of the individual finoropolymers,
'The blended fluoropolymer compositicm may be used to provide a coating
having improved impermeability, stain resistance, abrasion resistance,
smoothness, and higher contact an2les. 100941The present blended
ittoropolymer compositions, upon drying or curing, have been found to
include two phases, namely, a predominantly 1.,PITE phase and predominantly
MPF phase. [0095.1As shown m the Examples below, blended fluoropolymer
compositions made in accordance with the present invention provide
improved, barrier properties, as demonstrated by the ability of films cast
from these compositnms, made from blends having component ratios
corresponding to maxima in the Fusion or re-melt enthalpies of the
predominately MPF phase as measured by DSC, to protect aluminum panels from
hydrochloric acid attack as compared to compositions that do not correspond
to maxima in the fusion or re-melt enthalpies. [00961As also shown in the
Examples below, blended fluoropolymer compositions made in accordance with
the present invention also provide improved stain resistance, as
demonstrated by powder sprayed substrates made From freeze dried aqueous
dispersion fluoropoiymer blends hUVing component ratios corresponding to
maxima in the latSiOn or remelt enthalpies of the predominately ils4PF
phase, as measured. by DSC, as compared to compositions that do not
correspond to maxima in the fusion or re-melt enthalpies. !0997ILow
molecular weikht pot 4- [00981The first fluoropolymer of the present
blended fluoropolymer compositions may be a liquid dispersion of
polytetrafluoroethyterie (PTFE) and, in particular, may he a liouid
ispersion of a PIPE having a low molecular weight (LETFE) and/or other
properties as discussed in detail below. 100901In one embodiment, the LPTFE
is produced by a polymerization process tha.t 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 fittoropolumers produced, and/or via other
methods whereby the polymerization process is controlled to form a liquid
dispersion of directly polymerized pe,rticies of`PTFE having low molecular
weight (1.PTIT). 



[001001In some embodiments, the ITTEE, after being produced by dispersion
polymerization or emulsion polymerization, is thereafter not agglomerated,
irradiated, or thermally degraded. 1001011in partteular. the tifIFE has not
been subjected to any agglomeration steps during its manufacture, and
therefore retains a small mean particle size as described below. [901
02Further, in embodiments described herein, the LPTH3 has not been
subjected to thermal degradation to reduce its molecular weight.
[001031further, in embodiments described hereinhas a:SO EXA: been subjected
to irradiation, such as by high energy electron beam, to reduce its
molecular weight in these embodiments, the L.PTFE dispersions will not
demonstrate a spectra and/or will be below a detection limit when subjected
to electron paramagnetic resonance (EPR) or electron spin resonance (ESR)
spectroscopy, as opposed to irradiated FITE, which will demonstrate such a
spectra and/or will otherwise have detectable free radicals. [00104]The
livid dispersion of [PIPE: in most embodiments will be an aqueous
dispersion, though the LPTFE may be disp.ersed in other solvents and/or
LPTFE originally in an aqueous phase may be phase transferred into another
solvent, Stith as organic solvents including, hexane, acetone, or an
alcohol, [00105]The 1.1-)TFE, when produced as described above, will
typically have a mean particle size of 1 .0 microns (pm) or less, 0.9
microns (pm) or less, 0,75 microns (pm) or less, 0,5 microns (teal or less,
0.4 microns (urn) or less, 0,3 microns (urn) or less, or 0.2 microns (urn)
or less. in some embodiments, the LPITE may have a mean particle size as
low as 30, 50, 100, or 150 nm, or as large as 200, 250, or 350 mu, for
example. [00106]The number average molecular weight WO of the LPTFE will
typically be less than 500,000 and, in most embodiments, may be as low as
0,000 or greater, 20,000 or greater, or 25,000 or greater, or may be as
hi01 as 200,000 or less, 100,000 or less, or 70,000 or less, 60,000 or
less, or 50,000 or less, for example.  L001.071The LPIFE will have a first
melt temperature (Tait BS determined by a suitable 



method such as differential scanning calorimetry (DSE:), that is either
equal to or less than 332C. in other embodiments, the first melt
temperature of the LPTEE may be either equal to or less than 330C, either
equal to or less than 329C. either equal to or less than 3214C. either
equal to or less than 327C, either equal to or less than 326C, or either
equal to or less than 325C. [00108]The LPTFE may be provided in the &on:
Can aqueous dispersion which is either unstabilized or is minimally
stabilized. As used herein, "unstabilized" or "minimally stabilized" refers
to an aqueous dispersion that 'includes less than 1.0 wt.% of a traditional
surfactant, such as non-ionie surfaelant or an anionic surfactant; nased on
the weight of the LPITE aqueous dispersion. In some embodiments, the
I:FIFE. 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.% suriactant, or even less than 0,5 wt% surfactant. [00109]The
LPTFE will typically be in the form of a low molecular weight PTFE
homrspoivmer, However, in other embodiments, the IPTTE may include a small
amount of modifying co-monomer" in which case the PTFE is a co-polymer
known in the art as "modified PTFE" or "trace modified. RIFE", Examples of
the modifying co-mortomer include perfluoropropyivinylether (PPVEl), other
modifiers, such as hexaBouropropylene (1-112 ) chlorotrifluoroethylene
(CTFE), perfluorobutylethylene (PFEiE), or other peril tioroalky
Ivinylethers, such as perfluoromethylvinylehter (PMVE) or
perfltioroethylvinylehter (PEVE). The modifying co-monomer will typteally
hr present in an amount less than 0,1% by weight, [Or example., with
respect to the PTEE. 1001 kSuitable LETITE dispersions include SEN-D,
available from Chenguang Chengdu, 610036 P.R. China, as well as TE3877N,
available from DuPont. These fluoropolymers have characteristics set kali/
in Table I below;  eternitIes of esctnphn'v tow molecular vplo 'd tiordd
Surfactant based an weight of  le-ncts 



