BLENDED FLUOROPOLYMER COMPOSITIONS
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[0001] This application claims the benefit under Title 35, U.S.C. §119(e) of U.S.
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COMPOSITIONS, filed on May 30, 2008; U.S. Provisional Patent Application Serial No.
61/100,311, entitled BLENDED FLUOROPOLYMER COMPOSITIONS, filed on September
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Application Serial No. 61/145,875, entitled BLENDED FLUOROPOLYMER
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by refcrence herein in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention,

[0003] The present invention relates to fluoropolymers and, in particular, relates to
blended fluoropolymer compositions having improved, synergistic properties.

[0004] 2. Description of the Related Art.

[0005] Fluoropolymers are long-chain polymers comprising mainly ethylenic linear
repeating units in which some or all of the hydrogen atoms are replaced with fluorine. Examples
include polytetrafluoroethylene (PTFE), perfluoromethyl vinyl ether (MFA), fluoro ethylene
propylene (FEP), perfluoro alkoxy (PFA), poly(chlorotrifluoroethylene) and poly(vinylfluoride).
[0006] Fluoropolymers are amongst the most chemically inert of all polymers and arc
characterized by an unusual resistance to acids, bases and solvents. They have unusually low
frictional properties and have the ability to withstand extremes of temperature. Accordingly,
fluoropolymers are utilised in a wide variety of applications in which resistance to extreme
environments is necessary. Current applications include the formation of tubing and packing
materials within chemical plants, semiconductor equipment, automotive parts and structural

cladding.



WO 2009/010740 discloses a method for the preparation of a modified
fluoropolymer powdered material. A suspension of solid fluoropolymer particles
together with PTFE 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 flowable PTFE and melt-fabricable perfluoropolymer, 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 friable 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 sprayable powder comprising friable
granules of agglomerated primary particles of a first non-fibrillatable fluoropolymer
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 diclectric
layer usable in circuitized substrates such as PCBs, chip carriers and the like, the

composition including at least two fluoropolymers and two inorganic fillers.
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SUMMARY OF THE INVENTION

[0007] The present invention provides blended fluoropolymer compositions. In one
embodiment, a liquid dispersion of a first fluoropolymer is blended with a liquid dispcrsion of a
sccond fluoropolymecr. The first fluoropolymer may be polytctrafiuorocthylenc (PTFE), such as
a low molccular weight PTFE (LPTFE) that has been polymerized via a dispersion or emulsion
polymerization process, and which has not been agglomerated, itradiated, 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 (um), with the LPTFE having a first melt temperature (Tr) of 332° C or less. The
sccond fluoropolymer may be a melt processible fluoropolymer (MPF), such as
perfluoromethylvinvyl ether (MFA), fluorinated ethylene propylenc (FEP), or
perfluoropropylvinvyl ether (PFA), for example, in the form of an aqueous dispersion, and
having a mean particle size of less than 1.0 microns. Blending of the dispcrsions facilitates
intcraction of the LPTFE and MPF on a submicron level to facilitate intimate blending such that,
when the blended fluoropolymer composition is dried, a crystal structure rcpresenting a true
alloy of the fluoropolymers is formed, having melt characteristics that differ from thosc of the
individual fluoropolymers. The blended fluoropolymer composition may be uscd to provide a
coating having improved impermcability, stain resistance, abrasion resistance, smoothness, and
higher contact anglcs.

[0008] In onc form thercof, the present invention provides a blended fluoropolymer
dispersion, including polytetrafluorocthylene (PTFE) having a first melt temperature (Tp,) 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 Icss.

[0009] In onc cmbodiment, the polytcetrafluorocthylenc (PTFE) dispersion may havce a
mcan particle sizc of 0.9 microns (um) or less, 0.75 microns (pm) 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 Icss, and a first
melt temperature (Ty,) 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 onc embodiment, the polytetrafluorocthylenc (PTFE) dispersion is obtained via

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




irradiation, and includes less than 1.0 wt.% surfactant, based on the weight of said
polytetrafluorocthylene (PTFE) dispersion.

[0011] In a further embodiment, the melt processible fluoropolymer (MPF) is a
perfluoroalkyl vinyl ether or fluorinated ethylene propylene, and has a melt flow rate (MFR) of
at least 4.0 g/10min.

[0012] The melt processible fluoropolymer (MPF) may be perfluoropropylvinvyl ether
(PFA), and exemplary compositions have a PFA content of 37 wt.% to 80 wt.% and a PTFE
content of 20 wt.% to 63 wt.%, based on the total solids of the PTFE and PFA. Other exemplary
compositions have a PFA content of 37 wt.% to 65 wt.% and a PTFE content of 35 wt.% to 63
wt.%, based on the total solids of the PTFE and PFA. Further exemplary compositions have a
PFA content of 43 wt.% to 63 wt.% and a PTFE content of 37 wt.% to 57 wt.%, based on the
total solids of the PTFE and PFA. Further exemplary compositions have a PFA content of 50
wt.% to 60 wt.% and a PTFE content of 40 wt.% to 50 wt.%, based on the total solids of the
PTFE and PFA. A further exemplary composition includes 53 wt.% PFA and 47 wt.% LPTFE.
[0013] The melt processible fluoropolymer (MPF) may be perfluoromethylvinvyl ether
(MFA), and exemplary compositions have a MFA content of 35 wt.% to 90 wt.% and a PTFE
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 PTFE content of 24
wt.% to 65 wt.%, based on the total solids of the PTFE and MFA. Further exemplary
compositions have a MFA content of 56 wt.% to 76 wt.% and a PTFE content of 24 wt.% to 44
wt.%, based on the total solids of the PTFE and MFA. Still further exemplary compositions
have a MFA content of 63 wt.% to 70 wt.% and a PTFE content of 30 wt.% to 37 wt.%, based on
the total solids of the PTFE and MFA. A further exemplary composition includes 67 wt.% MFA
and 33 wt.% LPTFE.

[0014] The melt processible fluoropolymer (MPF) may be fluorinated ethylene propylenc
(FEP), and exemplary compositions have a FEP content of 25 wt.% to 90 wt.% and a PTFE
content of 10 wt.% to 75 wt.%, based on the total solids of the PTFE and FEP. Other exemplary
compositions have a FEP content of 35 wt.% to 90 wt.% and a PTFE content of 10 wt.% to 65
wt.%, based on the total solids of the PTFE and FEP. Further exemplary compositions have a
FEP content of 35 wt.% to 55 wt.% and a PTFE content of 45 wt.% to 65 wt.%, or a FEP content
of 60 wt.% to 90 wt.% and a PTFE content of 10 wt.% to 40 wt.%, based on the total solids of




the PTFE and FEP. 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 FEP contcent 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.% FEP and 50 wt.% LPTFE, or 75 wt.% FEP and
25 wt.% LPTFE.

