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BLENDED FLUOROPOLYMER COlVIPOSITlONS 

HA VINC MULTIPI_,E i\'IELT PROCESSIBLE FLUOROPOLYl\:IBRS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority under Title 35, LT.S.C. §119(e) to U.S. 

Provisional Patent Application Serial Number 61i287,929, filed December 18, 2009, entitled 

MULTIPLE-COMPONENT BLENDED FLUOROPOLYtv'fER COMPOSITIONS, and to 

U.S Provisional Patent Application Serial Number 61/296,553, filed January 20, 2010, 

entitled BLENDED FLUOROPOL YMER COMPOSITIONS \NITH MULTIPLE MELT 

PROCESSIBLE FLUOROPOLYMERS, the entire disclosures of which are hereby expressly 

incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention. 

[0002] The present invention relates to fluoropolymers and, in particular, relates to 

fluoropolymer 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 fluoropolyrner 

compositions that include multiple fluoropolym~~r components and may be used to fon11 

coatings having improved non··stick or release characteristics and/or improved abrasion 

resistance, as well as :films and/or blended powder compositions. 

Description of the Related Art. 

[0003] Fluoropolymers are long-chain polymers comprising mainly ethylenic linear 

repeating units in which some or all of the hydrogen atoms are replaced with fluorine. 

Examples include polytetrafluoroethylene (PTFE), methylfluoroalkoxy (i'v1F A), fluoro 

ethylene propylem~ (.FEP), perfluoroalkoxy (PFA), poly(chlorotrifluorodhylene) and 

poly( vinylfiuorid e). 
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[00041 Non-stick coating systems including fJuoropolym~~rs are applied in single or 

multiple coats to the surface of a subsh·ate 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 prinler and a topcoat, and optionally, one or rnore 

midcoats. 

[0005] 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 fluoropolyrm~r 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 

entirely composed of fluoropolymers, such as entirely high molecular weight 

polytetrafluoroethylene (HPTFE), or HPTFE with a small amount of a melt-processible 

t1uoropolyrner. 

[0006] Glasscloth is one example of a flexible substrate that may be coated with a 

fluoropolymer coating. The coating typically includes a high mokcular \V~~ight 

polytetrat1uoroethylene (HPTFE), either 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 ov~~n tower to cure or fix the coating. This process 

is usually repeated a number of times whereby up to 10 or more coating layers may be 

applied. 

[0007] What is needed are improved fluoropolym~~r compositions for applications 

such as coatings for rigid. and/or flexible subsh·ates that demonstrate improved. characteristics, 

such as improved release and/or abrasion resistance. 

SUM1vlARY Of THE INVENTION 

[0008] The present disclosure provides f1Horopolymer cornpositions that include 

multiple fluoropolymer eomponents 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 include at least one low molecular 

weight po1ytetrafluoroethykne (LPTFE) and at least. two chemically different melt 

processible fluoropolymers (JVIPF). In another embodiment, the compositions include at 
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kast one high molecular weight polytetrafluoroetbylene (HPTFE), at least om~ kn,v molecular 

weight polytetrafluoroethylene (LPTFE), and at least two chemicaHy different melt 

processible fluoropolymers (MPF). After being applied to a substrate, optionally over a 

basecoat and/or a midcoat and then cured, lhe present compositions fonn coatings that 

demonstrate improved characteristics, such as improved release characteristics, abrasion 

resistance, translucency/transparency, and permeability, for example. 

[0009] In one form thereof, the present disclosure provides a fluoropolymer 

composition, including at least one low molecular ;;veight polytetrafluoroethylene (LPTFE) 

having a first melt temperahJJe (Tm) of 335° Corless; and at least two melt processible 

fluoropolymers, including: a first melt-processible f1uoropolymer (MPF); and a second rnelt­

processible fluoropolymer (MPF), the second me1t-processible fluoropolymer (MPF) 

chemically different from the fi~st meH-processible fluoropolymer (J'vfPF). 

10010] In one embodiment, the fluoropolymer composition lacks high molecular 

vveight polytetrafluoroethylene {HLPTFE) having a number average molecular weight (M,,) 

of at least 500,000. The at kast one LPTFE may be present in an amount of betvveen 10 

1-vt.% and 70 wt.%, and the at least two MPFs may be together present in an amount of 

between 30 v\lt . ~-~ and 90 wt.%>, based on the total solids weight of the at ieast one LPTFE and 

the at least two MPFs, or the at least one LPTFE may be present in an amount of between 40 

v.rt.% and 60 v·.rt.~'o, and the at least t\vo MPFs may be together present in an amount of 

between 40 vvt.% and. 60 wt.%, based on the total solids weight of the at least one LPTFE and 

the at least two wlPFs. 

[00l1 J In another ernbodi1mmt, the composition may further include at least one high 

molecular weight polytetrafluoroethylene (HPTFE) having a number average molecular 

weight (Mn} of at least 500,000. The at least one HPTFE may be present in an amount of 

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

at least one LPTFE, and the at least two MPFs, or the at kast. one LPTFE may be present in 

an amount of between 16 wt.% and 60 \vi. ~'o, the HPTFE may be present in an amount of 

behveen 1 wt.% and 60 wt.%, and the at least two MPFs may be together present in an 

amount ofbet\v~~eu I wt.% and 60 wt.%, basi:~d on the total solids weight of the at kast one 

HPTFE, the at least one LPTFE, and the at least two MPFs. The at least tNo J\1J>Fs may each 

be present in an amount of between 1 >vt.%> and 30 v\lt.c;..-;,, based on the total solids weight of 

the at least one HPTFE, the at least one LPTFE, and the at least two MPFs. 
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[0012] The at least one LPTFE rnay have a first melt temperature (Tm) selected from 

the group consisting of 332° C or less, 3 30° C or less, 329° C or less, 328° C or less, 327° C or 

less, 326° Corless, and 325° Corless and/or may be obtained via emulsion polymerization 

without being subjected to agglomeration, thennal degradation, or in-adiation. 

10013] The composition may be in the form of an aqueous dispersion, and may be 

applied lo a substrate as a coating. 

[0014] In another fonn thereof, the present disclosure provides a method of coating a 

substrate, the rn~)thod. including the steps of: providing a substrate; applying a coating 

composition to the substrate, the coating composition including: at least one low molecular 

weight polytetrafiuoroethylene (LPTFE) having a first melt temperature (Tm) of335° C or 

less; and at least t\vo melt processible fluoropolymers, includ111g: a first melt-processible 

fluoropolymer (MPF); and a second melt-processible fluoropolymer (Ml>F), the second. 

me!t-processible fluoropolymer (MPF) chernicaliy different from the first melt-processible 

fluoropolymer (MPF); and curing the composition to forrn a coating. 

[0015] 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 fmther 

include the additional steps, following the applying a primer step and prior to the applying a 

coating composition step, of: applying a midcoat lO the substrnk, the midcoat including at 

least one fiuoropolymer; and optionally, at least partially curing the midcoat. '111e substrate 

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

BRlEF DESCRIPTION OF THE DRAWINGS 

[00161 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: 

[0017] 

[0018] 

Example 2; 

[0019] 

Figs_ 1-18 correspond to Example 2, wherein: 

Fig. l is a DSC plot of the first melt peaks and fusion peak of Run 3 l of 

Fig. 2 is a DSC plot of the remelt peak of Run 31 of Example 2; 
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[0020] 

Example 2; 

[0021 J 

[0022] 

Example 2; 

f0023] 

[0024] 

Example 2; 

[0025} 

[0026] 

Example 2; 

!0027] 

[0028] 

Example 2; 

[0029] 

[0030] 

Example 2; 

[0031 J 

[0032] 

Example 2; 

!0033] 

[0034] 

Example 2; 

[0035] 

[0036] 

Fig. 3 is a DSC plot of the first melt peaks and fusion peak of Run 23 of 

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

Fig. 5 is a DSC plot of the first melt peaks and fusion peak of Run 30 of 

Fig. 6 is a DSC plot of the remelt peak of Run 30 of Example 2; 

Fig. 7 is a DSC plot of the first melt peaks and fi.1sion peaks of Run 22 of 

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

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

Fig. 10 is a DSC plot of the remelt peaks of Run 3 of Example 2; 

Fig. 11 is a DSC plot of the first melt peaks and fusion peaks of Run 41 of 

Fig. 12 is a DSC plot of the remelt p~~aks of Run 41 of Example 2; 

Fig. 13 is a DSC plot of the first melt peaks and fusion peaks of Run 29 of 

Fig. 14 is a DSC plot of the remelt peaks of Run 29 ofExarnple 2; 

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

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

Fig. 17 is a DSC plot of the first melt peaks and Fusion peaks of Run 39 of 

Fig. 18 is a DSC plot of the remelt peaks of Run 39 of Example 2; 

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

[0037] Fig. 19 is an exemplary plot showing the positions of values for PFA (MPF), 

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

f0038J Fig. 20 is a contour plot showing coating gloss as a function of composition; 

[0039] 

[0040} 

composition; 

[0041] 

Fig. 21 is a contour plot showing contact. angk as a function of composition; 

Fig. 22 is a contour plot showing coating pencil hardness as a fonction of 

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

gloss, and pen Gil hardness testing; 
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[00421 Fig. 24 is a normalized contour plot showing the mean of the minimum remelt 

temperature, contact angle, gloss, and pencil hardness testing; 

[0043] 

first melt; 

10044] 

fusion; 

[0045] 

second melt; 

Fig. 25a is a contour plots showing the number of DSC peaks observed during 

Fig. 25b is a contour plots showing the number of DSC peaks observed during 

Fig. 25c is a contour plots shO\·Ving the number of DSC peaks observed during 

[0046] Fig. 26 is a contour plot showing the difference betiveen the total enthalpy of 

fusion and the total first melt enthalpy; 

[00471 Fig. 27 is a contour plot showing the diffrence between tl)e total enthalpy of 

remelting and the total first melt enthalpy; 

[0048] Fig. 28 is a contour plot showing the rninimum first melt temperature; 

[0049] Fig. 29 is a contour plot showing the rninirnurn fusion ternpernture; and 

[0050] Fig. 30 is a contour plot showing the minimum remelt temperature. 

[0051] Corresponding reference characters indicate corresponding parts throughout 

the several views. The exemplifications set out herein illustrate embodiments of the 

disclosure, and such exemplifications are not to be conslmed as foniting the scope of the 

disclosure in any manner. 