ILPD- Fint melt temperature (DSC) (t)      LPTEE)      (type)   SPND 



10,000 -  K. typn.,   20,000  (Unstabilized)between .$24.5 and. 326  601
62/0 (non nic) [0011 iiThe LPIFE dispersions described above, which are
provided as aqueous dispersions that are obtained via a controlled
dispersion or emulsion polymerization process to produce directly
polymerized WIFE that is not thereafter subjected to agglomeration, thermal
degradation, or irradiation, will be appreciated by those olordinary skill
in the art to be distinct 10311 other PUT materials that are commercially
available. [001121First, the present 1,PTFE dispersions arc distinct from
FIFE that is produced by         JeTiZati011 process well known in the art
as granular or suspension poivmenzaton, which yields PIFE known in the art
as granular FIFE resin or granular PTFE rnoichng owder. Granular FIFE
resins will typically have a high molecular weight, such as a number
average molecular weight (MO of at least 1,000,000 or more and a first melt
temperature il,") greater than the 332C, typically much greater than 332C,
Granular VEIT resin is typically provided in solid, powder form including
particles having a mean particle size of several microns, typically from 10
to 700 microns (nni). These resins may also be provided as fine cut resins
having 



mean particle size of 20 to 40 microns (gm), for example,
100113]Additionally, the present LPTFE dispersions are distinct from lower
molecular weight materials prepared from high molecular weight granular
PITT resins that have been degraded by irradiation or thermal degradation
to form low molecular weight materials known as granular PTFE micropowders,
which typically have a particle size ranging between 2 and 20 microns (pm).
Examples of granular PIPE micropowders include Zonyi(r) MP 1200. MN $00,
and IMP1400 resins, available from DuPont (Zonyht is a registered trademark
of Ed. du Pont de Nemours & Co.), [001141Second, the present LPTIFE
dispersions are also distinct from high molecular weight FYFFE dispersions
made from dispersion or emulsion polymerization conducted without chain
transfer agents to thereby polymerize a high molecular weighl PTFE having;
a number average molecular weight (Ma) of at toast 1,000,000 or more, and a
first melt temperature lino greater than the 332C, typically much greater
than 332C. These high molecular weight PTFE  dispersions are typically
stabilized with a traditional surfactant present: in an amount greater than
wt.%, lypic 1., much greater than 1.0 wr.%. 100.l IS]Additionally, the
present LPTEE dispersions are also distinct from high molecular weight VITT
dispersions that are produced via dispersion or emulsion polymerization and
thereafter coagulated or agglomerated. Still further, the present LPTFE
dispersions are dist ct 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 Ryon low molecular weight WITTE powders, known in the art
as PTTE micropowders, which are provided as solid powders having a particle
size between 2 and 20 microns (m:), such as for use in etrusion and other
applications. Examples of PTFE micropowders include Zonyn NIP1000, MP1100,
MP.1500 and MP1600 resins, available from DuPont (Zon:91(r) is a registered
trademark of E.I. du Pont de Nemours 8i, Co), [001161Third, the present
LPTFE dispersions are also distinct front LPTEE micropowders that are
polymerized via dispersion or emulsion polymerization in the presence of
chain transfer agents, and then are agglomerated to form PIPE MiCrOpOWderti
having an average particle size of between 2 and. 20 microns 0,tmli, for
example. [00117] a.Melt process le fluorsotyrass WPM. [001 .8]The second
fluoropolymer may be a liquid dispersion of a melt processible
illuompolyiner OVIPII, such as perfluoromethylvinvyl ether (MFA.),
perfluoroethylvinyl ether (EPA), fluorinated ethylene propylene (PEP), or
perfluoropropylvinvy: ether (PEA), for example. [001191Similar to the LPTFE
discussed above, the MN' 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 4:4. :he
fluompolumers produced, and/or via other methods whereby the polymerization
process is controlled to form a liquid dispersion of directly polymerized
particles of MN?. 



[001201M most embodiments, the NIP]?, after being produced by dispend
poRinerization or emulsion polymerization, is thereafter not agelomerated.
irradiated, or thermally degraded. in particular, the MPF will not have
been subjected to any agglomeration steps during its manufacture, and
thereibre retains a small mean particle size as described below.  [00
21]The liquid dispersion of MPF in most embodiments will be an aqueous
dispersion, though the MPF may be dispersed in other solvents and/or MEE
originally in an aqueous phase may he phase transferred into another
solvent, such as organic solvents inciudina hexane, acetone, or an alcohol.
NW 221The MPTI, when produced as described above, will typically have a
mean particle size of .0 microns (pm) or less, 0,9 irtiCrO3IS (urn) or
less, 0.75 microns (um) or less, 0.5 microns (tan) or less, 0.4 microns
(pm) or less, 0.3 microns (i.iin) or less, or 0.2 microns (um) or less. in
particular, the MPF may have a mean particle size as low as 30, 50, [00, or
150 urn, or as large as 200, 250, or 350 am, fm example. [00123]The MPF may
also be provided in the form of an aqueous dispersion Which is either
unstabilized or Is minimally stabilized" As used herein, "unstabilized"
or"tninintally 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. En some embodiments, the MPF dispersion may be provided in the
fern: 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 (M171{) of the
MPF will be greater than0 Min, as determined by ASTM Dl 238. [00125]Also,
the IMPF will typically have a co-monomer content,-tit of one or more
monomers other than tetrafluotoethyletle ([FE), 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. [001261table MPIE
dispersions include TE7224 (PFA), available -From DuPont, 6900Z (PEA),
availahie from Dyneon.L.L.C, TE9568 (PEP), available from DuPont, Neallon
ND-1!1 0 (FEE), available from Dalkin, and Rytion XPII 2021 (W.A.),
available from Solvay. These 1\4PF dispersions have characteristics set
ibrth in Table 2 below: Table 2. 



