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BLENDED FLUOROPOLYMER COMPOSITIONS
HAVING MULTIPLE MELT PROCESSIBLE FLUOROPOLYMERS

CROSS REFERENCE TO RELATED APPLICATIONS

(6001} This application claims priority under Title 35, US.C. §119(e) to U.S.
Provistonal Patent Application Serial Number 61/287,929, filed December 18, 2009, entitled
MULTIPLE-COMPONENT BLENDED FLUOROCPOLYMER COMPOSITIONS, and to
U.S Provisional Patent Application Serial Nurnber 61/296,5533, filed January 20, 2010,
entitled BLENDED FLUOROPOLYMER COMPOSITIONS WITH MULTIPLE MELT
PROCESSIBLE FLUOROPOLYMERS, the entire disclosures of which are hereby expressly

meorporated by reference herein,

ACKGROUND OF THE INVENTION

1. Field of the Invention.
[8002] The present invention relates to fluoropolymers and, in particular, relates to
flucropolymer compositions having improved properties, such as coatings of the type that
may be applied to either rigid or flexible substrates in which a non-stick and/or abrasion
resistant surface is desired. In particular, the present invention relates to fluoropolymer
compositions that include multiple fluoropolymer components and mav be used to form
coatings having improved non-stick or release characteristics and/or improved abrasion
resistance, as well as films and/or blended powder compositions.

2. Diescription of the Related Art.
[6003] Fluoropolymers are long-chain polymers comprising mainly ethylenic linear
repeating units in which some or all of the hvdrogen atoms are replaced with fluorine.
Examples include polytetratluorcethylene (PTFE), methylfluorcalkoxy (MFA), fluoro
cthylene propylene (FEP), perfluoroatkoxy (PFA), poly{chlorotrifluoroethylene) and

poly(vinyltluoride}.
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10004] Non-stick coating systems including fluoropolyrers are applied i single or
multiple coats to the surface of a substrate to provide a coated substrate having a non-stick
coating to which extraneous materials will not adhere. In a multiple layer coating system, the
non-stick coating generally includes a primer and a topeoat, and optionally, one or more
midcoats.

[B005] The use of non-stick coating systems which are applied to a substrate in
multiple layers has been known for many years. The primers for such systems typically
contain a heat resistant organic binder resin and one or more fluoropolyruer resins, along with
various opaque pigments and fillers. The midcoats contain mainly fluoropolymers with some
amounts of opaque pigments, fillers and coalescing aids, while the topcoats are almost
cutively composed of fluoropolymers, such as entirely high molecular weight
polytetrafluoroethylene (HPTFE), or HPTFE with a small amount of a melt-processible
fluoropolymer.

[8006] Glasscloth is one example of a flexible substrate that may be coated with a
fluoropolymer coating. The coating typically includes a high molecular weight
polytetratluorocthylens (HPTFE), cither by itself or including small amounts of additional
polymers and/or fillers. One coating technique involves feeding a glasscloth web through a
dip tank containing a dispersion of the fluoropolymer, and then feeding the coated web
upwardly through a drying and sintering oven tower to cure ot fix the coating. This process
is usually repeated a number of times whereby up to 10 or more coating layers may be
applied.

160071 What is needed are improved fluoropolyruer compositions for applications
such as coatings for rigid and/or flexible substrates that demonstrate improved characteristics,

such as improved release and/or abrasion resistance.

SUMMARY OF THE INVENTION

[6008] The present disclosure provides thuoropolymer compositions that inchide
multiple fluoropolyrer components and, in exeroplary applications, may be applied as
coatings to either rigid or flexible substrates. The compositions may themselves be applied
as basecoats or overcoats, of may be combined with other components to formulate basecoats
or overcoats. In one embodiment, the compositions inchide at least one tow molecular
weight polytetrafluoroethylene (LPTFE) and at least two chemically different melt

processible fluoropolymers (MPF).  In ancther embodiment, the compositions inchude at
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least oune high molecular weight polytetrafluoroethylene (HPTFE), at least one low molecular
weight polytetrafluoroethylene (LPTFE), and at least two chemically different melt
processible fluoropolymers (MPF). After being applied to a subsirate, optionally over a
basecoat and/or a mideoat and then cured, the present compositions form coatings that
demonstrate improved characteristics, such as improved release characteristics, abrasion
resistance, translucency/transparency, and permeability, for example.

[B009] In one form thereof, the present disclosure provides a fluoropolymer
composition, including at least one low molecular weight polytetrafivoroethylene (LPTFE)
having a first melt temperature (Ty) of 335° C or less; and at least two melt processible
fluoropolymers, including: a first meit-processible fluoropolymer (MPF); and a second melt-
processible fluoropolymer (MPF), the second melt-processible fluoropolymer (MPF)
chenically different from the furst meli-processible flaoropolymer (MPF).

{8010} in one embodiment, the fluoropolymer composition lacks high molecular
weight polytetrafiuoroethylene (HLPTFE) having a number average molecular weight (M)
of at least 500,000, The at least one LPTFE may be present 1o an amount of between 10
wt.% and 70 wt.%, and the at least two MPFs may be together present in an amount of
between 30 wt.% and 90 wt.%, based on the total solids weight of the at least one LPTFE and
the at least two MPFs, or the at least one LPTFE may be preseut in an amount of between 40
wt.% and 60 wi.%, and the at least two MPFs may be together present in an amount of
between 40 wt.% and 60 wt.%, based on the total solids weight of the at least one LPTFE and
the at least two MPFs.

0011} {n another ernbodiment, the coraposition may turther include at least one high
molecular weight polytetrafluoroethylene (HPTFE) having a number average molecular
weight (M.} of at least 300,000, The at least one HPTFE may be present in an amount of
between 1 wt.% and 83 wt.%, based on the total solids weight of the at least one HPTFYE, the
at least one LPTFE, and the at least two MPFs, or the at east one LPTFE may be present in
an amount of between 16 wt.% and 60 wt.%, the HPTFE may be present in an amount of
between | wt.% and 60 wit.%, and the at least two MPFs may be together present in an
amount of between T wt.% and 60 wt.%, based on the total solids weight of the at least one
HPTFE, the at least one LPTFE, and the at least two MPFs. The at least two MPFs may each
be present in an amount of between 1 wt.% and 30 wt.%, based on the total solids weight of

the at Jeast one HPTFE, the at least one LPTFE, and the at least two MPFs.
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{8012] The at least one LPTFE may have a first melt temperature {(T,,) selected from
the group consisting of 332° C or less, 330° C or less, 328° C or less, 328" C or less, 327" Coor
less, 326" C or less, and 325° C or less and/or may be obtained via emulsion polymerization
without being subjected to agglomeration, thermal degradation, or irradiation.

[6013] The composition may be in the form of an aqueous dispersion, and may be
applied to a substrate as a coating.

[6014] In another form thereof, the present disclosure provides a method of coating a
substrate, the method including the steps of) providing a substrate; applying a coating
composition to the substrate, the coating composition including: at least one low molecular
weight polytetrafluorocthylene (LPTFE) having a first melt temperature (T 0 335° Cor
less; and at feast two melt processible fluoropolymers, inchuding: a first melt-processible
fluoropolymer (MPF); and a sccond meli-processible fluoropolymer (MPF), the second
melt-processible thuoropolymer (MPF) chemically different from the first melt-processible
fluoropolymer (MPF); and curing the composition to form a coating,

[B015] The method may include the additional steps, prior to the applying a coating
composition step, of: applying a primer to the substrate, the primer including at least one
fluoropolymer; and optionally, at least partially curing the primer. The method may further
jnchide the additional steps, following the applying a primer step and prior to the applying a
coating composition step, of! applying a midcoat to the substrate, the midcoat inchuding at
least one fluoropolymer; and optionally, at least partially curing the midcoat. The substrate

may be selected from the group consisting of a rigid substrate and a flexible substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

16016} 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 embodiments of the disclosure
taken in conjunction with the accompanying drawings, wherein:

{80617} Figs. 1-18 correspond to Example 2, wherein:

[B018] Fig. I 18 a DSC plot of the first melt peaks and fusion peak of Run 31 of
Example Z;

{6019} Fig. 2 is a DSC plot of the remelt peak of Run 31 of Example 2;
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3 is a DSC plot of the first melt peaks and fusion peak of Run 23 of

4 is a DSC plot of the first remelt peak of Run 23 of Example 2;

$1s a DSC plot of the first melt peaks and fusion peak of Run 30 of

& is a DSC plot of the remelt peak of Run 30 of Example 2;

7 is a DSC plot of the first melt peaks and fusion peaks of Run 22 of

. 8 is a DSC plot of the remelt peaks of Run 22 of Example 2;

“ig. 9 is a DSC plot of the first melt peaks and fusion peaks of Run 3 of

10 is a DSC plot of the remelt peaks of Run 3 of Example 2;
11 is a DSC plot of the first melt peaks and fusion peaks of Run 41 of

12 15 a DSC plot of the remelt peaks of Run 41 of Example 2;
13 is a DSC plot of the first melt peaks and fusion peaks of Run 29 of

14 is a DSC plot of the remelt peaks of Run 29 of Example 2;

15 15 a DSC plot of the first melt peaks and fusion peaks of Run 38 of

16 is a DSC plot of the remelt peaks of Run 38 of Example 2;

17 15 a DSC plot of the fitst rocht peaks and Fusion peaks of Run 39 of

I8 is a DSC plot of the remelt peaks of Run 39 of Example 2;

Figs. 19-30 correspond to Example 1, wherein:

19 15 an excroplary plot showing the positions of values for PFA (MPF),

SEN-D (LPTFE), TE3887N (LPTFE) and FEP (MPF) for the coutour plots of Figs 20-30;

WO 2011/075351
[B028) Fig.
Example Z;

[6021] Fig.
[6022] Fig.
Example 2;

[6023] Fig.
[6024] Fig.
Example Z;

[BO25] Fig
[6026] Fig
Example 2;

(80274 Fig.
[6028] Fig.
Example 2;

[8029] Fig.
{8038} Fig.
Example 2;

6031} Fig.
(6032} Fig.
Example 2;

[6033] Fig.
[B8034] Fig.
Example 2;

{8035} Fig.
[6036]

{60371 Fig.
[B038] Fig.
[B039] Fig.
[B04¢] Fig.
composition;
[6041] Fig.

24 is a contour plot showing coating gloss as a function of composition;
21 is a contour plot showing contact angle as a function of corposition;

22 is a contour plot showing coating pencil hardness as a function of

23 is a normalized contour plot showing the mean of the contact angle,

gloss, and pencil bardness festing;
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[0042] Fig. 24 is a normalized contour plot showing the mean of the mivimur remelt
temperature, contact angle, gloss, and pencil hardness testing;
[6043] Fig. 25a is a contowr plots showing the number of DSC peaks observed during

first melt;

(6044} Fig. 25b is a contour plots showing the mumber of DSC peaks observed during
fusion;
[B045] Fig. 25¢ is a contour plots showing the number of DSC peaks observed during

second melt;

{8046} Fig. 26 is a contour plot showing the difference between the total enthalpy of
fusion and the total first melt enthalpy;

(66471 Fig. 27 18 a contour plot showing the ditfrence between the total enthalpy of

remeiting and the total first melt enthalpy;

[3048] Fig. 28 is a contour plot showing the minimum first melt temperature;
[8049] Fig. 29 1s a contour plot showing the mintmum fusion temperature; and
[B050] Fig. 30 1s a contour plot showing the mininum remelt temperature.

{6051} Corresponding reference characters indicate corresponding parts throughout

the several views. The exemplifications set out herein ithustrate embodiments of the
disclosure, and such exemplifications are not to be construed as hmiting the scope of the

disclosure in any manner.

DRDETAILED DESCRIPTION

160521 The present invention provides flucropolymer compositions that include
multiple fluoropolymer components and, in exemplary applications, may be applied as
coatings to either rigid or flexible substrates. The compositions may themselves be applied
as basecoats or overcoats, or may be combined with other components to formulate basecoats
or overcoats., In one embodiment, the compositions inchude at least one low molecular
weight polytetraffuoroethylene (LPTFE) and at least two chemically different melt
processible fluoropolymers (MPF).  In another embodiment, the compositions include at
least one high molecular weight polytetraflucroethylone (HPTFE), at least one low molecular
weight polytetrafluoroethylene (LPTFE), and at least two chemically different melt
processible fluoropolymers (MPF). Atler being applied (o a substrate, optionally over a

basecoat and/or a midcoat and then cured, the present compaositions form coatings that

G
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demonstrate improved characteristics, such as improved release characteristics, abrasion
resistance, translucency/transparency, and permeability, for example.

[6053] Suitable substrates to which the present fluoropolymer compositions may be
applied, as well as coating types, are discussed below in Section I; suntable high molecular
weight polytetratfluorocthylene (HPTFE) components are discussed below in Section H;
suitable low molecular weight polytetratluoroethylene (LPTFE)} components are discussed
below in Section HI; suitable melt processible fluoropolymer (MPF) components are
discussed below in Section TV suitable engineering polymers are discussed below in Section
V; suitable application procedures and formulations are discussed below in Section VI
physical properties and characterization procedures are discussed below in Section VI and
the Examples follow.

6054} Fluoropolymer blends mcluding LPTFE and a single type of MPF are
disclosed in detail in U.S. Patent Application No. 12/468 580, filed on May 19, 2009, entitied
BLENDED FLUOROPOLYMER COMPOSITIONS; fluoropolymer blends inclading high
malecular weight polytetrafluorocthylene (HPTFE), LPTFE, and a single type of MPF are
disclosed in detail in U.S. Patent Application No. 12/567,330, filed on September 25, 2009,
entitled BLENDED FLUOCROPOLYMER COATINGS FOR RIGID SUBSTRATES and in
U.S. Patent Application No. 12/567,446, filed on Septemnber 25, 2009, entitled BLENDED
FLUOROPOLYMER COMPOSITIONS AND COATINGS FOR FLEXIBLE
SUBSTRATES; each are assigned to the assignee of the present invention, and the
disclosures of each are expressly incorporated herein by reference.

[B0S5) n a first erobodirent, the present blended fluoropolymer compositions
inchide at fcast one LPTFE and at least two chemically different MPFs, but do not inchude
high molecular weight polytetrafluoroethylene (HPTFE). In this respect, the blended
fluorpolymer compositions of the first embodiment can be considered to be blended MPFs
with an additive in the form of at least one LPTFE.

6056] In a second embodiment, the present blended fluorpolymer compositions
include at least one HPTFE, at least one LPTFE, and at least two chemically different MPFs.
Tn this respect, the blended fluorpolymer compositions of the second embodiment can be
considered to inchude the fluropolymer compositions of the first embodiment used as an
additive to a coating system that includes HPTFE.

160571 In each of the first and sccond embodiments, the blended fluoropolymer

compositions include at least two chemically different MPF's, as defined herein.

~J
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{B0S8] The compositions may be in the form of aqueous dispersion or powders, for
example, and may be used in the particular types of applications discussed herein as well as
in traditional applications in which MPFs are known to be used. Also, the present blended
fluoropolymer compositions can be used alone, or may be formulated with other types of
fluoropolymers or non-fluoropolymers, optionally together with suitable additives, such as

fillers, pigments, surfactants, etc.

L Substrates and Coating Tvpes
16059} a. Rigid Substrates.
{60681 Suttable rigid substrates to which the present cornpositions may be applied

inchude metals, metal alloys, ceramics, and/or rigid plastic materials. Examples inchude
cookware, bakeware, industrial components such as rollers, or any other rigid substrate to
which a coating formed of the present compositions is desired.

{8061} The rigid substrate may optionally be coated with a priraer (or basccoat)
and/or a midcoat prior to application of the present coating compositions, The primer and
midcoat may be any type of fluoropolymer-based coating, and commercially available
coatings based on high molecular weight PTFE and/or other fluoropolymers are widely
available. The particular compositions of the primer and/or midcoat may vary widely, and
are not thought to be critical with respect to the improved properties demonstrated by the
coatings disclosed herein

[3062] b. Flexible Substrates.

[B063] Suitable flexible substrates to which the present compositions may be applied
inchide glasscloth of the type comumonly used in applications such as food conveyer belts for
continuous ovens, architectaral fabrics of the type used in stadiom roofs and radar domes, as
well as heat sealing belts, circuit boards, cooking sheets, and tenting fabrics, for example.
"Glasscloth” or "glass cloth” is a textile material made of woven fibers such as, for example,
tinen, glass, or cotlon,

[3064] Other flexible substrates that may be coated with the present compositions
inchide any material including natural or synthetic fibers or filaments, including staple fiber,
fiberfill, varn, thread, textiles, nonwoven fabric, wire cloth, ropes, belting, cordage, and
webbing, for example. Exemplary fibrous materials which may be coated with the present

coating compositions include natural fibers, such as vegetable, aniroal, and mineral fibers,
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including cotton, cotfon denim, wool, stlk, ceramic fibers, and metal fibers, as well as
synthetic fibers, such as knit carbon fabrics, ultra high molecular weight polyethylene
(UHMWPE) fibers, poly{ethylene terephthalate) (PET) fibers, para-aramid fibers, including
poly-paraphenylene terephthalamide or Keviar®, and meta-aramid fibers, such as Nomex®,
cach availabie from E.I. du Pont de Nemours and Company, polyphenylene sulfide fibers,
such as Ryton®, available from Chevron Phillips Chemical Co., polypropylene fibers,
polyacrylic fibers, polvacrylonitrile (PAN) fibers, such as Zoltek®, available from Zoltek
Corporation, polyamide fibers (nylon), and nylon-polyester fibers, such as Dacron®,
available from Invista North America.

[B065] The flexible substrate may optionally be coated with a primer (or basecoat)
and/or a midcoat prior to application of the present coating compositions, The primer and
midcoat may be any type of flucropolymer-based coating, and commercially available
coatings based on high molecular weight PTFE and/or other fluorpolymers are widely
avatlable. The particolar compositions of the primer and/or mideoat may vary widely, and
are not thought to be critical with respect to the improved properties demonstrated by the

coatings disclosed herein,

{6066} c. Coating Types.
[6067] In one embodiment, the present compositions are applied over an underlying

coating, or undercoat, which undercoat may be cured, partially cured, or uncured prior to the
application of the present compositions. The undercoat may be a basecoat, which is the
coating applied directly to an underlying substrate (sometimes referred to as a primer),
optionally together with one or more midcoats, In these embodiments, the present coating
may be referred to herein as cither an "overcoat” or a "topcoat” and these terms are generally
interchangeable. In other embodiments, the present compositions may be applied directly to
a substrate to form a coating in direct contact with the substrate whereby the coating is not
applied over any undercoats, Tn further erobodiments, the present coating system may iself

also be an undercoat.

11 High molecular weight polvictratluorccthylene (BPTEFE)

[6068] In some embodiments, the present compositions inchude at least one type of

traditional high molecular weight polytetrafluoroethylene PTFE (HPTFE).
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18069] The number average molecular weight (My) of the HPTFE is typically at least
500,000, and may be at least 1,000,000, and suitable HPTFE in the form of liguid dispersions

and/or powders are available from many commercial sources. Liquid HPTFE dispersions
typically imchude surfactants for stability, though "unstabilized" HPTFE dispersions, typically
having less than 1.0 wt.% surfactant, are also available and may also be used. Whena
powder is used, the powder will typically be dispersed in a liquid to prepare the coating
composition.

[B070] In sorae embodiments, the HPTFE may include a small amount of moditying
co-monomer, in which case the HPTFE is a co-polymer known in the art as "modified PTFE"
or "trace modified PTFE". Examples of the modifying co-monomer inchide
perttuoropropylvinylether (PPVE), other modificrs, such as hexatlooropropylene (HFP),
chlorotrifhuorocthylene (CTFE), perfluorobutylethylenc (PFBE), or other
perfluorcalkyivinylethers, such as perfluoromethylvinylether (PMVE} or
perfluorcethylvinylether (PEVE). The modifving co-monomer will typically be present in an
amount less than 1% by weight, for example, based on the weight of the HPTFE.

(8071} The HPTFE is typically of the type produced by a polymerization process that
is well known in the art as dispersion polymerization or emulsion polymerization. In some
embodiments, however, the HPTFE may be of the type produced by the polymerization
process well known in the art as granular or suspension polymerization, which yields PTFE

known in the art as granular PTFE resin or granular PTFE molding powder.

31 Low molecular weight nolvietrafiuorocthviene (LBTFE)

(6072} The present compositions include at least one type of low molecular weight
polytetrafluoroethylene (LPTFE).

(60731 The LPTFE is typically provided in the tform of a liquid dispersion and, 1o
most embodiments will be an agueous dispersion, though the EPTFE may be dispersed in
other solvents and/or LPTFE originally in an aquecus phase may be phase transferred into
another solvend, such as organic solvents inchuding hexane, acetone, or an alcohol.

16074] The LPTFE 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) ot less, 0.4
microns {um} or less, 0.3 microns {um} or less, or 0.2 microns {um) or less, as measured by a

suitable manner such as by laser light diffraction by ISO 13320, In some embodiments, the
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LPTFE may have a mean particle size as low as 30, 30, 100, or 150 nm, or as large as 200,
250, or 350 nm, for cxample.

[B075] The mumber average molecular weight (M) of the LPTFE will typically be
less than S00,000 and, in most embodiments, may be as low as 10,000 or greater, 20,000 or
greater, or 25,000 or greater, or may be as high as 200,000 or less, 100,000 or less, or 70,000
or less, 60,000 or less, or 50,000 or less, for example.

[8076] An alternative manner of characterizing the molecular weight of the LPTFE
is by its first melt temperature (Ty), as determined by a suitable method such as differential
scanning calorimetry (DSC), which first melt temperature (T,,) for LPTFE may be cither
equal to or less than 335°C. In other embodiments, the first melt temperatuwe of the LPTFE
may be either equal to or less than 332°C, cither equal to or less than 330°C, either equal o
or less than 329°C, either equal to or less than 328°C, either equal to or fess than 327°C,
either equal to or less than 326°C, or either equal to or less than 325°C.

(8077} The LPTFE may be provided in the form of an aqueous dispersion which is
stabilized, unstabilized, or minumally stabilized. As used herem, "unstabilized” or
"minimally stabilized" refers to an aqueous dispersion that includes less than 1.0 wt% of a
traditional surfactant, such as non-ionic surfactant or an anionic surfactant, based on the
weight of the LPTFE aqueous dispersion. Tu some embodiments, the LPTFE dispersion may
be provided in the form of an aqueous dispersion having less than 1.0 wi.% surfactant, less
than 0.8 wt.% surfactant, less than 0.6 wt.% surfactant, or even less than 0.5 wt.% surfactant.
In other embodiments, the LPTFE dispersion may be provided in the form of an aqueous
dispersion that is "stabilized”, typically having 1-12 wt.% surfactant. However, the nature of

the stabilization package employed is not a critical feature of this invention.

16078} Also, as discussed below, the LPTFE may be provided in the form of a sohid
micropowder.
160791 The LPTFE will typically be n the form of a low molecular weight PTFE

homopolymer. However, in other embodiments, the LPTFE may include a small amount of
moditying co-monomer, in which case the PTFE is a co-polymer known in the art as
"roodified PTFE" or "trace modified PTFE". Examples of the modifymg co-monomer
inchide perfluoropropylvinylether (PPVE), other modifiers, such as hexafluoropropylene
(HFP), chlorotrifluoroethylens (CTFE), perfluorobutyiethylene (PFBE), or other

perftuorcatkylvinylethers, such as perfluoromethylvinylether (PMVE) or

i
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perfluoroethylvinylether (PEVE). The modifving co-monomer will typically be present in an
amount less than 1% by weight, for example, with respect to the PTFE.

[B08¢]
R.ILC, Chengdu, 610036 P.R. Ching, as well as TE3EETN, available from DoPont. Other

Suitable LPTFE dispersions inchude SFN-D, available from Chenguang

excmplary LPTFE micropowders include Dyneon TF-9207, available from Dyneon LLC,
LDW-410, available from Daikin Industries, Inc., and MP-25, MP-55, MP-8T and UF 8TA,
each available from Laurel Products.

{B081] These thuoropolymers have characteristics set forth in the table below:

Characteristics of exemplary low molecular weight polvietrafivoroethylenes (L PTFE)

LPTFE Solids Melecular Mean Surfaciant First melt
content weight particle {(wi.%, hased { temperature
{wt. %) {vin) size (pim) on weight of {(BSO) °Cy
{estimated) LPYFE) (type}
10,000 -
SEN-D 50 20,000 0.19 5% 324.5 - 326
65,000 -
TEIRRTN 60 70,000 0.2 6% {(non-tonic) 327.6
80,000 —
LDW-410 440 90,000 0.2 5% 329.4
65,600 -

TH-9207 100 70,000 13.27 N/A 327.6
MP-8T 100 ca. 25,000 1.32 N/A 3231
MP-10 100 100,000 0.84 N/A 330

40,000 -
MP-55 100 50,600 11.06 N/A 324.3
MP-23 100 ca. 130,000 (.28 N/A 332
UR-8TA 100 ca. 95,000 122 N/A 331.5

082} Exemplary types of LPTFE are discussed below.

[6083] a. LPTFE produced by dispersion polvmerization or emulsion
polymerization and which is thereafier not agglomerated, iradiated, or thermally degraded.
[6084] In some embodiments, the LPTFE is produced by a polymerization process

that is well known in the art as dispersion polymerization or emulsion polymerization. These
polymerization processes may be conducted with chain transfer agents, which reduce the

average molecular weight of the fluoropolymers produced, and/or via other methods whereby
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the polymerization process is controtled to form a hiquid dispersion of directly polymerized
particies of PTFE having low molecular weight (LPTFE).

[B085] In these embodiments, the LPTFE, after being produced by dispersion
polymerization or emulsion polymerization, is thereafter not agglomerated, irradiated, or
thermally degraded. In particular, the LPTFE has not been subjected to any agglomeration
steps during its manutacture, and therefore retaing a small mean particle size. Further, the
LPTFE has not been subjected to thermal degradation to reduce its molecular weight. Still
further, the LPTFE has also not been subjected to irradiation, such as by high energy electron
beam, to reduce its molecular weight. In these embodiments, the LPTFE dispersions will not
demonstrate a spectrum and/or will be below a detection limit when subjected to electron
paramagnetic resonance {(EPR) or electron spin resonance {ESR) spectroscopy, as opposed to
irradiated PTFE, which will demonstrate such a spectra and/or will otherwise have detectable
free radicals.

{0086} These types of LPTFE dispersions 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. These types of LPTFE dispersions will be appreciated by those of
ordinary skill 1u the art to be distinet from other PTFE materials that are commercially
available.

G087 First, these types of LPTFE dispersions are distingt from PTFH 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 (T, greater than the 333°C, typically much greater than 335°C. Gramilar
PTFE resin is typically provided 1n solid, powder form including particles having a rocan
particle size of several microns, typically from 10 to 700 microns {um). These resins may
also be provided as fine cut resins having a mean particle size of 20 to 40 microns (pum), for
example.

[6088] Additionally, these types of LPTFE dispersions may be distinct from lower
molecular weight materials prepared from high molecular weight granular PTFE resing that
have been degraded by trradiation or thermal degradation to form low molecular weight

materials known as granular PTFE micropowders, which typically have a particle size
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ranging between (.2 and 20 microns (um). Examples of granular PTFE micropowders
mclode Zonyi® MP 1200, MP1300, and MP1400 resing, available from DuPont (Zonyl® is a
registered trademark of E.I. du Pont de Nemowrs & Co.).

{8089} Second, these types of LPTFE dispersions are also distinct from high
molecular weight PTFE dispersions made from dispersion or emulsion polymerization
conducted without chain transfer agents to thereby polymerize a high molecular weight PTFE
having a number average molecular weight (M) of at least 1,000,000 or more, and a first
melt temperature (T} greater than the 335°C, typically much greater than 335°C. These high
molecular weight PTFE dispersions are typically stabilized with a traditional surfactant
present in an amount greater than 1.0 wt.%, typically much greater than 1.0 wt.%.

[6090] Additionally, these types of LPTFE dispersions are also distinet from high
molecular weight PTFE dispersions that are produced via dispersion or emuision
polymerization and thereafier coagulated or agglomerated.

16091} Still further, these types of LPTFE dispersions are distinct fron high
molecular weight PTFE dispersions that are produced via dispersion or emulsion
polymerization and thereatter coagulated or agglomerated, and then are subjected to thermal
degradation or irradiation to form low molecular weight PTFE powders, known in the art as
PTFE micropowders, which arc provided as solid powders having a particle size between 0.2
and 20 microns {pum)}, such as for use in extrusion and other applications. Exampies of PTFE
micropowders mclude Zonyi® MPLGGO, MP1100, MP1500 and MP1600 resing, available
from DuPont (Zonyl® is a registered frademark of E.L du Pont de Nemours & Co.).
However, as discussed below, these types of LPTFE micropowders may also be used in the
present invention.

160921 Third, these types of LPTFE dispersions are distinet from LPTFE
micropowders that are polymerized via dispersion or emulsion polymerization in the presence
of chain transfer ageuts, and then are agglomerated to form PTFE micropowders having an

average particle size of between 0.2 and 20 microns {(um), for example,

160931 b LPTFE micropowders.

[3094] In a second embodiment, the EPTFE may be in the form of an LPTFE
micropowder.

[6095] A first type of LPTFE micropowders are derived from high molecular weight

PTFE dispersions that are produced via dispersion or emulsion polymerization and thereatter

coagulated or agglomerated, and then subjected to thermal degradation or wradiation to form
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tow rolecular weight PTFE powders, known in the art as PTFE micropowders and reterred
to herein as LPTFE micropowders, which are typically provided as solid powders having a
particle size typically between 0.2 and 20 microns (um}.

{8096} Examples of these types of LPTFE micropowders inciude Zonyi® MP1000,
MP1100, MP1500 and MP1600 resins, available from DuPont {Zonyl® is a registered
trademark of E.1 du Pont de Nemowrs & Co.); and MP-25, MP-33, and UF 8TA, each
available from Laurel Products.