DETAILED DESCRIPTION 

l 0052] The present invention provides fluoropolymer compositions that include 

multiple fluoropoiymer 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 fom1ulate basecoats 

or overcoats. In one embodiment, the compositions include at least one low molecular 

weig11t polytetrafiuoroethylene (LPTFE) and at least t\•.;o chemically different melt 

processible fluoropolymers (tvfPF). In another ernbodiment, the cmnpositions include at 

least one high molecular weight polytetrafiuoroethylene (HPTFE), at least one low molecular 

weight polytetra:fluoroethylene (LPTFE), and at least t\vo chemically different melt 

processible fluoropolymers (lVfPF). After being applied to a substrate, optionally over a 

basecoat and/or a rnidcoat and then cured, the present compositions form coatings that 

6 



WO 2011/075351 PCT/US2010/059368 

demonstrate improved characteristics, such as improved release characteristics, abrasion 

resistance, translucency/transparency, and pem1eability, for example. 

[0053} Suitable substrates to which the present t1uoropolyrner compositions may be 

applied, as well as coating lypes, are disc11ssed below· in Section I; suitable high molecular 

weight polytetrafluoroethylene (HPTFE) components are discussed below in Section 11; 

suitable low molecular weight polytetrai1uoroethylene (LPTFE) components are discussed 

beloivv in Section TIT; suitable rnelt processible Duoropolymer (MPF) components are 

discussed below in Section IV; suitable engineering polymers are discussed below in Section 

V; suitable application procedures and fommlations are discussed below in Section VI; 

physical properties and characterization procedures are discussed below in Section VII; and 

the Examples fi)llow. 

!0054] Fluoropolymer blends including LPTFE and a single type ofMPF are 

disclosed in detail in U.S. Patent Application No. 12/468,580, filed on May 19, 2009, entitled 

BLENDED FLUOROPOLY~1fER COL\.·fPOSITTONS; fluoropolymer blends including high 

molecular weight polytetrafluoroethylene (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 FLUOROPOL YMER COATINGS FOR RIGID SUBSTRATES and in 

U.S. Patent Application No. 12/567,446, filed on September 25, 2009, entitled BLENDED 

FLUOROPOLYI\11ER 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. 

[0055] Tu a first ernbodi1m~nt, the present blended fluoropolymer compositions 

include at least one LPTFE and. at least two chemically different MPFs, but do not include 

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. 

l0056] In a second embodiment, the present blended. t1uorpolymer compositions 

include at least one HPTFE, at least one LPTFE, and at least i'..vo chemically difforent l'vlPFs. 

In this respect, the blended fluorpolyrner compositions of the second embodiment can be 

considered to include the fluropolymer compositions of the first embodiment used as an 

additive to a coating system that includes HPTFE. 

[0057] In each of the first and second ernbodintents, the blended tluoropolymer 

compositions include at least two chcmicalJy different MP F's, as defined herein. 

,., 
I 
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[0058] The compositions may be in the fonn of aqueous dispersion or povvders, for 

exampie, and may be used in the particular types of applications discussed herein as well as 

in traditional applications in which JvlPFs are known to be used. Also, the present blended 

fluoropolyrner compositions can be used alone, or rnay be formulated with other types of 

tluoropoiymers or non--tluoropolymers, optionally together with suitable additives, such as 

fillers, pigments, surfactants, etc. 

[00591 

[0060] 

a. Ri!!id Substrates. 

Suitable rigid substrates to which the present compositions may be applied 

include metals, metal ailoys, ceramics, andior rigid plastic materials. Examples include 

cool0Nare, bakeware, industrial components such as rollers, or any other rigid substrate to 

which a coating formed of the present compositions is desired. 

[0061] The rigid substrate may optionally be coated \vith a primer (or ba<>ecoat) 

andior a mid coat 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 rnolecular weight PTFE andior other :tluoropolymers are widely 

available. The pmticular compositions of the primer andior midcoal may vary widdy, and 

are not thought to be critical with respect to the improved prope1ties demonstrated by the 

coatings disclosed herein. 

[00621 b. fk~.~1~51!.Q,~.tnilg~. 

[0063} Suitable flexible substrates to which the present compositions may be applied 

include glasscloth of the type commonly used in applications such as food conveyer belts for 

continuous ovens, architectural fabrics of the type used in stadiurn roofa and radar domes, as 

well as heat sealing bdts, 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, 

linen, glass, or cotton. 

[0064] Other flexible substrak~s that. may be coated with the present compositions 

include any material including natural or synthetic fibers or filaments , including staple fiber, 

fiberfill, yarn, 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, animal, and mineral fibers, 
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including cotton, cotton denim, wool, silk, ceramic fib~~rs, and metal fibers, as \Vell as 

synthetic fibers, such as knit carbon fabrics, ultra high molecular weight polyethylene 

(UHM\VPE) fibers, poly( ethylene terephthalate) (PET) fibers, para-aramid fibers, including 

poly-paraphenylene terephthalamid.e or Kevlar®, and meta-aramid fibers, such as Nomex@, 

each available from E.l. du Pont de Nemours and Company, polyphenylene sulfide fibers, 

such as Rytoni:i~), available from Chevron Phillips Chemical Co., polypropylene fibers, 

polyacrylic fibers, polyacryloni1Ti1e (PAN) fibers, such as Zoltek®, available from Zoltek 

Corporation, polyamide fibers (nylon), and nylon-polyester fibers, such as Da(~ron®, 

available from lnvista North America. 

[0065] The flexible substrate may optionally be coated with a primer (or basecoat) 

amVor a midcoat prior to application of the present coating compositions. The primer and 

mid coat may be any type of ffooropolymer-based coating, and commercially available 

coatings based on high molecular weight PTFE andior other fiuorpolymers are widely 

available. The particular compositions of the prirner and/or rnidcoat may vary widely, and 

are not thought to be critical \vith respect to the improved properties demonstrated by the 

coatings disclosed herein. 

[00661 

[00671 

C. Coating Tvpes. 

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, v.rhich is the 

coating applied directly to an underlying substrate (sometimes referred to as a primer), 

optionally togdhrn~ with one or more midcoats. In these embodiments, the present coating 

may be refom~d to herein as either an "overcoat" or a 11topcoat" and these terms are generally 

interclrnngeable. 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. In furtht~r embodirnems, the present coating system may itself 

also be an undercoat. 

[00681 In some embodiments, the present compositions include at least one type of 

traditional high molecular vveight polytetratluoroetbylene PTFE (HPTFE). 

9 
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[0069] The number awrage molecular ·weight (Mn) oft.he HPTFE is typically at least 

500,000, and may be at least 1,000,000, and suitable HPTFE in the fom1 of liquid dispersions 

and/or powders are available from many cornmercial sources. Liquid HPTFE dispersions 

typically include surfactm1ts for stability, though "unstabilized" HPTFE dispersions, lypically 

having less than l.O wt.% surfactant, are also available and may also be used. Wh(~n a 

powder is used, the powder will typically be dispersed in a liquid to prepare the coating 

composition. 

[0070] In some embo,limenr.s, the HPTFE may indude a small amount of modifying 

co-monomer, in which case the HPTFE is a co-polymer known in the art as "modified FIFE" 

or "trace modified PTFE". Examples of the modifying co-monmner include 

perfluoropropylvinylether (PPVE), other modifiers, such as hexatluoropropylene (HFP), 

chlorotrifluoroethylene (CTFE), perfluorobut.ylethylene (PFBE), or other 

perfluoroalkylvinylethers, such as perfiuoromethylvinylether (PMVE) or 

perfluoroethylvinylether (PEVE). The modifying co-monomer will typically be present in an 

amount less than 1 % by weight, for example, based on the weight of th~~ HPTFE. 

[0071] 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 \veH kllown in the art as granular or suspension polymerization, which yields PT.FE 

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

[00721 The present compositions include at least one type of low molecular weight 

polytetrafluoroetbylene (LPTFE). 

[0073] The LPTFE is typically provided in the form of a liquid dispersion and, in 

most embodiments will be an aqueous dispersion, though the LPTFE may be dispersed in 

other solvents and/or LPTFE originally in au aqueous phase may be phase transferred into 

another solvent, such as organic solvents including hexane, acetone, or an alcohol. 

[0074] The LPTFE will typically have a mean particle size of 1.0 microns (µm) or 

less, 0.9 microns (µm) or less, 0. 75 microns (Jun) or less, 0.5 microns (~un) or less, 0.4 

microns (µm) or less, 0.3 microns (µm) or less, or 0.2 microns (µm) or less, as measured by a 

suitable manner such as by Jasn light diffraction by ISO 13320. In some embodiments, the 

10 



WO 2011/075351 PCT/US2010/059368 

LPTFE may haw a mean particle size as low· as 30, 50, l 00, or 150 nm, or as large as 200, 

250, or 350 nm, for example. 

[00751 The number average molecular \veight (Mn) of the LPTFE will typically be 

less than 500,000 and, in most embodiments, may be as low as 10,000 or greater, 20,000 or 

greater, or 25,000 or greater, or may be as high as 200,000 or less, 100,000 or less, or 70,000 

or less, 60,000 or less, or 50,000 or less, for example. 

{0076] An alternative manner of characterizing the molecular weight of the LPTFE 

is by its first melt temperature (Tm), as determined by a suitable method such as diffon~ntial 

scanning calorimetry (DSC), which first melt temperature (Tm) for LPTFE may be either 

equal to or less than 335°C. In other embodiments, the first melt temperature of the LPTFE 

may be either equal to or less than 332°C, either equal to or less than 330°C, either equal to 

or less than 329°C, either equal to or less tban 328°C, either equal to or Jess than 327'"C, 

either equal to or less than 326°C, or either equal to or less than 325°C. 

[0077] The LPTFE rnay be provided in the fonn of an aqueous dispersion which is 

stabilized, unstabiJized, or minimally stabilized. As used herein, "unstabihzed'' or 

"minimally stabilized" refers to an aqueous dispersion that includes less than LO w1.'% of a 

traditional surfactant, such as non-ionic surfactant or an anionic surfactant, based on the 

weight of the LPTFE aqueous dispersion. In soi:ne embodiments, the LPTFE dispersion may 

be provided in the fon:n of an aqueous dispersion having less than l .O \Vt.% surfactant, kss 

than 0.8 \Vt. 'l!(i surfactant, less than 0.6 \:Y1.% surfactant, or even less than 0.5 vvt. % 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.. Hmvever, th\~· nature of 

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

[00781 Also, as discussed below, the LPTFE may be provided in the fonn of a solid 

micropowder. 