[0015] The present invention also provides a method of forming a blended fluoropolymer
dispersion, including the step of mixing the foregoing components. A fluoropolymer powder
may be obtained from the blended fluoropolymer composition by drying the blended
composition and, in particular, frecze drying the blended composition. A coating may be formed
by applying the blended {luoropolymer composition to the substrate, and heat curing the blended
fluoropolymer composition.

[0016] In another form thereof, the present invention provides a method of forming a
blended fluoropolymer composition, including the steps of providing a first liquid dispersion of
polytetrafluoroethylenc (PTFE) particles having a first melt temperature (T,,) of 332° C or less
and a mean particle size of 1.0 microns or less; providing a sccond liquid dispersion of particles
of a mclt processiblc fluoropolymer (MPF) having a mecan particle size of 1.0 microns or less;
and mixing the first and sccond dispersions together.

[0017] The mcthod may include the additional step of drying the blended fluoropolymer
composition to form a powder and, in particular, frceze drying the blended fluoropolymer
composition. The method may also include the additional steps of applying the blended
fluoropolymer composition to a substratc; and heat curing the blended fluoropolymer

composition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The 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 an embodiment of the invention taken in
conjunction with the accompanying drawings, wherein:

[0019] Figures 1-11 correspond to Example 1, whercin:




[0020] Figure 1 is a chart of normalized first AH of fusion, taken from DSC data, vs.
concentration of MFA;

[0021] Figurc 2 is a chart of first AH of fusion of the MFA phase, taken from DSC data,
vs. concentration of MFA;

[0022] Figure 3 is a chart of normalized second AH of melting, taken from DSC data, vs.
concentration of MFA;

[0023] Figurc 4 is a chart of normalized sccond AH of melting of the MFA phase, taken
from DSC data, vs. concentration of MFA,;

[0024] Figure 5 is a chart of second mclt point of the MFA phase, taken from DSC data,
vs. concentration of MFA;

[0025] Figurc 6 is a chart of the AH of fusion for the MFA phasc, taken from DSC data,
vs. concentration of MFA;

[0026] Figure 7 is a chart of second mclt AH for the MFA phasc, taken from DSC data,
vs. concentration of MFA;

[0027] Figure 8 is a chart of fusion temperature of the LPTFE phase, taken from DSC
data, vs. concentration of MFA;

[0028] Figurc 9 is a chart of the sccond meclt point of the LPTFE phasc, taken from DSC
data, vs. concentration of MFA;

[0029] Figurc 10 is a chart of normahized AH of fusion for the LPTFE phasc, taken from
DSC data, vs. concentration of MFA; and

[0030] Figurc 11 is a chart of normalized sccond melt AH for the LPTFE phasc, taken
from DSC data, vs. concentration of MFA;

[0031] Figures 12-19 correspond to Example 2, wherein:

[0032] Figure 12 is a chart of fusion mclt point for the LPTFE phasc, taken from DSC
data, vs. concentration of FEP;

[0033] Figure 13 is a chart of second mclt point for the LPTFE phase, taken from DSC
data, vs. concentration of FEP;

[0034] Figurc 14 is a chart of fusion mclt point for the FEP phase, taken from DSC data,
vs. concentration of FEP;

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

vs. concentration of FEP;



10036] Figurc 16 is a chart of normalized fusion AH, taken from DSC data, vs.
concentration of FEP;
[0037] Figure 17 is a chart of normalized second mclt AH, taken from DSC data, vs.

concentration of FEP; and

[0038] Figure 18 is a chart of first melt point of the FEP phase, taken from DSC data, vs.
concentration of FEP:

[0039] Figure 19 is a chart of first melt point of the LPTFE phase, taken from DSC data,
vs. concentration of FEP;

[0040] Figures 20-26B correspond to Example 3, wherein:

[0041] Figurc 20 is a chart of fusion temperature, taken from DSC data, vs. concentration
of PFA;

[0042] Figure 21 is a chart of second melt point, taken from DSC data, vs. concentration
of PFFA;

[0043] Figure 22 is a chart of normalized fusion AH for the PFA phasc, taken from DSC
data, vs. concentration of PFA;

[0044] Figure 23 is a chart of fusion AH for thc LPTFE phase, taken from DSC data, vs.
concentration of PFA;

[0045] Figurc 24 is a chart of normalized fusion AH for the LPTFE phase, taken from
DSC data, vs. concentration of PFA;

[0046] Figure 25 is a chart of normalized sccond melt AH for the LPTFE phase, taken
from DSC data, vs. concentration of PFA;

[0047] Figurc 26A is an illustration of acid etch test results of PFA/LPTFE blend films of
Example 3; and

[0048] Figurc 26B is a chart of contact angles of watcr on PFA/LPTFE blend films of
Example 3;

[0049] Figures 27-34 correspond to Example 4, wherein:

[0050] Figure 27 is a chart of peak normalized second melt AH for various MPF's, taken

from DSC data, vs. concentration of MPF;
[0051] Figurc 28 is a chart of pcak normalized fusion AH for various MPF's, taken from

DSC data, vs. concentration of MPF;




[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;
10066] 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] Figurc 46 is a chart of sccond melt point of PFA vs. PFA fraction; and
[0071] Figure 47 is 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;



[0076] Figure 51 is a chart of acid rcsistance rating vs. FEP fraction;

[0077] Figure 52 is a chart of fusion melt point of FEP vs, FEP fraction;
[0078] Figurc 53 is a chart of second melt point of FEP vs. FEP fraction; and
[0079] Figure 54 is a contour plot of acid resistance rating superimposed on a chart of

acid hours vs. fraction of FEP;

[0080] Figures 55-61 correspond to Example 10, wherein:

[0081] Figurc 55 is a chart of normalized AH of fusion of MFA vs. MFA fraction;
[0082] Figure 56 is a chart of contact angle vs. MFA fraction;

[0083] Figure 57 is a chart of "Diff CA" vs. MFA fraction;

[0084] Figurc 58 is a chart of acid resistance rating vs. MFA fraction;

[0085] Figure 59 is a chart of fusion melt point of MFA vs. MFA fraction;

[0086] Figurc 60 is a chart of second melt point of MFA vs. MFA fraction; and
[0087] Figure 61 is a contour plot of acid resistance rating superimposed on a chart of

acid hours vs. fraction of MFA;

[0088] Figures 62-63 correspond to Examplc 11, wherein:

[0089] Figure 62 is a chart of DH fusion 1 vs. PFA fraction;

[0090] Figure 63 is a chart of contact angle vs. PFA fraction; and

[0091] Figurc 64 is a chart of Diff CA vs. PFA fraction.