laraeteristies CXy melt  proces 'Me  fluoranolvErters CIMPF1  [0012Blended
fluoropommer eotnjositicms  NIATo form the blended fluoropolymer
compositions or the present inve LPTFE liquid dispersion and a MET 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 or the liquid LPTFE and MPI,
dispersions may be selected based on the solids contents of the dispersions
and the desired relative weight percent ratio of the LPTFE and MK' that is
desired in the resulting blended compositions, [001291Notably, because the
LPTEE and the MPF are provided in the form of liquid dispersions having the
small mean panicle sizes set forth above, upon blending of the dispersions
particles of the I.PTFE and WIPP are brought into contact with each other
at the submicron prior to later processing steps in which the dispersions
are dried or melted, For example. As discussed above, the I.P1TE and MET
are not agglomerated prior to blending, such that the submicron interaction
of the I.PTFE and MPF is thought to facilitate the ton:nation 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. L001301in particular, it is thought that the
blended tinoropolymer cotriposnions of the present invention, and the
manner or blending same, results in a better packing of the LPTFT and MET
in the TAPE crystal phase. As discussed in the Examples below, ta 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 andlor
the maXiMi.:01 normalized heat of fusion/2nd melt for the MPF phase of the
two corriponerns 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 niaterials. PEP) Nc:ofion ND- is  11The relative ratios, fractions,
or wc.'ight percents M. the LPTFE and MPF in the blended filwropolymer
compositions described herein are based on the total weight of the 



EPTFE and MPE fluoropolymers, excluding other fluoropolymers other than
LPTPE and IMPF as well as nondluoropolymer components that may be present,
such as water or other solvents, surfactants, pigments, fillers, and other
additives [001321The LPTPE may comprise as little as 5 wt.%. [0 wt.%, or 15
wt.%, or as much as    wi.%, 90 wt.%, or 95 wt% by weight of the blended
composition. in one embodiment, the ITTPEmay comprise between 40and 60 wt.%
of the blended composition, such as 50 wt.% of the blended composition. The
MIT may comprise as much as 85 wt,%, 90 wl.%, or 95 wt.%, or as little as 5
wt,%, 10 wt.%, or 15 wt.% by weight of the blended composition. hone
embodiment, the MN; may comprise between 40 wt.% and 60 wt.% of the blended
composition, such as 30 wt.% of the blended composition. 33;The following
are CY or:apiary write-tit ranges tot the MPF and LPITE fluoropolymers in
blends of c present invention that, as will be apparent from the EXaDI les
below, have been found to embody the beneficial characteristics of the
present invent:kat The content ranges set forth below are inclusive of all
'intermediate integer values. 1001341Blends of LPTFE and INIFA 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
with MFA and from 24 wt.% to 65 wt.% LPTFE. In another embodiment, such
blonds may include from 56 wt.% to 76 wt% MPA and from 24 wt.% to 44 wt.%
LPTFE. In another embodiment, such blends may include from 63 wt.% to 70
wt.% MTA and from 30 wt.% to 37 wt.% LPTFE. In a further embodiment, such
blends may include 67 wt.% TV1FA and 33 wt.% TRIER 1_00.1.351Blends of
LPTFE and PEP may Mamie, in one embodiment, from 25 wt.% to 90 wt.% PEP and
from t 0 wt.% to 75 wt.% LPTFE. In another embodiment, such blends may
tnclude from 35 wt.% to 90 wt% FIEP and from 10 :vt.% to 65 wt.% Ll3TFE. In
another embodiment, such blends may include either from 35 wt.% to 55
wt.51., PEP and from 45 lvt.% to 65 wt.5)0 L.PTFE, or from 60 wt.% to 90
wt.% FEP and from 10 wt.% to 40 wt.% LPTPE.In another embodiment, such
blends may include either from 40 wt.',4 to 50 wt% PEP and from 50 wt.% to
60 wt.% LPTFE, or from 75 wt.% to 85 wt.% PEP and from 15 wt.% to 25
LPTFE, In a further embodiment, such blends may include either 50 wt.% FEP
and 50 wl% EPTEE" or 75 wii.% FEE) and 25 wt.% l.PTEE. R011361Blends of
LPIFE and PEA may include, mono embodiment, from 37 wt.% to 80 wt.% PEA and
from 20 wtfl/ii to 63 wt.% L.PriTE. 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 6$ wt.% PEA and
from 37 wt.% to 57 wt.% LPTF13, In another embodiment, such blends may
include from 50 wt.% to 60 wt.% PFA and From 40 wt.% to 50 wt.% LIITTE. in
a fin-they embodiment, such blends may include 53 wt.% PEA and 47E.PTFE,
[00137]Aqueous dispersions of the first and second fluoropolymers may be
blended with 