[0079] The LPTFE will typically be in the form of a low molecular weight PTFE 

homopolymer. However, in other embodiments, the LPTFE may include a small amount of 

modifying co-monomer, in which case the PTFE is a co-polyrner known in the art as 

"modifaxl PT.FE" or "trace modified PT.FE". Examples of the modifying co-monomer 

include perfluoropropylvinylether (PPVE), other modifiers, such as hexafluoropropylene 

(HFP), chlorotrifiuoroethylene (CTFE), perfluorobutylethylene (PFBE), or other 

perfluoroalky lvinylethers, such as perfluoromethy lviny lether (PlvtvE) or 
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perfluoroetbylvinylether (PEVE). The i:nod.ifying co-monomer will typically be presl-'Tit i11 an 

amount less than 1 C:,·{, by weight, for example, with respect to the PTFE. 

[0080J Suitable LPTFE dispersions include SFN-D, available from Chenguang 

R.LC.I, Chengdu, 6J0036 P.R. China, as \vell as TE3887N, available from DuPont. Other 

exempla1y LPTFE micropowders include Dyncon TF-9207, available from Dyneon LLC, 

LDW-410, available from Daikin Industries, Inc., and MP-25, MP-55, MP-8T and lJF 8TA, 

each available from Laurel Products. 

[0081] These fluoropolymers have characteristics set forth in the table belovv: 

Characteristics of exemplaw low molecular weight nolvtetnrDuoroet.hylen.cs CT • .PTFE) 

>--

[00821 

[0083] 

[0084J 

l.PTFF. Solids Moleculm· Mean Surfactaut First melt 
content weight particle (WI'.%, based temperature 
(wt.%) (Mn) size (µm) on weight of (DSC) (°C) 

(estimated) LPTFE) (type) 

10,000 -
SFN-D 50 20,000 O. l9 5ry(i 324.5 - 326 

65,000 .. 
TE3887I-..r 60 70,000 0.2 6% (non-ionic) 327.6 

80,000-
LDW-410 40 90,000 0.2 5'Jto 329.4 

65,000 -
TF-9207 100 70,000 13.27 NIA 327.6 -
MP .. 8T lOO ca. 25,000 i.32 N/A 323.I 

MP-10 100 100,000 0.84 N/A 330 
40,000 . 

MP--55 100 50,000 l l.06 NIA 324.3 

MP-25 100 ca. 130.000 0.28 NIA 332 

UF-8TA 100 ca. 95,000 1.22 N/A 331.5 

Exemplary types of LPTFE are discussed below. 

a. .LPTFE produced by dispersion polv1nerizatioo or emulsion 

ln some ernbodirnents, the LPTFE is produced by a polymerization process 

that is well known in the art as dispersion polymerization or ernulsion polymerization. These 

polymerization proc~~sses may be conducted with chain b~ansfer agents, which reduce the 

average molecular weight of the fiuoropolymers produced, and/or via other methods whereby 
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the polymerization process is controlled to fonn a liquid dispersion of directly polymerized 

particles of PTFE having low molecular weight (LPTFE). 

[00851 In these embodiments, the LPTFE, afrer being produced by dispersion 

polymerization or emulsion polymerization, is thereafter not agglomerated, iJTadiated, or 

thenmlly degraded.. In particular, the LPTFE has not been subjected to any agglomeration 

steps during its manufacture, and therefore retains a small mean particle size. Fmther, the 

LPTFE has not been subjected to thennal 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 spectrnrn and/or will be below a detection limit when subjected to electron 

pararnagnetic resonance (EPR) or electron spin resonance (ESR) spectroscopy, as opposed to 

irradiated PTFE, which 'Nill 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 produci.-~ 

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 in the art to be distinct from other PTFE materials that are cornrnercial1y 

available. 

!0087] First, these types of LPTFE dispersions are distinct from PTFE that is 

produced by the polyrnerization process well knovm in the art as granular or suspension 

polymerization, which yields PTFE kJ1own 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 (Mn) of at least 1,000,000 or more and a first 

melt ternpern!ure (Tm) greater than the 335°C, typically much greater than 335°C. Granular 

PTFE resin is typically provided i11 solid, powder tl:.wm including particles having a mean 

pa1iide size of several microns, typically from 10 to 700 microns (µm). These resins may 

also be provided as fine cut resins having a mean particle size of 20 to 40 rr1icrons (p.m), for 

example. 

[00881 Additionally, these types ofLPTFE dispersions may be distinct from lmver 

molecular weight materials prepared from high molecular '.-Veight granular PTFE resins that 

have been degraded by irradiation or thermal degradation to fonn low molecular \veight 

materials known as granular PTFE micropowders, which typically have a particle size 

1
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ranging between 0.2 and 20 microns (µm). Examples of granular PTFE micropowders 

include Zony]@.) l\tfP 1200, MP! 300, and MP 1400 resins, available from DuPont (Zonyl@:i is a 

registered trademark of E.I. du Pont de Nemours & Co.). 

[0089] Second, these types of LPTFE dispersions are also distinct from high 

molecular weight PTFE dispersions made from dispersion or emulsion polymerization 

conducted \Nithout chain transfer agents to thereby polymerize a high molecular weight PTFE 

having a number averag~~ molecular \Veight (M11) of at least 1,000,000 or more, and a first 

melt temperature (Tm) 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 LO wt.%, typically much greater than LO 1.-vt.~'o. 

[0090] Additionally, these types of LPTFE dispersions are also distinct from high 

molecular weight PTFE dispersions that are produced via dispersion or emulsion 

polymerization and thereafter coagulated or agglomerated. 

[0091] Still further, these types of LPTFE dispersions are distinct from high 

molecular \:VTight PTFE dispersions that are produced. via dispersion or emulsion 

polymerization and thereafter coagulated or agglomerated, and then are subjected to themml 

degradation or irradiation to fonn low molecular weight PTFE powders, known in the art as 

PTFE micropowders, which are provided. as solid powders having a particle size between 0.2 

and 20 microns (µm), such as for use in extrusion and other applications. Examples of PTFE 

micropowders inciude Zony](J3.) ~vfPlOOQ, MPJ 100, MPJ 500 and MP1600 resins, available 

from DuPont (Zonyl® is a registered trademark of E.I. du Pont de Nemoms & Co.). 

However, as discussed below, these types of LPTFE micropowders may also be used in the 

present invention. 

[0092] Third, these types ofLPTFE dispersions are distinct from LPTFE 

micropowders that are polymerized via dispersion or emulsion polymerization in the presence 

of chain transfer agents, and then are agglomerated to fonn PTFE micropowders having an 

average particle size of between 0.2 and 20 rnicrons (~Lm), for example. 

!0093] b. LPTFE micropowders. 

[0094] In a second embodiment, the LPTFE may be in the form of an LPTFE 

micropowder. 

[0095J A fast type of LPTFE micropowders are derived from high molecular weight 

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

coagulated or agglomerated, and then subjeck~d to thermal degradation or irradiation to form 
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low molecular weight PTFE powders, km.nvn in th~~ art. as PT.FE micropowders ami refen-ed 

to herein as LPTFE micropo-vvders, ;,vhich are typically provided as solid powders having a 

particle size typically between 0.2 and 20 rnicrons (~an). 

[0096] Examples of these types of LPTFE micropowders include Zonyl~! .Ml> 1000, 

MPl 100, l:VIP1500 and MP1600 resins, available from DuPont (Zonyl(~) is a registered 

trademark ofE.I. du Pont de Nemours & Co.); and MP-25, MP-55, and tJF 8TA, each 

available from Laurel Products. 

[ 0097] 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 rnicropowders, which 

typically have a particle size rangi11g typicalJy bet\wen 2 and 20 microns (pm). 

[0098] Examples of these types ofLPTFE micropowders include Zonyl® MPl200, 

M_P 1300, and MP 1400 resins, available from DuPont (Zonyl® is a registered tra(kmark of 

E.I. du Pont de Nemours &: Co.) and l\t1P··8T and MP--10, available from Laurel Products. 

[0099] A third type of these types LPTFE micropowders are polymerized via 

dispersion or emulsion or suspe11sion polymi.")rization 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 (µm), for example. 

IV. Melt processible fluoropolymers (MPFs) 

[00100] ln some embodiments, the present compositions also include a comp01wnt in 

the form of at least two chemically different melt processible fluoropolymers (MPF), such as 

perfluoroalkoxy (PFA) (copolymers of tetrafluoroethylene (TFE) and perfluoroalk:ylvinyl 

ethers), generally including rnethylt1uoroalkoxy (l\/fFA) (a copolyrner of tetrafluoroethylene 

(TFE) a11d perfluoromethylvinyl i.")ther (PMVE)), efhylfluoroalkoxy (EFA) {a copolymi.")f of 

tetrafluoroethylene {TFE) and perfluoroethylvinyl ether (PEVE)), and perfluoroalkoxy (PFA) 

(copolymers of tetrafluoroethylene (TFE) and perfluoropropylvinyl ether (PPVE)); and 

copolymers of tetrafluoroethyk~ne (TFE) and hexafluoropropykne (HFP), known as 

fluorinated ethylene propylene (FEP), for example. 

[00101! Each of the foregoing MPF's, as well as the HPTFE and LPTFE disclosed 

herein, are known in the art as "perfluorinated" 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 fluoropoly1m~rs are considernd inert or non­

reactive. 

[001021 As used herein, "chemically different", when used in connection with the 

MPFs disclosed herein, refers to MPFs of differing lype, as opposed to grade. For exarnple, a 

type of PFA and a type of FEP 'Would be chemically different, while t\vo PF As of different 

grades would not. However, two MPFs having different modifying co-rnonomers would also 

be "chernicaUy different" even if they were nominally referred to as the same polymer type. 

Also, for purposes of this disdosure, MFA, EFA, PFA, and FEP are each chemically 

different from one another. 

[00103J The MPF may be produced by a polymerization process that is well known in 

the art as dispersion polymerization or emulsion polymerization. These polyme1ization 

processes may be conducted with chain transfer agents, vi/11ich reduce the average molecular 

weight of the fluoropolymers produced, and/or via other methods whereby the polymerization 

process is controlled to form a liquid dispersion of directly polymerized particles of MPF. 