160971 A second type of LPTFE micropowders are derived from high molecular
weight granular PTFE resins that have been degraded by irradiation or thermal degradation to
form low molecular weight materials known as granular PTFE micropowders, which
typically have a particle size ranging typically between 2 and 20 microns (um).

[B098] Examples of these types of LPTFE micropowders include Zonyi® MP1200,
MP1300, and MP1400 resins, available from DuPont (Zonyl® is a registered trademark of
E.L du Pont de Nemours & Co.) and MP-8T and MP-10, available from Laurel Products.
{6099} A third type of these types LPTFE micropowders are polymerized via
dispersion or emulsion or suspension polymerization in the presence of chain transfer agents,
and then may be agglomerated to form LPTFE micropowders having an average particle size

of typically between 0.2 and 20 microns {(um}, tor example,

IV. Melt processible fluoropolymers (MPFs)

[B0160] In some embodiments, the present compositions also include a component in
the form of at least two chemically different melt processible fluoropolymers (MPF), such as
perfluorcalkoxy (PFA)} (copolymers of tetrafluorcethylene (TFE) and perflucroaikylvinyl
cthers), generally inchuding methyHluorcalkoxy (MFA) {(a copolymer of tetraftuoroethylene
(TFE) and perfhuoromethylvinyl cther (PMVE)}), cthyifluoroaltkoxy (EFA) (a copolymer of
tetratluorocthylene (TFE) and perflucroethyivinyl ether (PEVE)}), and perfluorcalkoxy (PFA}
{copolymers of tetrafhuorcethylene (TFE) and perfluoropropylvinyl ether (PPVE)); and
copolymers of tetrathuorocthylene (TFE) and hexafluoropropylene (HFP), known as
fluorinated cthylene propylens (FEP), for example.

(60101 Each of the foregoing MPF's, as well as the HPTFE and LPTFE disclosed
herein, are known in the art as "pertluorinated” fluoropolymers, meaning that the hydrogen

atoms of their alkane and/or alkoxy analogs have been completely substituted by fluorine
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atoms, it being understood that perfluorinated thuoropolymers are considered inert or non-
reactive.

[00162] As used herein, "chemically different”, when used in connection with the
MPFs disclosed herein, refers to MPFs of differing type, as opposed to grade. For example, a
type of PFA and a type of FEP would be chemically different, while two PFAs of different
grades would not. However, two MPFs having ditferent modifying co-monomers would also
be "chemically different” even if they were nominally referred to as the same polymer type.
Also, for purposes of this disclosure, MFA, EFA, PFA, and FEP are cach chemically
differcnt from one another.

[60103] The MPF may be produced by a polymerization process that is well known in
the art as dispersion polymerization or emulsion polymerization. These polymerization
processes may be conducted with chain transfer agents, which reduce the average molecular
weight of the fluoropolymers produced, and/or via other methods whereby the polymerization
process is controlled o form a higud dispersion of directly polymerized particles of MPF.
[60104] {n most embodiments, the MPF, after being produced by dispersion
polymerization or emulsion polymerization, is thereatier not agglomerated, irradiated, or
thermally degraded. In particular, the MPF will not have been subjected to any
agglomeration steps during tts manufacture, and theretore retains a small mean particle size
as described below.

16G105] 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 info another solvent, such as organic solvents
inchiding hexane, acetone, or an alcohol.

[60106] The MPF, when produced as described above, will typically have a mean
particle size of 1.0 microns (um) or less, 6.9 microns (pm) or less, 0.75 microns {(pm) or less,
(.5 microns (pum} or less, 0.4 microns (umy} or less, 0.3 microns {(um) or less, or 0.2 microns
(umy or fess. 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 330 nm, for example.

[B0107] In other embodiments, MPF powders could also be used.

I00108] The MPF may be provided in the form of an agucous dispersion which is
stabilized, unstabilized, or minimaliy stabilized. As used herein, "unstabilized” or
"mintmally stabilized” refers to an aqueous dispersion that includes less than 1.0 wt% of a

fraditional surfactant, such as non-ionic surfactant or an anjonic surfactant, based on the
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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.% surtactant, less than
0.8 wt.% surfactant, less than 0.6 wt.% surfactant, or even less than 0.5 wt.% surfactant. In
other embodiments, the MPF dispersion may be provided in the form of an aqueous
dispersion that is "stabilized"”, typically having 1-12 wt.% surfactant.

[80109] Typically, the melt flow rate (MFR) of the MPF will be greater than (.5 ¢/10
min and, in one embodiment, may be about 2 g/10 min or higher, as determined by ASTM
D238,
[00110] Also, the MPF will typicaliy have a co-monomer content, i.e., a content of one
or more monomers other than tetratluoroethylene (TFE}, of about 3.0 wt.% or greater, such as
4.0 wt.% or greater, 4.5 wi.% or greater, 5.0 wi% or greater, 5.5 wt.% or greater, or 6.0 wi.%
Or greater,

601113 Suitable MPF dispersions include TE7224 (PFA), available from DuPont,
69007 (PFA), available from Dyneon LLC, TESS68 (FEP), available from DuPont, Neotlon
NI3-110 (FEP), available from Daikin, and Hyflon XPH 6202-1 (MFA), available from

Solvay. These MPF dispersions have characteristics set forth in the below:

Charagteristics of exemplary melt processible fluoropolvmers (MPBFs)

Melt flow rate First melt
Solids content | Mean particle | (MFR) (/18 temperature
MPF {type} {wi. %) size (Limy min} DSCy O
DuPont TE722 313.0 (shoulder
{PFA) 58.6 0.26 2.4 321.2)
Pryoneon 69007
(PFA) 494 .31 19.4 310.25
DuPont TEQ568
{FEP) 55.6 0.17 1.2 257.84
Daikin Neoflon
ND-110 (FEP) 56.5 0.16 - 232.83
Solvay Hyflon
XPH 6202-1 306.31 (shoulder
(MFA) 27.2 .28 4.5 287.2%
Y. Engineering polyers
60112} In sorae embodiments, fluoropolymer compositional blends of the first and

second embodiments discloses herein may be added to at least one engineering polymer that

is not a fluoropolymer, in order to form a moditied engineering polymer coating composition.
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An "engineering polymer” as used herein is a polymer that is not a thuoropolymer, and
exhibits superior mechanical and thermal propertics over a wide range of conditions.
[60113] Suitable engineering polymers include PolyEther Ether Ketone (PEEK),
PolyEther Sulphone (PES), PolyPhenvlene Sulfide (PPS), PolyAmide Tmide (PAT), Epoxy
polymers (inc. BPA, BPF, Phenollic, Novolac, BIS A Free), Polyester, Polyurethane (PU),
Acrylic, PolyCarbonate (PC).

[B0114] Diescriptions of the typical properties of these engineering polymers are set
forth below.

[60115] PolyEther Ether Ketone (PFEEK ). PEEK can be manutactured by step growth

polymerization. [t is a semi-crystalline thermoplastic that exhibits excellent mechanical
properties and chemical resistance, which are maintained at higher temperatures due to it
being highly resistant fo thermal degradation. PEEK has a glass transition temperature of
about ~143°C and a melt point about ~343°C.

[B0116] Polyether Sulphone (PES). PES can be mamufactured by nucleophilic

aromatic substitution. 1t is a high temperature resistant non-crystalline material that has good
contimious operation temperature {(about ~200°C). 1t shows good resistance to organic and
acqueous environments. Depending on grade, PES has a glass transition temperature of about
~193°C and a melt point of about 255°C.

(60117 Polvphenvlene Sulphide (PPS). PPS has a resistance to heat, acid and alkaline

conditions and has good abrasion resistance. [t has a glass transition temperature of about
§5°C and melting point of about ~285%C. PPS is semi-crystalline and has excellent solvent
and thermal performance.

[60118] Polyvanide Imide (PALL PAIl is a thermoplastic amorphous polymer that has

exceptional thermal and chemical resistance properties. Examples of which are those
produced by Solvay under the "Torlon” brand trade name. PATL is capable of operating at
continuous temperatures of about ~260°C and has a glass transition fomperature of about
280°C.

[00119] Epoxy Polymers. Epoxy polymers are manafactured in a murnber of ways, the

most commonly known being through the reaction of epichlorohydrin and bisphenol A to
resulf in a bisphenol A Epoxy resin. The most common opoxy resins are bisphenol A- and F-
based or Novolac-based being manufactured from a Phenolic-based feedstock. Epoxy

polymers have exceptional chemical resistance and depending on type, good continuous heat
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resistance. The glass fransifion teraperature and melt point vary dependent upon the polymer
backbone.

(60120 Polyester Polvmers. Polyesters are most commonly found in the thermoplastic

form, however, thermosetting polymers are also available. They have glass transitions in the
region of (but not limited to} 70°C and melt poinis ~265°C,

[B0121] Polvurethanes (PU). PU's are manufactured typically through the addition

reaction of polyisocyanates with polyalcohols. The glass transitions and melt points
depending on polymer matrix and application.

[80122] Fluorpolymer blends that may be added to at least one engineering polymer
according to the present disclosure include: (1) a blend of at least one LPTFE and at least one
MPF, (2} a blend of at teast one HPTFE, at least one LPTFE, and at least one MPF, and (3)

any of the multiple component fluoropolymer blends disclosed hercin,

VI Application procedures and coating formulations

[80123] To form the present blended fluoropolymer compositions, liguid dispersions of
the various components are blended together. When one or more of the components are
mitially provided in solid, ie., powder form, the powder will typically be dispersed in a liquid
moedivm to form a liquid dispersion prior to blending with other componeunts. The order of
blending is not considered to be important, and one of ordinary skill in the art will recognize
that the wet weights of liguid dispersions of the components discussed heretn may be selected
based on the solids contents of the dispersions and the desived relative weight percent ratios
of the components that are desired.

160124 The relative ratios, fractions, or weight percents of the components described
below are based on the total solids weight of the components, excloding non-fluoropolymer
components that may be present, such as water or other solvents, surfactants, pigments,
fitlers, and other compositions,

[60125] The compositions described herein may also include suitabie additives, such

as surfactants, fillers, reinforcement additives, and pigments, if desived, or, as erabodied in
the Examples herein in connection with some of these components, may be formulated to
specifically lack some or all of these components. Also, in some embodiments, the
compositions may include only fluoropolymers, or may include only pertloorinated

fluoropolymers, and may lack other types of polymers.
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[B0126] The corpositions can be prepared by any standard formulation techuigue such
as simple addition and low shear mixing., The compositions may be applied over a primer
and/or midcoat by any known technique. Although the primer and midcoat, it present, will
typically each include at least one fluoropelymer, the particular compositions of the primer
and/or midcoat may vary widely, and are not thought to be critical with respect to the
improved properties demonstrated by the coatings disclosed herein

[80127] The coatings may be applied to a dry film thickness (DFT) of between 4 and
100 microns, depending ou the application, and may be cured at a teraperature above about
140°C for between 1 and 30 minutes, depending on the applied thickness. Depending on the
application and degree of thickness desired, the coatings may be applied in several layers.
[60128] It has been found that blending of the dispersions facilitates interaction of the
LPTFE and MPF(s), and of the HPTFE, LPTFE and MPF(s}, on a submicron level to
factlitate intimate blending such that, when the blended fluoropolymer compaosition is dried, a
crystal struchure representing a true atloy of the fluoropolymers is formed, having melt
characteristics that differ from those of the individual fluoropolymers. The blended
flucropolymer composition may be used to provide a coating having improved abrasion
resistance, gloss, adhesion, and higher contact angles.

(60129 In addition, when used with the cugincering polymers discussed in Section V
herein, the blended fluoropolymer dispersions disclosed herein provide coatings that are
capable of providing icophobicity.

160130 a. Compositions that do not include engineering polymers.

{00131 For the first embodiment, in which the blended compositions mclhude at least
one LPTFE and at least two chemically different MPFs (but do not include HPTFE), the
propotions of the components may be as follows, based on total solids weight of the at least
one LPTFE and the at least two MFPs in the blended fluoropelymer compositions:

1601321 (1). The LPTFE(s) may comprise as little as 2%, 3 wt.%, 10 wt.%, or 15 wt%,
or as much as 85 wt.%, 90 wt.%, 95 wt.%, or 98 wi.% of the blended fluoropolymer
composition, and may be present within any range delimited by these values and/or by the
values in the Exaraples herein. In one embodiment, the LPTFE may comprise between 10
wt.% and 70 wi.% of the blended fluoropolymer composition, such as between 30 wt.% and
90 wt.% of the blended fluoropolymer composition. In another embodiment, the LPTFE may

comprise between 20 wt.% and 60 wt.% of the blended thioropolymer composition. In
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another embodiment, the LPTFE may comprise between 40 wt.% and 60 wt.% of the blended
fluoropolymer composition.

[68133] {ii}. The combined MPFs may comprise as little as 2 wt.%, 10 wt.9%, or 15
wit.%, or as much as 85 wt.%, 90 wt.%, 95 wt.%, or 98 wt.% of the blended fluoropolymer
composition, and may be present within any range delimited by these values and/or by the
values in the Examples herein. In one embodiment, the combined MPFs may comprise
between 40 wi.% and 80 wi.% of the blended fluoropolymer composition. In another
embodiment, the combined MPFs may comprise between 40 wi.% and 60 wt.% of the
blended fluoropolymer composition. In another embodiment, the combined MPFs may
comprise between 36 wt.% and 64 wt.% of the blended fluoropolymer composition.

[60134] From Example 1 below, particular embodiments include: (1) 10-64 wt.% FEP,
16-64 wt% PFA, and 20-60 wt.% LPTFE; (2) 12-24 wt.% FEP, 24-64 wt.% PFA, and 20-60
wt.% LPTFE, and (3) 12-16 wt.% FEP, 24-48 wt.% PFA and 40-60 wt.% LPTFE.

[00135] For the second embodiment, in which the blended compositions mclude at
lcast one HPTFE, at lcast one LPTFE, and at least two chemically different MPFs, the
proportions of the components may be as follows, based on total solids weight of the at least
one HPTFE, the at least one LPTFE, and the at least two MFPs in the blended fluoropolymer
compositions:

130136} (1). The LPTFE(s) may comprise as little as 2 wit.%, 5 wt.%, 10 wi.%, or 15
wit.%, or as much as 85 wt.%, 90 wi.%, 95 wt.%, or 98 wt.% of the blended fluoropolymer
composition, and may be present within any range delimited by these values and/or by the
values in the Exaraples herein. In one embodiment, the LPTFE may comprise between 10
wt.% and 90 wt.% of the blended fluoropolymer composition, such as 24 wt.% of the
blended composition. In another embodiment, the LPTFE may comprise between 16 wt.%
and 60 wt.% of the blended fhuoropolymer composition.

1661371 (i1). The combined MPFs may coraprise as little as 2 wt.%, 10 wt.%, or 15
wit.%, or as much as 85 wt.%, 90 wi.%, 95 wt.%, or 98 wt.% of the biended fluoropolymer
composition, and may be present within any range delimited by these values and/or by the
values in the Examples herein. In one embodiment, the combined MPFs may comprise
between 10 wi.% and 90 wt.% of the blended flucropolymer composition, such as 24 wt% of
the blended composition. In ancother embodiment, the combined MPFs may comprise

between 1 wt.% and 60 wt.% of the blended fluoropolymer composition.



WO 2011/075351 PCT/US2010/059368

{B0138] (111}, The HPTFE(s) may comprise between | wt.% and 89 wt.% or 90 wit. %
of the blended fluoropolymer compaosition, such as 60 wt. % of the blended fluoropolymer
composition. In another embodiment, the HPTFE may comprise between 1 wt.% and 60
wt.% of the blended fluoropolymer composttion.

100139] From Example 2 below, particular embodiments inclhude: (1) 16-60 wi.%
LPTFE, 1-30 wt.% FEP, 1-30 wi.% PFA and 1-60 wt.% HPTFE or, more particularly, 16-
60% LPTFE, 8-18% FEP, 8-18% PFA, and 40-60% HPTFE.

[B0140] From Example 3 below, particular embodiments include: {1) 60-84 wt.%
HPTFE, 4-12 wt.% PFA, 2-18 wt.% FEP and 4-30 wt.% LPTFE.

60141} b. Compositions that include engineering polymers.

(60142} The total engineering polyvmer weight content, based on solids weight of all
polymers in the composition, may be as little as 15 wt.% to as great as 85 wt.% for both spray
applications and coil applications. In compositions that include engineering polymers, the
LPTFE may comprise as little as S wt.%, 10 wt.%, 11 wt.%, or 16 wt.%, or as much as 24
wt. %, 36 wt.%, or 95 wt.% by weight of the corposition, and may be present within any
range delimited by these values or by the values in the Examples herein. The combined
MPFs may comprise as little as § wt.%, 10 wt.%, 12 wt.% or 16 wt.%, or as much as 24
wt.%, 36 wt.%, or 85 wt.% of the composition, and may be present within any range
delimited by these values or by the values in the Exaraples herein

60143 In one embodiment, the combined MPFs may comprise between 5 wt.% and
36 wt.% of the composition, such as 23 wt.% of the composition, and the LPTFE may
comprise between 10 wit.% and 36 wt.% of the blended fluoropolymer composition such as
16 wt.% of the blended fluoropalymer composition.

(60144 The HPTFE may comprise between 40 wt.% and 90 wt. % of the composition

such as 60 wi. % of the composition or any range delimited by the values in the Examples

herein,
VI, Physical properties and characterization procedures
00 145] a. First melt, fusion, and second melt (remelt) terperatures.
[603146] The present compositions, when applied to a substrate, either directly to the

substrate or over an underlying coating, or formed into a film, exhibit first muelt, fusion, and

[Re]
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second melt (reroelt) teraperatures described in the Examples below, as measured by
differential scanning caloimetry (DSC).

(603147} For DSC analysis, biended tluoropolymer compositions were prepared as
follows. The given amounts of agueous fluoropolymer dispersions were mixed under airin a
mixer for 30 minutes o 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 minules, 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 were caleslated. The blended fluoropolymer powder was then ready for
BSC analysis.

[0148] For DSC analysis, 160 mg (+/- 1 mg} of the dried powder was placed in a
aluminum DSC sample pan, and the pan was sealed with a standard hid. The heating and
coaling cveles of the DSC were as follows: (1) ramp 15.0°C/min to 400°C; (2) isothermal for
£.00 nun; (33 ramp 15.0°C/min to 135°C; (4) isothermal for 1.00 nun; (5) ramp 15.0°C/min to
400°C; and (6} air cool.

[60149] The melting peaks were obtained during the (1) ramping up heating process.
The crystallization peaks were obtained m the (3) cooling process. The 2ad melting peaks

were obtained at the (5) heating process.

[BG150] b. Contact angle.
[B0151] The present compositions, when applied to a substrate, etther directly to the

substrate or over an underlying coating, or formed info a film, exhibit a contact angle of at
least 100° in water, and may have a contact angle of at least 110°, 120°, 123°, 130°, or 1357,
and may have a contact angle within any range delimited by these values and/or by the values
in the Exaroples herein, as measured for a water droplet according to the Young Relation.
Contact angle may be measured according to ASTM D7334-08 with any suitable
commercially available instrument, such as the “Drop Shape Analysis™ system (DSA1(),
avatlable from Kruss GmbH of Hamburg, Germany.

HHEY] c. Gloss.

[B0153] The present compositions, when applied to a substrate, either directly to the
substrate or over an underlying coating, or formed into a film, exhibits a measured gloss, in

% reflectance, of at least 10, and may have a measured gloss of at least 15, 25, 30, 35, 40, or

[oe]
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45, and may have a measured gloss within any range delimited by these values and/or by the
values in the Examples herein, as measured at 60° with any suitable commercially available
instrument, such as a Microgloss 60° glossmeter, available from Byk-Gardner, in accordance
with the following standards: BS3900/DS, DIN EN IS0 2813, DIN 67530, EN ISO 7668,
ASTM D523, ASTM D1455, ASTM C346, ASTM C384, ASTM D2457, JIS Z 8741, MFT

30064, TAPPI T 480. Units of measurement are expressed as % reflectance.

[00154] d. Pencil test.

[BOISS The pencil test protocol is below.

[B0156] 1. Equipment and Materials.

88157} 1.1 A set of hardness pencils varying in hardness from 4B (softest)
to 8H (hardest). Leads in mechanical holders may be used also.

{00158 1.2 Extra fine sandpaper (400 grit).

[30159] 1.3 Pencil sharpener, preferably of the drafting type that removes only

wood, and produces a blunt, unsharpened lead.

[60168] 2. Procedure.

[60161] 21 Arrange pencils in order from softest to hardest. The order of pencils
is set forth in the table below, each correlated to a number which may be used for statistical

analysis of the results as in Exmaple 1, where 4B is the softest and 8H is the hardest:

48 | 3B 2B B HB { F{ H " | 2H 3H 4H [ SH | 6H | 7TH | 8H

5 4 3 2 i { { 2 3 4 5 6 7 8 8
[80162] 2.2 Sharpen pencils. If possible, remove only the wood and do not sharpen

the fead. This is unnecessary if leads in mechanical holders are used.

130163} 2.3 Place the sandpaper on a sroooth flat swrface, Holding the pencil as
vertical as possible on the sandpaper, abrade the end of the lead to produce a perfectly round
and flat tip. The edges of the tip should be sharp and form a 90° angle with the sides of the
fead. Touch the tip lightly with fingertip or soft tissue to remove excess lead dust.

[80164] 2.4 Hold the coated test object firmly on a flat surface. Select a pencil that
is harder than you expect the coating to be. Hold the pencil in a normal writing manner and

place the tip against the coated object to form a 45° angle with the plane of the coating.

[
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[00165] 2.5 Push the pencil firmly and with one smooth § cm stroke into the
coating at a 45° angle. The objective is fo penctrate the coating, and push it off the substrate.
If the lead crumbles, stop testing,

[60166] 2.6 Examine the coating. 1f the pencil has nicked or gouged the coating,
select the next sotter pencil and repeat 2.4 and 2.5 until a pencil is reached that does not
penctrate the coating.

[88167] 3. Evaluation.

[B0168] 31 The hardness rating of the coating is equal to the first pencil that does

not penetrate and gouge the coating.

188169 4. Precautions.
166170 4.1 Diress the tip of the lead for each test. With practice, it will be possibie

to use the lead twice for cach dressing by rotating it 180° and using the opposite edge. For
reproducibility, it is a good idea to run two tests for cach pencil when evaluating the hardness
of a coating.

B0171] 4.2 Specify the substrate on which the test 15 performed. Coatings will
have slightly lower pencil hardness on soft substrates such as aluminum than on hard steel
substrates.

(601721 4.3 Make sure that the coating has been applied at the proper film
thickness. Coatings will have a slightly higher apparent harduness if they are applied at low
film thickness especially if the substrate is steel.

[806173] 4.4 Specify the temperature at which the test is performed. Coatings

become softer at elevated temperature.

{80174] 5. References.
[80175] 5.1 ASTM D-3363
[60176] 52 BS Aul48 Part 6
EXAMPLES
{86177 The following non-limiting Fxamples illustrate various features and

characteristics of the present invention, which is not to be construed as limited thereto.
Throughout the Examples and clsewhere herein, percentages are by weight unless otherwise

tndicaied.
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Example 1

First Embodiment

Fluoropelvmer blends with multiple MPFs (LPTFE/MPEFUMPEZ)

Basic and thermal properties

[60178] In this Example, blends were prepared including the following components as
described above: at least one LPTFE, and at least two chemically different MPFs, but not
mchiding HPTFE. In this Example, the two MPFs employed were FEP and PFA. The blends
in this Example were made by mixing aqueous dispersions of the components, and the
resulting blends were then drawn down as films for gloss, contact angle, and pencil test
characterization and, for the thermal analysis, were coagulated and dried for DSC
measurement, as discussed in Section ViI above.

180179] Panels were prepared for gloss, contact angle and pencil hardness testing as
follows. In Mix A and Mix B, the value for deionized water (D1W) appears more than once

as such may originate from more than one of the compounents in the mixtures.

I. Make liguid blend of MPF and LPTFE in the desired ratios.
2. Add the formulation to the blend created in step 1. Use the following formulation and

percentages shown in the table below to make the blends for drawdown using the foliowing
procedure.

a. Make a blend of dispersions. Calculate the % solids of the blend.

b. Divide the % solids by 35

c. Subtract 1.15. The result is the % water to add by volume to the dispersion blend.
d. Add 15% by volume of the Dispersion Solotion shown in the table below

¢. Add the amount of water calculated in step 3.

f. Add 0.4% Tricthanolamine by overall vohume

3. Blend the mix geuntly to avoid air bubbles.

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

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

6. Flash the pancl for approximately 5-10 minutes at 200°F.

Move the panel to 400°F and flash an additional 3-5 minutes.

jon)

Cure the panel for 10 minutes at 756°F.

Dispersion Solution

50% Carbowax PE Glycol 55.00
1450 in DIW
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Glycerine 30.00
Carbopol EP-1 5.00
DIW 10.00
B0 180] Table | below is a summary of the blends cxamined in this Example. In Table

I, "Total MPF" designates the total amount of MPF, which was FEP, PFA, or a combination
of the foregoing, wherein the FEP used was TE 9568 FEP (55.6% solids), available from
DuPont and the PFA used was TE 7224 PFA (58.6 % solids), cach described above in
Section IV, "LPTFE" designates the total amount of LPTFE, wherein the LPTFE's used were
SEN-D, available from Chenguang R.LCI, Chengdu, 610036 PR, China and TH3887N,
avatlable from DuPont, cach described above m Section IL "Coord LPTFE" and "Coord
MPF" represent the coordinates of the compositions on the composition plots XX-YY of

Figs, 19-30.