slow stirring, gar example, or via another tow or medium shear method which
minimizes the potential for agglomeration, coaglulation, or fibrillation of
the Iluoropolymer particles. [001381The blended ihoropolymer compositions
may be used in the fbim 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 EMI. The blended fluoropolymer
compositions may thernseNes comprise the coating or film, or may be a
component of a more fully formulated coating system which includes other
components. Also, the blended fluoropoiymer compositions may themselves be,
or may be a. component of, a primer coating which is applied directly to
the surface of a substrate, anchor may themselves be, or may be a component
or, an overcmn which is applied over a primer coating. 1001391The blended
fitioropolymer compositions will typically be heat cured, but may also be
dried, such as by water evaporation, freeze drying, or spray drying, Cor
example, to form blended powders. The blended tluciropoiymers may be used
as powders arid/or may be formed into solid pellets thai may be used to
manufacture extruded articles such as wire, cable, Fuel hose liners or
other tubing, and injection moldable items. [00140]The blended
uoropoiyirter compositions may also include auxiliary components of
additives, such as fillers, reinforcement additives, pigments, and film
formers, if desired, depending on the end use application of the blended
iitioropolyiner compositions. 10014114,Freeze drying  of the blended
fluoropolvnier compositions. 1001421in drying a blended ihioropolymer
dispersion made in accordance with the present invention using :freeze
drying, the blended dispersion is frozen in a freezer at a  temperature
below On C, such as at a temperature in the range of -00'C to -20n C.
Typically, freezing might be completed in 6 his to 24 hrs. The blended
aqueous dispersion may be poured, scooped or otheivise transferred into a
tray prior to freezing, and the tray is then placed. into the freezer and
frozen within the tray. 1101431The Imoropolyiner 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. 11001441Then, sublimation is carried out, such as by using
sub-atmospheric pressure or a vacuum. The use of a reduced pressure causes
sublimation of the carrier from a frozen state directly to a gaseous state,
avoiding the solid to liquid and liquid to gas transition. The reduced
pressure may be created by means of a vacuum pump, for eKample, in the
range 0.01 atrn to 0.99 atm, or 0.04 atm to 0.08 atm. 'Typically,
sublimation might be completed in [2 his to 48 hrs. 100145]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 fonn. The measured value of Tg '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 75T, PEA about
7.5t, FIEF about -208t, PVDF about -45t. 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. 



1:00146-1The 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
fluoropotymer composition. Irradiation of the tluompolymer composition
would generally be carried out after milling to assist in particle size
control. Milling adjusts the particle size distribution of the fluompolymer
composition, for example reducing the mean particle size lo produce a finer
powder. 'Typically the milling would. be carried out conventionally in a.
pin or _jet  E001471Where the method additionally comprises trrathation of
the modified [Thom-polymer particles, this would tvpiealhi be carted out on
the powder, but alternatively on the dispersion. htadiation adjusts the
melt characteristics of the modified fluoropolymet, for example to lower
the melting temperatures/glass transition temperatures and increase the
melt flow rate. Irradiation of Finoropolymer dispersions is discussed in
U.S. Patent No. 7,220,483, the di.sclosure of which is expressly
incorporated herein by ref-re-,- [001481'the freeze drying method does not
result in the tight agglomeration of the particles, but instea.d pmduces 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 Elitoropoiymer, in contrast to the
[mown processes involving spray drying and coagulation, which require
temperatures well in excess of [00C. The use of ambient temperature allows
greater energy efficiency, while the USC of temperatures that are above
ambient temperature, but below the giass 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, [00160]The freeze dryinn
method can be used to prepare a modified fluoropolymei powdered material
whether the fluoropolymer would tend to be fibrillatable or
nomfitaillatable. A fThrillatable 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 fittoropolymer particles to shear
forces, which can result in tile production of an intractable material. The
present invention does not 'involve shear forces at any stage and is
therefore suitable for use with  fibrillatable fluoropolytner. The method
may be -used to prepare a modified fluoropolymer powdered material from a
pumpable or nompumpable suspension of the solid fluoropolymer particles in
a liquid carrier. The dispersion may be non-pumpahle because of high
viscosii y or shear sensitivity. The method does not involve any steps
where the suspension oust be pumped. Instead, the dispersion may be poured
or scooped into the tray for freezing, and the solid, frozen block may be
trans:fern-xi into the vacuum chamber. EXAMPLES  [001501The following
non-hunting Examples ilEusrate 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 [001511Several of the Figure, 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 WI'
materials that were tested, in order to distinguish data,ciated 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 LPTEE
and/or MPF materials that were used. fntroducdon to 'x 001521Examples 1-3
present three. data sets for blends of LPTFEChenguang) with each of PEA (du
Pont PEA 1E7224, Lot# 0804330005, Solids = 58.6%) (Examp)e l); PEP (DuPont
PEP dispersion TE9568, LOW 050333032, Solids = 55.6%) (Example    and ETA
(Solvay Hyrion NIFA XPH 6202.4,1...M4 Lab, Solids 27.2%) (Examp(e 3). The
data presented was obtained using differential scanning ealorimerry (DSC)
and, in most cases, individual data points in the Figures were each taken
from DSC curves. (001531in Examples I-3, 'normalized' means data Mat is
normalized for the fraction of the given component in the original
mixture,for the SPN-ID phase the normalized SEN-D data is gi{SEND data: (
4.M.PFD. (401541The preparation of blended fluoropolymer compositions for
Examples 1-4 is OUtiiEled as Ibilows.The given amounts of aqueous
fluoropolymer dispersions are mixed under air in a mixer for 30 minutes to
ensure homogenous mixture oithe dispersions. The mixture is mixed under low
to medium shear to avoid coagulation of blended dispersion. A plastic
eyedropper is used to place a known weight of the mixed, blended dispersion
into a pre--weighed dung dish. The dispersion is Clashed at I 00T in an
oven for 30 minutes, and the residual powder is then dried at 2.00C for an
additional 30 m Mutes. After the dried powder is cooled ED  room
temperature, the powder is weighed and the wt.% solids M the mixed
dispersion is calculated. The blended fluompolyiner powder is then ready
for DSC analysis, [00t55For DSC: analysis; 10 mg 0-/- 1 mg) of the dried
powder is placed in a aluminum DSC San113 " pan, and the pan is sealed with
a standard lid, The healing and cooling cycles of DSC: are as Follows: (1 )
ramp l5.0t/min to 400"C; (2) isothermal for 1,09 min; (3) ramp 15.0T/min to
135C; (4) isothermal for 1.00 min; (5) ramp 15.0t/min to 4u0C; and (6) air
cool. 90I 56iThe melting peaks are obtained duping up heating process. The 