[00104] Jn most embodiments, the M.PF, after being produced by disp(~rsion 

polymerization or emulsion polymerization, is thereafter not agglomerated, irradiated, or 

thermally degraded. In particular, the MPF will not have been subjected to any 

agglomeration steps during its manufacture, and therefore retains a small mean particle size 

as described below. 

[00105] The liquid dispersion of MPF in most embodiments 'Will be an aqueous 

dispersion, though the MPF rnay be dispersed in other solvents and/or MPF originally in an 

aqueous phase may b~~ phase transferred into another solvent, such as organic solvents 

including hexane, acetone, or an alcohol. 

[00l06J The MPF, when produced as described above, will typically have a mean 

particle size of 1.0 microns (µm) or less, 0. 9 microns (pm) or less, 0. 75 microns (µm) or less, 

0.5 microns (pm) or less, 0.4 microns (~1111) or less. 0.3 microns (µm) or less, or 0.2 microns 

(µm) or less. In particular, the MPF may have a mean particle size as krw as 30, 50, 100, or 

150 nm, OT as large as 200, 250, or 350 nm, for example. 

[00107] ln other embodiments, MPF po'rvd~)rs could also be used. 

[00108J The MPF may be provided in the form of an aqueous dispersion which is 

stabilized, unstabilized, or minimally stabilized. As used herein, "unstabilized" or 

''minimally stabilized" refers to an aqueous dispersion that includes less than LO wl.%1 of a 

traditional surfactant, such as non-ionic surfactant or an anionic surfactant, based on the 
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weight of the MPF aqueous dispersion. Tn some embodiments, the :iVf PF dispersion may be 

provided in the form of an aqueous dispersion having less than 1.0 wt. o/(J surfactant, less than 

0.8 wt. i};; surfactant, less than 0.6 wt.% surfactant, or even less than 0.5 wt. 'Xi surfactant. In 

other embodiments, the MPF dispersion may be provided in the fr)rm of an aqueous 

dispersion that is "stabilized", typically having 1··12 wt.% surfactant. 

[00109] Typically, the melt flow rate (rvlFR) of the MPF will be greater than 0.5 g/10 

min and, in one ernbodiment, may be about 2 g/l 0 min or higher, as determined by ASTM 

Dl238. 

[00110] Also, the MP F \Vill typically have a co-monomer content, i.e., a content of one 

or rnore monomers other than tetrafiuoroethylene (TFE), of about 3.0 wt.%> or greater, such as 

4.0 wt.% or greater, 4.5 wt.%) or greater, 5.0 wt.~·'O or greater, 5.5 wt.%> or greater, or 6.0 wt.%-, 

or greater. 

100111] Suitable 1'1PF dispersions include TE7224 (PF A), available from DuPont, 

6900Z (PF.A.), available from Dyneon LLC, TE9568 (FEP), available frorn DuPont, Neoflon 

ND-110 (FEP), available from Daikin, and Hyflon XPH 6202-1 (JVLFA), available from 

Solvay. These .i'vll)F dispersions have characteristics set forth in the below: 

I I Melt flow rate f.'irst melt I 
i Solids content I Mean particle (1\-IFR) (g/10 temperature I 

I 

l\fPF (tvpc) ! (wt.'%) ! size (Hm) min) . {DSC) (°C) I 
DuPont TE7224 I i I 313.0 { shoul~ 
(PFA} i 58.6 ! 0.26 

Dy-neon 6900Z I I :~4~------~:~--_1rx~--·· · ·· ··· · · ·.l~2:L ..... ______ t o.3 L _____ .. 
DuPont TE9568 i 
(FEPi i 55.6 . 0.17 1 i.9 I 2s1.s4 
Daikin Neoflon I 

! 
I 

ND-110 {FEP) 56.5 0.16 1- i 232.83 

So1vay Hyflon ! ! 

1306.31 (shoulder XPH 6202-1 I 
14.5 I (MFA) I 27.2 0.28 I 287.29) -

V. Engineering polymers 

[00112] In some embo1.iiments, fluoropolymer compositional blend-; of fhe first and 

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

is not a fluoropolymer, in order to frJm1 a modified engineering polyrner coating composition. 
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An 1 \~ngi11ee1ing polymer" as used herein is a polymer that is not a fluoropolymer, and 

exhibits superior mechanical and thermal properties over a ·wide range of conditions. 

[001131 Suitable engineering polymers include PolyEther Ether Ketone (PEEK), 

Poly Ether Sulphone (PES), PolyPhenylene Sulfide (PPS), PolyAmide Irnide (PAI), Epoxy 

polymers (inc. BPA, BPF, Phenollic, Novolac, BlS A Free), Polyester, Polyurethane (PU), 

Acrylic, Polycarbonate (PC). 

[00114] Descriptions of lhe typical properties of these engineering polymers are set 

forth belovv. 

[00115J PolyEther Ether Ketone {PEEK}. PEEK can be manufactured by step growth 

polymerization. It 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 to thermal degradation. PEEK has a glass transition temperature of 

about ~143°C and a melt point about ~-.J43~'C. 

[00116] Polyether Sulphone (PES). PES can be manufactured by nucleophilic 

aromatic substitution. It is a high t~~mperature n~sistant non-crystalline material that has good 

continuous operation temperature (about --·200°C). lt shows good resistance to organic and 

aqueous environments. Depending on grade, PES has a glass transition temperature of about 

~-193°C and a melt point of about 255°C. 

[00117] ,E9lYl2h~.P.Y.hms? . .SlliP.lthl!;_(f.J~.$.).. PPS has a resistanc(~ to beat, acid and alkaline 

conditions and has good abrasion resistance. It has a glass transition temperature of about 

85°C and melting point of about ~-285'"C. PPS is semi-crystalline and has excellent solvent 

and thermal perfommnce. 

[00118] J>olyamide Imide (PAI). PAI is a thermoplastic amorphous poiymer that has 

exceptional thermal and chemical resistance properties. Exarnples of which are those 

produced by Solvay under the ''Torlon" brand trade name. PAI is capable of operating at 

continuous temperatures of about ~260°C and has a glass transition ttm1perature of about 

280°C. 

[00119] Epoxv Polymers. Epoxy polymers are manufactured in a nurober of ways, the 

most commonly kmwrn bdng through the reaction of epichlorohydrin and bisphenol A to 

result in a bisphenol A Epoxy resin. The most common epoxy resins are bisphenoJ A·· and F­

based or Novolac-based being manufactured frorn a Phenolic-based feedstock. Epoxy 

polymers have exceptional chemical resistani:.:e and depending on type, good continuous heat 
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resistance. The glass transition temperature and melt point vary (fopendent upon the polymer 

backbone. 

[00120J Polyester Polymers. Polyesters are most commonly found in the thermoplastic 

fonn, however, thermosetting polymers are also available. They have glass transitions in the 

region of (but not limited to) 70°C and melt points ·-265°C. 

100121] Polvuretha:nes (PU). PlJ's are rnanufactured typically through the addition 

reaction of polyisocyanates with poly alcohols. The glass transitions and melt points 

d~~pending on polymer matrix and application. 

[00122J Fluorpolymer blends that may be added to at least one engineering polymer 

according to the present disclosure include: ( l) a blend of at least one LPTFE and at least one 

MPF, (2) a blend of at least one HPTFE, at least one LPTFE, and at least one MPF, and (3) 

any of the multiple component fluoropolymer blends disclosed herein. 

Vl. App-licution pro ·edW'es an<i coating formulations 

[00123J To form the present blended f1uoropolymer compositions, liquid dispersions of 

the various components are blended together. \.Vhen one or more of the components are 

initially provided in solid, i.e., povvder form, the powder will typically be dispersed in a liquid 

medium to fonn a liquid dispersion prior to blending with other components. Th{~ order of 

blending is not considered to be important, and one of ordinary skill in the art will recognize 

that the wet weights of liquid dispersions of the components discussed herein may be selected 

based on the solids contents of tfa~ dispersions and the desired relative weight. percent ratios 

of the components that are desired. 

[001241 The relative ratios, fractions, or weight percents of the components described 

below are based on the total solids weight of the components, excluding non-tluoropolymer 

components that may be present, such as water or other solvents, surfactants, pigmt~nt.s, 

fillers, and other compositions. 

100125] The compositions described herein may also include suitable additives_. such 

as surfactants, fillers, reinforcement additives, and pig1m~nts, if desired, or, as embodied 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 

cornpositions may include only fluoropolymers, or may include only perfluorinated 

fluoropolymers, and may Jack other types of polymers. 
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[00126J The compositions can be prepared by any standard fonnulation technique 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, if present, will 

typically each include at least one £1uoropolymer, the particular compositions of the primer 

and/or mid.coat may vary widely, and are not thought to be critical with respect to the 

irnproved. properties demonstrated by the c:oatings disclosed herein. 

[00127] The coatings may be applied to a dry film thickness (DFT) of between 4 and 

100 microns, depending on the application, and may be cured at a temperature above about 

14occ 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. 

[00128] 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 

facilitate intirnate blending such that, when the blended fluoropolymer composition is dried, a 

crystal structure representing a true alloy of the fluoropolymers is fixrned, having melt 

charack~ristics that differ from those of the individual tluoropolymers. The blended 

fluoropolymer composition may be used to provide a coating having improved abrasion 

resistance, gloss, adhesion, and higher contact angles. 

[00129] In addition, when used with the engineering polymers discussed in Section V 

herein, the blemfod fiuoropolymer disp~~rsions disclosed herein provide coatings that are 

capable of providing icophobicity. 

[00130] a. Compositioru that do not include en!!ineedng polymer . 

[00131] For the first embodiment, in >.vhich the blended compositions i11dude at least 

one LPTFE and at least t-vo chemically different MPFs (but do not include HPTFE), the 

propotions of the components may be as follows, based on total solids \veight of the at least 

one LPTFE and the at least two MFPs in the blended tluoropolyrner compositions: 

[00132] (i). The LPTFE(s) may comprise as littk as 2%, 5 wt%), 10 vvt.~;(,, or 15 wl.%, 

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 delirnited by these values andior by the 

values in the l~'.xarnpks herein. Tn one embodiment, the LPTFE may comprise betvveen 10 

wi. % and 70 \Vt.% of the blended fluoropolymer composition, such as between 30 wt.% and 

90 vvt. c;.~ of the blended fluoropolymer composition. In another ernbodirnent, the LPTFE n1ay 

comprise between 20 wt.% and 60 wt% of the blended fiuoropolyrner cornposition. In 
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another embodiment, the LPTFE may comprise bet\veen 40 vvt% and 60 wt!J;~, ofthe blended 

fluoropolymer composition. 