[0092] The excmplifications set out herein illustratc cmbodiments of the invention, and

such exemplifications are not to be construcd as limiting the scopc of the invention in any

manner.

DETAILED DESCRIPTION

10093] The present invention provides blended fluoropolymer compositions. In onc
cmbodiment, a liquid dispersion of a first fluoropolymer is blended with a liquid dispersion of a
sccond fluoropolymer. The first fluoropolymer may be polytctrafluorocthylene (PTFE), such as
a low molccular weight PTFE (LPTFE) that has been polymerized via a dispersion or emulsion
polymerization 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 Iess than
1.0 microns (pum), with the LPTFE having a first melt tcmpcrature (Tp,) of 332° C or less. The

second fluoropolymer may be a melt processible fluoropolymer (MPF), such as



perfluoromethylvinvyl cther (MFA), fluorinated ethylene propylene (FEP), or
perfluoropropylvinvyl cther (PFA), for example, in the form of an aqueous dispersion, and
having a mean particle size of lcss than 1.0 microns. Blending of the dispcrsions facilitates
interaction of the LPTFE and MPF on a submicron lcvel to facilitate intimatc blending such that,
when the blended fluoropolymer composition is dried, a crystal structure representing a true
alloy of the fluoropolymers is formed, having melt characteristics that differ from thosc of the
individual fluoropolymers. The blended fluoropolymer composition may be used to provide a
coating having improved impermeability, stain resistance, abrasion resistance, smoothness, and
higher contact angles.

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

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

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

10097} 1. Low molecular weight polytetrafluorocthylene (LPTFE).

[0098] The first fluoropolymer of the present blended fluoropolymer compositions may
be a liquid dispersion of polytetrafluorocthylene (PTFE) and, in particular, may be a liquid
dispersion of a PTFE having a low molccular weight (LPTFE) and/or other propertics as
discussed in detail below.

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

well known in the art as dispersion polymerization or cmulsion polymerization, These




polymerization processes may be conducted with chain transfer agents, which reduce the average
molccular weight of the fluoropolumers produced, and/or via other methods whereby the
polymerization process is controlled to form a liquid dispersion of directly polymerized particles
of PTFE having low molecular weight (LPTFE).

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

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

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

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

[00104] The liquid dispersion of LPTFE in most embodiments will be an aqueous
dispersion, though the LPTFE may be dispersed in other solvents and/or LPTFE originally in an
aqucous phase may be phase transferred into another solvent, such as organic solvents including
hexanc, acetone, or an alcohol.

[00105] The LPTFE, when produced as described above, will typically have a mean
particic size of 1.0 microns (um} or less, 0.9 microns (um) or lcss, 0.75 microns (um) or less, 0.5
microns (um) or less, 0.4 microns (um) or less, 0.3 microns (um) or less, or 0.2 microns (um) or
less. In some cmbodiments, the LPTFE may have a mean particle size as low as 30, 50, 100, or
150 nm, or as large as 200, 250, or 350 nm, for cxamplec.

[00106] The number average molccular weight (M,) of the LPTFE will typically be less
than 500,000 and, in most embodiments, may be as low as 10,000 or greater, 20,000 or greater,
or 25,000 or greater, or may be as high as 200,000 or Icss, 100,000 or less, or 70,000 or less,

60,000 or less, or 50,000 or lcss, for cxample.




[00107] The LPTFE will have a first melt temperature (T ), as determined by a suitable
method such as differential scanning calorimetry (DSC), that is either equal to or less than
332°C. In other embodiments, the first melt temperature of the LPTFE may be either cqual to or
less than 330°C, cither equal to or lcss than 329°C, cither equal to or less than 328°C, either
cqual to or less than 327°C, either equal to or less than 326°C, or either cqual to or less than
325°C.

[00108] The LPTFE may be provided in the form of an aqucous 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, bascd on the weight of the LPTFE aqueous
dispersion. In some cmbodiments, the LPTFE dispersion may be provided in the form of an
aqucous dispersion having less than 1.0 wt.% surfactant, Icss than 0.8 wt.% surfactant, less than
0.6 wt.% surfactant, or even lcss than 0.5 wt.% surfactant.

[00109] The LPTFE will typically be in the form of a low molecular weight PTFE
homopolymer. However, in othcr ecmbodiments, the LPTFE may include a small amount of
modifying co-monomecr, in which casc the PTFE is a co-polymer known in the art as "modificd
PTFE" or "tracc modified PTFE". Examples of the modifying co-monomer include
perfluoropropylvinylether (PPVE), other modifiers, such as hexaflouropropylene (HEP),
chlorotrifluorocthylene (CTFE), perfluorobutylethylene (PFBE), or other
perfluoroalkylvinylcthers, such as perfluoromethylvinylchter (PMVE) or
perfluoroethylvinylchter (PEVE). The modifying co-monomer will typically be present in an
amount lcss than 0.1% by weight, for example, with respect to the PTFE.

[00110] Suitable LPTFE dispersions include SFN-D, available from Chenguang R.I.C.I,
Chengdu, 610036 P.R. China, as wcll as TE3877N, available from DuPont. These

fluoropolymcrs have characteristics sct forth in Table | below:

Table 1
Characteristics of exemplary low molecular weight polytetratluorocthylenes (LPTFEFE)
LPTFE Solids Molecular | Mean Surfactant First melt
content | weight particle size | (wt.%, based | temperature

wt.%) | (Mn) (um) on weight of | (DSC) (°C)
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LPTFE)
(type)
SEN-D 25 10,000 - 0.19 <1.0% typically
20,000 (unstabilized) | between 324.5
and 326
TE3877N 60 - 0.2 6% (non-ionic) | 327.63
[00111] The LPTFE dispersions described above, which are provided as aqueous

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

[00112] First, the present LPTFE dispersions are distinct from PTFE that is produced by
the polymerization process well known in the art as granular or suspension polymerization,
which yiclds PTFE known in the art as granular PTFE resin or granular PTFE molding powder.
Granular PTFE resins will typically have a high molecular weight, such as a number average
molecular weight (M,,) of at least 1,000,000 or more and a first melt temperature (Tr) greater
than the 332°C, typically much greater than 332°C. Granular PTFE resin is typically provided in
solid, powder form including particles having a mean particle size of scveral microns, typically
from 10 to 700 microns (um). These resins may also be provided as fine cut resins having a
mean particle size of 20 to 40 microns (um), for example.

[00113] Additionally, the present LPTFE dispersions are distinct from lower molecular
weight materials prepared from high molecular weight granular PTFE resins that have been
degraded by irradiation or thermal degradation to form low molecular weight materials known as
granular PTFE micropowders, which typically have a particle size ranging between 2 and 20
microns (um). Examplcs of granular PTFE micropowders include Zonyl® MP1200, MP1300,
and MP1400 resins, available from DuPont (Zonyl® is a registered trademark of E.I. du Pont de
Nemours & Co.).