crystallization peaks are obtained in the (3.) cooling process. The 2nd
melting peaks are obtained at the (5) heating process.     E,:iample
d).11.1.:11,TFE [091571Samples of NIFA/SFN-D blends were obtained from a
variety of sources     ding powders formed by freeze drying, dried mixed
dispersions, and scraped dried films. The initial form of the Wend 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
fasion peaks for the MI-FA 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% ;MEN; see Figures -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-) however in this case the
melting points are lower (Figures 841). It appears that both phases
experience an increase in crystallinity under these conditions and in the
case of the N1FA 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), 1991591When
al: the IMFA data are fitted there is. a maximum in the remehpeak 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
fluoropolymers at the first melting po n. ,y be more likely due to an
anparent shill in melting point when the sample is heated vs. cooled, The
non-normalized data is shown F.:v.6-9 und shows the same maximum in FT 2'
melt curve.             Considering Figures i4 and Figures 9-10 it can be
seen that both the WIFE phase and the MPA phase experience increased in
crystallinity at compbetween 65-75% :NEPA. Examole 2 l-EP!LPTFEbIum 



there are also apparently 2 peaks in the SEND phase, hut these occur at
slightly different compositions., feat approximately 35% and at
approximately 75% [FEE] (tee Figures 1.8 and 19). [001631By analogy with
the MFA blonds of Ex amEle 1, it would seem reasonable to assume that the
beneficial effects of the present invention might he observed at
approximately 40% [FEE] and possibly at approximately 80% [FEE]. The
various melting points show peaks in similar regions as was the case in the
MPA of ExamMe I (Figures 14, 1:1, 18, and 19). 1001641if we examine the
FEWSEN-D blends we see that in the 2 melt temperature of the FEE phase
there appears to be at a minimum for 70% PEP but there is a peak at 50%
[FEN. There also appears to be a peak in the edi for 2 melt and in the
fusion data at 80-90% (Figures 16 and 17). 1001651Also, the melting ,point
of the SFIN41 phase decreases after a. second REP phase (denoted by +
marker in Figure 12) starts to apnear in the re-melt but in the case for
WA. shown above this decrease is seen before the second phase occurs
(Figure 8). Examination orthe enthalpies shows that there are 2 peaks in
both the STN-D phase ("M 50% and 80% PEP) and in the PEE phase (at 40% and
at least 80% HE)(Figures 16 and 17). Blends of 40-MM ....A) and 80-90% FEE
might be expected to show properties in accordance with the beneficial
effects of the 'se  1 PFAASTFL blends [0916PEA data appears to he somewhat
more difficult to analyze due to difficulties in resolving some peaks which
arc clearly overlapping, especially for the re-melt peaks. Nevertheless the
fusion enthalpy curie exhibits a peak in the data at approximately 50% PEA
as well as indicating the potential for a further peak at ca. 80% (wee.
Figures 21 and 23).    671An observation of note was made when films were
cast from the dispersion 