[00133] (ii). The combined MPFs may comprise as little as 2 wt. 1h., 10 \\1.%, or 15 

wt.%, or as much as 85 wt.%, 90 wt.%, 95 wt.%i, or 98 wt.%1 of the blended fluoropolyrner 

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 i\tlPFs may comprise 

between 40 wt.%-, and 80 wt.% of the blended tluoropolyrner composition. In another 

embodiment, the combined MPFs may comprise betwei.m 40 wt.%> and 60 wt.% of the 

blended fluoropolymer composition. In another embodiment, the combined MPFs may 

comprise between 36 wt.% and 64 \vt.<yij of the blended fiuoropolyrner cornposition. 

[001341 From Example l below, particular embodiments include: (1) 10-64 wt.'l{i FEP, 

16-64 wt.% PFA, and 20 -60 \•11:.% LPTFE; (2) 12-24 wt.% FEP, 24··64 wt.O;~, PFA, and 20-60 

\Yt.cio LPTFE, and (3) 12-16 wt.% FEP, 24-48 wt. 11.~i PFA and 40-60 wt.'% LPTFE. 

f00135] For the second embodiment, in which the blended compositions include at 

least one HPTFE, at least one LPTFE, and at least t\vo ch~~mica lly 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 fiuoropolymer 

compositions: 

[00136] (i). The LPTFE(s) may comprise as little as 2 wt.~-~. 5 wt.%,, lO wt.%, or 15 

\:Vt.%, or as much as 85 wi.%, 90 \:Vi.%, 95 wt.'%, or 98 wt.% of the blend·~d fluornpolymer 

composition, and may be present within any range delimited by these values andior by the 

values i-n the Examples herein. Tn one embodiment, the LPTFE may comprise between l 0 

wt.% and 90 wt.~'o of the blended fluoropolymer composition, such as 24 wi.%, of the 

blended composition. In another embodiment, the LPTFE may comprise between 16 \N1. 1~i;i 

and 60 wt. ~'o of the blended fluoropolymer composition. 

[00137] (ii). Th~~ combinedl\'1PFs may comprise as little as 2 wt.%, 10 wt.%, or 15 

\Vt.%, or as much as 85 wt.%., 90 \\1. %i, 95 wt. t~~' or 98 wt. 'i"~ 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 

bet\.veen 10 wt.% and 90 '.:vt.% of the blended fluoropolymer composition, such as 24 wt.tY(; of 

the blended composition. In another embodiment, the combined rvlPFs may comprise 

between 1 wt.% and 60 >vt.% of the blended fluoropolymer composition. 
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[00138] (iii). The HPTFE(s) may comprise between 1 wt.% and 89 wt.% or 90 wt. %1 

of the blended fluoropolymer composition, such as 60 wt. % of the blended fluoropolymer 

composition. !11 another embodiment, the HPTFE may comprise between 1 wt.%> and 60 

wt.%i of the blended fluoropolyrner composition. 

100139] From Example 2 belovv, particular embodiments include: (1) 16-60 wt.% 

LPTFE, 1-30 wt.'% FEP, 1-30 wL~.{1 PFA and 1-60 wt.%1 HPTFE or, more pa1ticularly, 16-

60% LPTFE, 8-18% FEP, 8-l 8%1 PFA, and 40-60% HPTFE. 

[00140] From Example 3 be1ov.r, particular embodiments include: ( 1) 60-84 wt.% 

HPTFE. 4 .. 12 wt.%1 PFA, 2··18 'Nt'!{, FEP and 4-30 \Vt.%> LPTFE. 

[001411 b. Compositions tbal include engineering polymers. 

[00142] The total engineering polymer weight content, based on solids weight of all 

polymers in the composition, may be as little as 15 wt. ~o to as great as 85 \Vt.% for both spray 

applications and coil applications. In compositions that include engineering polymers, the 

LPTFE rnay complise as iittle as 5 wt.%, 10 wt.~{,, 11 wt.%, or 16 wt.~·o, or as rnuch as 24 

wt.%, 36 ~vt.%, or 95 wt.% by Vv'eight of the composition, 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 5 wt.%1, 10 'Ni.'%, 12 wt.% or 16 wt.'%, or as much as 24 

wt.~·'h, 36 wt.%, or 95 \Vt.% of the composition, and may be present within any range 

delimik~d by these values or by the values in the Examples herein. 

[00143] In one embodiment, the combined MPFs may comprise between 5 wt.% and 

36 ·wt'Yc; of the composition, such as 23 wt.%1 of the composition, and the LPTFE may 

comprise behvcen lO wt.% and 36 wt.% of the blended fluoropolymer composition such as 

16 \Vt.CJ.·~ of the blended fluoropolymer composition. 

[001441 The HPTFE rnay comprise between 40 wt.% and 90 wt. %i of the composition 

such as 60 wt.% of the cornposit1on or any range del1mited by the values in the Examples 

herein. 

[00145J 

[00146J 

VIL Physical properties and characterization procedures 

a. First melt fusion, a!1d second melt (remelt) temperatures. 

The present compositions, when applied to a substrate, either directly to the 

substrate or over an underlying coating, or fonned into a film, exhibit firnt melt, fusion, and 
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second melt (remelt) temperatures describ~~d in the Examples belov..r, as mcasun~d by 

differential scanning caloimetry (DSC). 

[001471 For DSC analysis, blended fluoropolymer compositions were prepared as 

follows. The given amounts of aqueous tluoropolyrner dispersions were mixed under air in a 

mixer for 30 minutes to ensure homogenous mixture of the dispersions. The mixture was 

mixed under low to medium shear to avoid coagulation of blended dispersion. A plastic eye­

dropper was used to place a known weight of the rnixed, blended dispersion into a pre­

·weighed drying di.sh. The dispersion was flashl~d at I ooc·c i.n an oven for 30 minutes, and the 

residual powder \Vas then dried at 200°C for an additional 30 minutes. After the dried 

powder cooled to room ternperature, the pm11der was 'vveighed and the percent solids in the 

mixed dispersion were calculated. The blended fluoropolymer powder was then ready for 

DSC analysis. 

100148] For DSC analysis, 10 mg {+/- l mg) of the dried powder was placed in a 

aluminum DSC sample pan, and the pan was sealed with a standard lid. The heating and 

cooling cycles of the DSC wen~ as follows: (1) ramp 15J}°C/rnin to 400°C; {2) isothermal for 

1.00 min; (3) ramp 15.0°Cimin to 135°C; (4) isothermal for 1.00 min; (5) ramp 15.0°C/min to 

400°C; and (6) air coo!. 

[00149] The melting peaks were obtained during the (1) ramping up heating process. 

Tb~~ crystallization peaks w~~re obtained in the (3) cooling process. The 2nd mdting peaks 

\Vere obtained at the (5) heating process. 

100150] 

[00151] 

b. Contact angle. 

T1w pn'sent compositions, when applied to a substrate, either directly to the 

substrate or over an underlying coating, or formed into a film, exhibit a contact angle of at 

least 100° in water, and may have a contact angle of at least 110°, 120", 125°, 130°, or 135°, 

and may have a contact angle within any range delimited by these values and/or by the values 

in the Examples he.-ein, as measured for a \Vakr droph~t according to the Young Rl~lati.on. 

Contact angle may be measmed according to ASTM 07334--08 'Nith any suitable 

corm11ercially available instrument, such as the ''Drop Shape Analysis" system (DSAlO), 

available from Kruss GmbH of Hamburg, Gennany. 

[00152] 

[OOJ53J 

c. Gloss. 

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 rneasured gloss, in 

% reflectanc(\ of at least 10, and may haw a measured gloss of at kast J 5, 25, 30, 35, 40, or 

., .... 
,_j 
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45, and may have a measured gloss within any range delimited by thes~~ values and/or by the 

values in the Examples herein, as measured at 60(, with any suitable commercially available 

instnnnent, such as a Microgloss 60° glossmeter, available from Byk-Gardner, in accordance 

with the following standards: BS3900iD5, DIN EN TSO 2813, D1N 67530, EN ISO 7668, 

ASTM D523, ASTM D1455, ASTM C346, ASTM C584, ASTM D2457, JIS Z 8741, MFT 

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

[00154] 

[00155] 

[00156] 

[00157l 

d. Pencil test. 

Tlw pencil test protocol is belovv. 

1. Equipment and Materials. 

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). 

[00159] 1.3 Pencil sharpener, preferably of the drafting type that removes only 

vvood, and produces a blunt, unsharpened lead. 

[00160] 

[00161J 

') .... 
2.1 

P.rn.~~dm:~. 

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: 

[00162J 2.2 Sharpen pencils. If possible, remove only the wood. and. do not sharpen 

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

[00163] 2.3 Place the sandpaper on a smooth flat surface. 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 

lead. Touch the tip lightly vvith fingertip or soft tissue to remove excess lead dust. 

[00164] 2.4 Hold the coated test objt~ct firmly on a flat surface. Sek~ct a pencil that 

is harder than you expect the coating to be. Hold the pencil in a normal writing manner and 

place the tip againsi the coated object to form a 45° angle with the plane of the coating. 
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[00165] 2.5 Push the pencil fim1ly and with one smooth 5 cm stroke into the 

coating at a 45° angle. The o~jective is to penetrate the coating, and push it o:ff the substrate. 

If the lead crumbles, stop testing. 

[00166] 2.6 Examine the coating. 1f the pencil has nicked or gouged the coating, 

selecJ the next softer pencil and repeat 2.4 and 2.5 until a pencil is reached that does not 

penetrate the coating. 

[00167] 

[00168] 

·~ 
;) . 

3.1 

Evaluation. 

The hanlness rating of the wa ting is l~qual to the first pencil that dot's 

not penetrate and gouge the coating. 

[00169J 

[00170] 

4. 

4.1 

Precautions. 

Dress the tip of the lead for each test. With practice, it will be possible 

to use the lead t\vice for each dressing by rotating it 180° and using the opposite edge. For 

reproducibility, it is a good idea to run two tests for each pencil when evaluating the hardness 

of a coating. 

[00171] 4.2 Specify the substrate on which the test is performed. Coatings will 

have slightly lower pencil hardness on soft substrates such as aluminum than on hard steel 

substrates. 

[001721 4.3 Make sure that the coating has been applied at the proper film 

thickm)SS. Coatings \:ViU have a slightly higher apparent. hardness if they are applied at low 

film thickness especially if the substrate is steel. 