Table |

Fluoropolvmer Blends
Run & | SFN-D | TE3887N FEP PFA Total | Total | Coord | Coord
LPTFE MBF MPF LPTFE
i 0 0 0 1 0 i 0 0
2 0 G 0.05 (.95 G 1 (.05 G
3 4] 0 0.2 0.8 0 i 0.2 0
4 o] o 0.4 0.6 o i 0.4 ¢
S g G 0.5 0.5 G i 0.5 ¥
] 0 0 0.6 0.4 0 i 0.6 0
7 0 G 0.8 0.2 G 1 0.8 0
g 4] 0 i 4] 0 i 1 0
g o] 0.1 g 0.9 0.1 0.9 0 -3
10 g 8.1 0.9 0 0.1 0.9 0.9 -0.1
11 0 0.2 g 0.8 0.2 0.8 0 -0.2
12 0 0.2 0.8 0 0.2 0.8 0.8 -0.2
13 4] 0.2 (.16 0.64 0.2 0.8 0.16 -(3.2
14 o] 0.2 .32 0.48 0.2 0.8 0.32 -2
15 0 0.2 0.4 0.4 0.2 0.8 0.4 -0.2
16 0 0.2 0.48 0.32 0.2 0.8 0.48 -0.2
17 0 0.2 0.64 0.16 0.2 0.8 (.64 -0.2
18 0 0.25 .75 4] 0.25 .75 0.75 -0.25
18 o] 0.3 g 0.7 .3 0.7 0 -3
20 g 0.4 o] 0.6 0.4 0.6 ¢ -0.4
21 0 0.4 .12 0.48 0.4 0.6 0.12 -0.4
22 0 0.4 0.24 (.36 0.4 0.6 (.24 -0.4
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Run # | SFN-D | TE3887N FEP PFA Total | Total | Coord | Coord
LPTFE MPF MPF LPTFE

23 0 0.4 0.3 0.3 0.4 0.6 0.3 .4
24 g 0.4 0.36 (.24 0.4 0.6 (.36 -0.4
25 0 0.4 0.48 0.12 0.4 0.6 0.48 -0.4
26 0 0.4 0.6 0 0.4 0.6 0.6 -0.4
27 0 0.45 0 0.55 0.45 .55 ¢ -0.45
28 & (.45 0.55% 0 (.45 0.55% 0.55 -0.45
28 g 0.5 0 0.5 0.5 0.5 € -0.5
30 0 0.5 0.1 0.4 0.5 0.5 0.1 -0.5
31 0 0.5 0.2 0.3 0.5 0.5 0.2 -(3.5
32 0 0.5 .25 0.25 0.5 0.5 0.25 -0.5
33 0 0.5 0.3 0.2 0.5 0.5 0.3 (3.5
34 g 0.5 0.4 0.1 0.5 0.5 0.4 -0.5
35 0 0.5 0.5 ¢ 0.5 0.5 0.5 -0.5
36 O Q.55 0 0.45 Q.55 0.45 0 -0.55
37 0 0.55 .45 0 0.55 (.45 0.45 -.55
38 0 0.6 0 0.4 0.6 0.4 0 (3.6
33 0 0.6 £.08 0.32 0.6 0.4 0.08 -0.6
40 0 0.6 0.16 0.24 0.6 0.4 0.16 -0.6
41 0 0.6 Q.2 0.2 0.6 0.4 0.2 -0.6
42 0 0.6 0.24 0.16 0.6 0.4 0.24 -3.6
43 0 0.6 0.32 0.08 0.6 0.4 0.32 (3.6
44 0 0.6 0.4 ¢ 0.6 0.4 0.4 -0.6
45 0 0.7 g 0.3 0.7 0.3 0 -0.7
46 O Q.75 0.25 0 Q.75 0.25 0.25 -Q.75
47 0 0.8 0 0.2 0.8 0.2 € -0.8
48 0 0.8 0.04 0.16 0.8 0.2 0.04 -(0.8
45 0 0.8 £.08 0.12 0.8 0.2 0.08 -.8
50 0 0.8 0.1 0.1 0.8 0.2 0.1 -0.8
51 0 0.8 0.12 0.08 0.8 Q.2 0.12 -{3.8
52 0 0.8 0.16 0.04 0.8 0.2 0.16 -3.8
53 0 0.8 0.2 0 0.8 0.2 0.2 -(0.8
54 0 0.8 0 0.1 0.3 0.1 € -3.9
55 0 0.9 0.1 0 0.2 0.1 0.1 -0.9
56 ¥ 1 0 € 1 0 € -1
57 0.05 0 0.05 0.9 0.05 0.85 0.05 0.05
58 0.05 o 0.35 0.6 0.05 0.95 .35 0.05
58 0.06 0{0.0244 | 0.9146 | 00611 (.939 ) 0.0244 | 0.061
60 £.08 { 0.05 % 0875 0.0751 0.92% 0.05 1 0075
61 0.08 0 Q.21 0.725 | 0.075{ 0925 0241 0.075
62 0.08 0 0.351 0572 0.0781 Q.922 0.35 | 0.078
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Run # | SFN-D | TE3887N FEP PFA Total | Total | Coord | Coord
LPTFE MPF MPF LPTFE

63 0.09 {1 03182 | 0.5909 ) 0.0809 { 0.9081 | 0.3182 | 0.0309
64 0.1 0 0 0.9 0.1 0.2 0 0.1
65 0.1 0 0.9 0 0.1 0.9 0.5 0.1
66 0.1 o 0.05 0.85 0.1 0.9 0.05 0.1
67 0.1 01 02151 0.685 0.1 0.9 0.215 0.1
68 0.2 & 0 0.8 0.2 (.8 0 0.2
69 0.2 0 0.8 0 0.2 0.8 0.8 0.2
70 0.2 0 0.16 0.64 0.2 0.8 0.16 0.2
71 0.2 o 0.32 0.48 0.2 0.8 0.32 0.2
72 0.2 0 0.4 0.4 0.2 0.8 0.4 0.2
73 0.2 & 0.48 0.32 0.2 (.8 (.48 0.2
74 0.2 0 0.64 0.16 0.2 0.8 (.64 0.2
75 0.25 0 ¥ 0.75 0.25 0.75 e 0.25
76 0.25 O 0.75 0 Q.25 0.75 0.75 Q.25
77 0.3 0 0 0.7 0.3 0.7 ¢ 0.3
78 0.3 & 0.7 0 0.3 0.7 0.7 0.3
78 04 0 0 0.6 0.4 0.6 0 0.4
80 0.4 0 0.12 0.48 0.4 0.6 0.12 0.4
81 0.4 O 0.24 (.36 0.4 0.6 0.24 0.4
82 0.4 0 0.3 0.3 0.4 0.6 0.3 0.4
83 0.4 & 0.36 0.24 0.4 0.6 0.36 0.4
34 0.4 0 £.48 g.12 0.4 0.6 (.48 0.4
85 0.4 0 0.6 e 0.4 0.6 0.6 0.4
86 0.45 O 0 (.55 Q.45 0.55 0 Q.45
87 0.45 0 .55 0 0.45 .55 0.55 0.45
a8 .47 o 0 0.53 0.47 0.53 0 0.47
33 0.5 0 0 0.5 0.5 0.5 0 0.5
a0 0.5 0 0.1 0.4 0.5 0.5 0.1 0.5
91 0.5 O Q.2 0.3 0.5 Q.5 0.2 0.5
a2 0.5 0 .25 0.25 0.5 0.5 0.25 0.5
93 0.5 o 0.3 0.2 0.5 0.5 0.3 0.5
G4 0.5 0 0.4 0.1 0.5 0.5 0.4 0.5
g5 0.5 0 0.5 e 0.5 0.5 0.5 0.5
96 0.55 0 0 (.45 Q.55 0.45 0 Q.55
a7 0.55 0 0.45 0 0.55 0.45 0.45 0.55
98 0.6 o 0 0.4 0.6 0.4 0 0.6
ag 0.6 0 £.08 (.32 0.6 0.4 (.08 0.6
100 0.6 { 0.16 0.24 0.6 0.4 0.16 0.6
101 0.6 0 Q.2 0.2 0.6 0.4 0.2 0.6
102 0.6 0 0.24 0.16 0.6 0.4 0.24 0.6
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Run # | SFN-D | TE3887N FEP PFA Total | Total | Coord | Coord
LPTFE MPF MPF LPTFE

103 0.6 o .32 0.08 0.6 0.4 0.32 0.6
104 3.6 G 0. 0 0.6 0.4 0.4 0.6
105 0.65 0 0.35 0 0.65 0.35 0.35 0.65
106 3.7 G 4] 0.3 0.7 0.3 0 4.7
167 0.7 0 0.3 G 0.7 0.3 0.3 0.7
108 0.75 o 0.25% 0 0.7% 0.25% 0.25 0.7%
109 3.8 G 0 0.2 0.8 0.2 0 0.8
110 0.8 0 0.04 0.16 0.8 0.2 0.04 0.8
111 3.8 G .08 .12 0.8 0.2 .08 0.8
112 0.8 0 0.1 0.1 0.8 0.2 0.1 0.8
113 0.8 o G.12 0.08 0.8 0.2 012 0.8
114 3.8 G 0.16 .04 0.8 0.2 .16 0.8
115 0.8 0 0.2 ¥ 0.8 0.2 0.2 0.8
116 0.85 G 0 (.15 0.85 0.15 0 0.85
117 0.85 0 .15 4] 0.85 .15 0.15 0.85
118 0.9 o 0.1 0 0.8 0.1 0.1 0.9
118 i 0 o] 1 o] ¢ 1

160181} Observed data is set forth in Table 2 below, wherein:

GLOSS = measured gloss, per Section VII above;

NORM GLOSS = normalized gloss, calculated as: [Gloss - Mininuur
{Glossy] /{Maximmum (Gloss) - Minimum (Gloss}j;

CONTACT ANGLE (CA) = contact angle, per Section V above;

NORM CA =normalized contact angle, calculated as: [Contact Augle
- Minimur (Contact Angle)]/ [Maximum (Contact Angle) - Minimum (Contact Anglel;

PENCIL = pencil test measurement, per Section VII above, where the
value in Table 2 below 18 the mean of the number of measured results, as indicated by "#
Data" 1n Table 1 above;

NORM PENCIL = normalized pencil test measurement, calculated as:
[PENCIL - Mimimum (PENCIL)Y] /{Maximum (PENCIL) - Minimum (PENCIL);

NORM min remelt = normalized "min remelt”, calculated as: [min
remelt - Minimum (min remelt)] /[Maximum (min remelt) - Minimum (min remelt}], wherein

"min remelt” is the temperature of the lowest remelt peak for a given sample;
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Norm {CA, Gloss, Hard) = the mean of (NORM CA, NORM PENCIL,
and NORM GLOSS); and
MNorm {Remelt, CA, Gloss, Hard) = the mean of (NORM CA, NORM

Table 2

Observed data

Runn | GLOSS | NORM | Contact | NORM | Pencil | NORM norm CAGLOSS, HARD | remelt,CA,Gloss, hard
# GLOSS | Angle CA PENCIL min
remett
H 50.2 0.64 122.81 0.33 0 (.38 0.70 0.45 0.51
2 71 0.99 122.66 0.32 -2 0.13 0.76 0.48 0.55
3 57.1 0.52 118.51 0.13 -2 0.13 0.33 0.39 0.38
4 7.7 .93 116.43 0.03 4 G.88 C.10 .61 0.48
5 51.8 0.66 116.23 0.02 3 0.75 0.10 0.48 0.38
3 67.7 0.93 116.90 0.05 4 .88 G.12 0.62 0.49
7 41.5 0.49 115.97 0.01 4 0.88 0.12 0.4 0.37
3 58.7 0.55 118.563 0.13 5 1.00 0.15 0.69 0.56
g 51.3 0.65 119.26 0.16 0 G.28 .62 0.40 0.45
10 50.5 0.64 117.35 0.07 4 0.88 0.13 3.53 0.43
11 51.1 0.65 125.83 0.47 -2 .13 0.61 0.41 0.46
12 69 0.96 119.17 0.16 4 0.88 0.14 0.66 0.53
13 41.1 0.48 124.83 42 5 1.00 0.63 0.63 0.63
4 40.2 .47 1.24.63 0.41 4 G.88 0.1.2 0.58 0.47
15 37.8 0.42 123.85 0.28 5 1.00 0.12 3.50 0.48
16 38.7 0.44 124.72 0.41 5 1.00 0.09 0.62 0.49
17 65 0.96 122.42 0.31 S 1.00 0.12 0.75 0.50
18 57.4 0.76 120.55 0.22 4 0.88 0.12 0.62 0.49
19 48.1 0.60 118.87 0.14 -3 .00 .62 0.25 (.34
20 70 0.57 128.48 0.59 -3 0.00 0.61 3.52 3.54
P 64.8 C.88 133.79 0.84 3 .75 C.63 (.82 0.77
22 60.6 0.81 131.62 0.74 3 0.75 0.18 0.77 0.52
23 66.7 0.92 129.12 0.62 3 0.75 0.13 0.76 0.60
24 46 0.56 131.02 0.71 0 G.28 G.14 0.55 0.45
25 40.7 0.47 128.65 [ 4 0.88 0.12 0.5 0.52
26 17.6 .93 123.68 0.37 4 C.88 G.13 .72 (.58
27 47.4 0.5 125.22 0.62 -3 0.00 0.61 0.40 0.45
28 32.5 0.33 127.54 0.55 5 1.00 O.11 0.63 0.5
28 64.3 (.88 135.0% 0.89 4 .88 G.63. 0.88 0.81
30 565.8 0.75 134.97 0.89 -3 0.00 0.63 0.55 0.57
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Run | GLOSS | NORM | Contact | NORM | Pencil | NORM norm CAGLOSS, HARD | remel, €A, Gloss, hard

# GLOSS | Angle CA PENCIL min
remelt

31 50.7 0.64 133.21 0.81 5 1.00 0.18 0.82 0.66
32 41.8 C.48 132.58 0.78 1 G.50 C.15 04.59 0.48
23 30.6 0.30 132.70 0.79 -3 0.00 0.14 0.35 0.31
34 29.3 0.28 132.02 0.75 4 .88 ¢.14 0.64 0.51
35 25.8 0.22 128.84 0.61 3 0.75 0.11 0.53 0.42
36 565.5 0.51 123.33 0.35 -3 0.00 061 0.42 0.47
37 61.5 C.83 129.46 0.53 5 1.00 G.13 (.82 0.64
2R 42.4 0.50 125.16 0.43 -3 0.00 0.60 0.31 0.38
39 39 0.45 136.06 0.94 -3 .00 0.62 0.46 0.50
40 42 0.5 135.12 0.90 5 1.00 0.65 0.80 0.76
41 30.5 0.30 134.55 0.88 -3 0.00 0.25 0.39 0.36
42 27.3 G.24 134,73 0.88 -2 G.13 C.16 .42 0.35
43 27 0.24 130.08 Q.66 4 0.88 0.13 0.59 0.48
44 24.4 0.20 130.10 0.55 4 .88 G.12 0.58 0.46
45 65.3 0.29 131.69 0.74 -3 0.00 0.60 0.54 0.56
4G 17.7 0.08 133.48 0.82 -2 0.13 0.1 0.34 0.28
47 64.3 (.88 132.18 0.76 -3 .00 0.37 0.55 0.50
48 25.3 0.21 137.02 0.99 -3 0.00 0.64 3.40 0.45
49 21.4 315 136.59 0.97 -2 .13 0.98 0.41 0.55
50 12.8 0.00 137.33 1.00 -3 0.00 1.00 0.33 0.50
51 15.2 0.04 136.21 0.95 1 0.50 0.29 0.50 0.44
52 27.3 0.24 133.65 0.83 1 G.50 0.1.2 0.52 0.42
53 13.8 0.02 132.66 0.78 -2 0.13 0.08 0.31 0.25
54 54.6 0.71 131.72 0.74 -3 .00 0.98 0.48 0.61
55 18.7 0.12 133.58 0.83 -3 0.00 0.11 0.31 0.25
56 22.9 0.17 133.29 0.81 -3 0.00 0.88 0.33 0.49
57 71.7 1.00 122.213 0.30 -2 G.12 .76 0.47 (.54
58 57.8 0.4 115.82 0.00 -1 0.25 0.33 3.39 0.38
58 69.5 .96 123.72 0.37 -3 .00 C.76 .44 0.52
60 65.2 0.96 123.56 0.35 -2 0.13 0.76 0.48 0.55
51 63 0.85 119.64 0.18 -3 0.00 0.31 0.34 0.33
52 56.2 0.74 117.94 0.10 -1 G.25 0.32 0.26 0.35
a3 58.3 0.54 117.61 0.08 -1 0.25 0.35 3.43 0.41
54 68.2 .94 126.32 0.49 -1 G.25 C.57 (.56 0.56
65 57.8 0.76 118.58 0.13 S 1.00 0.04 0.563 0.48
56 62 0.84 124.46 0.40 -2 0.13 0.80 0.45 0.54
57 63.2 (.86 118.55 0.47 -2 G.12 G.33. 0.28 0.36
[ 655.1 0.83 127.30 0.53 -1 0.25 0.82 0.56 0.62
58 52.6 C.68 119.61 0.18 5 1.00 C.08 0.62 0.4%
70 60.4 0.81 125.66 0.43 3 0.75 0.20 0.55 0.55

‘L



WO 2011/075351

PCT/US2010/059368

Run | GLOSS | NORM | Contact | NORM | Pencil | NORM norm CAGLOSS, HARD | remel, €A, Gloss, hard
# GLOSS | Angle CA PENCIL min
remelt
71 53.4 0.86 123.22 0.34 4 0.88 0.12 0.69 0.55
72 63.3 C.86 124.44 0.40 4 G.88 G.13 .71 Q.56
73 56.1 0.74 123.70 0.37 0 0.38 0.11 0.49 0.40
74 45.4 0.55 121.05 0.24 -2 .13 0.12 0.31 0.26
75 70.6 0.98 128.29 0.58 -2 0.13 0.85 0.56 0.63
76 48 0.60 121.28 0.25 5 1.00 0.03 0.62 0.47
77 64.9 C.89 131.67 0.71 -2 G.13 C.86 0.57 065
78 37.7 0.42 117.28 0.07 0 0.38 0.04 3.29 0.23
75 60.2 0.81 131.03 0.71 -3 .00 0.88 0.50 0.60
80 50.7 0.64 131.99 0.75 -1 0.25 0.67 0.55 0.58
&1 48.1 0.62 129.87 0.65 3 0.75 0.12 0.67 0.53
82 35.9 C.39 130.87 0.70 1 .50 C.12 04.53 0.43
83 33.1 0.34 128.76 0.6 -2 0.13 0.13 0.35 0.30
84 224 0.16 125.97 0.47 -3 .00 G.11 0.21 0.19
85 51.4 0.66 123.61 0.36 0 0.38 0.06 0.46 0.36
86 48.65 0.63 134.30 0.86 -3 0.00 0.83 0.49 0.58
87 52.3 0.67 123.02 0.34 -1 G.25 .05 0.42 0.33
&8 58.8 0.78 130.43 068 -3 0.00 0.85 0.49 0.50
39 £3.2 0.86 135.34 0.91 -3 .00 0.91 0.59 0.67
aO 42.7 351 134.79 0.88 -3 0.00 0.68 0.4 0.52
91 36.3 0.40 133.06 0.80 -2 0.13 0.22 0.44 0.39
92 27.5 0.25 132.48 0.78 -1 G.25 G.15 0.42 0.36
93 27.5 0.25 131.23 0.72 -3 0.00 0.13 3.32 0.27
94 17.3 0.08 127.64 0.55 0 (.38 G.12 0.33 0.28
95 41.2 0.48 124.28 0.39 -1 0.25 0.07 0.38 0.30
96 55.7 0.73 135.35 0.91 -3 0.00 0.82 0.55 0.64
97 43.1 0.51 124.36 0.40 -2 G.12 G.03. 0.25 0.26
98 465.7 0.58 133.88 0.84 -3 0.00 0.66 0.47 0.52
99 31.3 C.31 135.83 0.93 -3 .00 C.68 a.41 0.48
100 32.3 0.34 131.26 0.72 -3 0.00 0.24 0.35 0.33
101 21 0.14 132.82 0.79 -2 0.13 0.13 0.35 0.30
102 22 0.16 131.42 0.73 -2 G.12 0.15 0.24 0.29
103 16.2 0.06 128.08 0.57 0 0.38 0.15 0.33 0.29
104 61.2 .82 124.46 0.40 -2 .13 C.0% 0,45 0.35
105 53.8 0.70 125.25 0.44 0 0.38 0.04 0.50 0.39
106 30.4 0.30 131,10 0.71 -3 0.00 0.84 0.34 0.49
167 37.7 0.42 123.44 0.35 0 G.28 .00 0.28 0.29
108 37.2 0.41 127.12 0.53 -3 0.00 0.10 0.31 0.26
109 30.4 C.30 131.85 0.75 -3 .00 .93 0.35 0.49
110 18.8 0.12 133.65 0.83 -3 0.00 0.85 0.32 0.48

.
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Run | GLOSS | NORM | Contact | NORM | Pencil | NORM norm CAGLOSS, HARD | remel, €A, Gloss, hard
# GLOSS | Angle CA PENCIL min
remelt
11t 16.3 0.06 133.21 0.81 -3 0.00 0.22 0.29 0.27
112 18.9 C.10 132,98 0.80 -3 .00 .85 0.3 0.44
113 15 0.04 132.16 0.76 -2 0.13 0.18 0.31 0.28
114 15.6 0.05 130.64 0.59 0 (.38 .07 0.37 0.30
115 44.3 0.54 127.52 0.54 -3 0.00 0.10 0.36 0.29
116 51.3 0.65 129.55 0.64 -2 0.13 0.85 0.47 0.5¢
117 32.3 G.33 122.46 0.31 4 G.88 .95 .51 62
1iR 43.1 0.51 125.88 0.47 -2 0.13 0.83 0.37 0.51
118 30 0.28 134.25 0.85 4 .88 0.96 0.67 0.74

(06182

component blends have generally better properties than the other blends, such as higher gloss,

From the data presented in Table 2 it can be seen that some of the three

contact angle, and greater pencil hardness.
[60183]

and 2nd Melt (remelt) respectively.

Thermal data is summmarized in Tables 3, 4, and S below for fst Melt, Fusion

Table 3

1 melt DSC data

Run ist Ist Ist ist Ist_melt_§ # min OH DH OH OH OH totaf
# melt_1 | Melt 3 | melt_4 | melt 5 ist first first ist first | first | first Ist DR
melt | melt | melt | Melt | Melt | Melt | Melt
1 3 4 5 53
H 313.4 i 313.4 6.9 1.3 8.2
2 260.5 215.1 322.1 3.0 | 2605 2.3 1 340 1.5 37.8
3 259.5 313.2 320.7 3.0 | 2595 3.5 | 316 1.4 36.5
4 260.3 312.6 321.0 3.0 12603 | 124 | 252 4.2 418
5 259.2 312.6 321.5 3.0 | 259.2 3.8 | 22.4 1.0 32.2
3 260.1 21 320.8 3.0 ) 2601 | 135 1 110 0.8 25.6
7 259.8 311.2 321.2 3.0 | 259.8 | 18.7 7.0 0.6 26.3
2 257.4 1.0 { 257.4 | 18.2 18.2
g 312.9 321.0 326.4 3.0 {3129 33.9 2.2 6.4 47.6
10 258.9 326.8 2.0 | 2589 | 267 8.1 34.9
i1 313.0 321.0 326.5 3.0 | 3130 37.5 2.5 13.2 53.2
i2 259.2 326.9 2.0 1 259.2 | 17.1 12.3 29.6
13 257.9 313.1 320.5 326.7 4.0 { 257.9 1.6 { 23.2 1.8 12.6 38.2
14 260.8 213.6 3217 328.0 4.0 { 260.8 45 { 176 1.6 11.7 35.8
15 260.8 313.3 322.0 3279 4.0 { 2608 | 112 { 150 1.6 11.6 39.3
i6 258.2 311.5 320.9 326.7 4.0 {2592 | 168 { 117 1.4 11.4 35.2
17 259.5 311.4 326.7 3.0 1 259.5 | 204 6.4 12.6 38.5
18 259.0 327.0 20 {2590 | 154 16.6 32.0
19 313.0 322.1 326.7 3.0 { 3130 6.8 2.6 19.3 48.7
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Run 1st ist ist Ist ist_melt 6 # min DH DH DH DH DH toral
# meft_1 | Melt 3 | melt_4 | melt 5 ist first first ist first | first | first ist DR
melt | melt | melt | Melt | Melt | Melt | Melt
1 3 4 5 &
20 313.1 322.0 327.0 3.0 | 3131 21.2 2.7 25.2 49.1
21 250.2 313.1 327.0 3.0 | 260.2 2.2 | 191 27.2 48.4
22 259.4 313.9 321.6 328.3 4.0 { 259.4 3.9 1 12.7 1.7 23.9 432.2
23 261.2 2137 328.4 30§ 2612 6.7 | 113 249 42.8
24 25811 3137 328.5 3.0 | 2611 4.4 7.2 24.5 36.1
25 2589 312.0 327.5 3.0 | 2589 8.4 3.6 25.5 7.6
26 259.2 328.0 2.0 | 259.2 a.5 25.2 34.7
27 313.2 320.7 327. 3.0 | 313.2 22.4 1.8 28.7 52.9
28 260.0 2283 2.0 | 2600 3.1 299 34.0
25 313.0 327.1 2.0 | 31390 19.6 35.0 54.5
30 260.4 313.3 327.4 3.0 | 260.4 2.4 1 17.9 32.7 53.1
31 258.5 314.2 328.7 3.0 | 2585 3.0 | 104 31.5 44.9
32 261.0 213.9 2284 3.0 | 26140 2.7 9.4 21.3 43.5
33 261.1 313.7 328.4 3.0 | 2511 4.4 7.5 30.9 42.89
34 260.2 312.7 327.8 3.0 | 260.2 7.5 4.5 30.2 42.3
35 258.9 327.8 2.0 | 2589 7.6 31.5 39.1
36 213.2 227.2 2.0 3132 17.0 6.8 53.8
37 255.4 328.0 2.0 | 2554 4.0 40.5 4.6
33 313.4 327.3 2.0 | 313.1 16.6 39.8 56.4
39 313.1 327.2 3.0 | 2603 2.1 S 39.92 57.4
40 314.4 328.8 3.0 | 2594 1.6 8.5 35.9 46.0
i 314.2 328.7 3.0 | 259.1 1.6 8.0 35.9 46.6
42 314.1 328.9 3.0 | 251.2 1.8 5.7 37.1 446
43 321.7 327.6 3.0 | 259.7 5.3 4.3 36.7 45.8
44 327.7 2.0 | 2584 5.5 0.0 45.5
45 313.0 327.4 2 313.0 10.2 45.5 55.7
46 259.1 327.9 2.0 | 259.1 3.0 55.7 587
47 313.1 327.5 2.0 | 313.1 3.5 48.8 57.3
48 213.4 3279 3.0 | 262.2 1.1 5.0 50.0 50.1
49 313.2 327.7 3.0 | 257.3 0.2 6.7 50.7
50 328.2 1.0 { 329.2 54.5
51 261.4 314.6 329.0 3 261.4 1.6 6.0 48.7
52 259.6 214.5 327.7 3.0 | 2596 1.7 64.1
53 258.8 327.7 2.0 | 2588 2.0 53.5
54 313.1 327.5 2.0 | 313.1 5.8 58.8 6.6
55 258.7 325.7 2.0 1 258.7 | 204 9.7 30.1
56 327.4 10§ 327.6 64,2 54.2
57 314.4 321.5 2265 3.0 { 3144 40.3 1.8 0.1 42.7
58 258.4 313.9 321.6 326.5 4.0 { 258.4 2.8 1 283 15 0.1 33.7
53 315.0 321.7 326 3.0 | 315.0 41.0 1.7 0.1 42.8
60 314.6 321.6 326.6 3.0 | 31458 38.8 1.6 0.1 40.5
61 2586 3144 321.8 2265 4.0 { 258.6 1.4 { 305 1.7 1.1 34.7
62 250.0 315.2 327.3 322.8 4.0 { 260.0 3.6 | 21.6 1.0 1.1 27.3
53 260.3 314.8 322.5 327.0 4.0 { 260.3 4.4 { 25.6 1.3 1.1 32.5
64 313.4 325.5 2.0 | 3134 36.5 36.5
65 256.6 3247 2.0 | 2566 | 15.6 7.0 26.6
66 314.7 321.9 326.5 3.0 | 3147 33.3 1.9 3.2 38.5
57 258.8 314.0 321.9 326.5 4.0 { 258.8 1.5 | 294 1.6 1.2 33,7
68 313.7 325.6 2.0 | 3137 23.7 23.7
69 256.6 3249 2.0 | 2566 | 166 16.6
70 259.5 313.0 320.6 325.7 4.0 { 2595 .6 { 294 2.6 9.0 50.6
71 259.6 312.5 321.5 325.9 4.0 { 259.6 4.3 { 19.3 2.5 8.3 34.3
72 260.0 312.4 321.3 326.0 4.0 { 260.0 5.0 | 168 2.3 8.2 36.3
73 260.0 2121 226.2 3.0 ) 2600 | 123 1 134 9.8 35.5

(9]
L
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Run 1st ist ist Ist ist_melt 6 # min DH DH DH DH DH toral
# meft_1 | Melt 3 | melt_4 | melt 5 ist first first ist first | first | first ist DR
melt | melt | melt | Melt | Melt | Melt | Melt
1 3 4 5 &
74 259.3 311.3 3255 3.0 | 259.3 | 17.1 7.3 9.3 33.6
75 313.5 325.3 2.0 | 3135 21.2 21.2
76 256.4 325.0 2.0 | 256.4 | 185 14.2 32.7
77 2136 325.4 20§ 3136 16.0 16.0
78 256.5 325.2 2.0 | 2565 | 153 15.6 31.3
75 313.4 325.2 2.0 | 313.4 11.8 11.8
20 259.7 313.0 325.7 3.0 | 259.7 0.0
81 260.1 312.8 325.9 3.0 | 2601 4.7 { 168 20.6 43.2
82 259.5 2125 324.3 2257 4.0 { 259.5 5.0 4.1 10.5 9.9 39.4
23 259.5 312.2 325.5 3.0 | 2595 6.7 | 12.0 20.8 28.5
R4 259.7 312.3 325.8 3.0 1 259.7 | 184 7.8 19.4 45.G
85 256.4 325.3 2.0 | 256.4 | 11.7 20.8 32.6
86 313.3 325.4 2.0 2132 14.6 4.6
&7 256.5 325.0 2.0 | 2585 | 11.0 29.7 40.7
2% 0.0 0.0
89 313.6 325.5 2.0 | 3138 2.3 8.3
a0 260.5 213.0 2257 3.0 | 2605 57 { 203 334 56.3
51 259.8 312.9 325.8 3.0 | 2598 2.4 | 150 25.7 44.0
32 260.1 312.8 325.9 3.0 | 260.1 3.7 | 1238 26.3 42.5
93 259.7 312.5 325.6 3.0 | 259.7 4.8 1 113 26.2 42.5
G4 259.8 312.4 325.7 3.0 | 2598 5.7 7.1 5.8 42.8
55 257.1 325.3 2.0 | 257.1 8.2 28.8 36.9
56 313.3 325.5 2.0 | 313.3 0.0
37 256.7 325.2 2.0 | 256.7 3.2 36.5 44.8
g8 313.2 325.2 2.0 {3132 7.7 7.7
59 280.8 313.2 325.9 3.0 | 260.8 1.5 1 17.3 32.5 51.2
100 258.9 312.8 325.8 3.0 | 259.9 4.8 { 151 32.1 52.0
101 260.2 312.8 325.7 3.0 | 260.2 2.8 | 14.0 32.1 54,9
102 260.0 212.8 326.0 3.0 | 2600 3.4 | 100 21.7 45.1
103 260.0 312.9 325.6 3.0 | 2600 7.1 7.2 31.3 45.7
104 256.8 325.3 2.0 | 256.8 7.4 38.1 455
105 256.5 1.0 { 256.5 5.4 42.4 47.9
106 213.0 325.2 2.0 { 3130 C.0
107 2562 3252 2.0 | 2582 4.8 45.7 1.5
108 258.5 325.5 2.0 | 2585 5.0 5.0
108 313.0 326.9 2.0 | 313.0 58.6 58.6
116 2602 2127 325.6 3.0 | 2603 23 | 133 45.9 52.1
111 260.3 212.7 2257 3.0 | 260.2 2.2 1 116 45.7 59.5
112 250.5 313.0 326.0 3.0 | 2505 1.5 {105 44.5 56.5
113 260.4 313.3 326.0 3.0 | 260.4 4.2 7 444 58.3
114 260.1 313.5 325.6 3.0 | 2601 2.1 7.5 43.5 53.2
115 J58.4 10 | 2584 4.1 4.4
116 325.4 1.0 { 325.4 0.0
117 255.9 325.4 2.0 | 255.9 0.6 39.1 39.6
118 259.5 326.0 2.0 | 259 0.8 .8
119 2255 1.0 § 2255 0.0

[60184] Table 3 shows the tirst melt temperature (°C) and heat ot melting (AH Fg) for
the various blends of Table 1. 1t will be noticed that the various components exhibit their
melt points in the blends at temperatures typical for their chemistry, i.e, FEP atca, 285-

260°C, PFA at ca. 312-314°C, and LPTYE at ca. 324-328°C. Within Table 3, the numerical
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wdentifiers (.., the "1" m "Fusion 1" and "DH fusion 1) indicate the peak numbers inthe

DSC traces from the lowest to the highest melt temperatures.