PRAlSEN-D blends onto Al plates and acid etched with concentrated HOk It
was clearly evi cat that the 50% and 60% PEA blends did not reveal much, if
any" penetration uThereas the other compositions showed significani
breakthrough to the substrate (see ['insure 264 'The present inventors
hypothesize that this is clear and unequivocal evidence that, as
anticipated, peaks in the meltilusion enthalpy curves occur at compositions
associated with the beneficial effects ofthe 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 i00168iFor PEA it
appears possible that second EPA 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. MEA and EH) the SFN-D phase does
Show a reduction in melting point with increasing [PEA; which gives Mrther
reason to believe that the so far uncharacterized PEA peaks are there, and
at the very least demonstrates that the PEA is affecting the SEN-D phase.
199169[The apparent heat of fusion and 2- melt AR fbr the STN-D phase
increases with increasing [PEA; but this might he 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 SEN-D
peak area with. increasing WYE] (at least above 50% WE), it appears to
indicate that there is a. separate (hidden to DSC) PEA phase. However,
further examination 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 blend. Examv1e 4  compositions, of the MEP phase fusion and melt
enthalpy curves heady indicate the maxima for each .MPF (Figures 27, 28)
whereas the corresponding SEND phase for PEA and MFA. appear to be shifted
on the [MPH axis by amount equivalent to the difference in [WE] of the MPF
phase peaks (Figures 29, $0. similar shit( is FOOtiii for the SFIN-D fusion
and melt temperatures (Figures.321              EX&i3lnation of Figures
2T34 shows that the PEA. curves are shifted relative to the MM curves by
between 10-20% towards lower [APE]. Comparing the regions for the
beneficial effects of the present invention between Examples 1 and 3 a
strong correlation is observed. in PEA, this occurs at approximately 50%
PEA and with ME& at approximately 70%. PEP possibly shows two regions as
well one at approximately 40% FEE and another possibly at >80% FEE.
190172}An SPN DN PTFE. aqueous dispersion stabilised with 00:1100%
polysiloxanc) on PTIFE solids was added to MFA 6202-1 IMFA dispersion to
give 25.75 PTEE:MPA solids content. The dispersions were mixed with slow
stirring. The mixture was          freeze-dried. The resulting dry powder
was applied by electrostatic spray gun over a Xylan 401M30916 primer on to
a grit blasted aluminum panel. The panel was flashed off at 150C and cured.
at 400T 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
eompatison of the melting point shift from pure polymers (Figure 35 - NIFA
and Figure 36 --PTEE) to the alloy (25 FIFE, 75 MEAl Figure 37, show that
the polymers form a true alloy and co-crystallize together. 



100174]The MPA/ETFF blend produced by this process has certain advantages.
Increasing the crystalline nature of the IMFA polymer can be demonstrated
by considering the heat of fusion in the DSC data, The high. crystailin.e
polymer has better barrier properties. Also, the freeze-drying process
yields a homogenous blend of FITE and MEA. Mixing on a nano scale and
freeze drying locks polymer particles in place; no macro aggregation of
individual polymer components occurs.  Yx.art3.ple  101751In this Example,
the release properties of coatings made with a control PEA iluoropolviner
and with a blended LPTFE/MF A fluoropolymer made in accordance with the
present invention were investigat MethOil used fin evaluation was .ASTM
1)1002 (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.
The control fluoropolymer was Da":kin ACX-31 PEA powder. An expo& ent
blended fluoropoirner powder was made by blending an MPA dispersion (Solvay
Hyflon. MFA. XPEl 62021,272% solids) and an Lir= dispersion (SENT), 25%
solids) followed by freeze drying to ?;ive a 75:25 wt.% ratio of MFA:PTEE
in the resultim, powder. [001771Sample panels of gritblasted aluminium were
prepared and then treated with Xylan 80478163435 metallic black primer
followed by flashing off at 150C and allowing to cool. The control and
experimental powders were applied by electrostatic powder spray and then
cured at 400C :For 15 minutes" The gritbla.sting 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-13SiOg test panels. [91,11
781The akin:jinni:ii plates used were I" 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 M procedure between the two sets of
panels. PS1-326 (Polymeric Systems Inc.) epoxy adhesive was mixed 1:1 w/w
for approximately 45 seconds and -then applied to both surfaces, I he plain
akinainitirn panel received the larger pnvortion with, the coated plates
being smeared until full wet out was observed. Solid spherical glass beads
of nominal 0.6 nun were scattered onto the aluminium The test was performed
using PSI 326 epoxy adh-,,We Pairs of plates were   6 3eFirmly clamped
together using snong spring dips as shown in Figure 38. The coated panel
and adhesive overlap is 1 na2. The thickness of the epoxy/adhesive bond was
set using  glass beads (0.6 mm). The adhesive was hand mixed and apptied to
the panels which were then clamped together. The panels were left to stand
for 72 hours prior to testing on the Lloyd Tennometer. The use of clamps
was another improvements to the tent method, A ftrther improvement included
removal of excess adhesive ifinnediately W;t how disturbing the bond.
Clamped plates were left for 72. hours undisturbed before testing. 



[001801The following results were obtained: Table 3 Control fitgoror..)1.
Panel #Pull-apart f 185        Tate 4 Experimental blended fluorop: 1nier
Pan& ftPull-apart force N) 94,0 



483,0 100As is clear from the foregoing, the coatings made with the
experimental blended. Ituoropol,,,nner displayed better release
characteristics than the coatitms made with the control fluoropolymer, as
evidence by approximately 50% lesser puli-apart forces.   [00182)in this
example, the stain resistance of coatings made with a control PEA
fluoropolymer and with a blended LPTEE/MFA fluompolyiner made in accordance
with the present invention were investigated. [00183]The control
thoropolymer was Daikin ACX3 1 PFA powder. An experimental blended
fittoropolymer powder was made by blending an NI FA dispersion (Solvay
Hylton MFA XPF1 6202H, 27.2% solids) and an LPTFE dispersion (8,,17N-D, 25%
solids) followed by freeze drying to give a 75:25 wt.% ratio MFA:PTFE in
the resulting powder, [4)0184ITwo allitflintitC: panels treated with Xylan
80-178/G3435 metaihc hack primer ft-glowed by flashing off at 150C and
allowing to owl. The control and experimental powders were applied by
electrostatic powder spray and then cured at 400C. for 10 minutes,
specifically, the .panels were coated ;IS shown in Figure 39, with each
panel coated on its tell side with the control coating and on its right
side with the experimental coating. 100185;Referring to Figure 39, six
stain-prone materials, including sugar water t,vorettestershire sauce and
sugar (81), honey BBQ sauce (C- IT tomato sauce and sugar (D-1), soy sauce
and sugar (E-1), and orange juice (F4) were dropped onto each side of the
panels, and then baked onto each of the control and experimental coatings
at 205C 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, aithough no improvement was
observed for soy sauce and sugart). -a 19 1861"tiler Examples of MPF/LPTFE
blends are given below where more detailed examination of thermal data,
contact angles and acid resistance was considered, 