!00173] 4.4 Specify the temperature at which the test is performed. Coatings 

become sofl:er at elevated temperature. 

[001741 

[001751 

[00176] 

[00177] 

5. 

5.1 

References. 

ASTM D-3363 

BS Au 148 Part 6 

EXAMPLES 

The following non-limiting Examples illustrate various features and 

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

Throughout th(~ Examples and elsewhere herein, percentag~~s are by weight unless othenvise 

indicated. 
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Example 1 

:First Embodiment 

PCT/US2010/059368 

Fluorotlolymcr blends with multiple 1\-fP.Fs {LPTFE/MPFl/MPF2} 

Basic and thl~rmal p1·opm1:h~s 

[00178J 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 

including HPTFE. In this Example, the two JVfPFs employed \Vere FEP and PF A. The blends 

in this Example were made by mixing aqueous disp~~rsions of th~~ compon~;nts, 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 

measurernent, as discussed in Section VU above. 

[00179] Panels were prepan~d for gloss, contact angle and pencil hardness testing as 

follows. In ·~vlix A and Mix B, the value for deionized water (DIW) appears more than once 

as such may originate from more than one of the cornponents in the rnixtures. 

l. T'vfakc liquid bknd of MPf' and LPTFE in the desired ratios. 

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

percentages shown in the table below to make the blends for drawclown using the following 

procedure. 

a . .l\fake 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 Solution shO'v\'ll in the table below 
e. Add the amount of water calculated in step 3. 
f. Add 0.4% Triethanolamine by overall volume 

3. Blend the mix gently to avoid air bubbles. 

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

5. Draw the coating do\vn the panel in a srnooth motion using a 3 mil wet path bird 

applicator. 

6. Flash the panel for approximately 5- l 0 minutes at 200°F. 

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

8. Cure the panel for J 0 minutes at 750°F. 

Dispersion Solution 

50'% Carbowax PE Glycol 
1450 in DIW 

55.00 
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Glycerine 30.00 
!~'arboeot EP-1 5.00 ·---
DTW 10.00 

[00180] Table l below is a summary of the blends examined in this Example. In Table 

1, "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 (55.6ilfc) solids), available from 

DuPont and the PF A used was TE 7224 PF A (58.6 %1 solids), each described above in 

Section IV. "LPTFE" designates the total amount of LPTFE. wherdn the LPTFE's used '.:Vere 

S.FN--D, available from Chenguang R.LC.l, Chengdu, 610036 P.R. China and TE3887N, 

available from DuPont, each described above in Section II. "Coord LPTFE" and ''Coord 

MPF 11 represent the coordinates of the compositions on the composition plots XX-YY of 

Figs. 19··30. 

Table l 

- R-un "' ,--S·F-N·---D·-rT·-·E--3--8--8··-7-N-- XlFuE_<~p!.2P'1ol.tp' ~Fl:!A~~:.m.L~T~-p~o~T-~t-F.sa:._EI . 1-·-----·--- -----------------· .. _ Total . Coord Coord 
MPF I MPF LPTFE 

i 
i 

' 1 ·;·--·0 ····------.... a_ -·--;n---·1-· ------0-+---1- r--·a .. '-··--a 
I 2 0 0 0.05 ! 0.95 0 1 ! 0.05 0 

3 o o 0.2 I o.s o 1 I 0.2 () 

r----·-·~1-~---·---~- ---~:: I--;~- -·-···---~- ------+1---i 
0.4 0 

0.5 0 .......... .. ............ _ 
0.6 0 

i 4 o o o.4 I o.6 o 1 I 

7 o I o o.8 I 0.2 o 1 ! 0.8 0 

8 Oj 0 1j 0 0 1! 1 0 
I . I I 9 0 I 0.1 0 0.9 0.1 0.9 I 0 -0.1 

~ . .JQ ............ _ .. 2 .. } ......... ____ 9 .1 0.9 ~-...9- " ___ _Q.~_,__q_:~ ... 1 .. _ .. _9.:.~. ··- -0.1 

L _ _E ____ Q.J. ______ O.?_ ........... _ .. 9.J_,, ___ 0.8 ...._ __ 0.2 __ ·-~f-------~--· ........ ::g:~ .. 
I 12 o i 0.2 o.s I o 0.2 o.8 1 o.s -0_2 

I 13 o I 0.2 0.16 I o.64 0.2 o.s i 0.16 -0.2 

I 14 9j_ 0.2 0.32 I o.48 0.2 o.s ! o.32 -0.2 
I • I ! I 
~--_!---~·----·-Q.J __ ... _______ 2:.~ 0.4 I O.~ ---· 0.2 _,___.Q:8 , ......... Q:~ .. -·- -0.2 

r··-··--iit--~--1------;+· --~H'.·f ~------~~- ----b~~T---·~'.i~-- ----- ---~~'.;-
~ I . ! 18 0 0.25 0-75 I 0 0.25 0.75 I ()_ 75 -0.25 

19 oi o.3 o ! o.7 o.3 0.1! o -0.3 
20 o 1 o.4 o i o.6 o.4 o.6 I o .. o.4 
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PFA I Run# I SFN·D j TE3887N FEP 

I I I 
! I I 
! ! I i 

Total 
LPTFE 

Total 

MPF 

PCT/US2010/059368 

Coo rd 
MPF 

Coo rd 

LPTFE 

n o o.45 o i o.ss o.45 o.ss I o -o.45 
i 28 0 0.45 0.55 0 0.45 0.55 0.55 ·0.45 

~~ --}c~:~··~·- o:ti=::~~i:~~ ~} =--:6:}J-~o:i - :~-: 
i ·~1 o I O 5 Cl / I l) '.) O 5· 0 r.: i () ., C's· ' ."").A. ' •• ~ ... •• ") •• r_J ! ./.. -1. 

32 0 l 0.5 0.25 0.25 0.5 0.5 ! 0.25 -0.5 

i 33 0 ! 0.5 0.3 0.2 0.5 0.5 ! 0.3 .. Q.5 

r-··---~~-1---·----~i·-···------~-~~-- - ----~1---9~~---;} - .. ~'.;-+ ...... ~'.; ........... ~~·:} 
L 36 

1L of-1 
0.55 o 0.45 o.s5 o.45 I- o -o~ss 

t ---3-11 ---o o.s5 o.4s o o.s5 o.45 I o.45 -o.s5 
l 38 o I o.6 o o.4 o.6 o.4 i o -o.6 c .. _}iJ ______ .9._+ _______ 2.:.§ ___ ----~=-~~ .. ....... Q ... ~- _ .. _~..:.6 . 0.4 1 _. 0.08 _ -O.:.~--

t=1i !==li=::=:~ - _Q~~i ---~~ ~:: ~: o:~ :~:: 
! 42 ! 0 I 0.6 0.24 0.16 0.6 D.4 0.24 -0.6 

! 43 ! o I o.6 0.32 0.08 o.6 o.4 1 o.32 -o.6 
! 44 i o I o.s o.4 o 0.0 o.4 o.4 --o.6 

r-==1r---·-.. -~-~--~=~~~~ -=~-~~;-F =-~-.. ~_:~--=~---~~;~ o~~: 0.2~ -~~;~ 
r .. ;i------ -- ------~- --·---~-=-
i 47 0 i 0.8 0 C..2 0.8 0.2 0 -0.8 

i 48 0 ! 0.8 0.04 0.16 0.8 0.2 0.04 -0.8 

i_;~L-~;~ --~;~ L:;; __ _; ___ ;~ L~:l. _~~~-
51 i 0 I 0.8 0.12 I 0.08 0.8 0.2 I 0.12 -0.8 
52 I 0 I 0.8 0.16 I 0.04 0.8 o.2.--! -o:t6-=o~8-
53 i 0 l 0.8 0.2 ! 0 0.8 0.2 i 0.2 -0.8 

54 i o I o.9 o i 0.1 o.9 0.1 i o -o.9 

r--~.?6~.·-- ~0n 1

! 0.9 0.1i--~-~_Q:~-----~4 __ 0.1 __ :Q~ 
'.J 1 -oi--0 1 0 i 0 -1 

r---5-7-1-1-0-.0-s-+-11 -·--0- >--0:05·--o.9 --0.05 0.95 i 0.05 0.05 

,- 58 i Cl.OS ! 0 I 0.35 0.6 0.05 0.95 ! 0.35 0.05 

I 59 I 0.06 I 0 0.0244 I 0.9146 0.061 0.939 ! 0.0244 0.061 

l ........... ~.9..i .... ..2:.2§...! 0 I 0.05 LJi.8~- 0.075 - ,_ .. QJ..?2J .. _ .. 9.:~'.?.- _Q:.QZ.?_ 

[==..;;J---6~~-+-------~i---o~i· · --~~fi-- -~~;;-~ ..... ... ~'.·~;~J-;¥, -{~~-~ .. 
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'

' Run# SFN~D II TE3887N FEP PFA Total Total Coord Coord 

LPTFE MPF MPF LPTFE 

I I I 
~-··-···_§_? __ t--Q{~~--~---··--- o o.J 18 2 o. s9o~ ... ,..9.P~~2... ... Q:.~9~~f-9-:~-~?_. _9.:~_o9 
r-·······rJ--1·-----~i=- ·-~- -------0~;-r--··9~6-· ··-·--%:-i- ··········~-'.~+--~~§; .. · ·· ···----~~-~ 
I 66 0.1 o o.os I o.a5 0.1 o.9 I o.o5 0.1 

! 67 ! 0.1 0 0.21.5 i 0.685 0.1 0.9 ! 0.215 0.1 

I 68 1 0.2 o o 0.8 0.2 0.8 o 0.2 

69 ! 0.2 0 0.8 0 0.2 0.8 0.8 0.2 
r-·-····----··[···- ·-- ·-··r-····--·----- ------1-----·· -----·---- ··-·-----··1···-············· ·········-········ 

1 
___ ... __ ?9..1 ......... 9.:L .. -............... 9 0.16 I o.64 ____ 9.:L ........... ~:.? .. _ .. 9.:.~.§ ... ___ .. 9.::?. .. 

i 71 ! 0.2 o o.32 I o.48 0.2 o.8 I o.32 0.2 

' 72 I 0.2 0 0.4 I 0.4 0.2 0.8 I 0.4 0.2 

i 13 ! 0.2 . o o.48 i o.32 0.2 o.8 I o.48 0.2 

l 74 l ____ .9.:.? _________ Q_ ....... 9.:.§~ .. J .... -9:1~ ____ QI_ _---9.!._,_ .... .9:..~i. ······-·9.:.?... 
L 75 ! o.2s o a ! o.1s 0.25 o.75 1 o 0.25 

1 
76 , 0.25 r o 0.75., o 0.25 0.75 1 0.75 0.25 

i Tl i 0.3 0 0 I 0.7 0.3 D.7 i 0 0.3 

I 78 i 0.3 0 0.7 I 0 0.3 0.7 ! 0.7 0.3 

I 79 I 0.4 0 0 ! 0.6 0.4 0.6 ! 0 0.4 
t···········iiat- o.4 ·-· ·-o----0~12··1 ·· ··-· ·a·.-;i·8- ---o~i- -···-a.6 l-n.12·-·a~;1 
r---··-··---+·---.. - · --·-···- -·······-··-··r··················· ····--··-··-·· ---·· .. ····-··r···-··-·-· ···-·······-· 

s 1 I o.4 o 0.24 : o.36 o.4 o.6 1 0.24 o.4 

I 82 I 0.4 0 0.3 i 0.3 0.4 0.6 i 0.3 0.4 

; ·-3 ! o 4 I o I o 36 ' o 24 n 4 o 6 1 o ., ~ o 4 : ~-· I . I ~ . : ' . . L . • . ! ( .~b ' . 