Table 4

Fusion peak DSC data

Ruin Fusio Fusio Fusio Fusio Fusio | #Hiusio min DH OH DH OH DH Total
# n 1 n_4 n S 06 n_7 n fusion | fusion FUSIQ | fusion | fusion | Fusion | fusion
1 NA 5 & 7 oH
1 281.7 1 281.7 16.12 16.12
2 231 | 2834 2 231 1.537 183.54 20.48
31 2334 | 2841 2 233.4 | 3028 22.13 25.16
4| 2314 285 2 2314 § 10.51 16.83 27.34
5| 23231 2867 2 232.3 1 6.605 16.1 22.71
5 233 | 7836 2 233 19.1 i2.1 31.2
7| 2355 276 2 2355 1 20.19 5.857 27.06
8 | 2343 1 234.3 13.92 13.92
9 286.7 283.7 2 286.7 8.938 22,36 31.3
10 | 2377 300.6 2 237.7 § 20,01 5.755 25.77
11 284.4 297.7 2 284.4 R.676 25.64 34.32
12 | 2382 306.2 2 238.2 12.86 14.77 27.63
13 | 2397 | 284.2 298.2 3 239.7 | 3.942 426 21.82 35.19
14 | 2338 { 286.2 300.9 3 233.9 10.92 7.631 19.64 38.19
15 | 2335 | 2855 301.8 2 23353 § 7.382 5.185 17.6 30.17
16 | 2337 283.6 301 3 233.7 | 7.695 3.683 16.25 27.64
17 | 2383 | 2856 303.6 3 2353 1 7.859 1.289 14,92 24.07
18 | 237.9 307.4 2 237.9 12.58 18.81 31.39
19 283.6 301.2 2 283.6 R.186 33.39 38.58
20 283.1 304.1 2 283.1 5.222 36.23 45.45
21 | 246.7 | 283.7 304.7 3 246.7 1.934 6.391 334 44.73
22 235.7 | 2856 307.1 3 235.7 { 7.637 6.515 30.51 44.66
23 | 2345 285 307.6 2 2343 | 2764 4128 28.25 35.15
24 1 2345 1 2844 308.4 3 2345 | 51312 3.581 28.32 37.41
25 236 { 2835 307.8 3 236 12.4 3.276 29,49 45.17
26 238 308.9 2 238 | 8.677 29.43 38.11
27 282.6 305.1 2 282.6 7.125 35.55 43.68
28 | 2375 310.3 2 2375 {1 7.118 35.27 42.3%
29 282.4 306.4 2 282.4 14.67 41.67 55.74
30 283.2 306.9 2 283.2 3.007 39.59 47.6
310 2387 | 2843 308.8 3 238.7 { 6.876 7.623 37.01 51.51
32 | 2361 284.7 309.6 3 236.1 1.474 3.457 35.67 4051
33 | 2347 { 2835 310 § 325.7 4 234.7 | 2.442 2.973 35.19 30.83 { 71.54
34 1 2352 | 285.1 308.5 3 235.2 1 5714 241 34.6 42.72
35 | 2359 310.6 2 2355 § 6.039 35.12 42.16
36 282 367.4 2 282 10.9 43.74 54.54
37 | 2362 311.6 2 236.2 | 5.573 43.19 48.76
3% 281.6 308.3 2 281.6 8.623 45,82 54.44
39 282.8 308.9 2 282.8 3.504 45.57 438.47
40 | 2406 | 283.6 310.6 3 2406 1 1.943 4.715 41.61 48.27
41 | 2358 { 2836 311.1 3 235.8 | 2.745 4.224 42.51 49.48
4 235.2 | 2845 311.4 3 235.2 1.539 2.847 42.76 47.15
43 | 2354 310.5 2 235.4 2.96 4426 47.22
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Run Fusio Fusio Fusio Fusio Fusio | #fusio min OH DH OH DH OH Total
# n 4 n 4 05 n § n_7 n fusion | fusion FUSIO | fusion | fusion | Fusion | fusion
1 NG g & 7 DR
44 | 2366 311.7 2 2366 1 4.291 47.38 51.77
45 281.2 310.3 2 281.2 3.323 52.98 56.3
46 | 235.9 312.5 2 2359 | 3112 55.71 58.82
47 287.7 311.9 2 287.7 4.553 55.73 61.28
48 285.2 312 2 285.2 1.055 57.61 58.57
49 | 2418 | 2833 312.4 3 241.9 | 0.503 3.249 60.12 63.87
50 315.8 1 315.8 70.48 70.48
51 | 22985 313.9 2 2285 § (.395 60.32 60.71
52 234 312.5 2 234 [y
53 | 2338 313 2 233.8 | 2.907 59.865 £2.56
54 313.8 1 313.8 70.19 70.19
55 | 237.6 296.9 2 237.6 14.5 11.91 26.41
55 315.1 1 315.1 73.27 73.27
57 | 2483 2 248.3 | 0986 23.66 24.63
SR | 2347 p3 19.64 4.945 19.64 24.59
59 | 2494 2 2494 § 1.558 24.35 25.91
50 243 2 243 1.409 24.35 25.75
61 | 2331 2 233.1 3022 20.73 23.75
G2 | 2313 2 2313 1 4113 15.34 19.45
53 232 2 232 5.533 17.93 23.46
54 2511 292.5 2 251.1 32.84 32.84
63 | 236.1 287 2 236.1 | 9.077 £.75 15.83
GE | 2408 | 2833 2 240.9 1 0.728 24.55 25.28
57 | 232.3 285 2 232.8 | 4.2385 21.44 25.68
58 | 2451 291.9 2 2451 | (491 28.58 28.07
69 | 238.7 252.5 2 236.7 | 9.148 8.945 18.08
70 | 2411 | 286.5 254.1 3 2411 | 2.332 7.634 14 24.06
71 2881 286.5 3 2327 1116 7.56 4 37.66
72 288.1 297.1 3 233.2 § 5993 16.82 .34 28.16
73 297.9 2 233.7 | 6124 18.78 24.3
74 288.7 1 3015 3 248.8 5.42 2.715 11.95 24.09
75 286.5 2 254.5 | 8.373 32.49 40.86
75 299.7 2 234.7 12.19 16.59 28.78
77 297.3 2 252.1 35 35
78 303.4 2 233.7 10.84 18.58 29.42
79 281.8 300.2 2 281.8 0.761 332,24 34.3
80 | 245.2 | 2848 300.2 3 245.2 18.48 13.43
81 233 286 302.6 3 233 | 4.751 2.478 26.51 38.74
82 | 232.8 { 285.8 303.6 3 232.8 | 5.552 25.58 7.563 38.7
83 | 2335 { 2853 304.2 2257 4 2335 1 7.298 6.557 2514 30.83 | 69.93
84 | 233.9 291 306 | 325.7 4 233.9 | 8.09%4 3.04 | 22.41 30.83 | 65.47
85 | 2335 306.2 2 2335 { 7.718 26.88 34.5
86 2812 301.9 2 281.2 1.202 35.03 37.23
R7 | 2357 307.6 p3 236.7 | 4.827 30.5 35.33
88 281.6 302.7 2 281.6 4
89 281.6 362.7 2 281.6 1.01 35.84 37.85
90 285 304.7 2 285 10.78 40.27 51.05
91 | 234.6 286 304.5 3 234.6 4.71 6.45 3282 46.98
92 233 | 285.8 305.2 3 233 | 5.721 31.87 8.326 45.92
93 | 233.6 | 285.6 305.9 3 233.6 | 4.633 5.257 31.561 42.5
94 | 258.8 312.4 | 325.7 3 2588 | 6177 4.744 30.3 § 41.85
95 | 232.8 307.6 | 3257 3 232.9 1 6001 33.15 3083 1 70.08
ER) 304 1 304 47.43 47.41

2
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Run Fusio Fusio Fusio Fusio Fusio | #fusio min OH DH OH DH OH Total
# n 4 n 4 05 n § n_7 n fusion | fusion FUSIO | fusion | fusion | Fusion | fusion
1 NG g ] 7 BH
a7 233.8 308.2 2 233.8 3.902 38.78 42.58
28 2243 304.4 Z 284.3 50.38 50.38
99 284.3 304.7 2 284.9 7.247 39.78 47.03
100 239.6 786.3 306.3 3 235.6 3.047 5.435 39.72 52.2
101 2355 292.3 306.7 3 235.5 1.581 38.1 7.819 47.57
102 233.6 7911 307.4 3 2336 5.371 5.855 38 50.27
103 235.5 308.2 2 235.5 4.801 A40.45 45.25
104 2295 307.7 2 225.5 5.141 37.2 42.34
105 232.3 307.9 2 232.3 2522 41.81 44.33
106 306.3 1 306.3 56.82 56.82
107 229.4 308.4 325.7 3 229.4 2.492 44,91 30.83 78.33
108 233.4 308.8 2 233.4 3.599 52 55.6
109 308 1 308 57.31 57.31
110 307.9 2 285.8 7.217 55.6 52.82
111 245.5 305.4 3 246.5 2.445 £.696 57.5 68.64
112 238.3 309.6 2 238.3 0.557 58.42 58.58
113 236.2 309.6 2 236.2 1.549 59.04 50.58
114 222.8 311.9 2 222.8 2.217 55.21 57.43
115 2331 305.4 325.7 3 2331 2.185 54.17 30.83 87.21
1186 308.8 1 308.8 58.19 58.19
117 2258 309.9 2 225.8 .53 58.565 51.18
118 310.7 1 310.7 54.22 54.22
119 311.2 i 313.2 64,61 64.61
Table 5
2 melt DSC data
Run 2nd 2nd 2nd 2nd 2nd 2ned #2nd min DH DR DH DH DR DH Total
# malt melt melt malt 4 el Malt meit 2nd ind IND 2N0 2ND 2nd 2nd ind
1 2 3 & 7 meft melil MELT | MELT3 | MELT Melt Melt7 DH
2 4 &
1 305.1 1 305.1 13.82 13.82
2 330.4 1 230.4 25.90 25.90
3 273.2 309.1 2 273.2 £.40 21.17 27.57
4 253.7 30362 2 253.7 10.75 15.85 26.60
5 252.9 305.4 2 252.9 7.02 15.23 22.25
6 2847 203.0 2 2847 3.99 2.59 13.58
7 254.8 307.5 2 254.8 8.40 4.34 12.74
3 257.5 1 257.5 1418 1418
3 298.7 3i4.6 2 2838.7 17.89 20.46 28.35
10 256.2 322.1 327.4 3 256.2 17.09 5.2 3.66 25.96
11 287.7 31890 2 297.7 14.87 24.26 39.23
12 258.4 324.2 3276 3 258.4 1212 7.50 5.61 2523
13 299.7 318.2 2 28%.7 11.67 2112 2279
14 255.3 300.7 321.3 3 255.3 2.53 6.72 17 87 2742
15 255.4 3011 3220 3 255.4 5.37 6.12 16.97 28.46
16 252.9 300.7 3210 3 252.9 451 2.22 15.26 2238
7 255.3 2598.2 3234 3 255.3 24.86 2,35 14.72 41.93
18 2851 328.0 2 285.1 10.49 17.28 2777
19 298.4 320.8 2 298.4 9.31 29.42 38.73
20 797.6 323.0 2 287.6 13.85 35.74 49,63
23 259%.3 3235 2 285.3 12.37 32.83 45.00
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Run nd 2nd ng ind 2nd ng #nd min DH Ot D DH O OH Total
# malt melt melt melt 4 Melt_ Malt melt 2nd 2Ind IND 2ND ZND 2nd Znd 2Ind
1 2 3 & 7 melt meltl MELT MELT3 MELT Melt Melt? OH
2 4 [

22 | 2800 300.8 326.0 3 260.0 2.19 3.63 30,79 32.83
23 | 25586 301.1 326.6 3 | 25586 4.81 5.90 28.35 38.26
24 258.7 3011 3267 3 258.7 3.45 3.61 27.53 3459
25 | 254.8 325.8 2 | 254.8 5.78 2957 35.35
26 2561 328.8 24 2561 6.57 28.08 34,59
27 297.6 323.9 24 2676 3.64 37.24 45,28
28 | 254.1 3287 2 1 2541 §.67 32.10 40,77
29 297.4 324.3 2} 297.4 £.95 38.49 45.44
30 295.2 2 1 2932 8.98 38.41 47.37
21 | 2605 400.8 4 1 2605 1.83 8.4% 3698 47.21
32 258.0 300.7 3 258.0 3.85 450 35.10 43.45
33 | 2589 300.7 31 2589 252 34,15 39.78
34 | 7585 2 | 2565 3.63 3431 37.24
35 1 2846 242846 4.53 33.78 38.32
26 297.3 2 1 2973 8.79 43.01 51.80
37 | 2543 2 1 2543 EEE] A0.62 44,61
38 2985.8 2 1 2968 §.01 45,37 53.38
39 2987 325.5 24 2987 5,25 44,77 50.02
40 300.8 3285 2 1 360.8 7.34 41.01 48.35
41 | 268.4 301.0 328.8 31 2684 5.48 42,27 4932
42 | 2584 305.4 3 | 2584 1.43 2.91 41.33 45.68
43 | 2561 242861 6.15 42.87 43,02
44 254.7 2 254.7 4,12 4443 48.55
45 2965 21 2955 3.07 51.85 3432
46 | 2542 2§ 2542 2.82 51.53 S4.75
47 2771 2 2771 2.8 38.49 31.30
48 300.7 2 1 3007 4.43 57.35 61.84
33 1 325.4 64.73 H4.73
50 1 63.35 89.35
51 269.4 2 58 .87 &03.37
52 | 2554 328.3 2 56.75 63.62
S3 § 25198 3297 2 58.34 £1.81
54 328.4 1 63.34 58.34
55 258.3 320.5 3255 3 13.97 4.10 6,28 24.35
56 322.9 1 70.83 70.83
s7 316.3 1 27.05 27.05
58 273.5 305.7 2 3.43 20,75 2438
59 3107 1 3307 29.65 28.85
80 14 3106 27.7 27.71
[ 204 2712 2.56 2323 25,79
52 21 2723 4.77 19,60 2437
53 2748 2 274.8 3.2 19.52 23.54
84 2934.3 314.2 2 32.58
65 | 2484 324.1 2 1 2384 14.565 2139
56 31358 1

57 271.2 311.3 2 2.07 24.53
88 315.8 B 2032 20.92
&89 | 2514 325.1 2 Q.57 2.12 11.79
70 | 262.2 302.5 417.1 3 6.36 30.24 49.52
71 | 2549 304.9 3 3.03 7.44 17.85 28.32
741 2840 204.9 £ 773 6.2 16.75 30.80
73 | 254.6 305.5 3 10.71 4.47 14.58 29.76
74 | 254.8 2 13.57 64.85 76.22
75 1 28.74 28.74
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Run nd 2nd ng ind 2nd ng #nd min DH Ot D DH O OH Total
# malt melt melt melt 4 Melt_ Malt melt 2nd 2Ind IND 2ND ZND 2nd Znd 2Ind
1 2 3 & 7 melt meltl MELT MELT3 MELT Melt Melt? OH
2 4 [
76 | 2476 322.3 212476 10.68 14.834
77 3187 143187 25.07
78 | 248.0 3243 2 1 2480 942 17.34
73 321.2 14 3212 30.43
80 303.2 3219 2 13,2 14.80 | 43.45 58.25
81 { 2549 303.4 323.1 3 1 2543 4.88 10.15 26.31 41,14
82 | 254.7 303.7 323.2 31 547 3.66 7.48 25.22 16,36
83 | 255.8 305.3 323.% 3 3.25 5.32 2461 33.18
&4 | 7546 305.8 325.3 3 15.81 433 33.58 53.52
85 | 2800 3253 2 6.26 3 28.45
26 3165 1 34.27 14,27
87 | 2482 326.5 2 6.33 30.14 36.47
a8 326.2 1 4213 42.13
39 323.3 1 1438 34.98
El 303.5 2 9.60 39.89 49.49
91 | 2634 304.0 3 1.46 9.18 32.87 4351
92 | 257.8 305.8 3 1.43 6.28 31.63 39.32
3 | 2860 207.2 ER s 2.40 4.65 11,35 38.40
94 | 255.2 320.1 2 1 2552 7.35 14.58 21.53
S5 § 2510 3246.7 2 4 25010 5.47 27.54 313,01
96 324.5 14 3245 40.07 46.07
a7 245.3 325.7 2 245.3 6.71 37.66 34,27
38 302.1 325.1 21 3621 52.52 52.52
93 304.5 325.1 2 1 30358 14.30 33.87 34,67
100 | 2657 307.6 3254 31 2657 5.13 9.10 38.73 52.97
103 | 2558 305.1 325.5 312858 5.49 6.31 3905 S0.65
102 | 2580 306.3 325.8 3 1 2580 1.06 3.83 37.65 42.54
303 | 257.7 3201 2 1 2577 2.78 14.58 17.36
104 | 2488 325.8 2 | 2488 474 20.73 45.47
105 Z48.3 326.4 2 Z48.3 3.86 4224 35.90
106 326.4 14 3264 58.08 58.68
207 244.7 3258 2 244.7 261 34,98 47.59
108 | 253.1 326.1 2 | 2531 2.88 49.50 52.38
109 325.3 1 £3.43 63.49
110 327.3 1 58.55 58.55
311 | 2638 3176 1 3267 3 3.86 18,37 36.36 £3.53
112 318.8 | 327.2 2 11,29 43.67 54.36
113 | 2613 3182 | 3274 3 1.8 13.31 42,64 57.76
114§ 250.7 3121 1 3201 3 1 2507 2.01 10.54 14,58 27.43
315 | 2530 326.5 2 1 2580 2.06 52.51 5457
116 327.1 143271 53.41 53.41
117 326.9 k] 126.9 40,61 30.51
118 328.7 1 325, 7 37.66 37.86
119 327.8 i 3278 64,65 54.55

HHERY Within Tables 4 and 5, the numerical identifiers ((.e., the "1™ in "2nd melt 17
and "DH Znd meltl") indicate the peak numbers 1o the DSC traces from the lowest to the
highest melt temperatures. The data in Tables 4 and 5 reveal that in the case of many of the
3-component blends, after first melting many of the components virtually lose their thermal

signature and, in particular, the low melt points associated with FEP are virtually lost for
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many of the blends shown. This behavior is rourrored for the remelt peaks shown in Table 5
where several blends lose their FEP signature, for example, Runs 49-50.

[60186] 1t is thought that the thermal data exhibited by the blends is indicative of
extensive and mtimate mixing of the various components leading to the formation of a type
of tluoropolymer alloy, These formulations are also associated with an unparalicled
combination of gloss, water contact angle, and hardness, which is illustrated by the
Normalized data of Table 2.

{B0187] In this connection, the data of Table 2 above show that many of the blends are
generally associated with the higher values of the compaosite variables including Norm (CA,
Gloss, Hard} and Norm (Remelt, CA, Gloss, Hard). In particular Run 21 has an excelient
combination of propertics with increased hardness yet no perceptible FEP signature and
hence a high remelt temperature. These formulations will imbue coating systems employing
them with desirable properties based on these characteristics, as demonstrated by other
Examples herein

{B018E] The data are also summarized in Figs 19-30. Figure 19 llustrates the
construction of Figs 20-30, they are essentially two ternary mixture plots conjoined along the
PFA: FEP axis (Y-axis). The origin represents 100% PFA (TE7224) negative values on the
X-axis represent increasing weight fractions of TE3887N (LPTFE) whereas positive values
on the X-axis represent increasing weight fractions of SEN-D (LPTFE). 160% FEP
represented by the coordinate (0, 1) is 100% TE9568. As might be anticipated Figs 20-30
often show symmeetry about the Y-axis but this is not absolute, reflecting the effect of
different LPTFEs on the precise compositions for desirable properties. The findings of Figs
20-30 are now discussed in more detail.

[60189] Fig 20 shows coating gloss as a fumction of composition, there are 3 main
regions of composition for enhanced gloss: A} 50- 85% FEP, 1-40% LPTFE and 15-50%
PFA; B) 5-40% FEP, 30-55% LPTFE and 40-95% PFA; and C) 5-40% FEP, 1-40% LPTFE
and 1-40% PFA.

[80190] Fig 21 shows coating contact angle with water as a function of composition.
The main region of composition for enhanced contact angle s 1-40% FEP, 30-100% LPTFE
and 0-60% PFA.

(601911 Fig 22 shows coating pencil hardness as a function of composition. The main
region of composition for enhanced pencil hardness is 10- 90% FEP, 1-80% LPTFE and 1-

50% PFA.



WO 2011/075351 PCT/US2010/059368

180192] Fig 23 and Fig 24 are the normalized plot for the mean of contact angle, gloss
pencil hardness and minimum remelt temperature they are calculated as follows:

GLOSS = measured gloss,

NORM GLOSS = normalized gloss, calculated as: [Gloss - Mimimum
{Glossy] /{Maximmum (Gloss) - Minimum (Gloss}j;

CONTACT ANGLE (CA) = contact angle in water

NORM CA =normalized contact angle, calculated as: [Contact Augle
- Minimur (Contact Angle)]/ [Maximum (Contact Angle) - Minimum (Contact Anglel;

PENCIL = pencil test measurement, per Section VI

NORM PENCIL = normalized pencil test measurement, calculated as:
[PENCIL - Minimum (PENCH. )] /{Maximum (PENCIL) - Minimum (PENCIL);

NORM mm romelt = nommalized "min remelt”, caleulated as: [min
remelt - Minimum (min remelt}] /[ Maximum (min remelt) - Minimum (min remeli}], wherein
"min remelt” is the temperature of the lowest remelt peak for a given sample;

Norm {CA, Gloss, Hard) = the mean of (NORM CA, NORM PENCIL,
and NORM GLOSS); and

MNorm {Remelt, CA, Gloss, Hard) = the mean of (NORM CA, NORM
PENCIL, NORM GLOSS, and NORM min remelt).

[60193] Fig 23 shows desirable regions of higher normalized (CA, Gloss, Hardness) in
3 regions of composition: A} 10-40% LPTFE, 50-70% FEP and 30-50% PFA; B) 5-40%
LPTFE, 20-40% FEP and 60-85% PFA; C)20-80% LPTFE, 5-35% FEP and 60-985% PFA.
Fig 24 shows desirable regions of higher normalized (CA, Gloss, Hardness, Mininmum
Remelt femperature) at (-80% LPTFE, 5-30% FEP and 70-95% PFA.

(60194 Figs 25a, 25b, and 25¢ show the number of DSC pealkes observed during First
Melt, Fusion and Second Melt, respectively. It can be seen the numbers of BSC peaks
observed decreases with cach melting of the polymer blend this is indicative of reduction in
the numbers of phascs present and the presence of mixed phases, i.¢., alloying.

[80195] Figs 26 is the difference between the total fusion enthalpy and the total first
melt enthalpy and Fig 27 shows the difference between the total remelt enthalpy and the first
melt enthalpy in J/g. These plots both show regions where total crystallinity of the sample
increased after melting (where values are positive). Regions of greatest increase often being
associated with a reduction in the number of melt peaks; a further indication of the

development of new more crystalline phases associated with the intimate muxing of the
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component fluoropolyruers. These higher crystalline phases are in regions broadly
corresponding to those associated with the enhanced normalized properties as exhibited in
Figs 23-24, ie, 10-85% LPTFE, 5-30% FEP and 70-95% PFA. Fig 28 is the mintmum first
melt temperature, Fig 29 1s the mininuim fusion temperature and Fig 30 is the minimum
remelt temperature, Simple comparison of Figs, 28-30 reveals that the mimimum melt
temperature generally increases on further melting. In particular the generally lower FEP
melt peak becomes less evident and in fact absent in yuany cases. The regions associated

with these runs are also generally i accord with the regions of enhanced properties discussed

above.
Table 6
Summary of Selected 3-Component (2 MPF and LPTFE) Formulations
with Desirable Propertics
Rup | FEP | PFA | LPTFE | GLOSS | Contact | Pencil | CA,GLOSS,HARD | remeit C&, Gloss, hard 1st min
# Angle medt 1 2nd
meit
21 012 | 048 04| 648 133.79 3 0.8231 0.7746 | 260.1 2993
4G {016 | 0.24 0.6 42 | 135.117 5 0.7578 0.759% | 259.4 | 300.79
311 02| 03 51 507 | 133.207 5 0.8175 0.6526 | 258.46 | 260.46
13 | 0.16 | 0.54 02| 411 124387 5 0.634 0.634 | 257.94 | 299.73
22 1024 | 036 04| 606 | 131.617 3 0.7656 0.6182 | 259.43 | 259.96
221 03| 03 041 667 12912 3 07613 06024 | 261.16 | 25557
17 1 664 | 0.16 0.2 89 | 12242 5 0.7538 05958
201 012 | 0.48 041 507 | 131.993 -1 0.5485 015799
30 il 04 05| 568 | 134.967 -3 01.546 015665
720 04 04 0.2 1 633 | 124437 4 0.7111 0.5602
[80196] From Table 6 we can conchide that selected 3-Component (ZMPF, 1LPTFE)

systems have between 10-64% FEP, 16-64% PFA and 20-60% LPTFE. In particular between
12-24% FEP, 24-64% PFA and 20-60% LPTFE. And most particularly between 12-16%
FEP, 24-48% PFA and 40-60% LPTFE.

1601971 Formulation 21 is particularly remarkable as, it has a miniroum rerocht
temperature of 299.3°C though it contains 12% FEP, the FEP melt peak has disappeared
indicating that it is now contained in a mixed phase or alloy, note its first melt temperatare
was 260.16°C. Formulation 21 is also hard with a very high contact angle in water as well as

being very glossy
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Example 2

Second Embeodiment

Fluoropolvmer blends with multinle MPFs (HPTFE/ALPTFE/MPFUMPI DY

Basic and thermal properties

[60198] As detined in this Example, a "4-component” blend contains all of the
following components as described above: at least one HPTFE, at least one LPTFE, and at
least two chemically different MPFs. In this Example, the two MPFs emploved are FEP and
PFA. The blends m this Exaraple were made by mixing aqueous dispersions of the
components, and the resulting blends were then drawn down as films for gloss, contact angle,
and pencil test characterization and, for the thermal analysis, were coagulated and dried for
DSC measurement, as discussed in Section VII above.
180199] Panels were prepared for gloss, contact angle and pencil hardness testing as
follows. In Mix A and Mix B, the value for deionized water {DIW} appears more than once
as such may originate from more than one of the compouent in the mixtures.
i. Make liquid blend of MPF, LPTFE, and HPTFE 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. For PFA use Mix B (below) without PFA. Multiply the amount created in step |
by 2/3.
4. For FEP use Mix A {(below) without FEP. Multiply the amount created in step |
by 0.70.

L

Blend the mix gently to avoid air bubbles.

6. Using a pipet apply a small amount to an aluminum degreased panch

-

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

8. Flash the pancl for approximately S-10 minutes at 200°F.

9. Move the panel to 400°F and flash an additional 3-5 mimutes.

10, Cure the panel for 10 minutes at 750°F,

Mix A
Component Weisht %
DIW 63.15
PE 1450 DIW Solution 18.15
Tricthanolamine 4.0
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Component Weisht %
Silwet L-77 2.85
Aromatic 100 3.75
DIW 8.10
Carbopol EP-1 3.00

Mix B

Component Weisht %
PE 1450 DIW Solution 2925
DIW 52.00
Surfynol 440 4.50

10% FC-4430 im DIW 6.95
Morpholine 0.40
ASESD 6.90

Table 7 below is a summary of the blends examined in this Example, wherein

nir

the column "#data” is the number of repeats for the runs, hence all the data are averages of

these repeated tuns. Four runs were made of 4 component blends, i.¢. Runs

lsls s R
22,73,

30 and 31

respectively. In Table 7, "Total MPF" designates the total amount of MPF, which was FEP,

PFA, or a combination of the foregoing, wherein the FEP used was TE 9568 FEP (85.6%

solids), available from DuPont and the PFA used was TE 7724 PFA (58.6 % solids), cach

described above in Section [V, "Total LPTFE" designates the total aroount of LPTFE,

wherein the LPTFE's used were SFN-D, available from Chenguang R LC.1, Chengdu, 610036

P.R. China and TE3887N, available from DuPont, each described above in Section I

"HPTFE" designates the HPTFE used, which was D310, available from Daikin.