WW1The data is summarized in Table 5 below, in which the columns are
exp!ained as "MPP %" and "LPTEE '28" are the tractions or the. MPF and
121FF components weight,0.1 is 10 wt,%.  os "CA" is the contact angle are
for a water droplet in degrees, as determined using Me 'Drop Shape
Analysis" system (DSA10), available from Kruss GmbH of Hamburg, Germany,
according to the Young Relation,  "Diff CA" is the difference in contact
angle for a given component/mixture from a linear ini:ernolation of the
contact angles for that of the pure MPF and LP] EE comporienis, in degrees.
"Mot" refers to melting point, in degrees C, using the DSC procedure set
forth below. t44 Acid rating scale is on a 0.1 - 1 scale according to the
procedure set forth below, where 1 represents excellent acid resistance as
judged by photographic eXafilinalion.  Enthalpies CDH") are in Pg.
100188]Examples 10-12 respectively ;resent three data sets for blends of
LPTIT. (SEN-D, Clienguang) with each of a first PEA, referred to in Table
13 below as "PTFF. (A)" (Dyneor, PEA6900Z Lot# 38C !998X. Solids=49.4%) a
second PEA, referred to in Table t 3 below as "FIFE (13)" (du Pont PEA
TE7224,1..o0t 0804330005, Solids = 58.6%) (Example 10); PEP (Neollon PEP
ND-110 Dispersion, Loti,L N1)1101186001, Solids 56.5e../0 (Example I); and
MFA (Solvay Hyrion MIA XPIT 0202-1, Loth' Lab, Solids2%) (Example 12).
[00189]The data presented,: was obtained usntg differential scanning Ca[Or
net -y (DSC) and, in most cases individual data points in Figures 41-.64
were each taken .from DSC curves. 1001901In Examples 10-12, 'normalized'
means data that is normalized for the fraction of the given c.oramt in the
original mixture, /. c, for the LPTFE (SEN-D) phase the nonnalized SFN-)
data given by, {SFN-D(1-[MPE]). 



11001911The blended fluoropolymer compositions for Examples 0- 12 were
prepared as         The given amounts of aqueous fluoropolytner 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`3:5 in an oven for 30
minutes, and the residual powder was then dried at 200C 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. fluotopolymer powder was then ready for DSC analysis.
[00192]For DSC analysis, 10 m1 mg) of the dried powder was placed in a
allinithitITE DSC sample pan, and the pan was sealed with a standard lid.
The heating and coo cycles of the DSC were as follows, (I) ramp 15,0'C/min
to 400C; (2) isothermal for 1.00 min; (3) ramp 15,0'C/ruin to I 35C; (4)
isothermal for 1,00 mm; (5) ramp 5.0timin to 400C; and (6) air coot.
(00931The melting peaks were obtained during the (1) ramping up heatirus
process.The crystailizalion peaks were obtained in the (3) cooling process.
The 2nd melting peaks were obtained. at the (5) heating process. 1001941The
panel preparation method for contact angle and acid resistance testing was
as follows, Make liquid blend oIMPF and LPTFE in die desired ratios.
2. Add the appropriate formulation to the blend created in step I. Use the
fbilowing fonts ,ations and percentages to make the blends for drawdown.
3. Blend the mix gently to avoid air bubbles.        4. Using a pipet apply
a small amount to an aluminum degreased panel.        5. Draw the coating
down the panel in a smooth motion using a 3 rail wet path yird applicator,
6. Flash the panel for approximately 5-10 minutes at 200F. Move the panel
to 400F and flash an additional 5 minales. 



Cure the panel for 10 minutes at 750'F. [00195JThe acid etch test procedure
was as follows: Trim the panel to fit into the largest petri dish wit: lid
available.        2. Apply 6000uL of 36538% concentrated MC in two
different locations on the panel to account for any possibility o.f
inconsistent film build,        3. Carefully place the panel with MCI into
the petri :no        4. Cover the petri dish with the lid and seal using
vacuum grease.        5. Take pictures or the panels every hour for 8
hours.     6. Rate the pictures at the end of the 6 hours using the rating
scale f 0.1-1 (0. worst i hest), [09196fThe rest-toted beery in. Table 5:
1.10   nsion mpt 
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3001973Exa:nide .?33 is an extension of previous Examples if:23c further
rneaserements made on PFAILPTUIE blends, in, this Example, two systems were
examined based on TE-722.4 (PEA (132) and PFA6900Z (PEA (A)), tespcetiveig.
001981Fig. 43 shows the itorimilised heat of fusion for these polymer
blends as a linnet:on of [N4PF1,, a peak is vs.sible Cs both eases centered
on a weight fraction MPF- ea 0.53. I:likewise Figs. 42 and 43 show peaks in
the comaet angh3 data at the same concentration. Fig. 43 piots the
difference between I:13e observed contact angle and that expected from a
hnear interpolation between the two components; there is a greater than 6
degree difference at the optimal concentration of fhlPF1 0.53 with
significant differerd-3.es between NIT] This behavior is precia-31v
mirrored in F3g, 44, which shows the a c3d resislance after 6 hours
exposure to FICL Under these conditions, both pure components have failed
catastrophically. However, the compositions in the region or [MPF] ea 0.53
remain pristine. l00:1991Figs. 45 and 46 show the melting points of the PEA
based samples and give indication ("cal maxima associated with the optimal
compositions discussed above. Ftl   ". 47 shows the acid resistance
performance with time and ftelP9 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 M.75, Example 9i FEPILPITE blends             Example 9 is an
extension of pievious Examples for thither measurements made on FEPILPT E
blonds in this case a different system was examined based on ND-110.
[002011Fig, 48 shows the normalized heat of fusion for this polymer blend
as a fimetion 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 [WE] ea 0.5 0.7, with significant
differences between [N1 PEI =0.4 - 0.8. This behavior is precisely mirrored
in Fig. St which shows the acid resistance after 6 hours exposure to ficl.
Under these conditions, both Pure COMP(MentS have failed catastrophically.
However, the compositions in the region of ;JAPE] = ca 0.35-0.6 remain
pristine and there is some indication that at [MPE]=0.7 acid resistance is
slightly enhanced. [00202iFins. 52 and3 show the melting points of the EFT
based samples and gr some indication of local maxima associated. with the
optimal compositions discussed above. 