~ 84 r_g_~t---Q_·-·· 0.48 11 0.12 o ._~-- ---~.:? ... 1 ........ Q:.~ ___ 0.4. 

l·-----~%t---o.~iT ~- __ 9.:~-- ·--ds- ·--a;~- ···-··a·:t~+--··· ··.9.:~·-· ········a~·· 
I 81 I 0.45 0 0.55 I 0 0.45 -0..55 I 0.5.S 0.45 

! 88 I 0.47 0 0 i 0.53 0.47 0.53 i o 0.47 

i 89 j 0.5 0 0 0.5 0.5 0.5 i 0 0.5 

I 90 ! o.s o 0.1 i o.4 o.5 o.5 ! 0.1 o.5 
r-------··t·--·····-· ----···-······ -·····--r·-- ········-·-- ·--········t· .. -··-··-- ---··-····· 
i 91 i 0.5 O 0.2 0.3 0.5 0.5 I 0.2 0.5 

I 92 ! 0.5 0 0.25 0.25 0.5 D.5 ! 0.25 0.5 
I : 

93 i 0.5 0 0.3 0.2 0.5 0.5 i 0.3 0.5 

94 1 0.5 0 0.4 . 0.1 0.5 0.5 ! 0.4 0.5 

! ---~-t-... Q~~+----~-_ ..... g~5- -~ --Q~~~ .. ·--o¥s-t---..9.:~-· _ ..... Q~~~ .. 
97 o.s5 ! o o.4s o o.55 0.45 I o.45 o.55 

I 
·-

98 0.6 I 0 Q 0.4 0.6 0.4 ! () 0.6 

i 99 I o.6 i o 0.08 i o.32 o.6 o.4 l o.os o.6 

! 100 1 o.6 I o 0.16 ! 0.24 o.6 o.4 ! 0.16 o.6 
1----t----···r-------- - ·- ··-········t-·--·--f-.-·----- ·------t---··-··- ·--···· 
i 101 i o.6 i o 0.2 I 0.2 o.6 0.4 I 0.2 o.6 r--··-·····:.:-t--· .. -r-- ·-··--- -·--:;·· .. ··.··-:-···········-·-· ··-·············-...... __ ....... 1·-·--·-· -··-·--· 
~L. ; 0.5 I Q 0.24 ! Q.16 0.6 Q.4 0.24 0.6 
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I Run# 
I 

SFN-D TE3887N FEP : PFA 

I 

Total 
LPTFE 

Total I Coord 

MPF I MPf 

Coo rd 
LPTFE 

I I 
I 103 I o.6 o o.32 I o.os o.6 o.4 o.32 o.6 

r--~o4].~~~~?I ·-.. -~~--.'Q~ ~~~~-~-.9.~~ =~=~~!i.- o.6 o~'!J ____ Q;:i_ _._a .. ~ 
I 105 I o.6s o o.35 o o.65 o.35 I o.3s o.65 
I 106 i 0.7 0 0 0.3 O.l 0.3 () 0.7 

I 107 I 0.7 I 0 0.3 0 0.7 0.3 0.3 0.7 

108 i 0.75 0 0.25 0 0.75 0.25 0.25 0.75 

_ ...... ] .09 t--·.9.:.?. .. t 1 .............. _ . .Q.. . ........... .Q .. .... -..... 9.:.?. .. _,_ .. .9.:.?. ... ··-··-~:?J..... 0 0.8 
··- ···.!_10 ___ _Q~~- ·--······-······!?. .. _____ .9:.9.~ .. ....... 9.:~.§. ____ _D_:_l!_ -------~:.?.J ____ q:Q_~-· .......... 9.:?. .. 

1.11 I 0.8 I 0 0.08 I OJ.2 0.8 0.2 I 0.08 0.8 

112 o.8 o 0.1 0.1 o.8 0.2 I 0. 1 o.8 

I 113 I 0.8 ! 0 0.12 0 .08 0.8 0.2 0.12 0.8 

___ !!:~--1--·-·o .s ! ___ 9_ ......... 9. : .~~-.L .... ?..:.2.~- ...... _ .. ?..-.~ .. ___ .. .9.:?... __ o. ~.~ __ o.-.~ .. 
115 j 0.8 ! 0 0.2 0 0.8 0.2 0.2 0.8 

r-~~i--~~t--~~--1~~~1--~~-r-~~-r-~~--~~-1-~----

~!Lfi_L__ o.ss i o o o.1s o.85 o.1s 1 o o.~.?_ 
117 I o.ss ! o 0.15 o o.Bs 0.15 o.1s o.s s 

I I I 

I 118 I 0.9 ! 0 0. 1 I 0 0.9 0.1 0.1 0.9 
I 119 _L 1 ! o o J O 1 o o 1 l .................................. - - ··--······...:...··----- ·-....... - ... ~ ...... && ~·· ··· · ··----·- ··~···-·-···- ........ _Ho••···-· ··· ·~··-· ·· .. ·····- .. ..__. .. _._ 

[00181 J Observed data is set forth in Table 2 below, wherein: 

GLOSS = measured gloss, per Section VII above; 

NORM GLOSS =normalized gloss, calculated as; [Gloss - Minimum 

(Gloss)] /[Maximum (Gloss) - Min:inrnm (Gloss)]; 

CONTACT ANGLE (CA) "0 contact angle, per Section V above; 

NORM CA= normalized contact angle, calculated as: [Contact Angle 

- Minimum (Contact.Angle)] I [M_aximum (Contact Angle)- Minimum (Contact Angle]; 

PENCIL== pencil test measurement, per Section VII above, where the 

value in Table 2 below is the mean of the number of rneasured results, as indicated by"# 

Data11 in Table l above; 

NOR_M PENClL =normalized pencil test measurement, calculated as: 

[PENCIL - Minimum (PENCIL)] /[Maximum (PENCIL) - Minimum (PENCIL)!; 

NORM min remelt = norrnalized "min remelt", calculated as: [min 

remelt -- Minimum (min remelt)] /[Maximum (min remelt)-· Minimum (min remelt)], vvherein 

"min remelt" is the temperature of the lowest remelt peak for a given san1ple; 
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Norm (CA, Gloss, Hard)= tbi:~ mean of (NORM CA, NORM PENCIL, 

and NORivl GLOSS); and 

Norm (Remelt, CA, Gloss, Hard) ''' the mean of (NORM CA, NOfu\tl 

PENCIL, NORM GLOSS, and NORM min remelt). 

Run GLOSS NORM Contact NORM 

II Gl.O:SS Angle CA 

50.2 I 0.64 122.81 I 0.33 

2 71 O.S9 122.66 0.32 

Table 2 

Observed data 

f>encil NORM norm ! CA,GLOSS,HARD 

PEllJCR min ! 
remelt I 

I 
i 
I 

0 0.38 0.70 I 0.45 

-2 G.13 0.76 ! 0.48 

67.l ! o.92 us.61 l 0 .13 -2 o.n o.33 I 0.39 

remelt,CA,Gloss,hard 

O.Sl 

0.55 

0.30 
I I . 

·---'~- ___ fl.'...ZJ_ o.~~ ........ 1:.!E:.'.'!.~ . ..j.. . .....£:.9]_ ____ ±_ _ _288 _______ 2:1:9 .. f------··---o.6}:_ _____ _ 

s 51~ o.r,r, 116.23 0.02 3 o.75 0.10 ! o.48 

0.48 

0.38 

6 67.7 I o.93 116.90 o.os 4 o.88 0.12 i 0.62 0.49 

7 41.5 0.49 115.97 0.01 4 0.88 0.12 i 0.45 0.37 

8 68.7 l 0.9.5 l:l8.63 I 0.1.3 5 :LOO 0.15 I 0.69 0.56 

-··1·~-+-~·0:-.·:-t_go:....~-~~- ·--~1.l1.97 .. 326
s f---0

0.: __ L~~--· ··--9·- ······9:~~- __ oo;;.§1--3
2 t. ______ .:'.:'.~ . ..-······-····-·· OAS 

,__.;._ ·--.:'--~_j_ ___ .,_ .. ,_ ---·····--·-!.·-··-:. 4 0.88 ·-·-·-···-··-··?_:?} .. ------ OA~'.l_ 
11 51.1 i 0.(i5 125.83 ! 0.47 -2 0.13 0.61 0.41 0.46 

12 

13 

69 I 
l 

41..l i 

0.96 119.17 I 
0.48 124.89 I 

0.16 4 0.88 0.14 0.55 0.53 

0.42. 5 1.00 0.63 0.63 0.63 
I 

-~ ___ :!.9:3 o.47 12·t~2J_?.:'.!L .... _..'!:._ __ C!:~~- ,__C22-L. o.s8 047 

15 37.8 I 0.42 123.89 I 0.38 s 1.00 0.12 ! 0.60 0.48 
--·---- -----··-- ·······---·-- ·-·-·--r·-·---- ---·-·--···· ·--·--,------------·· ·············-·--·--····-··-

16 38.7 o.44 124.72 I o.41 s i.oo o.o9 1 o.&2 o.49 

n 69 o.s6 122.42 ! o.31 s 1.00 0.12 I o.75 o.5o 

1s 57.4 o. 76 120.s5 I 0.22 4 o.ss o.u o.62 0.49 

19 48 .1 0.60 ll.8.87 I 0.14 -3 0,00 0.62 0.25 0 34 

' l 

--~Q- __ .... J£J __ .f!:?.L ._.128.48 L__o.s9 __ .2. ...... 9.c~L ...... 2:?.f ... _____ o.s.?__ -··--·------------~:?:! .. 
21 64.8 I o.sa 133./9 ! o.84 3 o.1s o.63 0.82 o.n 

22 60.6 ! 0.81 131.62 0.74 3 0.75 0.18 0.77 0.52. 