[00114] Second, the present LPTFE dispersions are also distinct from high molecular
weight PTFE dispersions made from dispersion or emulsion polymerization conducted without
chain transfer agents to thereby polymerize a high molecular weight PTFE having a number
average molecular weight (M) of at least 1,000,000 or more, and a first melt temperature (Tm)

greater than the 332°C, typically much greater than 332°C. These high molecular weight PTFE
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dispersions are typically stabilized with a traditional surfactant present in an amount greatcr 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 arc produced via dispersion or emulsion
polymerization and thercafter coagulated or agglomerated, and then are subjected to thermal
degradation or irradiation to form low molccular weight PTFE powders, known in the art as
PTFE micropowders, which arc provided as solid powders having a particle size between 2 and
20 microns (um), such as for usc in extrusion and other applications. Examples of PTFE
micropowders include Zonyl® MP1000, MP1100, MP1500 and MP 1600 resins, availablc from
DuPont (Zonyl® is a registcred trademark of E.1. du Pont de Nemours & Co.).

[00116] Third, the present LPTFE dispersions arc also distinct from LPTFE micropowders
that are polymerized via dispersion or emulsion polymecrization in the presence of chain transfer
agents, and then are agglomerated to form PTFE micropowdcrs having an average particle size

of between 2 and 20 microns (um), for example.

[00117] 2. Mclt processible fluorpolymers (MPF).
[00118] The second fluoropolymer may be a liquid dispcrsion of a melt processible

fluoropolymer (MPF), such as perfluoromethylvinvyl cther (MFA), perfluoroethylvinyl ether
(EFA), fluorinated cthylenc propylenc (FEP), or perfluoropropylvinvyl ether (PFA), for example.
[00119] Similar to the LPTFE discussed above, the MPF may be produccd by a
polymerization process that is well known in the art as dispersion polymerization or emulsion
polymerization. Thesc polymerization processes may be conducted with chain transfer agents,
which reduce the average molecular weight of the fluoropolumers produced, and/or via other
methods whercby the polymerization process is controlled to form a liquid dispersion of dircctly
polymerized particles of MPF.

(00120] In most cmbodiments, the MPF, after being produced by dispersion
polymerization or cmulsion 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.




[00121] The liquid dispersion of MPF in most embodiments will be an aqueous
dispersion, though the MPF may be dispersed in other solvents and/or MPF originally in an
aqueous phase may be phase transferred into another solvent, such as organic solvents including
hexane, acetone, or an alcohol.

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

[00123] The MPF may also be provided in the form of an aqueous dispersion which is
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 MPF dispersion may be provided in the form of
an aqueous dispersion having less than 1.0 wt.% surfactant, less than 0.8 wt.% surfactant, less

than 0.6 wt.% surfactant, or even less than 0.5 wt.% surfactant.

[00124] Typically, the melt flow rate (MFR) of the MPF will be greater than 4 /10 min,
as determined by ASTM D1238.
[00125] Also, the MPF will typically have a co-monomer content, i.e., a content of one or

more monomers other than tetrafluorocthylene (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 Dyncon 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 sct forth in Table 2 below:

Table 2

Characteristics of exemplary melt processible fluoropolymers (MPF)

MPF (type) Solids content | Mean Melt flow First melt
wt.%) particle size | rate (MFR) temperature
(um) (g/10 min) (DSC) (°C)
DuPont 58.6 0.26 24 313.0 (shoulder
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TE7224 (PFA) 321.2)
Dyncon 6900Z | 49.4 0.31 194 310.25
(PFA)
DuPont 55.6 0.17 11.9 257.84
TE9568 (FEP)
Daikin 56.5 0.16 - 232.83
Neoflon ND-
110 (FEP)
Solvay Hyflon | 27.2 0.28 4.5 306.31 (shoulder
XPH 6202-1 287.29)
(MFA)
[00127] 3. Blended fluoropolymer compositions.
[00128] To form the blended fluoropolymer compositions of the present invention, a

LPTFE liquid dispersion and a MPF liquid dispersion are blended together. When liquid
dispersions are used, the dispersions may have varying solids contents, and one of ordinary skill
in the art will recognize that the wet weights of the liquid LPTFE and MPF dispersions may be
selected based on the solids contents of the dispersions and the desired relative weight percent
ratio of the LPTFE and MPF that is desired in the resulting blended compositions.

[00129] Notably, because the LPTFE and the MPF are provided in the form of liquid
dispersions having the small mean particle sizes set forth above, upon blending of the dispersions
particles of the LPTFE and MPF are brought into contact with cach other at the submicron level,
prior to later processing steps in which the dispersions are dried or melted, for example. As
discussed above, the LPTFE and MPF are not agglomerated prior to blending, such that the
submicron interaction of the LPTFE and MPF is thought to facilitate the formation of the highly
crystalline form of the dried or cured fluoropolymer blend that is believed to be important to
achieving the beneficial results obtained with the present blended compositions.

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

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

[00132] The LPTFE may comprise as little as 5 wt.%, 10 wt.%, or 15 wt.%, or as much as
85 wt.%, 90 wt.%, or 95 wt.% by weight of the blended composition. In one cmbodiment, the
LPTFE may comprise between 40 wt.% and 60 wt.% of the blended composition, such as 50
wt.% of the blendcd 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
cmbodiment, 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 arc cxemplary 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 sct forth below are inclusive of all intermediate integer valucs.

[00134] Blends of LPTFE and MFA may include, in onc cmbodiment, 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
cmbodiment, such blends may includc 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 cmbodiment, such blends may
include from 35 wt.% to 90 wt.% FEP and from 10 wt.% to 65 wt.% LPTFE. In another
cmbodiment, such blends may include cither 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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tempcrature below 0°C, such as at a tcmperature in the range of -60° C to -20° C. Typically,
frcezing 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 arc used, they should be at concentrations low enough
and have high enough mclting points so that freezing is not inhibited.