Table 7

Fluoropolvimer Blends

Run# | #Data | Total Total LPTFE LPTEFE FEP PFA | HPTFE
MPF | LPTFE | (SFN-D) | (TE3887TN) {(TE {TE {D316)
9368) 7724}
i ) 0.8 0.2 Y 6.2 0.4 0.4 O
2 6 {.8 0.2 3.2 ¢ 0.4 .4 O
3 12 0.6 0.4 .2 0.2 0.3 0.3 0
4 ) 0.6 0.4 0 0.4 0.3 0.3 0
5 6 0.6 0.4 .4 0 0.3 0.3 0
) ) 0.5 0.5 Y 6.5 (.25 G.25 O
7 6 {.5 0.5 0.5 ¢ 0.25 0,25 O
8 {0 0.4 0.6 .3 0.3 0.2 0.2 0
9 ) 0.4 0.6 0 0.6 0.2 0.2 O
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Run # | # Data | Total Taotal LPTFE LPTFE FEFP PFA | HPTFE
MPF | LPTFE | (SKFN-D) | (TE3887M) {TE {TE (D31
9568} | 7724}
10 6 0.4 0.6 0.6 ¢ 8.2 0.2 O
1 6 8.2 8.8 { 8.8 0.1 8.1 0
12 ) 0.2 0.8 0.8 U 0.1 0.1 0
13 28 0 1 0 i 0 0 Y
14 9 0 1 {.5 8.5 ¢ 0 0
{5 12 { i H 0 0 { 0
16 8 0 0.8 { 0.8 U 0 0.2
17 ) 0 0.8 0.8 0 0 0 0.2
18 g {.6 0 0 0 0.3 {.3 0.4
19 9 Y 8.6 { 0.6 0 Y 6.4
20 9 { 0.6 0.3 0.3 0 { 0.4
2% G 0 0.6 0.6 0 0 0 0.4
22 9 (.36 0.24 0,12 0.12 (.18 (.18 0.4
23 i1 .24 $5.36 .18 0,18 .12 612 0.4
24 6 Y 8.5 { 8.5 0 Y .5
25 ) { 0.5 0.5 U 0 { 0.5
26 17 {J 0.4 0.2 0.2 0 0 0.6
27 O 0 0.4 (.4 0 0 0 8.6
28 3 { 0.4 Y 0.4 0 { 0.6
29 6 (.4 0 { 0 0.2 g.2 0.6
3 9 (.24 0.16 (.08 0.08 0.12 0.12 0.6
31 g 8.16 (.24 .12 0,12 0.08 .08 0.6
32 6 Y G.2 0.2 0 0 Y 0.8
33 4 { 0.2 0 0.2 0 { 0.8
34 10 0 Y 0 0 0 0 1
35 24 H 0 0 O i 0 0
36 61 i O 0 ¢ 8.5 0.5 O
7 i8 i 0 0 0 0 0
38 3 8,33 .27 0 0.27 0 8,33 0.4
39 3 (.3 0.3 0 0.3 0.3 { 0.4
40 3 (.3 0.3 0.3 ¢ 0.3 { 0.4
41 g {.6 0 0 ¢ 0.3 {.3 0.4
(00261 ] Observed data is set forth in Table 8 below, wherein:

GLOSS = measured gloss, per Section VII above;

NORM GLOSS = normalized gloss, calculated as: [Gloss - Mininwur
{Glossy] /{Maximmum (Gloss) - Minimum (Gloss}j;

CONTACT ANGLE (CA) = contact angle, per Section VI above;

NORM CA =normalized contaet angle, calculated as: [Countact Angle

- Minimum (Contact Angle)]/ [Maximum (Contact Angle} - Minimum (Contact Anglel;



WO 2011/075351 PCT/US2010/059368

PENCH. = pencil test measurement, per Section VH above, where the
value in Table 7 below is the mean of the number of measured results, as indicated by "#
Data" in Table 6 above;

NORM PENCIL = normalized pencil test measurement, calculated as:
[PENCIL - Minimum (PENCIL}Y] /{Maxinmum (PENCIL)Y - Minimum (PENCIL);

NORM min remelt = normalized "min remelt”, calculated as: [min
remelt - Minimum (min remelt}] /{Maximum (min remelt) - Mmnimum (min remeli}], wherein
"roin remelt” 15 the temperature of the lowest remelt peak for a given saraple;

MNorm {CA, (Gloss, Hard) = the mean of (NORM CA, NORM PENCIL,
and NORM GLOSS)Y: and

Norm (Remelt, CA, Gloss, Hard} = the mean of (NORM CA, NORM
PENCIL, NORM GLOSS, and NORM min remelt).

Table 8

Observed data

Run # GLOSS NORM Contact NORM PENCIL NORM noerm Norm Norm
GLGSS Angle CA PENCIL min (CA, {Remelt,
{CA} resmiedt Gloss, A,
Hard) Gloss,
Harg)
i 37.8 0.46 {23.89 .38 5.0 1,00 012 .61 (.49
2 63.3 0.88 124.44 (.40 4.0 0.88 0.11 0.72 0.57
3 54.2 0.73 131.65 .67 3.3 0.7% 0.22 0.73 .60
4 66.7 0.94 {2912 0.58 3.0 0.75 0.13 0.75 .60
] 359 042 130.87 (.64 1.0 0.50 G612 .52 (.42
) 41.% 0.52 132.58% 0.71 £.0 0.50 0.15 0.58 .47
7 27.5 {3.2¢ 132.48 8.70 -1.0 0.25 (.15 0.41 .35
8 38.7 0.47 {35.20 (.80 -1.6 0,18 011 .48 (.39
9 30.5 0.33 134.65 (.78 -3.0 (.00 0.25 (.37 0.34
10 210 0.18 132.82 0.71 ~2.0 0.13 0.13 0.34 .29
i 12.8 0.04 137.33 (.88 -3.0 0.00 1.00 0.31 (.48
i2 18.9 0.14 132,98 (.72 -3 0.00 0.85 .29 (.43
13 22.9 0.21 133.29 0.73 -3.0 0.00 0.98 0.31 0.42
14 i1.2 (.01 137.48 (.89 -3.0 (.00 (.97 0.30 8.36
{5 30.0 0.33 {3425 J7 -2.0 0,13 0.96 .41 (.54
i6 45.8 0.59 132.35 (.70 -3.0 (.00 0.99 (.43 0.57
17 29.7 0.32 136.03 {.83 3.0 (.00 0.97 0.38 .53
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Run # GLOSS NORM Contact NORM PENCIL NORM norm Norm Nerm
GLOSS | Angle CA PENCIL min (€A, | (Remett,
{CA) vemelt Gloss, CA,
Hard) Gloss,
Hard)
i8 532 0.71 120.83 27 5.0 1.00 0.16 0.66 0.53
19 52.0 0.64 132.03 (.68 -3.0 (.60 0.99 (.46 .59
2 48.4 0,63 13548 .81 -3.0 0.00 0.99 045 .61
21 54.3 6.73 13471 (.78 -3.0 0.00 (.97 0.50 (.62
2 48.4 0.63 138.65 (.93 2.7 6.71 0.95 (.76 (.81
23 44.9 0.57 139.02 .95 4.4 0.92 0.73 (.81 0.79
24 48.2 0.63 13212 .69 3.0 (.00 .98 0.44 0.57
25 44.0 0.56 131,95 (.68 -3.0 0.00 0.9% 0.41 §.55
26 54.5 0.73 133.43 0.74 0.1 (.38 0.98 (.62 0.71
27 50.1 0.66 132.62 .71 -3.0 0.00 0.97 0.46 .58
28 47.8 0.62 131.60 0.67 -3.0 0.00 (.95 0.43 0.57
29 56.8 077 {20.40 0.25 4.5 0.94 37 .65 (.58
30 517 0.66 134,05 .76 3.0 0.75 0.40 0.73 .65
31 551 0.74 136.39 .85 4.0 (.88 0.95 0.82 .85
32 52.7 0.70 {3111 0.65 -3.0 0.00 0.96 0.45 0.58
33 513 (.68 128.86 (.57 -3.0 0.00 0.97 3.42 (.55
34 56.5 0.77 125.64 .45 -2.0 0.13 0.93 045 .50
35 68.7 (.97 118.63 g.19 5.0 1.00 0.15 0.72 .58
36 5318 0.69 1§6.23 .10 37 0,83 0.10 .54 (.46
37 50.2 0.66 {22.81 (.34 0.0 0.38 0.70 0.46 0.52
38 59.4 (.81 130.94 (.64 -3.0 0.00 (.66 0.49 (.53
39 572 $5.78 134,32 0.77 0.0 (.38 0.14 0.64 .52
40 S&.8 0.80 135.93 .83 0.0 .38 0.26 8.67 .57
41 53.2 0.71 12083 .27 5.0 1.00 0.16 0.66 .53
(602021 From the data presented in Table & it can be seen that the 4-component blends

have generally better properties than the other blends, such as higher gloss, contact angle, and
greater pencil hardness.
[00203] Thermal data is summarized in Tables 9, 10, and 11 below for 1st Meli,

Fusion and 2nd Melt {remelt) respectively.
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Run #

15¢ meltl

ist Melt3

15t meltd

ist melts

ist melto

ist melt7

mafim st
el

260.8

322.0

260.0

3213

2395

a3 P02 R
IO IS SN OS]

] i’
2 317
3 313,
4 2612 3137 . 32 261.2
5 2595 3125 3243 3257 259.5
6 261.0 3139 3284 261.0
7 260.1 3128 3259 260.1
8 2595 3133 327.0 259.5
9 259.1 314.2 3287 2591
10 260.2 3128 325.7 260.2
i1 . . 3282 3292
12 260.6 313.0 326.0 260.6
13 327.6 3276
4 327.2 327.2
15 3255 . 325.5
16 3274 3333 3274
17 3253 338.2 253

ot
o

2
N
NN
N

3211

337.8

19

3353

20

336.1

21

334.5

@)
“
N

38.9

336.7

2 326.¢ 2591
24 327.2 3359 3272
25 3234 3369 325.4
25 326.5 338.0 326.5
27 3252 3379 3252
28 . . 326.8 336.8 326.8
29 2595 313.1 3210 . 339.4 259.5
30 260.1 313.5 326.7 3394 260.1
31 260.4 3138 326.2 3389 260.4
32 323.9 3394 3259
33 326.2 338.3 3262
34 . 327.6 338.8 332.1
35 2574 2574

50




WO 2011/075351 PCT/US2010/059368
Run # It meltd | Ist Meltd | Ist meltd | Ist meltS | Ist meli6 | 1st melt7 | min Ist
melt
36 259.2 312.6 3285 25972
37 313.4 . . 313.4
38 . 314.0 327.7 3378 314.0
38 259.3 . 327.4 337.2 259.3
40 259.4 . . 325.2 326.0 3371 259.4
41 259.6 312.9 3251 337.8 259.6
Rumn # DI ist DFE Ist DFE Ist DFE Ist DFE Ist D Ist | Total Ist
melt 1 Melt 3 Melt 4 Melt 8 Melt 6 Melt 7 DH
i 11.23 14.96 1.57 11.55 3931
2 8.97 16.84 2.29 %.18 36.27
3 7.8 15.54 . 22.72
4 6.71 11.33 . 24.89 42.93
5 4.96 14.05 10.52 Q.89 39.42
6 2,74 G.44 31.34 43,51
7 3.72 12.53 26.26 42.51
3 4,84 12.63 17.47
9 1.63 8,04 36.92 46,58
10 8.79 13.97 32.12 54,88
i1 . . 64.48 64.48
12 .49 10.50 44,50 56,49
13 64,19 41.27
14
18 . .
16 45,23 19.52 64.75
7 . . 10,33 10.33
18 3.86 13.47 1.46 . 27.42 46.21
19 47.10 25.79 72.89
24 38.67 22.18 52.86
21 . . . 25,77 25.77
22 5.48 9,80 42.93 58.31
23 257 7.48 24.30 . 34.35
24 4339 28.09 71.48
25 31.84 30,85 62.69
26 32.66 37.11 63.22
27 25.46 39,69 65.15
28 . . . 38.36 35.20 73.76
26 5.08 1077 1.86 41.18 58.93

51
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Run# | DHIst | DHIst | DHIst | DHIst | DHIst | DHIst | Total Ist
meft 1 Melt 3 Melt 4 Melt 5 Melt 6 Melt 7 DH
30 8.27 11.57 . . 39.8% 59.72
3 548 9.89 . . 42,93 58.31
32 12.65 41,25 53.90
33 . . . . 16.61 50.10 66.71
34 . . . . . 66.64 26.66
35 18,18 . . . . . 18,18
36 8,582 22.41 0.98 . . . 21.12
37 . 6.91 1.28 . . . 8.19
38 . 14,11 . . 18.90 22.51 55.52
39 6.31 . . . 30.07 25.59 61.97
44 2.82 . . 16,23 6.54 28.95 54.54
41 3.86 13.47 1.46 . . 27,472 46,21
160204} Table 9 shows the first melt temperature (°C) and heat of melting (AH Fg) for

the various blends of Table 7. Within Table 9, the numerical identifiers (i.e., the "1" in "DH
Ist melt 1"} indicate the peak numbers in the DSC traces from the lowest to the highest melt
ternperatures. 1t will be noticed that the various components exhibit their melt points in the
blends at temperatures typical for their chemistry, ie, FEP atca. 255-260°C, PFA atca. 312-

314°C, LPTFE at ca. 324-328°C, and HPTFE at ca. 330-340°C,

Table 10
Fusion peak DSC data

Ren# | Fusion | Fusion | Fusion | Fusion mein DH DH BH BH Total
1 4 5 & Fusion | Fusion | Fusion | Fusion | Fusion | Fusion

1 4 5 6 DH

1 2339 285.5 301.8 233.9 7.38 5.19 . 17.60 30.17
2 233.2 288.1 2971 233.2 5.99 {6.82 . 5.35 2816
3 232.9 285.2 305.53 232.9 347 6.69 . 28.42 38.54
4 2349 2830 . 307.6 2349 2.76 4.13 . 28.26 35.15
5 232.8 285.9 . 333.6 232.8 5.55 25.58 . 7.56 38.70
6 236.1 284.7 . 309.6 236.3 {47 3.47 . 35.67 40.61
7 2330 25858 . 305.2 233.0 5.72 31.87 . 8.33 45.92
8 236.1 284.6 . 3093 236.1 $5.62 4.69 . 275 48.06
9 2358 283.6 . 3111 235.8 2.75 422 . 42.51 49.48
i 2355 . 2623 306.7 2355 1.56 38.19 7.82 17.57
il . . 315.8 3158 . . . 73,48 70.48
12 238.3 . . 309.6 238.3 0.56 . . 58.42 58,98
13 . . . 315.1 3151 . . . 73.27 4710
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Run# § Fusion | Faosion | Fosion | Fusion min DH DH BH DH Total
i 4 g 4] Fusion | Fusion | Fusion | Fusion | Fusior | Fusion
1 4 5 6 3331
i4 314.6 314.6 69 54 2318
15 3142 3112 64.61 64.61
16 314.5 3i4.5 61.30 61.30
17 . 3154 3154 . . 8939 H8 39
12 2343 2913 303.1 2343 4.09 8.75 16.18 29.02
{9 314.9 314.9 64.29 64.29
20 315.1 3151 66,87 6(.87
21 3152 315.2 62.29 62.29
22 3117 3117 . 45.56 4556
23 2922 3114 292.2 4.82 39.06 43.88
24 314.9 314.9 6922 6922
25 314.6 314.6 54.55 4.55
26 314.5 314.5 52.11 52.11
27 3143 3143 5720 57.20
78 . . 314.6 314.6 . . 680,72 60.72
29 238.7 291.5 306.8 238.7 1.78 8.55 23,05 30.38
3G 241.5 2031 3099 241.5 (.79 6.68 33.29 37.76
31 3147 3117 45.56 45.56
32 313.0 313.0 44 .43 44 .43
33 313.6 313.6 7.63 47.63
34 3111 3111 . 33.02 i5.21
35 234.3 . 234.3 13.92 . 13.92
36 286.7 232.3 6,61 16,10 14,89
37 281.7 . 2817 1612 . 16.12
3R . 284.8 3099 284.8 . 8.60 32.45 41.05
39 232.4 313.5 232.4 7.47 46.94 54.41
49 2390 . 313.5 239.0 574 . 43.94 49.68
41 2343 2913 3033 234.3 4.00 8.73 16,18 29.02
Table 11
2™ melt DSC data
Run # 2nd Melt | 2nd Melt | Znd Melt | 2nd Melt Z2ond Melt | min 2ad

b

A

3

4

2nd Meit
&

Melt

{ 255.4 3011 322.0 255.4
2 254.0 3649 310z 254.0
3 263.8 302.3 3269 263.8
4 255.6 3011 326.6 255.6
3 2547 303.7 323.2 254.7
& 258.0 300.7 3272 258.0
7 257.8 3054 324.6 257.8
g 254.3 3021 3247 2543

(¥}
(8]
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RBun# | 2nd Melt | 2nd Melt | 2nd Melt | 2nd Melt | 2nd Melt | 2nd Melt | min 2ad

1 Z 3 4 6 7 Melt
o 266.4 361.0 328.4 266.4
10 2539 365.1 3255 2559
i1 . 3315 3315
12 3188 3272 3184
13 3209 328.9
i4 3293 3283
15 327.8 3278
16 130.2 330.2
17 . . 328.7 328.7
18 238.7 306.9 3208 258.7
19 330.4 330.4
20 336.3 3303
21 3292 3292
22 . 327.5 327.5
23 303.0 1283 308.0
24 3289 3289
28.6 28.6

25
26 3298 329.4
27 329.0 328.0
28 . . 330.0 330.0
29 276.7 3053 3232 276.7
30 2797 304.0 327 279.7
33 327.5 3275
32 3279 3279
33 3285 328.5
34 . 3255 3255
35 2875 . 25735
36 2529 309.4 . 2529
38 256.7 3289 256.7
40 2673 . 328.8 267.3
41 258.7 3669 320,48 2587
Run# DEIsd | DH2ND | DHIND | DE2ND | DHInd | DH2nd Total

Meit 3 Mclt 2 Melt 3 Meit 4 Melt 6 Mekt 7 Znd DH

i 5.37 6.12 16.97 28.46
2 7.73 612 16.75 30.60
3 1.32 6.02 42.13 49.47

54




WO 2011/075351 PCT/US2010/059368
Run# | DH2nd | DH2ND | DH2ND | DH2ND | DH2nd | DH 2nd | Total
Mot 1 Melt2 | Melt3 Meltd | Melt6 | Mekt7 | 2nd DH

4 4.61 590 18,35 38.86
5 3.66 7 48 2522 36.36
6 1.85 4,50 35.10 41.45
7 1.43 6.26 31.63 3932
8 4.1 725 28.06 39.43
9 .16 5.48 42.27 49,92
10 5,49 6.11 39.03 50.63
i1 . 69.35 6935
{2 11.29 43.07 54.36
13 70.83 45.53
14 67.39 2246
i3 64.65 64.65
i6 56.41 56.41
17 . . 66.42 66.42
18 569 8.29 18.69 32,67
19 70.43 70.43
20 62.05 62.05
21 61.14 61.14
22 : 52.38 5238
23 .27 39,24 48,51
24 59.75 59,75
25 51.03 51.03
26 53.57 53.57
2 53.96 53.96
28 : . 63.19 63.19
29 562 §.69 17.94 32,24
30 5.78 455 12.27 43,90
31 52.38 52,38
12 4125 4125
33 43.76 4376
34 ﬂ 31.20 12,48
35 14.18 . 14.18
16 7.0 15.23 5 14,59
38 , 12.82 31,20 44,11
39 6.52 43 .86 50.38
403 2.67 . . 41.39 44.06
41 29.02 5.69 §.29 18.69 32.67
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{00205] Within Tables 10 and 11, the numerical identifiers (e, the "1 in "Fusion 1"
and "Znd melt 1" and "DH 2nd meltl"} indicate the peak mumbers in the DSC traces from
the towest to the highest melt temperatures.

[60206] However, the data in Tables 10 and 11 reveal that in the case of the 4-
component blends, after first melting many of the components virtually lose their thermal
signature and, in particular, the low melt points associated with FEP are virtually lost for 3 of
the four 4-component blends shown, i.e, runs 22, 23 and 31, For two of these blends, the
PFA fusion peak is also virtually absent, i.e., Runs 22 and 31 and the fusion data only reveal
I fusion peak for these materials. This behavior is mirrored for the remelt peaks shown in
Table 11. Essentially, after the first melting virtually all that remains on fusion and remelting
is one peak at a temperature normally associated with PTFE. This s quite remarkable as, in
the case of Run 22, for example, 36 wt.% of the formulation is cither FEP or PFA which are
associated with nuch lower melt points.

[80207] 1t is thought that the thermal data exhibited by the 4-component blends is
indicative of extensive and intimate mixing of the various componenis leading to the
formation of a type of fluoropolymer alioy. These formulations are also associated with an
unparalicled combination of gloss, water contact angle, and hardness, which is illustrated by
the Normalized data of Table &.

100208] In this connection, the data of Table § above show that the 4 component
blends, i.e., Runs 22, 23, 30 and 31, arc associated with the highest values of the composite
variables mclading Norm (CA, Gloss, Hard) and Norm (Remelt, CA, Gloss, Hard), These
formulations will imbue coating systems employing them with desirable properties based on
these characteristics, as demonstrated by other Examples herein.

[60209] Exemplary actual DSC plots of from certain Runs of Tables 8-10 are given in

Figs. 1-18 and summarized in Table 12 below.

Table 12

Varicus Fluoropolymer Blends with DSC Plots shown Figs (1-18)

Run# | Blend #1% Min 1 # s # Re- Min Fig. # Fig. #
Type Melt ekt Fosion | Fusion melt Re- @ @™
FPeaks °C Peaks eC Peaks | melt °C | Melt & | Melt)
Fusion)
3 FLE 3 261.2 3 232.9 3 263.8 9 10
22 FLPH 4 260.4 3 3117 3 327.5 7 8
23 FLPH 4 2391 2 2922 2 308.0 3 4
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Run# | Blend #1" Min 17 # Rin # Re- Min Fig. # Fig. #
Type Melt Belt Fusion | Fusion mekt Re- - and
Peaks ie Peaks e Peaks | melt°C | Melt & Melt)
Fusion)
29 FPH 3 259.5 3 238.7 3 276.7 13 i4
38 FLPH 4 2601 3 241.5 3 2797 § )
31 FLPH 4 260.4 1 3117 1 327.5 i 2
38 LPH 3 314.0 2 284.8 2 3023 15 16
39 LFH 3 2593 2 232.4 2 2567 17 18
41 FPH 3 259.6 3 2343 3 258.7 11 i2
1602190] Closer examination of these plots reveals that, in most cases, traces of minor

peaks associated with PFA and FEP can be found even for the 4-component blends during
fusion and remelting, cxcept for Run 31 (Figs 6-7). However, for 4-component blends in
general, these minor peaks are very small {(and absent in Run 31}, indicating that these
components have somechow become largely associated with the PTFE present in the blend.
As mentioned above, such blends have been found to exhibif exceptional properties as shown
in Table 12 above.
(60211} Table 12B summarizes the 4-component blends which yielded desirable
properties as derived from the maximum observed values of Norm{Remelt, CA, Gloss, Hard)
Table 128

Selected 4-Component Fluoropolymer Blends

Norm | Norm

Run Contact ica, {Remelt,
g | WPTFE | FEP | PEA | HPTFE | GL0SS | Angle | FENCKL | o1 CA,

{Ca} Hard) Gloss,

Hard)
31 024 008 0.08 06| 5510 13639 4] o082 0.85
221 0241 018 | 013 0.4 | 484 | 138.65 271 076 0.81
22 036! 012 ] 012 0.4 | 4491 139.02 44| 081 0.79
261 04 o o 0.6 | 545! 13343 o1l 082 0.71
30 818 012 o012 0.6 | 517 | 13405 3 073 0.65
21{ 08 0 o 041 5431 19471 3 0.5 0.62
20{ 08 0 o 04| 424 13549 31 0.48 .61
31 04 03] 03 0] 542 13185 33§ 073 0.5
4{ 04 31 03 0| 667 | 12912 31 675 0.6
191 08 0 o 0.4 52 | 13203 3| 04 0.59

002124 From Table 12B it can be seen that the selected 4-component blends contain

16-60% LPTFE, 1-30% FEP, 1-30% PFA and 1-60% HPTFE or, more particularly, 16-60%
LPTFE, 8-18% FEP, 8-18% PFA, and 406-60% HPTFE.

[B0213] Rum 31 is a remarkable combination of high gloss, contact angle and hardness.
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Coatine compesitions and application

to a flexible substrate, e.2.. elasseloth

(602144 In this Example, coating compositions were made of blended fluoropolymers,
including HPTFE, LPTFE, and two chemically different MPFs. These coating compositions
were coated onto glasscloth over basecoats and/or mideoats, and the resulting coating
systems were tested for abrasion resistance, relcase properties, and other properties in the
remaining Examples.

160215 The formulations of the basecoat and midcoats are set forth in Tables 13A and
138, respectively, and are expressed as wet weight fractions whereas the topcoat

components, set forth in Table 13C, are expressed as dry weight fractions, with one topeoat

applied in each coating.

Table 13A

Basecoat Formulations

Sub- | Grade of # of
Coating # strate | Substrate | HPTFE | Water | Seolids | passes
F{Controls A | Glassc

-y loth 2116 0.5 0.5 30 2
(Flassc
F{1) - F(44) | loth 2116 0.5 0.5 30 2

Table 138

Midcoat Formulations

#of
Coating # | HPTFE | Water | Selids PASSES
F{Controls
A-I (.92 (.08 56 2
Bty - F
{44) 4.92 (.08 56 2
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Topcoat Formulations

Base Ceating
Coating # Coat Mid Cont HPERE PYA FEP LETYE Gloss Weight

F{Conirol A) FPTFE FPIFE 1 0 9 9 20.6 248

F(Controt By PTFE PTFE 1 O O Q 15.8 280

F{Control C) PTFE PTFE O ] O O 78 307

B(Control ) PTYE PTYE 9 3 9 1 i89 293

) PTFE PTFE 0.5 0.08 0.08 0.24 41.98 295

F(2) PTFE FPIFE 0.4 0.18 .18 0.24 31.26 291

(3 PTFE PTFE 0.4 0.12 0.12 0.36 25.63 291

R4} PTFE PTFE 0.5 .12 0.12 .16 44.08 294

(S PTFE PTYE 0.74 0.04 0.18 0.04 44.23 2940

F{6) PTFE PTFE 0.652 0.118 03.18 0.04 39 299

(N PTFE FPIFE 0.6 0.217 (.063 0.12 38.18 289

By PTFE PTFE 0.84 0.1 0.02 0.04 41.38 292

F(% PTFE PTFE 0.84 0.04 0.02 0.1 42.82 291

E(10) PTFE PTYE 0.701 0.122 0.137 0.04 43.33 289

Fih PTFE PTFE 0.5 0.04 0.13 0.23 4335 289

P(12) PTFE PTFE 0.749 (.191 0.02 (.04 42.9 290

F{i3) PTFE PTFE 0.64 5.04 0.02 0.3 42.38 289

F{14) PTFE PTFE 0.666 0.04 Q.07 0.224 43.05 290

4

B(15) PTFE PTEE 0.699 0.04 0.136 (.12, 45.95 2940

Fi6) PTFE PTFE 0.678 0.115 0.02 0.19 44.22 294

e PTFE PTFE 0.674 0.214 0.072 (.04 44.83 294

F{i8) PTFE PTFE 8.77 5.04 0.075 G.115 46.43 298

F19) PTFE PTFE 0.6 0.162 0.02 0.218 42.8 294

E20) PTFE PTYE 0.6 0.04 0.18 0.18 45.25 297

F(21) PTFE PIFE 0.5 (3.106 0.067 4.227 44.22 294

P22) PTFE PTFE 0.84 .04 0.02 0.1 49.42 292

T{23) PTFE PTFE 0.668 5.196 0.02 0.116 46.42 297

F(24) PTFE PTFE 0.6 0.08 0.02 0.3 42.02 297

F(25) PITE PTYE 0.748 0.115 0.07 0.117 48.28 299

(26} PTFE PTFE 0.5 .28 0.02 0.1 43.7 298

e PTFE PTFE 0.66 .04 0.18 0.12 4e.57 300

T{28) PTFE PTFE 0.84 5.04 0.08 0.04 52.08 299

F29) PTFE PTFE 0.707 0.04 Q.02 0.233 42.33 296

PGy PTFE PTFE 0.774 0.113 0.073 0.04 49.92 293

INERD) PTFE PTFE 0.84 .04 0.08 (.04 51.55 295

P32) PTFE PTFE 0.763 .04 0.02

=
~3
2
s
~3
o
[N
[3]
N
Y

F{(33) PTFE PTFE 3.5 0.18 0.18 0.04 4637 295

P(34) PTFE FPIFE (.6 0.28 0,08 (.04 4¢.38 296

N
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Base Coating

Coating # Cont Mid Coat HPTTE PFA ¥EF LEFTYE Gloss Weight
&N PTEE PTFE 0.66 0.28 0.02 0.04 47.928 292
F(36) PIFE PTFE 0.74 0.04 0.18 0.04 506.82 295
37 PTFE PTFE 0.6 0.134 0.134 0.132 4342 298
T{(38) PTFE PTFE 0.64 5.04 0.02 0.3 41.92 293
F{39) PTFE PTFE 0.6 216 0.144 0.04 47.12 295
E(40) PITE PTFE 0.6 0.107 0.18 0.113 45.02 298
F{41) PIFE PTFE 0.6 0.28 0.08 (.04 44.5 298
P42) PTFE PTFE 0.84 0.1 0.02 (.04 5317 298
T{43) PTFE PTFE 0.56 5.28 0.02 5.04 46.58 399
F{44) PTFE PTFE 0.6 0.04 0.06 0.3 39.9 301

{ 1 The fluoropolyraer components of the Topeoats were as follows:

{ i PYFE (HPTFE) — Daikin D310, solids = 60%.

[60218] PFA - du Pont PFA TE7224, Lot# 08343300035, Solids = 58.6%).

f 1 FEP - du Pont FEP TES568, solids = 54.6%).

] i LPTFE - SFN-D, Chenguang, except that topcoat F(45) was made with
Dyneon 9207 TF PTFE micropowder,

(602211 All of the coating compositions were mixed using a standard mixer under
medium shear for S-7 minutes. All mixed coatings were applied to glasscloth i the
laboratory using draw down bars. The glasscloth substrate grades are set forth in Table 1ZA
above, produced by PD Interglas or Porcher Industries. The coated substrate is subjected to a
tlash off in a laboratory box oven set at 260°C (S00°F) for 2 minutes followed by curing in a
laboratory box oven sct at 400°C (752°F) for 2 minutes.

[80222] F(Control)A was 3 standard product produced using conventional PTFE
dispersions by AFC {Advanced Flexible Composites) and no meodifications or firther
coatings were applied to this sample. The basecoat, midcoat and PTFE of the topcoat of the
control samples were all standard PTFE dispersions. F(Control B, C and D} were standard
products produced using conventional PTFE dispersions by AFC {(Advanced Flexible

4

Composites) with one additional topcoat as detailed 1n Table 13C.
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Example 3A

Determination of roushuness, eloss, and coutact angle

(6062231 In this Example, roughness, gloss, and contact angle of the coatings were
determined. The test protocols are as follows.