Finally, his 54 shows the acid resistance performance with time and [MPH in
a conlotir plot the darker regions represent superlor performance, it is
quite clear from this figure that prolonged acid resistance is only
obtainable at: compositions between [MPE1 - 0.3 ME, with samples outside
this range failing quickly.  Examote 10: MFAILPTFE Wet [0204Example 10 is
an extension of previous F.xarr.pies fior further measurements made on
MFAlLPTFE blends. [002051Fig. 55 shows the normalized heat of fusion for
this polymer blend as a function of [MPH. 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 [MIT] - ca
0.45 0.7 with significant differences between [MPR] -0.45 0.8. This
behavior is mirrored in Fig. 589 which shows the acid resistance after 6
hours exposure to HCL. Under these conditions, both pure components have
failed catastrophically. However, the cr.-impositions in the region of
PAPE; = ca 0.640 7 arc largely unaffected. [002061Figs, 59 and 60 show the
melting points of the NEPA based sanmies and. give some indication. of
local maxima associated with the optimal compositions discussed above.
Finally, Fig. 61 shows the acid resistance 13cl-fix-mance with time and WEI
in a contour plot; the darker regions represent superior performance, it is
quite clear atom this figure that prolonged acid resistance is only
obtainable at compositions between [MPH Ca 0,55 -0.75, with samples outside
this range failing quickly. ple lig PFAILVITE blend BA TE-7224/TE-38
l002081Blends of PEA TE-7224 with DuPont's Zonyi TE-3887N iIPTFE were made
in an analogous manner to those of Example 10 given above with the SFN-ID
being substituted by TE3887N, Measurement of the heat of Fusion data for
the PFA component (Fig 62) showed very smiiar behavior as :for Example 3
(Fig 41) indicating that this substitution had a negligible effect. We
measure the first melting point of STNLD as 327.9 deg C and that of
'FE-3887N as 329.9 deg C indicating that TE-3887N is higher in mwt than
SFN-D and that such a change in mixt 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  data and the analogous plots of Example 10 i.e. Figs 42 and
43, thrther demonstrat3ng negligible impact of the use of a different
LPTFE,               While this invention has been desedhed as having a
preferred design, th. present invention can he Further modified within the
sp scope of this disclosure. This application is therefore intended to
cover any variations, uses, or adaptations of fne invention using its 



principles. Further, this application is intended to cover such departures
from :he present disclosure.: as come within known or customary practice in
the art to which this invention pertains and which fail within the limits
of the appended claims.  CLAIMS 1. A blended fluoropolymer dispersion,
characterized by:               a polytetrafluoroethylene (PTFE) having a
first melt temperature (In) of 33f C or less, in the form of a liquid
dispersion of particles having a mean particle size of 1.0 microns (pm) or
less, said dispersion obtained via emulsion polymerization and without
being subjected to agglomeration, thermal degradation, or irradiation; and
perfluoroalkoxy (PFA) in the form of a liquid dispersion of particles
having a mean particle size of 1.0 microns (pm) or less, said composition
having, based on the total solids of said P IFE and PEA, a PFA content of
50 wt.% to 60 wt.% and a PIPE content of 40 wt.% to 50 wt.%. 2. A method of
coating a substrate, characterized by; applying the blended fluoropolymer
composition of clan I to 1 substrate; and heat curing the blended
fluoropolymer composition.               The method of Claim 2, wherein
said blended fluoropolymer composition lacks norganic fillers. 4.The
blended fluoropolymer composition of claim 1, characterized in that said
polytetrafluoroethylene (FIFE) dispersion has a mean particle size selected
from the group consisting of 0.9 microns (pm) or less, 0.75 microns (pin)
or less, 0.5 microns (grn) or less, 0.4 microns (gm) or less, 0.3 microns
(pm) or less, and 0.2 microns (pm) or less. S.The blended fluoropolymer
composition of claim 1, characterized in that: said polytetratluoroethylene
(FIFE) has a first melt temperature (T,B) selected from the group
consisting 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. 6.A tluoropolymer powder, obtained from
the blended tluoropolymer compositio of claim I.  