[00144] Then, sublimation is carricd out, such as by using sub-atmospheric pressure or a
vacuum. The use of a reduced pressurc causes sublimation of the carrier from a frozen state
dircctly 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 cxample, in the range 0.0 atm to 0.99
atm, or (.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, Ty, of a
polymcr is the temperaturc at which it changes from a glassy form to a rubbery form. The
mcasured 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 mclting of the carricr liquid. It is a beneficial coincidence that
these controls also maintain temperaturcs 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
carricd out at a temperaturc 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 particlc size
control. Milling adjusts the particle size distribution of the fluoropolymer composition, for
example reducing the mean particle size to produce a finer powder. Typically the milling would

be carried out conventionally in a pin or jet mill.
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[00147] Where the method additionally comprises irradiation of the modified
fluoropolymer particles, this would typically be carried out on the powder, but alternatively on
the dispersion. Irradiation adjusts the melt characteristics of the modified fluoropolymer, for
example to lower the melting temperatures/glass transition temperatures and increase the melt
flow rate. Irradiation of fluoropolymer dispetsions 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 temperaturc 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 onc 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 thercfore 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 freczing, 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 featurcs 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 scts for blends of LPTFE (SFN-D, Chenguang)
with cach of PFA (du Pont PFA TE7224, Lot# 0804330005, Solids = 58.6%)

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

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

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

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

[00155] For DSC analysis, 10 mg (+/- 1 mg) of the dried powder is placed in a aluminum
DSC samplc pan, and the pan is sealed with a standard lid. The hcating 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 |
MFA/LPTFE blends

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

[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 obscrved melting points as well. These maxima occur at a composition known
to give the beneficial cffects of the present invention (i.¢., at approximatcly 65%-75% [MFA];
see Figures 1-5) and arc believed to be characteristic of it. In these compositions the SEN-D
phasc also yields highcr melt enthalpics relative to pure SFN-D however in this casc the melting
points arc lower (Figurcs 8-11). It appcars that both phascs expcrience an increasc in
crystallinity undcr these conditions and in the casc of the MFA phasc it appears that this may be
associated with denser crystals. In other words, the compositions of both phases appear to be
morc crystalline. This will undoubtedly improve permeability resistance and is also expected to
lower surface encrgy (reducing staining ctc).

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

slightly lower MFA content. This may be due to incomplete mixing of the first and sccond
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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 meit
and fusion enthalpy curves, at approximately 40% and at approximately 80% [FEP]. Similarly,
there are also apparently 2 peaks in the SFN-D phase, but these occur at slightly different
compositions, I.e., at approximately 35% and at approximately 75% [FEP] (see Figures 18 and
19).

[00163] By analogy with the MFA blends of Example 1, it would seem rcasonable 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
enthalpics shows that there are 2 peaks in both the SFN-D phase (at 50% and 80% FEP) and in
the FEP phasc (at 40% and at least 80% FEP)(Figures 16 and 17). Blends of 40-60% FEP and
80-90% FEP might be expected to show properties in accordance with the beneficial effects of

the present invention.
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Example 3
PFA/LPTFE blends

100166] PIFA data appears to be somewhat more difficult to analyze duc to difficulties in
resolving some pcaks which arc clearly overlapping, cspecially for the re-melt peaks.
Nevertheless the fusion enthalpy curve cxhibits 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 notc was made when films were cast from the dispersion
PFA/SEN-D blends onto Al plates and acid ctched 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 prescnt
inventors hypothesize that this is clear and unequivocal evidence that, as anticipated, peaks in the
meclt/fusion cnthalpy curves occur at compositions associated with the bencficial effects of the
present invention, which in this casc 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 appcars possiblc that sccond PFA phasc pcaks occur so close to the
primary SFN-D melt/fusion pcaks that they are difficult to separate and characterize though there
arc indications that these second peaks arc 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 rcason to belicve that the so far uncharacterized PFA peaks arc there, and at the very [east
demonstrates that the PFA is affecting the SFN-D phasc.

[00169] The apparent heat of fusion and 2" melt AH for the SEN-D phase increases with
increasing [PFA] but this might be mislcading; it could be caused by the undctected PFA melt
pcak hidden benceath. In fact since this polymer blend is the only one to show such an increasc in
normalized SFN-D pcak area with increasing [MPF] (at lcast above 50% MPF), it appears to
indicate that there is a separate (hidden to DSC) PFA phasce. However, further cxamination 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




[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 (Figurcs 27, 28) whercas the corresponding SFN-D phasc for PFA and MFA appear to
be shifted on the [MPF] axis by amount cquivalent to the difference in [MPF] of the MPF phase
pecaks (Figures 29, 30). A similar shift is found for the SFN-D fusion and 2" melt temperatures
(Figures 31, 32).

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

>80% FEP.

Example §
PTFE/MFA blend

[00172] An SFN-DN PTFE aqucous dispcrsion stabilised with 0.6% D6483 (100%
polysiloxanc) on PTFE solids was added to MFA 6202-1 MFA dispersion to give 25:75
PTFE:MFA solids content. The dispcrsions were mixed with slow stirring. The mixture was
frozen and freeze-dricd. The resulting dry powder was applicd by clectrostatic spray gun over a
Xylan 4018/G0916 primer on to a grit blasted aluminum pancl. The pancl was flashcd off at
150°C and cured at 400°C for 20 minutcs. The powder melted to form a continuous film.
[00173] Reference is now madc to three DSC data scts in Figures 35-37. A comparison of
the melting point shift from purc polymers (Figurc 35 - MFA and Figure 36 -PTFE) to the alloy
(25 PTFE, 75 MFA) Figurc 37, show that thc 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 thc MFA polymer can be demonstrated by considering the
heat of fusion in the DSC data. The high crystalline polymer has better barricr propertics. Also,
the freeze-drying process yields a homogenous blend of PTFE and MFA. Mixing on a nano
scalc and freeze drying locks polymer particles in place; no macro aggregation of individual

polymcr componcnts occurs.
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Example 6
Lap shear test of PTFE/MFA blend

100175] In this Example, the rclease propertics of coatings made with a control PFA

fluoropolymer and with a blended LPTFE/MFA fluoropolymer madc 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 Adhesivcly Bonded
Mectal Specimens by Tension Loading (Metal-to-Mctal)), which test method was modified as

discussed below.

[00176] The control fluoropolymer was Daikin ACX-31 PFA powder. An experimental
blended fluoropolymer powdcr was madc by blending an MFA dispcrsion (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 pancls of gritblasted aluminium were prepared and then trcated with
Xylan 80-178/G3435 mctallic black primer followed by flashing off at 150°C and allowing to
cool. The control and expcrimental powders were applied by electrostatic powder spray and then
cured at 400°C for 15 minutes. The gritblasting pretrcatment used for the coated panels was one
mcthod improvement, ensuring a consistent coated surface which in turn gave lcss scatter in
results. Using freshly coated panels gave greater consisteney rather than re-using test pancls.
[00178] The aluminium plates used were 1” wide x 4” long. One plate was coated and a
sccond plate was solvent wiped using cthanol. Onc improvement to the test method was the
carcful preparation of the panels for testing to ensurc that there were no differences in procedure
between the two scts of pancls. PSI-326 (Polymcric Systems Inc.) cpoxy adhesive was mixed
1:1 w/w for approximately 45 seconds and then applied to both surfaces. The plain aluminium
panel reccived the larger proportion with the coated plates being smearcd until full wet out was
observed. Solid spherical glass beads of nominal 0.6 mm werc scattered onto the aluminium
platc.