(60224 Roughness. A stylus type surface roughness detector equipped with an
analyzer that provides a tracing of the surface was used according to EN ISO 13565, such as
the following: Mitutoyo Surfiest 402 surface roughness detector and analyzer, available from
Mitutoyo Canada, 2121 Meadowvale Blvd, Mississauga, Toronto, Ontario, ON L3N 5N1,
and Perthometer M2P / M3P / M4P surface roughness detector and analyzer (Mahr GmbH
Carl-Mahr-5tr.1, D-37073 Gottingen, Germany). These instruments measure Ra (arithmetic
mean deviation of the roughness profile, measured in microns) and Pe (peak count). The
procedure is as follows. First, prepare the sample to be measared. Due to the configuration
of most detectors this may require cutting the sample to obtain a flat surface accessible to the
detector. Set the detector roughness range to the level just higher than the expected
roughness to be measured. Set the length of trace, scale magnification and measurement
units (English or metric). Calibrate the detector according to the manufacturer’s instructions
using a known reference standard. In the same manner, measure the roughness of the sample
surface. Make at least 6 measurements.

{00225) Gloss. Gloss measurements were attained using a Miniglossmeter 110V 20°-
60°, available from Sheen Instruments, at an angle of 60°. The gloss meter conformed to the
following standards: BS3900/D3, DIN EN IS 2813, DIN 67530, EN IS0 7668, ASTM
D323, ASTM D1455, ASTM (346, ASTM €584, ASTM D2457, JIS Z 8741, MFT 30064,
TAPPI T 480, Units of measurement are expressed as % reflectance.

[80226] Contact Angle. Contact angle was measured for a water droplet and is
expressed in degrees, as determined according to ASTM D7334-08 using the “Drop Shape
Analysis” system (DSA 10}, avatlable from Kruss GmbH of Hamburg, Germany, according to
the Young Relation.

{00227] The results are set forth m Table 14 below:
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Table 14

Rougchness, Gloss and Contact Ancle

PCT/US2010/059368

Formaula RA Gloss CA- Water

F(Control A) 2.42 20.6

F{Control B} §.37 15.8

F(Control ) 2.7¢ 7.8

Fi{Condrol Ih 0.77 18.9
F(1) 0.7 41.98
F(2) .58 31.29
F(3) 0.6 25.63
F{4) 0.48 44.08
F(5) 0.47 44.23
F(6) 0.49 39 104.88
BT 0.41 38.18 100.86
F(8) 0.45 41.38 104,93
F(9) 0.54 42.82 1054
F(10) 0.48 41.83 101.97
F(1h) 0.52 40.35 107,71
F(12) 0.5 42,9 106.71
F(13) 0.5 42.38 104,11
F(14) 0.53 43.05 104.69
F(15) 0.51 4595 1043
F(lo) 0.49 44.22 104.26
F(17) 0.63 44.83 103.27
F(18) 0.52 46.43 107.57
F(19) 0.48 428 107.5
F(20) .51 45.25 103.3%
P21 0.54 44.22 104.75
F2) 0.66 49.42 105.36
F{23} 0.64 46.42 104.82
F(24) 0.63 42,02 107.07
F(25) 0.56 48.28 104.85
F(26) 0.49 437 102.88
FQ27) 0.65 46.57 105.8
P28} 0.4 52.08 112381
F29) 0.54 42.33 106.04
F(30) 0.4% 49,92 112.42
F(31) 0.52 51.55 103.38
F(32) 0.44 47.65 106.37
F(33; 0.45 46.37 1093
F34) 0.55 46.33 109.54
F(35) .51 4798 109.4¢9
F(36) 0.45 50.82 108.84
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Formula RA Gloss CA-~ Water
F(37) 0.49 43.42 106.58
F(3%) 0.47 41,92 110.26
F(39) 0.54 47.12 107.65
F{4) 0.6 45.02 108.77
Fdn 0.61 445 107.11
F(42) 0.44 51.17 113.48
F{43) 0.5 46.58 111.26
F(44) 0.49 39.9 108,15
[B0228] The results in Table 14 above show a significant improvement in smoothness,

an increase in gloss, and an increase in the contact angle of water over the control topcoats

for coating compositions made in accordance with the first and second embodiments of the

present invention when applied to flexible glass substrates.

Example 3B

Reciprocating abrasion test

[80229] A reciprocating abrasion test (RAT}) was conducted on each coating under the

test protocol set forth at the end of this Example. The results are set forth in Table 15 below:

Reciprocatine abrasion test {(RAT)

RAT Ambient RAT ambient

Formula initial 16%
F(Control A} 2000 4000
F(Countrol B} 2000 5000
F{Control ) 3000 140060
F(Control D} 5000 11000
F(H SO60 13000
(2 10000 15000
F(3) 6000 11000
F(4) 6000 3000
F(5) 3000 10000
F(&y 6000 3000
F(7) 000 12000
F(&) 16000 20000
F(%) 7000 11000
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[90230]

RAT Ambient RAT ambient
Formula initial 16%
F10) 12000 17000
F(i1) 12000 17060
F(i2) 3000 2000
F(i3) 10000 14000
F(i4) 4000 9000
F(15) 17000 22060
F{16) 6000 10060
FO7 2000 15000
F(i%) 6000 000
F(i9) 5000 9000
F20) 3000 16060
F(21) 5060 000
F(22) 4000 000
F(23) 000 17000
F(24) 6000 11060
F(25) 6000 11000
F(26) 6000 2300
F(2T) 13000 16000
F(28) S000 19000
F29) 6000 11000
F(30} 7000 12000
FO3h 3000 3000
F(32) 5000 11060
F(33) 5000 10000
F(34) 2000 13000
F(35) 15000 22000
F(36) 10000 14060
F(37) 16000 17060
F(38) 3000 SG00
F(39) 3000 5000
F(40) 3060 6000
F4h) 6000 3000
F(42) SO00 11060
F{43) 14000 200060
F{44) 4000 10060

PCT/US2010/059368

The results i the table above show that there is up to 300% iraprovement in

linear abrasion resistance over the control topeoat A with the topooats made in accordance

with the first and second embodiments of the present invention when applied to flexible glass

subsirates,
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Reciprocating abraston rest (RATY

[00231] The reciprocating abrasion test was conducted based on the complete protocol
set forth below with the following modifications: (1) the coated sample were tested until
10% exposure of substrate; (2) the test was perforraed using a 3kg weight at ambient
temperature; and (3) the Scotchbrite 3M (7447) pads were changed every 1000 cycles.
[80232] The complete test protocol is as follows:

{B0233] Scope. This test measures the resistance of coatings to abrasion by a
reciprocating Scotch-Brite pad. The test subjects coating abrasion in a back and forth motion.
The test is a measure of the useful fife of coatings that have been subjected to scouring and
other similar forms of damage caused by cleaning. TM 135C is specific to a test apparatus
built by Whittord Corporation of West Chester, PA. However, it 15 applicable to similar test
methods such as the one described in British Standard 7069-1988.

[80234] Equipment and Materials.

1B0235] {1} A test machine capable of holding a Scotch-Brite abrasive pad of a
specific size to the surface to be tested with a fixed force and capable of moving the pad in s
back and forth (reciprocating) motion over a distance to 10 - 15 cm {4 to 6 inches). The force
and motion are applied by a free falling, weighted stylus. The machine must be equipped
with a counter, preferably one that may be set to shut off after a given number of cycles.
[60236] (2} Scotch-Brite pads of required abrasiveness cut o required size. Scotch-
Brite pads are made by 3M Company, Abrasive Systems Division, St Paul, MN 55144-1000.

Pads come in grades with varying levels of abrasivencss as follows:

Lowest --7445, 7448, 6448, 7447, 6444, 7446, 7440, 5440 -- Highest

1602371 Scotch-Brite pads may be used at temperatures up to 150°C (300°F),

Equivalent pads may be used.

[B0238] {3} Hot plate to heat test specimens. {Optional)

180239] {4} Detergent solution or ot for performing test in with a hquid. (Optional)
180240] Procedure.

(602411 Before beginning the test, the end point must be defined. Usually, the end

point is detined when some amount of substrate has been exposed. However, the end point

may be defined as a given number of strokes even if substrate 1s not exposed. The present
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mventors use a 10% exposure of substrate over the abraded area as the standard definition of
end point. Other end points may be used.

[60242] Secure the part to be tested under the reciprocating pad. The part must be
firmly fastened with bolts, clamps or tape. The part should be as flat as possible and long
enough so that the pad does not run off an edge. Bumps in the surface will wear first, and
overrunning an edge can tear the pad and cause premature scratching and a false result.
[80243] Cut a prece of Scotch Brite of required abrastiveness to the exact size of the
"foot" of the stylus. The present inventors use Grade 7447 as standard, and the "foot” of the
stylus on the test machine is 5 em (2 inches) in diameter. Attach the pad to the bottom of the
"foot.” The Scotch-Brite pad is fixed to the "foot” by means of a piece of "Velero” glued to
the bottom of the foot.

60244} It the machinc has an adjustable stroke length, set the required length., The
present inventors use a 10 cm (4 inch) stroke length as standard. Lower the pad onto the
surface of the piece to be tested. Make sure that the weight s completely free. The present
mventors used a 3.0 Kg weight as standard, but this can be varied.

[60245] if the machine is equipped with a counter, sct the counter to the required
number of strokes. One stroke is a motion in one direction. If the machine does not have an
automatic counter, the counter must be watched so that the machine can be tumed off at the
proper time. The machine s stopped at various intervals fo change the abrasive pad. The
abrasiveness of the pad changes (usually becomes fess effective) as the pad fills with debris.
The present inventors changed pads at intervals of 1,000 strokes. One thousand strokes is the
preferved interval between pad changes.

[00246] Start the test machine, Allow to run until an end point is reached or until a
required number of strokes are attained before changing the pad.

(602471 Inspect the test piece carefully at the beginning and end of cach start up. As
the end point is approached, the substrate will begin to show through the coating. When
close to the end point, observe the test picce constantly. Stop the machine when the end point

has been reached.

[00248] Hyaluation.

[00249] Record the following for the test machine:

160250] 1. Grade and size of Scotch-Brite pad.
1882581} 2. Load on stylus

[B0252] 3. Number of strokes between pad changes.
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{00253] 4. Length of stroke.

100254] 5. Definition of end point,

[80255] 6. Number of strokes o end point,

[80256] Duplicate tests provide greater reliability. Indicate if end point is a single

result or the average of several resulis.

1602573 Record the description of the coating, the film thickness, and the substrate and
surface preparation.

{B0258] If the test is conducted to a specific number of strokes, record the number of
strokes. Record a description of the amount of wear, such as percent of substrate exposed, or
number of strokes to first substrate exposure. Optionally, record the film thickness and/or
weight before and after testing.

[B60259] f the test is performed at elevated temperature, record the temperature of the

rest. If performed with a liguid, record the specifics of the liguid.

[00260] Commenis/Precautions.

80261} Both sides of a Scotch-Brite pad may be used. Pads must be cut precisely to
fit the "foot." Ragged edges or rough spots on the pad will give false results. Test picces
must be flat and free from dirt or other particles. This test method is similar to the abrasion
test deseribed i BS 7069: 1988, Appendix Al. When tested according to BS 7069, test
pieces are immersed in 50 cm’® of a 5 g/liter solution of houschold dish washing detergent in

water. The test runs for 25G cycles with pads changed every 50 cycles.

Example 3C

Taber reciprocatine abrasion test

(802621 A Taber reciprocating abrasion test was conducted according to ASTM D3389
under the following conditions: (1) the test was completed on a Taber 5135 Abraser using
the weight loss method; (2) resilient Calibrase wheels H-18 were used with a 250 g load on
each abraser arm, and the wheels were resurfaced every 1000 cycles; and (3) the Taber Wear

Index was calculated as:

TWI = Wi(loss} mg/ # of cycles
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100263] Taber tests generally involve mounting a specimen (typically less than 12.5
mm thickness) to a turntable platform that rotates at a fixed speed. Two abrasive wheels,
which are applied at a specific pressure, are lowered onto the specimen surface. As the
turntable rotates, the wheels are driven by the sample in opposite divections about a
horizontal axis displaced tangentially from the axis of the sample. One abrading wheel rubs
the specimen outward toward the periphery and the other, inward toward the centre while a
vacuum system removes loose debris during testing.

[00264] The results are set forth m Table 16 below:

Table 16

Taber reciprocating abrasion test

TWi TWi
Formula 1868 28060 TWI 3668
F{Control A} 21 20 23
F(Control B) i1 1S i0
F(Control C) 16 13.5 12.3
F{Coutrol D} 27 Z0 18.3
F(1) |} 16.5 i5.3
F(2) 3 £5.5 16.3
F(3) 10 15.5 i7.3
F{4 20 23.5 19.3
F{5) 48 413 39
F(6) 33 48 47.%
F(7) 41 42,3 53.1
F(3) 23 29.5 28.7
F(%) i5 12.5 15.3
F103 25 28 313
F(i1 24 25 27
F(12) 56 27 24.3
F(13) 19 28 36
F{14) 28 23 30
F(15) 29 46.5 383
F(16) 24 26 353
F(17) 24 28 40.7
F(18} 25 23 32,7
F{19) 20 23 29.7
F(203 23 22.5 29.7
F(213 25 24 34
F(223 30 z20 26.3
F(233 13 17 26.7

oY
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TWi TWiI
Formula 1506 2500 T 3066

F(24) 20 16.5 28.7
F(25) 23 16.5 28
F(26) 16 16 27
F(27) 17 19.5 287
F(29) 36 20 26,7
F{30) 4 24.5 30
F(3H 31 19.5 28
F(32) 138 107

F(33} 24 26 27.7
F(34) 13 21 24.7
F{35) i1 20.5 18
F(36) 39 24 24.3
FG3T) 49 28 2
F(38) 15 25 24
F(39) 15 23 22
F{40) 13 22.5 20.3
Fdn 23 24.5 20
F(42) 25 27 24.7
F(43) 32 27 25
F(44) 3 34 30.7

[30265] The resuits in Table 16 above show that there s a reduction in the Taber Wear

Index with the topcoats made i accordance with the first and second embodiments of the

present invention when applied to flexible glass substrates, indicating an improvement in

cross directional abrasion resistance over the control fopcooats.

Example 3B

Cooking release tests

[60266] Cooking release tests were conducted in accordance with the protocols below

for cookie dough, pizza dough, chicken leg, and egg. The results were graded from 1-5 (1-

cannot remove, S-excellent release with no restdue and no staiming).

[80267] Cogkie dough. Small round piece (approximately Sem diameter) of dough

placed centrally on coated substrate and cooked for 12 mins at 160°C, allowed to cool for 5

mins. Release evahiated including ease of release, residue and staining,
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[00268] Pizza Dough. Small round piece (approximately Scm diameter) of dough
placed centrally on coated substrate and cocked for 12 mins at 160°C, allowed to cool for 5
mins. Release evahuated including ease of release, residue and staining.

[80269] Chicken Leg. One chicken leg placed centrally on coated substrate and
cooked for 30 nuns at 225°C, allowed to cool for 5 mins. Release evaluated including ease of
release, residue and staining.

[60270] The results are set forth in Table 17 below:

Table 17

Cookine Release Tests

Release Release Release
Formula {ookie Pizza Chicken
F(Control
A) 3 3 2
F(Control
B} 3 3 2
F(Control
C) 3 3 3
F(Control
B} 3 3 3
F(H 4 4 3
D 3 3 3
F(33 3 3 3
F(4) ] 5 4
F(5) 4 § 4
F(6) 5 5 5
(7 5] 5 5
F(8} 4 5 4
F(h 4 4 4
F(10} 4 S 4
F1 5 5 5
F(12) 4 5 4
F(13) 5 5 5
F(idy & 5 S
F(15) 4 4 3
F{16) 4 4 4
F7) 3 5 4
F(18) 4 5 4
F(1%y 4 5 4
F20) 3 3 3
F(21} 4 4 3
F(22) 3 4 3
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Release Release Release
Formula Cookie Pizza Chicken
F(23) 3 4 3
F(24) 3 4 3
F(25) 3 3 2
F(26) 4 5 5
FOT) 3 4 4
F(28) 4 5 4
F29) 5 5 5
F(30) 5 5 5
F(31) 3 2
F(32) 4 4 4
F(33) 3 4 3
F(34) 3 3 3
F(35) 4 5 5
F(36) 4 4
F(3T) 3 3 3
F(3%)} 4 4 4
F(3%) 4 4 3
F{40) 4 4 4
F(41) 4
F(42) 4 4 4
F{43)} 4 3 3
F44) 4 4 4
(00271 The results in the table above show that there is an improvement in the release,
reduction in staining, and ease of cleaning characteristics for all types of food tested over the

conitrol topeoats with the topcoats made in accordance with the first and second embodiments

of the present invention when applied to flexible glass substrates,

Example 3E

Lizht Transmission Test

[80272] A light transmission test was conducted using 8 TES 1334 light meter,
available from TES Electronic Corp. ot Taipei, Taiwan. Units of measurement are hux (Ix}.
180273] Samples were secured on a frame 2 inches in front of g light box and the peak
reading was measured. Light transmission is expressed as a percent (%) obtained by dividing
the measured Ix value for a coated saraple by the measured Ix value for an uncoated sample.

160274] The resuits arc set forth in Table 18 below:

~k
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Licht Transmission Test

Formula Readipng - LUX
F(Control A) 147
F(Control B) 0.31
F{Control C) .41
F(Control D) 1.97

F(H 1.85
F(2} 1,88
F(3) 2.03
F(4) 1.98
F(5) 2.44
F(6) 1.64
F(7) 1.94
F(&) 1.85
F(%) 1.92
FOy 1.78
F(in 2.04
FOI2 1.97
F(13) 2.07
F(i4) 2.12
F(15) 2.64
F(i6) 78
P17 2.03
F(1%) 2.74
F(i% 2.28
F2 1.9
F(21) 2.08
F2D 1.92
F{Z3) 1.78
F(24) .97
F(I5) 2.05
F(26) 1.99
F(27) 2.15
F{Z%) 214
F(2% 1.91
F3 212
F(31) 1.84
F(32) 2.09
F{(33) 1.84
F(34) 2.21
F(35) 2.04
F(36) 2.51

~d
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Formula Reading - LUX
PO 2.13
F(38} 2.24
F(39) 1.92
F(40) 1.89
F(41) 2.01
F(42) 2.16
F(43) 1.88
F(44) 2.32
I80275] Table 18 shows that there is an increase in light transmission versus the

conirol topcoats with the topcoats made in accordance with the first and second embodiments

of the present invention when applied to flexible glass substrates.

Example 3F

Adhesion test
[80276] Adhesion tests were conducted under the following conditions: (1) the test was
completed on a Lloyd LRX Tensometer; (2} Samples 25mm wide, 200mm in length are
prepared by sealing 2 strips of fabric with PFA film (temperature 375°C, 25 seconds).
1662771 The test is conducted at a speed of 100mm/min for a distance of 25mm. An
average reading of 3 measuromenis are quoted, and the units of measurerent are tbs/f,

1B0278] The resuits arc set forth in Table 19 below:

Table i9

Adhesion test

Formula Instantaneous Kinetic Foree
Foree (Ibf) {ibf)
F{Control A} 4.32 2.29
F(Control B) 5.93 4.77
F(Controi C) 5.09 4.23
F{Control D) 4.48 4.32
F(h)
F(2) . .
G 6.08 2.81
F(4) 5.07 2.26
F(5} 5.34 475
F(63 5.17 3.72
RT3 5.21 3.68

~§
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Formula Instantaneous Kinetic Force

Foree (b ()
F(8) 4.61 4.63
F(9) 5.49 2.3%
F(10) 5.17 2.78
F(11) 557 4.87
F(12) 3.5 353
F(13) 4.85 4.68
F(14) 5.15 4.96
F(i5) 5.25 4.44
F(16) 3.53 3.96
F(17) 2.96 332
F(18) 3.03 5.64
F(19) 5.03 3.91
F(20) 2.44 4.11
F(21) 3.21 1.69
F(22) S21 3.2
F(23} 4.47 4.6
F(24) 65.02 4.13
F{25) 5.57 3.07
F(26) 4.79 4.19
F2T) 3.5 364
F(28)} 3.42 3.74
FO29 3.33 2.74
F(30) 2.65 4.03
F(31) 5.23 2.96
F(32) 4.91 5.2
F(33) 5.51 £.68
F(34) 4.74 4.12
F(35) 2.32 2.45
F(36) 3.31 4.0
F(37) 5.43 3.23
F(38} 5,79 5.48
F(3%) 5.46 3.1
F(40) 3.03 3.14
F(41) 4.38 5.13
F(42) 4.5 4.19
F(43) 4.06 3.61
F{44) 4.03 2.65

[806279] The results in Table 19 show that the adhesion properties of the control

topeoats are either maintaimed or show a slight tmprovement in the present coating

~f
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compositions when applied to tlexible glass substrates, indicating that the addition of the
coating compositions does not interfere with the adhesion of the coating to the substrate.
(602801 Finally Table 20 summarizes the 10 compositions which yielded desirable
overall properties as glasscloth topeoats they are ordered from best to worst, the four controls

are also listed; they have significantly worse overall properties.

Table 20

Selected 4-Component Glasscloth Coating Topcoat Fornudations with Desirable Propertics

Norm RO norm Reading norm norm
Run # HFTFE | PFA FER | LPIFE abrasion | release surfacg - LUX adhesion EH
propertias
F11) 06| 004i 013} 023 0.74 1 0.74 7.04 024 | 083
F{13) 0.64 | 0041 002 0.3 0.64 ; 0.66 2.07 072 | 078
F{14) 0.666 | 0.04 1 007 | 0224 0.55 1 0.58 2.12 079 | 075
F{4) 06| ca2i 12| 016 0.62 1 0.89 1.98 044 | 074
Fig) 084 011 002) 004 0.32 Q.75 0,68 1.85 0.6% | 073
£(5) 674 0041 018 004 0.45 .75 0.9 2.44 078 | 072
F{29) 0.84 | 0041 0081 004 0,71 0.75 1 2.14 041 | 072
F(30} 0.774 | 0.113 { 0.073 | 0.04 0.58 1 .94 2.12 034 | 071
F(38) 64| o004l 002 .3 0.52 0.5 0.82 2.24 0.94 0.7
F{1) 06| oozl o08| 024 0.75 0.5 0.82 1.85 0.69
F{Control ©) 0 & 0 1 0.63 .17 .55 1.97 062 | 049
F{Control B 1 o 9 0 0,61 0 0.39 0.31 0.87 | 047
F{Control D} 0 1 g o 0.78 0.17 o 1.41 069 | 041
F{Control A} 1 G 0 0 0.51 o 0.22 1.47 035 | 027
100281] From Table 20 it is apparent that these selected 4-Component Fluropolymer

blends for glasscloth coating contamn 60-849 HPTFE, 4-12% PFA, 2-18% FEP and 4-30%

LPFFE vield the most desirable properties,
Example 4
Multiple component blends with engineering resing

60282} In this example, coif topcoats were made and applied over conventional cotl

base coatings (“hasecoats”} to rigid substrates in the form of ECCS (Hi-Top Steel) panels.

~J
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Topcoats formulated in accordance with the present invention were evaluated against control

topcoats.
160283] Al escription of the basecoat.
[60284] It is well known in the art that the solvent based systems of polyether sulphone

can be prepared by the dissolution of g granular PES polymer, such as RADEL A-704P,
available from Advanced Polymers LLC in an NMP/solvent blend. The PES solution can
then be formulated into a basecoat by the addition of various compositions,

[B0285]

Basecoat B, Basecoat  or Basecoat D), which were prepared as described above and

The topcoat formulations were coated onto one of four basecoats (Basecoat A,

formulated as set further in Table 21 below.

Table 21

Basecoat formulations

COMPONENT Ba& SF§ OAT | BA SE;; OAT | BA S,E?g OAT | BA ng” OATY
Yo Yo Yo Yo
RESIN 15 15 14 1.8
SOLVENT 66 67 7 8.2
ADDITIVES 16 14 4 O
PTFE 3 4 8 0

[00286]

Basecoat C onto pre-cleaned ECCS (Hi-Top Steel) panels, followed by heating in an oven at

Test samples were prepared by drawing down Basecoat A, Basccoat B and

4000C for 30 seconds. Basecoat I was applied onto a cleaned rubber substrate through a
spray application and left to air dry for | minute.

1602871 Topeoats E{control} through E{controh 11, E1-E17, E19, E21-ES1, E62, E64,
Eo66-E75, E161 and F133 were applied over Basecoat A, Topcoats E18, 20, E76-E100,
E102-E116, E131-E132 were applied over Basecoat B, Topeoats ES2-E61, E63, E65, E117-
E130, E134 and E135 over basecoat C, and Topcoats E136 and £137 were apphied over
Basecoat 3.
[60288] B.
[60289]

drawing down with relevant K Bar (draw down bar). Typically, the coated pancls were then

Application of Topcoats.

Topeoats formulated as described below were applied to the test samples by

cured for 90 seconds in an oven at 420°C. As applied, the dry film thickness (BFT) of the

76



WO 2011/075351 PCT/US2010/059368

basecoat was approximately 6 maicrouns, and that of the topcoats were approximately 6
MICTORS.

{60290 Example topcoats were made using combinations of tluoropolymer
dispersions and a topeoat base. The fluoropolymer components of the topeoats included one
or more of the following: one or more high molecular weight PTFE (HPTFE) dispersions,
one or more melt processible fluoropolymer dispersions (MPF), and one or more low
molecular weight PTFE (LPTFE) dispersions.

100291] As defined in this Example, a "4-component” blend contains all of the
following components as described above: at least one HPTFE, at least one LPTFE, and at
least two chemically different MPFs. In this Example, the two MPFs employed are FEP and
PFA. The blends m this Example were made by mixing aqueous dispersions of the
components, and adding to a formulated “topcoat base” containing the enginecering resin.
The resulting “formulations” were then drawn down or sprayed as films, as indicated in Table
24 below, over a basecoat and tesied for gloss, surface roughness, steak release, chicken
release and stain resistance.

{80292] The formula for the topcoat base, used in each topcoat formulations of the

present Example, is set forth below in Table 22:

Table 22

Topcoal Base

Composnent Weight %
Engineering resin 38.00
Deionized water 30.00
Monoetheyiene glycol 30.00
TX-100 14
Foam Blast 0.6
[80293] Per Table 23 below, a first set of topeoats, designated Topcoats "E Control 17

through "E Coutrol 117, were formulated as controls using a Topeoat base and ecach
flucropolymer in dispersion form, as produced by dispersion polymerization or emulision
polymerization and which was not thereafter not agglomerated, irradiated, or thermally
degraded. Additionally, both LPTFE dispersions and LPTFE micropowders have been

evaluated. A second sct of topeoats, designated Topeoats Elthrough E137 below, were

d
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formulated as sbove using the Topeoat base described above and fluoropolymer dispersion

blends formulated as set forth in Table 23 below,

Table 23
FTopeoat Blends
0 EN. P:CE LYMER }1? TFE . PY¥A . TEP PFTFE »S FN—D} D?itin
POLYMER SOQLID % SQLIDS SGLIDS SGLIDS SGLIDS SOLIDS PIFE
BControll PES 32.5¢ 7.63 Q.00 3.00 3.00 0.00 Q.00
EControl2 PES 3296 3.00 7.63 (.00 3.00 Q.00 4.00
PControl PES 32.50 (.00 G.00 7.63 4.00 34.00 G.00
HControl4 PES 3290 0.00 3.00 0.00 7.63 0.00 3.00
HContrals PES 32.90 ¢.00 0.00 4.00 4.00 (.00 7.63
BControld PES 32.5¢ 3.00 G.00 3.00 3.00 7.63 Q.00
EContrad? FES 3290 .00 G.00 4.00 4.00 7.63 ¢.00
FControld PES 35.62 .00 .00 4.00 4.00 34.00 G.00
EControl? PES 3290 4.562 .92 .84 .00 0.00 1.22
HControll{ PEEK 36.81 ¢.00 0.00 4.00 4.00 (.00 0.00
BEConiroill PAI 3472 .00 3.00 .00 .00 .00 3.00
El PPS 26.39 3.59 4.20 4.00 20 0040 ¢.00
B2 PPS 26.59 3.59 .20 4.00 4.20 34.00 G.00
B3 PPS 272 2.45 .14 .00 .14 0.00 3.00
B4 PPS 27.2% 2.45 .14 4.00 ¢.14 (.00 0.00
B3 PPS 2.18 3.27 .00 $.27 .00 3.00
Bo PPS 2721 2.18 4.27 4.00 .27 0040 ¢.00
B7 PPS 26.54 3.59 .20 .00 4.20 34.00 G.00
ES PPS 26.59 3.59 .20 .00 .20 0.00 3.00
B9 PPS 26.59 3.20 G40 .00 .40 .00 G.00
19 PPS 28.99 3.45 3.43 .00 .43 .00 3.00
Ell PPS 28.99 3.45 (.43 4.00 .43 0040 ¢.00
12 PPS 28.99 3.45 (.43 4.00 (.43 34.00 G.00
513 PPS 28.99 3.45 .43 (.00 .43 Q.00 4.00
El4 PPS 28.99 345 (.43 ¢.00 .43 4.00 ¢.00
k15 PPS 29.9% 3.36 3.44 .00 (.44 .00 3.00
Els PPS 2763 3.29 .41 4.00 G.41 0040 ¢.00
E17 PPS 27.63 3.29 (4] 3.00 .41 3.00 Q.00
E18 PPS 27.63 3.29 .41 3.00 .41 Q.00 .00
E19 PPS 27.63 3.29 (.41 ¢.00 (.41 .00 G.00
129 PPS 27.63 3.29 341 .00 0.41 .00 3.00
B2l PPS 29.i¢9 3.47 G.43 4.00 .43 (.00 0.00
22 PPS 28.99 3.45 (.43 3.00 .43 3.00 Q.00
H23 PPS 28.99 3.45 .43 (.00 .43 Q.00 4.00
78
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10 EI}K § PQLYMER FfEP T E' ‘ P¥A ) ‘ FEP ) %APTF E{ NS FN-D ‘ Dii{:m
POLYMER SGLIB % SOLIDS SOLIBS SOLIBS SOLIBS SOLIDS FTEER
E24 PPS 28.99 345 (.43 4.00 4.43 0.00 G.00
E23 PPS 28.99 3.43 6.43 6.00 6.43 0.00 6.00
E26 PPS 28.99 3.48 .43 0.00 .43 Q.00 G.00
E27 PPS 28.99 3.45 .43 0.00 0.43 0.00 .00
E28 PPS 28.99 3.45 .43 (.00 .43 0.00 G.00
E29 PPS 28.99 345 (.43 4.00 4.43 0.00 G.00
E39 PPS 29.9% 3.57 G.45 §.00 5.45 5.00 6.00
E3l FPS 29.98 3.57 0.45 0.00 .45 (.00 0.00
E32 PPS 29.9% 3.57 .45 0.00 0.45 0.00 .00
E33 PPS 29.98 3.57 .45 (.00 .43 0.00 G.00
E34 PPS 29.98 3.57 G.45 4.00 4.45 0.00 G.00
E33 PPS 29.9% 3.57 G.45 §.00 5.45 5.00 6.00
E36 FPS 29.98 3.57 0.45 0.00 .45 (.00 0.00
E37 PPS 29.9% 3.57 .45 0.00 0.45 0.00 .00
E38 PPS 29.98 3.57 .45 (.00 .43 0.00 G.00
E39 PPS 29.98 3.57 G.45 4.00 4.45 0.00 G.00
49D PPS 29.98 3.57 G.45 0.00 .45 0.00 0.00
E4l FPS 29.98 3.57 0.45 0.00 .45 (.00 0.00
E42 PPS 29.9% 3.57 .45 0.00 0.45 0.00 .00
E43 PPS 28.99 3.45 .43 (.00 .43 0.00 G.00
E44 PPS 28.99 3.45 .43 .00 0.43 0.00 .00
E45 PPS 28.99 3.45 .43 0.00 .43 0.00 0.00
E46 FPS 28.99 3458 0.43 0.00 .43 (.00 0.00
E47 PPS 28.99 3.45 .43 0.00 0.43 0.00 .00
E48 PPS 28.99 3.45 .43 0.00 .43 Q.00 G.00
E49 PPS 28.99 3.45 .43 .00 0.43 0.00 .00
ES0 PPS 28.99 3.45 .43 0.00 .43 0.00 0.00
ES1 FPS 28.99 3458 0.43 0.00 .43 (.00 0.00
E52 PPS 28.99 3.43 6.43 6.00 6.43 0.00 6.00
ES3 PPS 28.99 3.48 .43 0.00 .43 Q.00 G.00
E54 PPS 28.99 3.45 .43 .00 0.43 0.00 .00
ESS PPS 28.99 3.45 .43 0.00 .43 0.00 0.00
ES6 FPS 28.99 3458 0.43 0.00 .43 (.00 0.00
E57 PPS 28.99 3.43 6.43 6.00 6.43 0.00 6.00
ES8 PPS 28.99 3.48 .43 0.00 .43 Q.00 G.00
E59 PPS 28.99 3.45 .43 .00 0.43 0.00 .00
69 PPS 28.99 3.45 .43 0.00 .43 0.00 0.00
Ee6l PPS 28.99 345 (.43 4.00 4.43 0.00 G.00
E62 PPS 28.99 3.43 6.43 6.00 6.43 0.00 6.00
E63 PPS 28.99 3.48 .43 0.00 .43 Q.00 G.00

~f
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D

ENL
POLYMER

POLYMER
SGLIB %

HPETFE
SOLIDS

P¥A
SQLIDS

FEP
SQLIDS

LPIFE
SQLIDS

SEN-D
SOLIDS

9285
Dyneon
PIFE

E64 PPS 28.99 345 (.43 4.00 4.43 0.00 G.00
63 PPS 28.99 3.43 6.43 6.00 6.43 0.00 6.00
E66 PPS 28.99 3.48 .43 0.00 .43 Q.00 G.00
E67 PPS 28.24 3.45 .43 0.00 0.43 0.00 .00
E6S PPS 2635 6.44 .81 (.00 (.81 0.00 G.00
E69 PPS 28.10 343 (.43 4.00 4.43 0.00 G.00
E79 PPS 2R.10 3.43 6.43 §.00 6.43 5.00 6.00
E71 FPS 28.10 3.43 0.43 0.00 .43 (.00 0.00
E72 PPS 343 .43 0.00 0.43 0.00 .00
E73 PPS 1.37 G117 (.00 017 0.00 4.29
E74 PPS 370 G.46 4.00 446 0.00 G.00
E75 PPS 29.97 1.83 6.23 6.00 6.23 0.00 6.00
E76 PES 32.90 3.66 G.4¢ 0.00 (.46 (.00 0.00
ET7T PES 3271 3.604 .45 0.00 0.45 0.00 .00
E78 PES 3239 3.61 .45 (.00 .43 0.00 G.00
E79 PES 3274 3.64 .45 4.00 4.45 0.00 G.00
E8D PES 3409 3.79 6.47 0.00 .47 0.00 0.00
ER1 PES 33.88 377 .47 0.00 .47 (.00 0.00
E82 PES 3355 3.73 .46 0.00 0.46 0.00 .00
ES3 PES 3392 3.98 .47 (.00 .47 0.00 G.00
Eg4 PES 3.66 .46 .00 .46 0.00 .00
E83 PES 3.73 G.46 0.00 .46 0.00 0.00
ERG PES 33.52 373 G.4¢ 0.00 (.46 (.00 0.00
E87 PES 32.09 5.62 .70 0.00 0.70 0.00 .00
ES8 PES 32.069 5.62 6.7 0.00 0.70 Q.00 G.00
E89 PES 28.97 547 (.03 .00 .63 0.00 .00
£ PES 29.36 5.14 G.64 0.00 0.64 0.00 0.00
E91 PES 29.36 3.86 0.51 (.46 1.54 (.00 0.00
E92 PES 29.34 2.57 L.16 1.04 1.54 0.00 6.00
E93 PES 29.36 2.57 .77 0.69 2.31 Q.00 G.00
E94 PES 31.59 1.75 .52 0.47 1.57 0.00 .00
E95 PES 33.61 1.87 6.56 0.51 1.69 0.00 0.00
E%6 PES 33.01 2.80 G.5¢ (.50 0.75 (.00 0.00
E97 PES 3330 1.85 6.56 §.50 1.67 5.00 6.00
E98 PES 33.30 278 G.53 0.50 0.74 Q.00 G.00
E99 PES 3338 279 .56 .50 .74 0.00 .00
E100 PES 337 2.81 6.56 0.51 0.75 0.00 0.00
E101 PES 33.71 2.81 G.5¢6 4.51 4.75 0.00 G.00
E102 PEEK 3392 2.83 6.56 §.51 6.76 5.00 6.00
E103 PEEK 33.92 2.83 G.56 0.51 0.76 Q.00 G.00
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10 EI}K § PQLYMER FflP'i'FEt ‘ P¥A ) ‘ FEP ) %PTFE{ NSFN—D‘ Dii{:m
POLYMER SGLIB % SOLIDS SOLIBS SOLIBS SOLIBS SOLIDS FTEER
El104 PPS 28.99 2.59 G.52 446 (.69 0.00 G.00
E103 PPS 28.99 2.59 6.52 5.46 6.69 0.00 6.00
E106 PPS 3977 275 G.53 0.50 06.73 Q.00 G.00
E197 PPS 3077 275 .55 0.50 06.73 0.00 .00
EL08 PPS 3296 275 G.55 34.50 4.73 0.00 G.00
E109 PPS 32.90 1.83 G.55 .50 1.65 0.00 G.00
E119 PPS 28.99 L73 6.52 5.46 1.55 0.00 6.00
Elll FPS 28.99 1.73 0.52 (.46 1.55 (.00 0.00
El12 PPS 3077 1.83 .55 0.50 1.65 0.00 .00
E113 PPS 3077 1.83 G.55 34.50 1.63 0.00 G.00
El14 PEEK 33.92 1.89 G.57 G.51 1.7¢ 0.00 G.00
E113 PAI 57.60 1.89 6.57 §.51 L.76 5.00 6.00
Elle PAIL 57.60 2.83 G.5¢ 0.51 .76 (.00 0.00
E117 PAL &§2.52 0.00 .00 0.00 0.00 0.00 .00
EL1S PES 33.37 2.78 G.55 34.50 .74 0.00 G.00
E119 PES 31.43 2.62 G.52 0.47 4.70 0.00 G.00
E120 PES 3237 2.79 6.54 .48 0.72 0.00 0.00
El121 PES 32.37 2.70 6.54 0¢.48 72 (.00 0.00
El122 PES 3402 3.49 .62 0.56 0.57 0.00 .00
E123 PES 3272 2.73 (.54 (.49 4.73 0.00 G.00
E124 PES 32.03 2.78 .55 .50 .74 0.00 .00
E125 PES 3203 3.11 06.62 0.56 0.82 0.00 0.00
Elz6 PES 32.30 2.83 G.5¢ 0.51 .76 (.00 0.00
E127 PES 32.407 3.09 0.6 0.55 0.82 0.00 .00
E128 PES 3175 3.06 G.61 0.55 0.81 Q.00 G.00
E1729 PES 32.07 3.49 .01 .55 .82 0.00 .00
E130 PES 31.92 3.07 G661 0.55 0.81 0.00 0.00
El131 PAIL 32.03 278 0.55 0.50 0.00 (.00 0.00
E132 PAI 3337 2.78 G.55 §.50 6.00 5.00 6.00
E133 PES 31.36 2792 G.54 0.49 0.00 Q.00 G.00
E134 PES 3070 2.66 (.53 .48 .00 0.00 .00
E133 PES 3031 2.32 G.46 .41 0.00 0.00 0.00
Elz6 FKM 0.00 4.93 G.62 0.00 0.62 (.00 0.00
E137 FKM .00 3.79 6.74 5.66 6.98 0.00 6.00

i The fluoropolymer components of the Topcoats were as follows:
B0295] PTFE (HPTFE) - Datkin D310 (solids = 60%).

] PEA - du Pont PFA TE7224 (Lot# 0804330005, solids = 58.6%).

] FEP - du Pont FEP TE9568 (solids = 54.0%)

He
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[B80298] LPTFE - DuPont TE3887N (solids = 53%, except that topcoats E{control}o
and E{control)7 were made with SFN-D, Chenguang (solids = 25%;} and topcoat E{control}5,
E{control}® and F73 was made with Dyneon 9205 PTFE micropowder}.

[60299] Although not set forth 1n Table 23 above, Topeoat E75 additionally incladed
3.57 wit.% TF-1750, a granular HPTFE available trom Dyneon LLC.

[806300] Test samples were prepared using the engineering polymer ratios and
fluoropolymer dispersion blends as set forth above in Table 23, and were coated over the
respective basecoat using the given cure schedules as given i Table 24 below. The topeoats
E{controb}! through E(control}11 and E1-E135 were then "quenched" by passing the panci
under a flowing tap of cold water until the panel is fully cooled to room temperature. The
topcoats using E136 and E137 were spray applied, cured as per the coating schedule given in

Table 24 below and allowed to cool to room temperature without any water quench.

Table 24

Preparation of test samples

Cure
BASE K Bar K Bar | femp TIC cure
i COATY B/C T {6} time {8)
EControll A K4 K4 420 90
EControl2 A ¥4 K4 420 90
EControl3 A K4 ¥4 420 90
EControl4 A K4 K4 120 S0
FCoutrol5 A K4 K4 420 3¢
EControld A K4 K4 420 90
EControl7 A K4 K4 420 90
EControl8 A K4 ¥4 420 90
EControl9 A K4 K4 420 S0
ECountrolld A K4 K4 420 3¢
EControlll A K4 K4 4240 S
Bl A K4 K4 420 90
E2 A K4 ¥4 400 90
E3 A K4 K4 400 50
Ed A K4 K4 420 90
F3 A K4 K4 400 S
Bo A K4 K4 440 90
E7 A K4 ¥4 400 90
F3 A K4 K4 420 50
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Cuare
BASE K Bar K Bar | temp TIC cure

D COAT B/'C T/C {oC) fime {8}
E9 A K4 K4 420 30
Ei0 A K4 K5? 4290 90
Fil A K4 K4 429 99
Ei2 A K4 K4 429 120
Ei3 A K4 K5 420 90
Ei4 ¥4 K35 420 120
Eis A K4 K5? 4290 90
Fi6 A K4 K4 429 99
Ei7 A K4 K4 429 20
EiR B K4 K4 420 90
Ei9 A ¥4 K4 420 30
B20 B K4 K4 4290 90
F2i A K4 K4 429 99
822 A K4 K4 470 20
E23 A K4 K4 420 120
E24 A ¥4 K4 420 30
B25 A K4 K4 4290 120
K26 A K4 K4 429 99
E27 A K4 K4 470 120

) A K4 K5 420 90
E20 ¥4 K3 420 120
E30 A K4 K2 4290 90
31 A K4 K2 120 {20
E32 A K4 K2 470 180
E33 A K4 K3 420 90
E34 A K4 K3 4290 120
E35 A K4 ¥3 420 180
E36 A K4 K4 420 90
E37 A K4 K4 470 124
E38 A K4 K4 420 180
E39 A K4 K5 4290 20
E4 A K4 K5 420 120
Bt A K4 K3 420 {80
B42 A K4 K4 470 90
F43 A K4 K2 429 99
E44 A K4 K2 4290 120
E45 A K4 ¥2 420 180
46 A K4 K3 420 30
B47 A K4 K3 470 124
F4R A K4 83 429 180
E49 A K4 K4 4290 20

s}
(8]
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Cuare
BASE K Bar K Bar | temp TIC cure
D COAT B/'C T/C {oC) fime {8}
E50 A K4 K4 420 {20
E53 A K4 K4 4290 180
FS2 { K4 K2 429 99
E33 C K4 K2 429 120
E54 C K4 K2 420 180
E55 C ¥4 K3 420 30
E56 C K4 K3 4290 120
57 { K4 K3 429 180
E5¥ C K4 K4 429 20
ES9 C K4 K4 420 120
Enl C ¥4 K4 420 180
Eo6i C K4 K4 4290 90
F62 A K4 K4 429 99
Eod C g4 K4 470 20
E64 A K4 K4 420 90
EnS C ¥4 K4 420 30
E66 A K4 K4 4290 90
E6T A K4 K4 429 99
Eo8 A K4 K4 470 20
E69 A K4 K4 420 90
E70 ¥4 K4 420 90
E71 A K4 K4 4290 90
E72 A K4 K4 120 90
E73 A K4 K4 470 a0
E74 A K4 K4 420 9
E7S A K4 K4 4290 20
E76 B K4 ¥4 420 90
E77 B K4 K4 420 90
E78 B K4 K4 470 90
E79 B K4 K4 420 9
E&Y B K4 K4 4290 20
E&1 B K4 ¥4 420 90
E82 B K4 K4 420 30
E83 B K4 K4 470 90
184 B K4 K4 429 99
ERS B K4 K4 4290 20
E&6 B K4 ¥4 420 90
E87 B K4 K4 420 30
E&8 B K4 K4 470 90
[ B K4 K4 429 99
E90 B K4 K4 4290 20
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Cuare
BASE K Bar K Bar | temp TIC cure

D COAT B/'C T/C {oC) fime {8}

B9 B K4 K4 420 30
E92 B K4 K4 4290 90

E93 B K4 K4 429 99
£94 B K4 K4 429 20
E95 B K4 K4 420 90
E9%6 B ¥4 K4 420 30
E97 B K4 K4 4290 90

o8 B K4 K4 429 99
E99 B K4 K4 429 20
B100 B K4 K4 420 90
E101 A ¥4 K4 420 30
E1G2 B K4 K4 4290 90
E103 B K4 K4 429 99
E104 B K4 K4 470 20
B105 B K4 K4 420 90
E106 B ¥4 K4 420 30
EiG7 B K4 K4 4290 90
E108 B K4 K4 429 99
B9 B K4 K4 470 20
B110 B K4 K4 420 90
Eiil B ¥4 K4 420 90
Ei12 B K4 K4 4290 90
E3 i3 B K4 K4 120 90
Eil4 B K4 K4 470 a0
B11S B K4 K4 420 90
El16 B K4 K4 4290 20
Ei17 A K4 ¥4 420 90
E11i8 A K4 K4 420 90
Ei19 A K4 K4 470 90
B120 A K4 K4 420 90
E121 A K4 K4 4290 20
Bi22 A K4 ¥4 420 90
E323 A K4 K4 420 30
Fi124 A K4 K4 470 90
E125 A K4 K4 429 99
E126 A K4 K4 4290 20
Bi127 A K4 ¥4 420 90
E128 A K4 K4 420 30
E129 A K4 K4 470 90
E130 A K4 K4 429 99
E131 B K4 K4 4290 20
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Cuare
BASE K Bar K Bar | temp TIC cure
D COAT B/'C T/C {oC) fime {8}
E132 B K4 K4 420 33
Fi33 A K4 K4 420 oG
£134 B K4 K4 424 94
E135 B K4 K4 420 30
E136 D spray spray 165 180
E137 D spray spray 165 180
Example 4A
Houghness and Gloss
[80301] in this Example, roughness and gloss of the coatings were determined. The
test protocols are as follows,
[860362] Roughness. A stvlus type surface roughness detector equipped with an

analyzer that provides a tracing of the surface was used according to EN ISO 13565, such as
the following: Mitutoyo Surftest 402 surface roughness detector and analyzer, available from
Mitutoyo Canada, 2121 Meadowvale Blvd, Mississauga, Toronto, Ontaria, ON LSN SN,
and Perthometer M2P / M3¥P / M4P surface roughness detector and analyzer (Mahr GrobH -
Carl-Mahr-Str.1, D-37073 Géttingen, Germany). These instruments measure Ra {arithmetic
mean deviation of the roughness profile, measured in microns) and P (peak count). The
procedure is as follows. First, prepare the sample to be measured. Due to the configuration
of most detectors this may require cutting the sample to obtain a flat surface accessible to the
detector. Set the detector roughness range to the level just higher than the expected
roughness to be measured. Set the length of trace, scale magnification and measurement
units (English or metric). Calibrate the detector according to the manufacturer’s mstructions
ysing a known reference standard. In the same manner, measure the roughness of the sample
surface. Make at least 6 measurements.

[60383] Gloss. Gloss measurements were attained using a Miniglossmeter 110V 20°-
60°, available from Sheen Instruments, at an angle of 60°. The gloss meter conformed to the
following standards: BS3900/D5, DIN EN ISO 2813, DIN 67530, EN IS0 7668, ASTM
D523, ASTM D14S5S, ASTM €346, ASTM C584, ASTM D2457, JIS Z 8741, MFT 30064,
TAPPIT 480. Units of measurement are expressed as % reflectance.

160304] The resuits arc set forth in Table 25 below:
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Table 23
Roughness and Gloss
D ENGINEERING | Gloss (68 | Smeothness (R,
POLYMER mean}
EControll PES 2.2 1.25
BEControl2 PES R.2 i
EControl3 PES 12 (.66
BEControld PES 16.5 0.9
EControls PES 8.2 2.5
BEControl6 PES 23 1.5
HEControl? PES 5.6 .84
BEControl8 PES 197 1.42
HEControl® PES 4.7 1.3
EControl10 PEEK 19.1 2.32
EControill PAY 1.6 2.9
El RS 14 2.76
E2 PPS i 2.53
E3 RS 42 2.88
4 PPS 18 2.8
E5 RS 23 332
E6 PPS 22 2.16
E7 PES 16 2.4
25 PPS 20 .
ES RS 15 3.637
E10 PPS 10 2.1
i RS 13.8 1.16
Eiz2 PPS 12 §.01
E13 RS 14.1 0.9
Ei4 PPS 9.8 §.37
15 RS 5 2.55
Ei6 PPS 10.2 2.51
Ei7 PPS 13.3 2
Ei8 PPS i2 2.46
Eig PPS 12.2 2.3
E20 PPS 3.7 1.9
B2 Pes 15 4
E22 PPS 1.8 1.i6
E23 Pes 13 (.88
E24 PPS 12 £.27
E25 e 10.2 1.48
E26 PPS 21 0.7
B27 e 19 0.71
E28 PPS 21 (.96
E29 e 7 0.2
E30 PPS 7 £.04
H31 Pes 7.7 1.15
E32 PPS 3.3 1.57
EH33 PPS 8.9 1.28
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D ENGINEERING | Gloss (66" | Smoothness (R,
POLYMER TRAN}
E34 PPS 18.9 £.06
B35 PES 10,3 1.2
E36 PPS 18.8 £.22
E37 PES 5 1.01
E38 PPS {15 £13
B39 PPS 11 1.09
E40 PPS 12.6 1.07
B41 PPS 12 1.1
E42 PPS 8.2 1.04
E43 PPS 7 1.2
E44 PPS 1.9 1.23
E45 PPS 1.8 1.3
E46 PPS 3. 1.36
B47 PPS 3.2 1.25
E48 PPS 2.9 1.27
E49 PPS 2.8 138
E50 PPS 3.8 1.07
ESE PPS 7 .24
B52 PPS 1.9 1.3
ES3 PPS 1.7 1.27
Es54 PPS 2.2 £.15
55 PPS 2.4 1.35
E56 PPES 2.9 1.27
E57 PPS 4 1.372
E58 PES 4 1.45
E5G PPS 4 1.3
E60 PES 4.2 118
6l PPS 4.0 145
H62 PES 2.8 118
E63 PPS 5.1 2.51
Ho4 PES 3.2 272
E65 PPS 5.1 2.51
E6O PES 3.2 272
E67 PPS 4 2.65
E68 PES 1.7 2.82
E6Y PPS 4.6 .04
E70 PES 5 (.98
571 PPS 4.2 (.99
E72 PPES 7.5 1.71
373 PPS 9.3 2.06
H74 PES 33 115
E75 PPS . .
E76 PES 3.5 237
577 PES 1.9 2.47
E78 PES 2.6 2.81
E79 PES 2.5 3.62
EEO PES 2 223
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11} ENGINEERING | Gloss (68 | Smeothness (R,
POLYMER TRAN}
E&i PES 2.7 2.47
ES82 PES 2.7 233
EE&3 PES 2.4 2.76
B84 PES G.28 1.97
E&S PES 4.3 189
HS86 PES 3.9 1.68
E®7 PES 2.5 2.4
HS8R PES 2.4 1.59
E&9 PES 0.5 1.1
HOO PES 1.7 1.69
Eo1 PES 2.5 1.6
E92 PES 3 1.9
E93 PES 2.7 2.0
E94 PES 3.8 316
E95 PES 4.6 3178
E96 PES 3.4 3.1
E97 PES 4.2 4,01
E9R PES 6 5.7
E99 PES 3.2 3.76
Hi00 PES 3.1 248
E101 PES 7.8 1.27
HiO2 PEEK 3 0.67
E103 PEEK 6 overflow
Ei104 PP 5.8 0.89
E105 PPS 5.2 1.14
E106 PP 5 3.09
E107 PPS 7 1.03
FE108 PP 9.8 (.82
E109 PES R.9 1.07
E110 PPS 4.6 .28
Eill PES 5.5 1.05
F112 PPS 6 0.78
Ei13 PES 6 1.108
Fiid PEEK 4.1 (.64
Ei15 PAJ 6.6 4.76
FE116 PAT 5.5 4.25
E117 PAI 23 overflow
FE118 PES 5 4.09
Eiio PES 6 1.22
E120 PES 5.9 1.54
Bi21 PES 5.7 1.37
E122 PES 9.5 2.76
Bi23 PES 6.6 2.39
Ei124 PES 5.1 §.89
Bi2s PES 4.8 .1
Ei126 PES 6.3 §.93
Bi27 PES 6 1.62
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D ENGINEERING | Gloss (66" | Smoothness (R,
POLYMER TRAN}
E128 PES 52 £.74
Ei29 PES 5.5 {5
E130 PES 6.4 £33
Ei31 PAT 0.3 478
E132 PAT ¢.5 2.54
Hi33 PES 6.8 0.87
E134 PES 5.2 0.77
Ei35 PES 4.2 1.6
E136 FKM
Ei37 FEM
Example 48
Reciprocatine abrasion test
[B0305] A reciprocating abrasion test {(RAT) was conducted on certain of the coatings

under the tost protocol set forth in Exaraple 3B. The results are set forth in Table 26 below:

Table 26

Reciprocatine abrasion test {(RAT)

iD EN. BASE | Abrasion/
POLYMER | COAT | RAT Cyeles
EControl] PES A 900
EControl2 PES A 367
EControl3 PES A 443
EControld PES A 230
EControl5 PES A 450
EControl6 PES A 275
EControl7 PES A 80
EControl8 PES A 400
EControl9 PES A 165
EControll PEEK A 200
EControlll PAlL A 160
El PPS A 60
EZ PPS A 110
£3 PPS A 220
E4 PPR A 125
ES PPS A 220
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I EN. BASE | Abrasion/

PFOLYMER | COAT | RAT Cyeles

ES PPS A 200

E7 PPS A G4

ES8 PPS A 60

ES PPS A 60

E1G PPS A 228G
Ell PPS A 180
ElZ PPS A 154
El3 PPS A 220
£li4 PPS A 240
Els PPS A 220
El6 PPS A 180
El7 PPS A 180
E1¥ PPS B 290
£i9 PPS A 180
H20 PPS B 3000
E21 PPS A 3340
E2Z PPS A 298
EZ23 PPS A 105
E24 PPS A 298
E25 PPS A 105
E26 PPS A 298
E27 PPS A 103
EZ¥ PPS A 275
E29 PPS A 140
E30 PPS A 165
E31 PPS A 104
E3z2 PPS A 54
£33 PPS A 194
B34 PPS A 300
E35 PPS A 180
E36 PPS A 335
E37 PPS A 170
£38 PPS A 300
£39 PPS A 356
E40 PPS A 212
E41 PPS A 335
E42 PPS A 180
£43 PPS A 50
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I EN. BASE | Abrasion/

PFOLYMER | COAT | RAT Cyeles

Ed4 PPS A 64
E45 PPS A 61
E46 PPS A 150
£47 PPS A 240
E4R PPS A 100
E49 PPS A 200
ESG PPS A 200
Esi PPS A 150
£32 PPS b 46006
E33 PPS C 71000
ES54 PP C 60000
ESS PPS C 42004
ES8 PPS C 1060600
E57 PPS b 85040
E5R PPS C 93000
ESS PPS C 1000
Esl PPS C 0000
E6l PPS C 93000
EE6Z PPS A 2830
E63 PPS C 38000
E64d PPS A 394
E6S PPS C 38000
E66 PPS A 394
E67 PPS A 445
E68 PPS A 330
E69 PPS A 624
E7G PPS A 220
£71 PPS A 190
E72 PPS A 80
E73 PPS A 390
E74 PPS A 475
E75 PPS A .
E76 PES B 21006
B PES B 7000
78 PES B 70040
E7% PES B 7000
E&G PES B 7000
£g1 PES B 22006
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I EN. BASE | Abrasion/

PFOLYMER | COAT | RAT Cyeles

ESZ PES B 100000
ER3 PES B 33000
Eg4d PES B 1006000
£83 PES B 42006
E&6 PES B 33006
ER7 PES B 260040
E83 PES B 26000
KB4 PES B 17000
£90 PES B 18006
E91 PES B 33000
E9Z PES B 28004}
ES3 PES B 27000
E94 PES B 8000
£93 PES B 36006
E96 PES B 31000
ES7 PES B 200040
ES8 PES B 20000
ES9 PES B 65000
E60 PES B 18006
El101 PES A 570
£102 PEEK B 15000
E103 PEEK B .
E104 PPS B 14000
E165 PPS B 25000
E106 PPS B 25004
£1067 PPS B 26004
E108 PPS B 19000
E109 PPS B 25006
EHG PPS B 25000
Eill PPS B 3R000
B2 PPS B 3004
E113 PPS B 44000
Ell4 PEEK B 35006
Elis PAY B 83000
Ells PAI B 18000
E117 PAI A 624
E1IR PES A 443
EllS PES A 370
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i EN. BASKE | Abrasion/
PFOLYMER | COAT | RAT Cyeles
E120 PES A 440
Ei121 PES A A{H}
E122 PES A 350
E123 PES A 403
El24 PES A 700
E123 PES A 370
E126 PES A 400
E127 PES A 200
E128 PES A 320
E12% PES A 320
E130 PES A 330
Ei31 PAI B 32600
E132 PAT B 23000
E133 PES A 450
El34 PES B 31000
E135 PES B 2T}
E136 FKM D
E137 FKM D
{00306] The resuits in the table above show that there is improvement in linear

abrasion resistance over the control topcoats with the topeoats made in accordance with the

first and second embodiments of the present invention.

Example 4C

Cooking velease tests

1B0307] Cooking release tests were conducted in accordance with the protocols below
for chicken leg, and steak. For the chicken leg and steak testing, the results were determined
by whether or not the surface of the coating appeared to be clean afier washing without
containing meat still stuck to the surface. This would then determine the end point of the
resting and the number of cveles completed to achieve the end point then recorded.

[B0308] Chicken Leg. Oue chicken leg placed centrally on coated substrate and
cocked for 40 mins at 230°C. Clean coated substrate in a warm solution of water and washing

up liguid. Dry and evaluate coated surface for signs of meat residues. Signs of meat residues
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indicate the endpoint of the testing. The number of cycles of chicken leg cooked to reach
endpoint is then recorded, however, 5 cycles of testing are required for a test "pass™.