[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 Figurc 38. The coated

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

Table 3

Control fluoropolymer

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

Experimental blended fluoropolymer

Panel # Pull-apart force (N)
1 95.1
2 81.3
3 94.0
4 83.0
[00181] As 18 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 fluoropolymcr 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 frecze
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 clcctrostatic 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 ¢xhibited by the right sides of each panci 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, ie., 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
degrecs.

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

e Acid rating scalcison a 0.1 - 1 scale according to the proccdure sct 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 cach 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 cach 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
SEN-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 werc 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 pcaks were obtained during the (1) ramping up heating process. The
crystallization peaks were obtained in the (3) cooling process. The 2nd melting peaks were

obtaincd 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 pipct apply a small amount to an aluminum degrecased panel.

5. Draw the coating down the panel in a smooth motion using a 3 mil wet path bird
applicator.

6. Flash the panel for approximately 5-10 minutcs at 200°F.

7. Move the pancl to 400°F and flash an additional 5 minutes.
8. Cure the pancl for 10 minutes at 750°F.
[00195] The acid etch test procedure was as follows:
L. Trim the pancl 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
pancl to account for any possibility of inconsistent film build.

3. Carcfully place the panel with HCl into the petri dish.

4. Cover the petri dish with the lid and scal using vacuum grease.
5. Take pictures of the pancls 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 prescnted 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 % %o CA rating mpt mpt melt melt DH DH
0-1 MPF LPTFE | mpt mpt Fusion | Remelt
scale) MPF | LPTFE | MPF MPF

FEP 0 1.00 133.97 | -0.23 | 0.1 310.55 326.67 0.0 0.0
FEP 0 1.00 134.02 | -0.18 | 0.1 310.55 326.67 0.0 0.0
FEP 0 1.00 13462 | 042 | 0.1 310.55 326.67 | 0.0 0.0
FEP 0.1 0.90 130.64 | -1.96 | 0.1 310.45 326.9 0.0 0.0
FEP 0.1 0.90 130.65 | -1.95 | 0.1 31045 3269 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 12753 | -3.47 | 0.6 310.5 326.87 0.0 0.0
FEP 0.2 0.80 129.21 | -1.79 | 0.6 310.5 326.87 0.0 0.0
FEP 0.4 0.60 12977 | 198 | 1 213.96 309.99 | 232.56 | 326.46 8.0 9.9
FEP 0.4 0.60 129.77 | 1.98 1 213.96 309.99 232.56 | 32646 8.0 9.9
FEP 0.4 0.60 12954 | 1.75 | 1 213.96 309.99 | 232.56 | 32646 8.0 9.9
FEP 0.45 0.55 129.78 | 2.79 1 21335 309.9 233.1 326.08 11.6 109
FEP 0.45 0.55 129.55 | 256 |1 21335 3099 2331 | 326.08 11.6 10.9
FEP 0.45 0.55 12843 | 1.44 1 21335 309.9 233.1 326,08 11.6 10.9
FEP 0.5 0.50 12738 [ 1.19 |1 212.62 309.48 | 232.87 | 32593 16.4 9.9
FEP 0.5 0.50 128.90 | 2.71 1 212,62 309.48 232.87 | 32593 16.4 9.9
FEP 0.5 0.50 130.16 | 3.97 | I 212.62 30948 | 232.87 | 325.93 16.4 9.9
FEP 0.55 0.45 12695 | 1.56 | 0.9 212.6 309.41 23353 | 32542 132 9.5
FEP 0.55 0.45 12854 | 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 12792 | 334 | 0.5 214.36 309.4 23345 | 325.24 1.7 11.0
FEP 0.6 0.40 127.60 | 3.02 | 0.5 214.36 309.4 23345 | 32524 11.7 11.0
FEP 0.6 0.40 127.38 | 2.80 | 0.5 214.36 309.4 23345 | 32524 11.7 11.0
FEP 0.7 0.30 126.75 | 3.77 | 0.4 21551 308.69 235.16 | 325.16 124 93
FEP 0.7 0.30 12596 | 2.98 | 0.4 21551 308.69 | 235.16 | 325.16 12.4 9.3
FEP 0.7 0.30 12623 [ 3.25 | 04 21551 308.69 | 235.16 | 325.16 124 93
FEP 0.8 0.20 12248 | 1.10 | 0.2 21521 307.93 23479 | 324.63 151 10.9
FEP 0.8 0.20 12261 | 1.23 ] 0.2 21521 307.93 234,79 | 324.63 1511 10.9
FEP 0.8 0.20 123.87 | 249 | 0.2 21521 307.93 234.79 | 324.63 15.1 [0.9
FEP 0.9 0.10 11987 | 0.10 | 0.1 218.96 306.42 23527 | 32549 15:7 L1.6
FEP 0.9 0.10 11629 | -3.48 | 0.1 218.96 306.42 23527 | 325.49 15.7 11.6
FEP 0.9 0.10 120.07 | 0.30 | 0.1 218.96 30642 | 23527 | 32549 15.7 116
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MPF | MPF LPTFE | CA Diff | Acid Fusion | Fusion | 2od 2nd Norm Norm

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

FEP 1 0.00 11927 | 1,10 | 0.1

FEP 1 0.00 117.13 | -1.04 | 0.1

FEP 1 0.00 117.47 | -0.70 | 0.1 K

MFA 1.00 13523 [ 0.94 | 0.1 310.44 327.9 0.0 0.0

MFA [0 1.00 13435 [ 0.06 | 0.1 3126 330.31 0.0 0.0

MFA |0 1.00 133.30 | -0.99 310.44 327.9 0.0 0.0

MFA |0 1.00 135.23 | 0.94 312.6 330.31 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 3126 330.31 0.0 0.0

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

MFA 0.1 0.90 133.90 | 0.78 310 327.65

MFA | 0.1 0.90 132,55 | -0.57 310 327.65

MFA | 0.15 0.85 13358 | 1.04 | 0.1 309.65 32777 | 0.0 0.0

MFA | 0.15 0.85 133.46 | 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 0.75 129.86 | -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 0.4 0.60 132,30 | 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 0.4 0.60 131.88 | 2.27 283.08 306.95 326.1

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

MFA | 0.45 0.55 132.62 | 3.59 283.72 306.29 325.59

MFA | 0.45 0.55 13142 | 2.39 283.72 306.29 325.59

MFA | 0.5 0.50 134.16 | 3.2 1] 0:1 283.55 304.71 32584 3.1 0.0

MFA 0.5 0.50 132.86 | 4.42 283.55 304.71 325.84

MFA 0.5 0.50 132.06 | 3.62 283.55 304.71 325.84

MFA 0.55 0.45 13234 | 448 | 0.1 284.7 304,18 303.13 | 324.71 5.1 1.6

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

MFA 0.55 0.45 130.30 | 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 | 32341 4.8 2.1

MFA | 0.6 0.40 131.84 | 4.56 285.13 30296 | 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 MPF LPTFE | mpt mpt Fusion | Remelt
scale) MPF | LPIFE | MPF MPF

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

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

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

MFA | 0.7 0.30 131.07 | 496 | 0.6 2852 301.59 303.37 | 322.86 4.6 29

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

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

MFA | 0.75 0.25 128.37 | 2.85 | 0.2 284.71 298.63 302.56 | 320.72 35 2.7

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

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

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

MFA |08 0.20 127.35 | 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 |09 0.10 12191 | -1.86 | 0.1 288.35 313.77 0.0 0.0

MFA | 0.9 0.10 123.99 | 0.22 288.35 313,77

MFA | 09 0.10 12499 | 1.22 288.35 313.77

MFA 1 0.00 12294 1 034 | 0.1 279.88 304.13 21.9 13.8

MFA 1 0.00 122.50 | -0.10 | 0.1 281.71 305.09 16.1 138

MFA 1 0.00 122.36 | -0.24 279.88 304.13

PFA 0 1.00 133.30 | -0.99 | 0.1 310.39 32785 0.0 0.0

A)

PFA 0 1.00 134.35 | 0.06 0.0 0.0

(A)

PFA 0 1.00 13523 | 0.94 0.0 0.0

&)

PFA 0.1 0.90 13475 1 1.23 | 0.1 310.09 32787 0.0 0.0

4)

PFA 0.1 0.90 13572 | 2.200 1101 310.09 327.87 0.0 0.0

(A)

PFA 0.1 0.90 136.08 | 2.56 | 0.1 310.09 32787 0.0 0.0

&)

PFA 02 0.80 13495 1 220 | 0.1 309 327.88 0.0 0.0

A

PFA 02 0.80 135.12 1 237 | 0.1 309 327.88 0.0 0.0

(A)

PFA 0.2 0.80 13528 | 2.53 | 0.1 309 327.88 0.0 0.0
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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 LPTKE | MPF MPK

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

(A)

PFA 0.4 0.60 13820 | 6.99 | 0.7 306.95 32642 |00 0.0

A

PFA 0.4 0.60 13871 | 7.50 | 0.7 306.95 32642 |00 0.0

(A)

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

(A)

PFA 0.45 0.55 137.54 | 6.71 | 285 306.08 32587 0.0 0.0

GY)

PFA 0.45 0.55 13792 [ 7.09 | | 285 306.08 32587 | 0.0 0.0

(A)

PFA 0.5 0.50 13594 | 550 |1 28544 305.65 30041 | 32491 4.8 4.9

(A)

PFA 0.5 0.50 13653 | 6.09 | 1 285.44 305.65 30041 | 32491 4.8 4.9

(A)

PFA 0.5 0.50 137.18 | 6.74 |1 285.44 305.65 30041 | 324.91 4.8 4.9

(A)

PFA 0.55 045 13586 | 581 |1 285.1 304.39 302.67 | 324.51 5.1 379

(A)

PFA 0.55 0.45 137:23 1T'7.18 [N 285.1 304,39 302.67 | 32451 5.1 379

(A)

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 29843 | 323.23 4.0 5.6

A)

PFA 0.6 0.40 135.44 | 5.77 1 285 303.94 20843 | 323.23 4.0 5.6

(A)

PFA 0.6 0.40 13535 | 5.68 | 285 303.94 29843 | 323.23 4.0 5.6

(A)

PFA 0.75 0.25 13246 | 3.95 | 0.7 285.3 300.85 295.17 | 32056 117 4.3

(A)

PFA 0.75 0.25 129.88 | 1.37 | 0.7 285.3 300.85 29517 | 320.56 1.7 4.3

(&)

PFA 0.75 0.25 132,65 | 4.14 | 0.7 2853 300.85 295.17 | 320.56 11.7 4.3

(A)

PFA 0.9 0.10 128.07 | 0.71 | 0.1 296.12 296.86 | 316.14 333 45.0
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MPF | MPF | LPTFE | CA Diff | Acid Fusion | Fusion | 2nd 2nd Norm Norm

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

A)

PFA 0.9 0.10 127.86 | 0.50 | 0.1 296.12 296.86 | 316.14 33.3 45.0

(A)

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

A\

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

A

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

(A)

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

A)

PFA 0 1.00 13523 1 0.94 | 0.1 310.44 3279 0.0 0.0

(B)

PFA 0 1.00 13435 1 0.06 | 0.1 310.44 3279 0.0 0.0

(B)

PFA 0 1.00 133.30 | -0.99 | 0.1 310.44 327.9 0.0 0.0

®)

PFA 0.15 0.85 128,77 | -3.83 | 0.1 308.79 32712 | 0.0 0.0

B)

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 0.52 | 0.1 308.79 327.12 | 0.0 0.0

(B)

PFA 02 0.80 131.67 | -0.37 | 0.1 307.97 3251 0.0 0.0

(B)

PFA 0.2 0.80 13192 | -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 3251 0.0 0.0

(B)

PFA 03 0.70 129.38 | -1.53 [ 0.3 306.33 326.42 0.0 0.0

(B)

PFA 03 0.70 13277 | 1.86 | 0.1 306.33 32642 | 0.0 0.0

®)

PFA 0.3 0.70 131.14 | 0.23 | 0.1 306.33 32642 | 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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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) MPK LPTKE | MPF MPF

PFA 0.4 0.60 133.52 [ 3.73 | 0.7 284.33 304.38 302.08 | 325,14 | 0.0 0.0
(B)

PFA 0.4 0.60 133.69 | 3.90 | 0.7 284.33 304.38 302.08 | 325.14 0.0 0.0
(B)

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

PFA 0.45 0.55 13526 | 6.04 | 0.1 304.02 324.48 0.0 0.0
(B)

PFA 0.45 0.55 13539 | 6.17 | 0.1 304.02 32448 |00 0.0
B)

PFA 05 0.50 13578 | 7.127] 0.9 281.64 302.69 323.34 2,0 0.0
(B)

PFA 0.5 0.50 13498 [ 632 | 0.9 281.64 302.69 32334 |20 0.0
(B)

PFA 0.5 0.50 13527 | 6.61 | 0.9 281.64 302.69 32334 |20 0.0
(B)

PFA 0.55 0.45 133.84 | 574 | 0.9 281.16 301.88 316.5 2.2 0.0
(B)

PFA 0.55 0.45 135.15 | 7.05 | 0.9 281.16 301.88 316.5 22 0.0
B)

PFA 0.55 0.45 13391 | 581 | 0.9 281.16 301.88 316.5 22 0.0
(B)