[60309] Steake. Place a piece of raw rump steak visibly free from the fat around the
outside of the meat into the sample to be tested (marble does not need removing). Surface
ares is important and the size of steak being used is approx. 22.5 em” by 12.5 cm” to give a
surface area of 200cm’ = 25 cm’. The weight of the picces should be ~0.6kg. Cook for 1 hour
at 180°C. Soak coated substrate in 63°C solation of water and washing up hiquid for 15 mins.
Dy and evaluate coated surface for signs of meat residues. Signs of meat residues and any
staining whatsoever indicated the endpoint of the testing. The number of cycles of steak
cooked to reach endpoint is then recorded, however, 5 cycles of testing are required for a test
"pass”.

160310} The resuits are set forth in Table 27 below:

Table 27
Cooking release tests
I ENGINEERING Steak clean up Number of Chicken
POLYMER {Fall = §, Pass = | Steak Cyeles
1} {8 CYCLES
is
STANDARD
PASS)

BConiroll PES 0 2 3
EControl2 PES 0 2 3
BConirol3 PES 0 2 4
EControl4 PES 0 4 3
BConirols PES 1 4 4
EControl6 PES 1 4 ]
Elontrol7 PES 1 4 3
EControld PES 0 3 i
BConirol9 PES 0 3 3
EControild PEEK v 1 i
EControll 1 BAT 0 0 i
El PPS 1 2 3
E2 PES 1 2 2
E3 PP Y 1 3
E4 PES i 2 i
ES PPS 1 2 2
E6 PES O 1 2
7 PPS G i i
E8 PES O 1 3
E9 PPS Y i 5
Bid PES i 20 i
Eit PPS Y i i
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i ENGINEERING Steak clean up Number of | Chicken
POLYMER {Fall =@, Pass = | Steak Cycles
1) {8 CYCLES
I8
STANDARD
PASS)

E12 PPS i 3 i
E13 PPS 0 i 0
El4 PPS 0 3 i
Els PPS i 2 i
El6 PPS 0 i i
E17 PPS i i i
Elg PPS i i i
E19 PPS 1 i i
E20 PPS 0 i i
E21 PPS 0 i 3
E22 PPS 0 3 5
E23 PPS 0 3 3
E24 PPS 0 3 5
E25 PPS 0 3 3
E26 PPS 0 3 5
E27 PPS 0 3 5
E28 PR3 O 3 3
E29 PPS 0 3 3
E30 PR3 O i 1
E31 PPS 0 i i
E32 PR3 O i 4
E33 PPS 0 i i
E34 PR3 O i 1
E3S PPS 0 i i
E36 PR3 O i 1
E37 PPS 0 i i
E3& PR3 O i 1
E39 PPS 0 i i
E40 PES O i 1
E41 PPS 0 i i
E42 PeS 0 3 ]
E43 PPS s 2 5
E44 PPS 0 1 2
E48 PPS 1 S 5
Ed6 PPS 0 1 &
E47 PPS s ] 5
E4% PPS 0 1 4
E49 PPS s ] 5
ES0 PPS 0 1 2
E31 PPS 1 S 5
ES2 PPS 0 1 &
E33 PPS s ] 5
ES4 PPS ] 5 &
E38 PPS s ] 5
ES6 PPS ] 5 &

96



WO 2011/075351 PCT/US2010/059368

i ENGINEERING Steak clean up Number of | Chicken
POLYMER {Fall =@, Pass = | Steak Cycles
1) {8 CYCLES
I8
STANDARD
PASS)

ES7 PPS 0 i 5
E58 PPS 0 i 3
ES9 PPS 0 i 5
E6D PPS 0 i 3
Eol PPS 0 i 5
E62 PPS 0 i 3
E63 PPS 0 i i
E64 PPS 0 i 4
E6S PPS 0 i i
E6o PPS 0 i 4
Eo7 PPS 0 5 1
E68 PPS 0 5 3
B9 PPS 0 5 5
E70 PPS 0 5 0
171 PPS 0 5 5
E72 PPS 0 S 5
E73 PR3 i 3 §
E74 PPS 0 i 0
EB75 PP3 . . .
E76 PES 0 i i
E77 PES O i S
E78 PES 0 S 5
E7 PES O 3 1
E&Q PES 0 i 2
E8} PES O 4 S
E&2 PES i S )
E83 PES O 2 2
Eg4 PES 0 i )
E8S PES i 3 S
E&5 PES 0 i 2
E87 PES 0 3 ]
E&8 PES s ] Z
E8Y PES 0 1 i
E2Q PES s ] 5
ES1 PES 0 1 &
E92 PES s ] 3
E93 PES ] 5 5
E94 PES 1 S 3
ESS PES ] 5 2
E9% PES 1 2 5
E97 PES ] 5 5
E98 PES 1 5 0
E99 PES ] 5 5
E100 PES 1 30 2
Eij] PES ] 30 5
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i ENGINEERING Steak clean up Number of | Chicken
POLYMER {Fall =@, Pass = | Steak Cycles
1) {8 CYCLES
I8
STANDARD
PASS)
E1g2 PEEK 0 5 5
B103 PEEK . . .
Eig4 PPS 0 5 5
E105 PPS 0 i i
Eid6 PPS 0 i i
E107 PPS 0 i i
EiQ8 PPS 0 i i
E109 PPS 0 i i
Eiig PPS 0 5 5
Biil PPS 0 i i
Eii2 PPS 0 i i
E113 PPS 0 i 3
Ei14 PEEK 0 5 5
B3 PAL 0 i i
Elis PAT 0 1 0
ERL7 PAY 0 i i
Ef18 PES i 5 3
E1i9 PES i i )
Ef20 PES i { S
Ei21 PES i i )
Ef22 PES i { S
E123 PES i i 4
Ef24 PES i { S
E125 PES i i )
Ei26 PES i { S
E127 PES i i )
Ef28 PES i { S
E129 PES i i )
Ei30 PES i i S
Ei3 PA] 0 i i
E132 PAL 0 1 1
E133 PES 1 ] 5
El134 PES 0 5 ]
Ei35 PES s S 5
El136 FEM
E137 FKM

[00311]

The results in the table above show that there is an improvement in the release

and case of cleaning characteristics for all types of food tested over the control topcoats with

the topecoats made in accordance with the first and second embodiments of the present

invention.
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Example 4D

Adhesion and 87 bend tesis for formable coatings

188312 In this Example, an adhesion test was conducted in accordance with the
procedures described below to determine the adhesion strength of a coating to its substrate by
trying to remove the coating with adhesive tape. A 07 bend tost was also conducted.

{68313 The procedure for the adhesion test, referred to as "Test 27 below, s as

follows, with initial reference to "Test 17 below. For ECCS substratre BOTH Test 2 and 0T

st pass.
[60314] 1. Scope.
[60315] This procedure is to be used to determine the adhesion of a coating fo its

substrate by trying to remove the coating with adhesive tape.

{8031 6] 2. Equipment and Matenials,

18031 7] 2.1, Metal ruler divided in millimetres or special template with appropriate
spacing of cuts.

160318 2.2. Single edge razor blade, scalpel, knife or other cutting instrument with a
fine, sharp edge.

{80319 2.3, As an alternative to 2.1 and 2.2, a multi-bladed cutting tool with the
proper blade spacing may be used.

[80320] 2.4. Adhesive tape, such as 3M Scotch Brand No. 897 Strapping Tape or No.

§98 Filament tape or 1is equivalent.

60321} 2.5, Low power (3 - 5X) magnifving glass.

160322] 3. Procedure.

(6063231 3.1. Lay the test piece on a flat firm surface.

1603241 3.2, With the metal rule, mark off eleven (11) spaces separated by the

required distance. This may be 1, 1.5 or 2 mm. Markings may be made by nicking the
coating with the cutting tool.

[B0325] 3.3. Hold the ruler or other roctal straight edge firmly on the test piece at the
first marking. Scribe a line 2 to 4 cm long with the cutting tool. Continue making cuts for
the remaining marks. The cuts should be evenly spaced and paraliel to one ancther. The cuts
should penetrate the coating completely through to the substrate, but should not gouge the

substrate.
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100326] 3.4. Rotate the test piece 90°, and repeat steps 3.2 and 3.3, making a second
set of cuts perpendicular to and superimposed on the first set of cuts, The completed cuts will
form a grid of 100 squares with sides of the required dimension. Brush away any flakes or
ribbons of the coating from the grid.

(603274 3.5, Hanmulti-bladed cutting tool is used, steps 3.2, 3.3 and 3.4 can be
eliminated. Use the multi-bladed cutting tool to produce the grid as required. Make sure that

the cuts are clean and completely through to the substrate.

{B0328] 3.6, Cuta 15 cm length of adhestve tape. Apply the tape over the grid. Press
down firmly. A rubber craser may be used to rub the tape to remove air pockets and ensure a
good bond.

(60329 3.7. Within 90 = 30 seconds of application, remove the tape by grasping one

end and pulling rapidly at a pecling angle of 180°, Pull rapidly but do not jerk,

[806336] 3.8. Repeat steps 3.6 and 3.7 over the same grid for the required number of
tines, Usoally 3 pulls are used.

[00331] 4. Evaluation.

[B0332] 4.1. Inspect the grid with the magnifying glass for removal of the coating
from the substrate. In the case of a multicoat system or in the case of a recoatability test,
fnspect the grid for removal of one coat from another.

60333} 4.2, Report the amount of coating remaining on the grid, e.g., 100% means no
coating removed. Typically this is reported as number of squares remaining compared to
number of squares produced. For perfect adhesion over 100 squares, the rating would be
100/100. Note any adhesion failures to the substrate or between coats,

{80334 5. Precautions.

[6D335] 5.1, Inspect the cutting tool before cach iest. Dress the tool with fine abrasive
paper or a sharpening stone, if needed. Replace multibladed tools or single edged tools when

they become too badly damaged to use.

{00336] 6. Refercnces.

[68337] 6.1, ASTM D-3359 Method B, Measuring Adhesion by Tape Test
[BO338] 6.2. DIN 53 151

180339] 6.3, JI8 K 3400 - Section 6.15 Cross Cut Adhesion

[60348] 6.4, BS EN 24624 : 1992
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[80342] 1.1, This procedure measures the adhesion of coatings to a substrate by the
cross hatch and indent adhesion method after exposure to boiling water. This method is an
extension of Test 1 above. It is applicable to formable coatings.

160343] 2. Equipment and Materials.

{00344] 2.1, Container large enough to hold fest items, normally coated sheet metal,

with a lid to cover the container after inserting the items.

[80345] 2.2. Electric hot plate or gas burner stove.

[00346] Timer.

100347] 2.4, Water (deionised water is preferred, but not required).

[60348] 2.5. Cloth or paper towels.

[60349] 2.6. Falling weight/Tropact tester or Erikson tester {a press which produces a
hemisphitical protrusion in the panel),

[30350] 2.7. Other equipment and materials required as per Test 1.

[68351] 3. Procedure.

{00352] 3.1, Fill contamer with sufficient water to cover most of the article to be

tested. Place container on stove or hot plate and bring to the boil. Reduce heat to maintain a
constant simmer. Keep covered.
[B03583] 3.2, Iromerse article in the boiling water, Set timner for required time. The

usual time is fiftecn (15) munutes unless otherwise specified.

603354 3.3. Remove article after the required time. Dy imumediately with paper
towel.
[B0355] 3.4, Scribe a crosshatch pattern on the article to be tested according to the

procedure outlined in Test 1.
[B0356] 3.5, Apply reverse impact or Erikson to rear of article directly behind

crosshatch.

(60357} 3.6. Apply tape to crosshatch area and check adhesion as described in Test 1.
{00358] 4. Evaluation.

{68359 4.1, Evaloate and report as describe in Test 1.

{00360] 5. Precautions/Comments.

[80361] 5.1. Conduct initial tape test by Test I within 5 minutes of removal from
watet
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{00362 5.2. It aseries of tests are being conducted, maintain a constant water level,
Also, replace water periodically to avoid a build up of salts or other debris, especially if using

tap water.

[00363] 6. References.
[60364] 6.1, BS 7069 : 1988
[60365] 6.2. BS 3900 Part E3
0T Bend test
[00366] The procedure for the 0T bent tost is as follows.
[B0367] 1. Scope.
100368] 1.1 This procedure is used to determine the adhesion and flexibility of
coatings when subjected to a 1800 bend.
(30369 2. Equipment and Materials,
[806370] 2.1 A five inch bench vise permanently mounted o work table or metal
brake form machine.
(80371} 22 Bcotch #160 Transparent tape 3/4" wide, or equivalent.
180372] 3. Procedure.
(603731 3.1 Prepare test pancls using agreed upon substrate and following the

application recommendations for the coating, Alternately, cut panels from production coated
metal. Panels should be 2" to 3" wide by length necessary to muake the test.

1603374} 32  Insertone end of the panel 1/2 inch into the vise. Bend the panel to 900
with coating on outside of bend. Remove from vise and bend to greater than 900 by hand.
Reinsert into vise and compress until flat. This is a2 zero "T" bend. Use the same procedure
for each successive "T" bend. One thickness to be 1 "T", two thicknesses to bhe 2 "7, etc.
Apply the tape firmly over the entire length of the bend.

(806375} 3.3 Remove the tape with a single rapid pull. Repeat with fresh tape for the
nurmber of pulls specified.

{00376] 4, Evaluation.

[80377] 4.1 Examine each "T" bend visually before applying tape. Report lowest
"T" bend at which no cracking of the coating is visible.

[B0378] 4.2  Examine cach "T" bend visually after taping. Report lowest "T" bend
at which no coating is removed.

[60379] 5. Comments/Precautions.
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{B0380] 5.1 Avoid scratching of the coating when crimping pancl in the vise, 1f
necessary, protect the coating with paper while bending.

(603811 52 Results may vary depending upon the direction of the bend in relation
to the grain of the metal (across grain or with grain).

60382 53 Coatings become more flexible with increasing teraperature. Specity

temperature at which bend is to be made.

[B0383] 54  Hard, high temper metals will fracture when bent 186°, The "T" bend
test cannot be run on these metals,

{B0384] 6. References.

[B0385] 6.1 ASTM D3794-79 Section 8.5.5

[60386] The results are set forth in Table 28 below:

Table 28
Adhesion and 07 bend tests

D ENGINEERING §r Adhesion % Fluorspolymer
POLYMER Bend Test2 solids
Test {crosshatch
{(PASS | tape peel)
=, {PASS = 1,
FAIL = | FARL =)
]
EControll PES 0 0 7.63
EConirolZ PES i i 7.63
ECountrol3 PES i i 7.63
EConirold PES i i 7.63
EControl5 PES i i 7.63
EConirol6 PES i i 7.63
EControl7 PES i i 7.63
BConirolR PES 1 1 0
EControl9 PES ] i 7.63
EControl10 PEEK 1 i 0
BConirolll PAL i i 0
Bl PPS 1 i 3199
E2 PPS 1 i 3.9
B3 PPS 1 i 2.73
F4 PPS 1 i 2.73
BS PPS 1 i 2.73
6 PPS 1 i 2.73
B7 PPS 1 i 398
ES8 PPS 1 i 3.9
BO PPS 1 i 4
E10 PES i i 431
El1 PPS 1 i 4.3}
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iD ENGINEERING A Adhesion % Fluoropolymer
POLYMER Bend Test 2 solids
Test {crosshatch
{(PASS | tape peel)
=, {PASS =1,
FAIL = | FARL =)
]

Hi2 PPS 1 i 431
E13 PPS { i 431
Hi4 PPS 1 i 431
E1§ PPS { i 4.45
Hi6 PPS 1 i 412
E17 PPS { i 412
Hig PPS 1 i 412
E19 PPS i i 4.12
F20 PPS i i 412
E21 PPS 1 i 4.34
F22 PPS j i 431
E23 PPS 1 i 4.3}
F24 PPS j i 431
E25 PPS 1 i 4.3}
E26 PES i i 431
E27 PPS 1 i 4.3}
F28 PPS j i 431
E29 PPS 1 i 4.3}
FE30 PES 0 0 4,46
E31 PPS 0 0 4.46
F32 PES 0 0 4,46
E33 PPS 1 i 4.46
F34 PES 0 0 4,46
K35 PPS O 0 4.46
E36 PES 0 i 4,45
E37 PPS i i 4.46
E38 PES 0 0 4,45
B39 PPS O 0 4.46
E40 PES 0 i 4,45
B4t PPS O 0 4.46
E42 PES i i 4,45
43 PPS O 0 4.3
E44 PES 0 0 431
H45 PPS O 0 4.3
B4 PES 0 i 431
E47 PPS O 0 4.3
E48 PES 0 0 431
B49 PPS O 0 4.3
ES50 PES 0 0 431
B51 PPS O 0 4.3
ES52 PPS i i 431
ES3 PPS i i 431
E54 PPS 431
ES5 PPS i i 431
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iD ENGINEERING A Adhesion % Fluoropolymer
POLYMER Bend Test 2 solids
Test {crosshatch
{(PASS | tape peel)
=, {PASS =1,
FAIL = | FARL =)
]

H56 PPS 1 i 431
E57 PPS 0 i 431
H58 PPS 1 i 431
E59 PPS 0 i 431
H6D PPS 0 i 431
E6l PPS 1 i 431
H62 PPS 0 0 431
E63 PPS i i 4.3}
F64 PPS i i 431
E6S PPS 1 i 4.3}
F6o PES i i 431
E67 PPS 0 0 4.3}
F68 PPS j 0 R.08
E69 PPS 1 i 4.29
E70 PES i i 4,29
E71 PPS 0 0 4.29
E72 PES 0 i 4,29
E73 PPS 0 i 6.01
E74 PES 0 i 4,62
E75 PPS 5.88
E76 PES Y i 4.57
E77 PES 1 i 4.55
E78 PES 1 i 4.5
E79 PES i i 4.55
ERG PES i i 4.7
Bsl PES i i 4.7%
ER2 PES 1 i 4,66
EE3 PES i i 4.72
ER4 PES 1 i 4,57
EE5 PES i i 4.66
B85S PES 1 i 4.66
Eg7 PES i i 7.02
ER]R PES i i 7.02
BE9 PES i i 6.34
ESO PES 1 i 6.43
E91 PES i i 6.37
EG2 PES 1 i 6.31
E93 PES i i 6.35
EG4 PES 1 i 4.31%
E95 PES i i 4.63
E96 PES i i 4,61
E97 PES i i 4,59
E9R PES H i 4,57
E99 PES i i 4,59
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i ENGINEERING 8T Adhesion % Fluorspolymer
POLYMER Bend Test 2 solids
Test {crosshaich
{(PASS | tape peel)
=1, | (PASS =1,
FAIL =1 FAlL=1)
i
E100 PES ] i 4.64
E161 PES 1 i 4.64
E102 PEEK ] i 4.65
H163 PEEK 4.65
Ei04 PES 0 ¢ 4.26
Ei05 PPS 0 i 4.26
E106 PES ] ¢ 4.53
E107 PPS O { 4.53
E108 PPES i i 4.53
E109 PPS 1 i 4.53
E1i0 PPES ] 0 4.26
Elld PPS 1 i 4.26
EiiZ PPES 0 i 4.53
Eii3 PPS 1 i 4.53
El14 PEEK i i 4.67
F115 PATL 1 i 4.67
Ell6 PAL i i 4.65
Eil7 PAT O { {
E1i8 PES ] i 4.58
Eil9 PES 1 i 4.31
Ei20 PES ] i 4.44
Ei2l PES 1 i 4.44
EiZ22 PES ] i 5.16
E123 PES i i 4.49
Ei24 PES 1 § 4.58
E125 PES i i 5.11
EiZ26 PES 1 § 4.66
E127 PES i i 5.07
Ei28 PES 1 § 5.02
E129 PES i i 5.07
Ei30 PES 1 § 5.04
E131 PAL i i 3.83
Ei32 PAI 1 § 3.83
E133 PES i i 3.75
Ei34 PES 1 § 3.67
E135 PES i i 3.2
E136 FEM 6.16
E137 FKM H.08
{63871 The results in Table 28 show that the adhesion properties of the control

topcoats are cither maintained or show a slight improvement in the present coating

compositions, indicating that the addition of the coating compositions at the tested percentage

solids of flucropolymers does not interfere with the adhesion of the coating to the substrate
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when the topcoats have been made in accordance with the first and second embodiments of
the present invention.

160388 Nomalized propertics are used to combine the results of several tests and
determine selected formulations which are set out in Table 29, Normalized data are
calculated as foliows:

[30389] NORM SURFACE = Mean({Col Maximum({ :Ra } - :Ra} / (Col Maximuam(
:Ra } - Col Mirumum :Ra }),({ "Gloss (600})" ) - Col Minimum{{ "Gloss {600}" ) )} / (Col
Maximund{ "Gloss (600)" ) ) - Col Minirnun{( "Gloss (600)" }})

160390 NORM (RAT, CHICK, STEAK) = Mean(({ "Number of Steak Cycles (5
CYCLES IS STANDARE PASS)Y" ) ~Col Minimum({ "Number of Steak Cycles (§ CYCLES
IS STANDARD PASS)Y" } 1) /{Col Maximum{{ "Number of Steak Cycles (§ CYCLES IS
STANDARD PASSY' )} -Col Miniomum({ "Number of Steak Cycles (8 CYCLES IS
STANDARD PASSY' 3 1),{:Chicken - Col Mininmum{ :Chicken )} / (Col Maximumy{ :Chicken
} -Col Mintmum( :Chicken }),GRAT - Col Mimnimuom({ :RAT )y / (Col Maximum{ :RAT } - Col
Miniroumd RAT }))

[80391] NORM ENG ALL = Mean{({{ "Number of Steak Cycles (8 CYCLES IS
STANDARD PASS)Y" ) -Col Minimum({ "Number of Steak Cycles (8§ CYCLES I8
STANDARD PASSY' ) 1 /A(Col Maximum({ "Number of Steak Cyeles (S CYCLES IS
STANDARID PASSY' ) ) -Col Mirdomm({ "Number of Steak Cycles (3 CYCLES IS
STANDARD PASSY' ) 1),(:Chicken - Col Miniomum{ :Chicken }) / (Col Maximum{ :Chicken
} -Col Minimum{ :Chicken }},GRAT - Col Minimum({ :RAT }} / (Col Maximum{ :RAT } - Col
Mimniroumd RAT ), (Col Maximum( :Ra ) - :Ra} / (Col Maxiomum( :Ra ) - Col Minimuny
Ra 33, (( "Gloss (600)" ) -~ Col Minimum({{ "Gloss {600} } 3} / {Col Maximum{{ "Gloss (600}"
1) - Col Minimum({ "Gloss {(600)" 11}

Table 29
Selected Coating Fornudations for Topcoats on Rigid Substrates
norm | Lo
POLYMER | | o N o nor RAT
D SOLID % UHPTFE | SGPFA | %FEP | SLPTFE Surface :r:; Chick
& Steak
E56 28.99 g.8 0.1 0 0.1 .47 0.62 0.71
E101 33.71 0.61 0.12 .11 0.16 8.53 0.61 0.67
E5G 28.98 8.8 0.1 0 0.1 5.48 0.57 0.64
E82 33.55 0.8 0.1 0 0.1 (.36 0.57 0.71
E58 28.99 0.8 0.1 0 0.1 .46 0.57 0.64
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norm
norm
i PS%S?;R %HPTFE | %PFA | %FEP | %LPTEE S:ff‘:ze alt QR;,:‘;
eng Steak
ES7 28.99 0.8 0.1 8] 0.1 0.47 1 0.56 0.62
E6D 28.99 0.8 0.1 0 0.1 0.49 1 0.56 0.6
E&4 32.9 0.8 0.1 0 0.1 0371 G55 0.67
£53 28.88 0.8 0.1 0 0.1 0451 0.52 0.57
Eild 33.92 0.4 g.12 011 0.36 0.55 0.52 0.5
EControlb 32.9 0 0 O 1 0.69 0.5 0.37
EControld 32.9 O 0 0 i 0.67 1 0.49 0.37
EControl2 32.9 0 1 ] g 0561 643 0.35
EControls 32.8 { 0 0 i 0.4 1 0.43 .45
EControl3 32.9 8 0 1 g 0641 0.42 0.28
EControl9 328 0.52 0.1 0.1 0.28 0491 0.33 0.22
EControl7 32.9 8] 0 i 0.44 1 0.32 0.23
EControll 32.9 1 € ] g 0461 .31 0.21
[00392] As can be seen from Table 29, the 3-Component formula 80% HPTFE, 10%

PFA and 10% LPTFE yields desirable properties. In addition the 4-Component fornmila with
40-61% HPTFE, 12% PFA 11% FEP and 16-36% LPTFE also delivers desirable propertics.
[B0393] Even ignoring RAT performance, the best performing formulations are as
listed above.

13030941 While this invention has been described as having a preferred design, the
present invention can be further modified within the spirit and scope of this disclosure. This
application is therefore intended to cover any variations, uses, or adaptations of the invention
using its general principles. Further, this application is intended to cover such departures
from the present disclosure as come within known or customary practice i the art to which

this invention pertains and which fall within the limits of the appended claims,
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WHAT IS CLAIMED I8

1. A fluoropolymer composition, comprising:
at least one low molecular weight polytetrafluoroethylene (LPTFE) having a
first melt temperature (Tw) 0f 3357 C or less; and
at least two melt processible fluoropolymers, comprising:
a first melt-processible fluoropolymer (MPF); and
a second melt-processible fluoropolymer (MPF), said second melt-
processible fluoropolymer (MPF) chemically different from said first melt-processible

fluoropolymer (MPF),

2. The fluoropolymer composition of Claim 1, wherein said coraposition lacks
high molecular weight polytetrafiuorocthylene (HLPTFE) having a mumber average

molecular weight (M.} of at least 560,000,

3. The thuoropolymer composition of Claim 2, wherein said at least one LPTFE
is present in an amount of between 10 wt.% and 70 wt.%, and said at least two MPFs are
together present in an amount of between 30 wt.% and 90 wt.%, based on the total solids

weight of said at least one LPTFE and <aid at least two MPFs.

4. The fluoropolymer composition of Claim 2, wherein said at least one LPTFE
is present in an amount of between 40 wt.% and 60 wt.%, and said at least two MPFs are
together present in an amount of between 40 wt.% and 60 wt.9%, based on the total solids

weight of said at least one LPTFE and said at least two MPFs.

5. The fluoropolymer composition of Claim 1, wherein said composition further
comprises at fcast one high molecular weight polytetraftuorocthyiene (HPTFE) having a

number average molecular weight (My) of at least S60,000.
f. The thuoropolymer composition of Claim 5, wherein said at least onc HPTFE

is present in an amount of between | wt.% and 89 wt.%, based on the total solids weight of

said at feast one HPTFE, said at least one LPTEFE, and said at least two MPFs.
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~¥

7. The fluoropotymer composition of Claim 5, wherein said at least one LPTFE
is present in an amount of between 16 wt.% and 60 wt.%, said HPTFE is present in an
amount of between 1 wt.% and 60 wt.%, and said at least two MPFs are together present in
an amount of between I wit.% and 60 wt.%, based on the total solids weight of said at least

one HPTFE, said at least one LPTFE, and said at least two MPFs.

&. The fluoropolymer composition of Claim 7, wherein said at least two MPFs
are cach present in an amount of between § wit.% and 30 wt.%, based on the total solids

weight of said at least one HPTFE, said at least one LPTFE, and said at least two MPFs,

9. The fluoropolymer composition of Claim 1, wherein said at least one LPTFE
has a first melt temperature (Ty,) selected from the group consisting of 332° C or less, 330° C
or less, 3297 C or fess, 328° C or less, 327° C or less, 326° C or less, and 3257 C or less.

10, The fluoropolymer composition of Claim |, wherein said at least one LPTFE
is obtained via emulsion polymerization without being subjected fo agglomeration, thermal

degradation, or irradiation.

11 The fluoropolymer composition of Clatm 1, wherein said coraposition is in the

form of an agqueous dispersion.

12. A coating applied fo a substrate, said coating comprising the thioropolymer

composition of Claim 1.

i3, A method of coating a substrate, said method comprising the steps of:
providing a substrate;
applying a coating composition to the substrate, the coating composition
comprising:
at least one low molecular weight polytetrafluoroethylene (LPTFE)
having a first melt temperature (T} of 335” C or less; and
at feast two melt processible fluoropolymers, comprising:
a first melt-processible fluoropolymer (MPF); and

a second melt-processible fluoropolymer (MPF), the second
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melt-processible fluoropolymer (MPF) chemically different from the first raelt-processible
flucropolymer (MPF); and

uring the composition to form a coating.

14, The method of Claim 13, further comprising the additional steps, prior to said
applying a coating composition step, of:
applying a primer to the substrate, the primer including at least one
fluoropolymer; and

optionally, at least partially curing the primer.

i5. The method of Claim 14, further comprising the additional steps, following
said applying a primer step and prior fo said applying a coating composition step, of:
applying a midcoat to the substrate, the midcoat inchuding at least one
fluoropolymer; and

optionally, at least partially curing the ridcoat.

16. The method of Claim 13, wherein the coating composition lacks high
molecular weight polytetrafluoroethylene (HLPTFE) having a number average molecular

weight (M) of at least 500,000,

17. The method of Claim 16, wherein the at least one LPTFE is present in an
amount of between 10 wt.% and 70 wt.%, and the at least two MPFs are together present in
an amount of between 30 wt.% and 90 wt.%, based on the total solids weight of the at least

one LPTFE and the at least two MPFs in the coating composition.

18, The method of Claim 13, wherein the coating composition further comprises
at least one high molecular weight polytetratiuorocthylene (HPTFE} having a number

average molecular weight (M, of at least 500,060,
1. The method of Claim 18, wherein the at least one HPTFE is present in an

amount of between 1 wt.% and 89 wt.%, based on the total solids weight of the at least one

HPTFE, the at least one LPTFE, and the at least two MPFs in the coating composition.
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20, The method of Claim {3, wherein the subsirate is selected from the group

consisting oft
a rigid substrate; and

a flexible subsirate.