PFA 0.6 0.40 130.12 | 2.59 | 0.5 281.75 300.23 32115 1.3 0.0
®)

PFA 0.6 0.40 13132 |1 3.79 | 0.5 281.75 300.23 321.15 1.3 0.0
B)

PFA 0.6 0.40 131.65 | 4.12 | 0.5 IBL TS 300.23 321.15 1.3 0.0
B)

PFA 07 0.30 131.27 | 486 | 0.8 252.07 297.29 319.71 0.0 0.0
B)

PFA 0.7 0.30 13132 1 491 | 0.8 25207 | 297.29 319.71 0.0 0.0
(B)

PFA 0.7 0.30 13062 | 4.21 | 0.8 252.07 297.29 319.71 0.0 0.0
(B)

PFA 0.75 0.25 127.70 | 1.86 | 0.5 254.53 296.54 318.33 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
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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
(B)
PFA | 075 | 025 12803 | 2.19 | 0.1 25453 | 296.54 31833 | 0.0 0.0
(B)
PFA |03 0.20 12799 [ 271 |04 249.05 | 291.86 31578 [ 0.6 0.0
(B)
PFA | 08 0.20 12640 | 1.12 | 0.4 24905 | 291.86 315.78 | 0.6 0.0
(B)
PFA | 038 0.20 12751 [ 2.23 |04 24905 | 291.86 31578 | 0.6 0.0
(B)
PFA | 09 0.10 12629 | 2.14 | 0.5 25112 | 29245 | 29428 | 314.19 | 0.0 0.0
(B)
PFA | 09 0.10 12641 | 226 | 0.5 251.12 [ 29245 | 29428 | 314.19 | 0.0 0.0
(B)
PFA | 09 0.10 12627 | 2.12 | 03 351.12 | 29245 | 29428 | 314.19 | 0.0 0.0
(B)
PFA |1 0.00 122.83 | -0.20 [ 0.1 308.79 | 30879 | 309.18 | 309.18 | 582 14.6
B)
PFA | | 0.00 12293 | -0.10 | 0.1 30879 | 308.79 | 309.18 [ 309.18 | 582 146
(B)
PFA | | 0.00 12332 | 0.29 | 0.1 30879 | 30879 | 309.18 | 309.18 | 582 14.6
3B)
Example 8: PFA/LPTFE blends
[00197] Example 8 is an extension of previous Examples for further measurements made

on PFA/LPTFE blends. In this Example, two systems were examined based on TE-7224 (PFA

(B)) and PFA6900Z (PFA (A)), respectively.
[00198]

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

function of [MPF], a peak is visible in both cases centered on a weight fraction MPF= ca 0.53.

Likewise Figs. 42 and 43 show peaks in the contact angle data at the same concentration. Fig. 43

plots the difference between the observed contact angle and that expected from a 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 preciscly mirrored in Fig. 44, which shows the-acid resistance after 6 hours
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exposurc to HCL. Under these conditions, both purc components have failed catastrophically.
However, the compositions in the region of [MPF] = ca 0.53 remain pristine,

[00199] Figs. 45 and 46 show the mclting points of thc PFA bascd 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 furthcr measurements made
on FEP/LPTFE blends in this case a diffcrent 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 casc centered on a weight fraction, MPF=0.5. Likewise, Figs.
49 and 50 show pcaks in the contact anglc data at the same concentration, but an additional pcak
1s also observed at [MPF]=ca 0.7. Fig. 50 plots the difference between the observed contact
angle and that expected from a lincar intcrpolation 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 preciscly mirrored in Fig. 51,
which shows the acid resistance after 6 hours exposure to HCL. Under these conditions, both
purc components have failed catastrophically. However, the compositions in the region of
[MPF] = ca 0.35-0.6 rcmain pristine and therc is some indication that at [MPF]=0.7 acid
resistance is slightly enhanced.

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

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

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

samples outside this range failing quickly.




Example 10;: MFA/LPTFE blends

100204] Examplc 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 casc 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 betwceen the obscerved 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 [MPFE] = ca 0.45 - 0.7 with significant differcnces between [MPF]
=0.45 - 0.8. This behavior is mirrored in Fig. 58, which shows the acid resistance after 6 hours
exposure to HCL. Undcr these conditions, both pure components have failed catastrophically.
However, the compositions in the region of [MPF] = ca 0.6-0.7 arc largely unaffected.

[00206] Figs. 59 and 60 show the melting points of the MFA based samples and give some
indication of local maxima associatcd 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 madc in an
analogous manncr to those of Examplc 10 given above with the SFN-D being substituted by TE-
3887N. Mecasurcment of the heat of fusion data for thec PFA component (Fig 62) showed very
similar behavior as for Examplc 3 (Fig 41) indicating that this substitution had a negligible
cffect. We measurc 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 ncgligiblc impact on optimum blend propertics. 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 obscrved consistent with the heat of fusion
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data and the analogous plots of Example 10 i.c. Figs 42 and 43, further demonstrating the

negligible impact of the usc of a different LPTFE.

[00209] While this invention has been described as having a preferred design, the present
invention can be further modified within the spirit and scope of this disclosure. This application
is therefore intended to cover any variations, uses, or adaptations of the invention using its
general principles. Further, this application is intended to cover such departures from the present
disclosurc as come within known or customary practice in the art to which this invention pertains

and which fall within the limits of the appended claims.




CLAIMS

1. A blended fluoropolymer dispersion, characterized by:

a polytetrafluoroethylene (PTFE) having a first melt temperature (Tm) of 332° 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, said polytetrafluoroethylene (PTFE) dispersion including less than 1.0 wt.%
surfactant, based on the weight of said polytetrafluoroethylene (PTFE) dispersion; 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 PTFE and PFA, a

PFA content of 37 wt.% to 65 wt.% and a PTFE content of 35 wt.% to 63 wt.%.

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

the blended fluoropolymer composition.

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

fillers.

4, The blended fluoropolymer composition of claim 1, characterized in that said
polytetrafluoroethylene (PTFE) dispersion has a mean particle size selected from the group consisting of 0.9
microns (pm) or less, 0.75 microns (pm) or less, 0.5 microns (pm) or less, 0.4 microns (pm) or less, 0.3

microns (pm) or less, and 0.2 microns (pm) or less.

5. The blended fluoropolymer composition of claim 1, characterized in that said
polytetrafluoroethylene (PTFE) has a first melt temperature (Tm) 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 fluoropolymer powder, obtained from the blended fluoropolymer composition of claim 1.

7. The blended fluoropolymer composition of claim 1, characterized in said composition having,

based on the total solids of said PTFE and PFA, a PFA content of 50 wt.% to 60 wt.% and a PTFE content of
40 wt.% to 50 wt.%.
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