23 66.7 I o.92 129.12 o.52. 3 o.7s o.13 o.76 0.60 

21j 46 i 0.56 Bl..02 0.71 0 0.38 O.l.'1 0.55 0.45 
I . 

25 40.7 i 0.47 128.65 ! 0.60 ·'· 0.88 0.12 0.55 052. 
i-----·- ---............. -:·----- ·-~··- ·· --···..-f·-·~ ---- ....................... ___ ------· - ... ..-.------- ----------···-··~······-

2.6 5;·_5 I o.93 1n.6s i o.31 4 o.88 o.13 0.72 o.ss 
t---"t---~i----;~-~--t----t---~----1r---t-------T----------i 

,.__2_7..,-_32:.:'._L_o_._ss-+_1_29_'._22-+i __ o._6_2-r-_-·3-1·--o __ .o-o ,_....Q:?]-1-·----0._4_0_~ _______ 0_._4_"~-

32.s ! o.33 127.54 I o.55 s 1.00 o.u-1 28 0 .63 0.50 

64.3 0.88 BS.OS 0.89 4 0.88 0.61 I 0.88 081 

30 51).8 I 0.75 134.97 I 0.89 ·3 0.00 0.63 I 0.55 0.57 
••oo·o·o-•• •wo•·-····--.......... - .... -0<._ -~-----......................... _........ ---~~··· OO OOMO _____ ------------·-·-·· -H-••--·-·-----
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Run GLOSS NORM Comatt NORM Pencil NORM norm CA,Gl.OSS,HAf!D remelt,CA,Glos>,hard 
II GLOSS Angle CA PENCIL min 

remelt 

I I 

n-1-_s_o_. 7-1-__ o_. 6_4 __ _:@.:~lL o 81 --~ _ _1::1] ___ J?l!..L ____ o_.8_2_
1
. _______ o_.5_5_

1 I I 
32 .... ~!£ . ....... g:::.~ .. . -1~3:.~~l .... £ .. ~ ... _ ........ 1. ... ..... Q,~~! ........ P:!.U._ .. ___ o.s9 ______ .............. ~::":.~ . 
33 30.G 0.30 132.70 I 0.79 ·3 G.00 0.14 I 0.35 0.31 

34 29.3 o.;m 132.02 ! o.75 4 o.88 o.14 I o.64 o.s1 

35 25.8 0.22 128.94 I 0.51 3 G.75 0.11 I 0.53 0.42 

~,_ bl;,I; OS l 123.33 i 035 -3 0.00 0.61 0.42 0.47 

- 37 >---~~ --0.8~ __ g~::~ 0.5~ ______ ? ... ___ ...!::QQ ....... 21.1:..t------·--°-~.2. .. ·---·--··-~;4 
... ]?_. ---~?::'. ....... 2.:?.2 .. __ }_?5.16 ! OA3 .... .:~ .. ....... 12·2.? ... ...... Q:?.9 .. J....... o.31 ______________ o._~~ .. 

39 39 0.45 136.06 0.94 - '.:! 0.00 0.62 0.46 o.so 

40 42 0.50 135.12. 0.90 

30.S 0.30 134. l)S 0.88 

42 n .1 I 0.211 131u3 C-······ ....... ~- .. -··-+----+- 0.88 

43 27 i O.H 

~ - 24.4 i""''~:20 
130.08 0.66 

130.10 0.55 

45 65.3 0.89 131.69 0.74 

5 1.00 0.65 0.80 0.75 

·3 0.00 0.2S 0.3'l 0 .35 

. -2 ..... _9.:!.'L ,_. o.~!l._t--·--·· .. ···-S!:'.:.Z. .. ·· ···--··--·-·--2:~1... 
~. 0.33 0.13 I 0.59 OAS 

4 

·3 

0.88 

O.OD 

0.12 

0.60 

0.58 

0.54 

OA5 

0.55 

·16 :L 7. 7 0.08 133.48 0 82 -2 0.13 O.:l:l 0.34 0.28 

_:~ :~ ~~!t~~~==- :: ~~1----·~!~ ~:.-.=.·:~:.·.~:.~~~--~=-·~!: 
49 21.4 ! 0.15 136.59 0.97 ·2 0.13 0.98 ! 0.41 o.ss 

50 12..3 0.00 137.33 1.00 ·3 0.00 1.00 0.33 0.50 

51 15.2 0.04 l36.2l 0.95 0.50 0.29 0.50 0.44 

52 2.7 .l 0.24 B3.65 0.83 1 0 .50 OJ.2 0.5?. 0 .li~i. 
;-----·---- . ..... ...... ··---·----·_ ......... ______ ,__ __ ~·--·-.. ---

0.31 0.2.5 
··-· · ····· "'· ··· ·-~··--· 

0.48 0.61 

,...J.L __ 1:i_2_.l_..Q:P1.. .... H?.:?.?. .. ...... 2::'...~ ..... -.. .:~ .. ... ....£1L,... o.08_l-··-·----·1-·-

54 54.6 G.71 131.72 0.74 -3 0.00 0.98 I 

SS 19.7 0.12 133.58 0.83 ·3 0.00 0.11 I 0.31 0.2.5 

56 22.9 0.17 133.29 0.81 -3 0.00 0.98 ! 0.33 0.49 

"~ 71.7 LOO "' 
! 

i.n.n o.3o -2 o.u o.7s I o.47 o.s4 

58 --!-----l--g~E+_Q;.29_ .. _ . ...:!_ ... --~·.?.? ......... QJ.LI-··----- o.39 --·-·-··--...2.:~-67.8 0.94 

59 69.~; 0.% 123. i'2 0.37 -3 0.00 O.i'6 OA~l 0.52 

60 69.2 0.96 123.56 0.76 0.48 0.55 

61 63 0.85 119.64 0.3! 0.34 0.33 

52 56.2 0.711 ll.7.94 0.32. 0 .36 0.35 

0.35 0.43 OAl 53 68.3 0.94 117.61 . - 5'1 ---;.~:;t-;94 ·--~;~~-;-·1----1----I---- --~~- ................ ---~:~~-· ---··--.. ···---0-.5-f--, 
65 57.8 0.76 0.04 0.53 0.48 118.58 i----r-----r----t--· 
56 62 I o.s4 124.46 o.so i o.4s o.s4 

57 63.2 0.86 l.l.9.55 0.17 ·2 0 .13 0.31 i 0 .?.8 0.36 

~ ~l..jl,_ ... ~~:~ .. ... ~LE_.3o l _9_~l. __ ::.1.. ·-- o.2s _ __.9.:8 2 1 ·-·-·-... - . .'.!:5.? .. .............. ________ 9:!}2 

s9 s2.o o.s8 119.r:1 o.rn ~ i.oo o.os I 0.62 oAs 
'""'~; ---;;:·r-;;~- --~·~~:~~T .. ~-~ ----;- ....... ~:;~- ·--;;;r·--·· 0.55 ··-.. ·-··::;;;· 
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Run 
# 

GlOSS I NORM 
GLOSS 

I 

Cont<ir.t i NORM Pencil NORM 
Angle I CA PENC!l 

I 
I 
I 

norm i CA,Gl.OSS,HARD 

min I 
remelt j 

i 

PCT/US2010/059368 

remelt,CA, Gloss, hard 

7! 63.4 0.86 123.22 ! 0.34 4 0.88 0.12 i 0.69 0.55 
-·-·- ·-~ .. ·---.·- ----- -----1~~~---- ~---. ........ _ ·---~-t--------... ·1-----------
....• ?3-_ _ •• . !!.~;]_ ...... .9:.?.? .. ···-~-~'.!;:!:!..L.. .. 2.·~ ... ,.....-... ..'!. •. _ . .J!3_~_ .... -.9.:.~.!.j_ ____________ Q:?..~ .. ··········-··--------Q::':i. 

13 s6.1 o.74 1n.101 o.37 o o.38 0.11 I o.49 0.40 
; I 

74 45.4 o.55 12i.os I o.z4 -2 o.13 0.12 I 0.31 0.26 

75 70.6 0.98 123.29 I 0.58 -2 O.l.3 0.35 I 0.55 0.63 

76 48 . 0.60 121.28 i 0.25 s UJO 0.03 I 0.62 0.47 

-~~- ·-·;;;·+--!~; ~-~·~:;'.;;·+ ·· ·-~:·;;-- ····· ··-~;-· --··~~;; -·-;'.!~·+·--·-·-··-··~~-· ··-··--········-··--:::; 
·--··-·· ···········-··!··············· - --··--··················· ·· ............... ---·· --·--····- ···-·---· ····- ···-··- ·--··-------

79 60.2 I 0.81 131.03 I 0.71 ·3 0.00 o.ss I 0.50 

80 50.1 ! o.64 131.99 I 0.15 .1 0.25 o.67 0.55 

' 8! 49.l 0.62 129.87 ! (L65 0.75 0.12 0.67 

--!;--· -···;;~··t·~ ~:;;~·l_·---~-:~-~~-· +----~-<·-··----~_·'.~-~~-·· ... · ·_-_··~_g'._~;. ·t-········--·-~~; 
i 

0.11 ! i 
84 22.4 0.16 125.97 I 0.47 .. 3 0.00 0.21 

85 51.4 0.66 123.61 I 0.36 0 0.38 0.06 I 0.45 

0.60 

0.58 

0.53 

0.43 

0.30 

0.19 

0.36 

l<t. 49.6 I 0,63 134.30 ! 0.86 ·3 0.00 0.83 I 0.49 0.53 

--!~- -·;!'.;~--~~;: .. :::::: I ::·~-;~!-· ---~~;~- ·······~'.;~-+·····-··-···--~~ ---·-··-· :.:: 
- ········ -··-·-·-+·-···--.. - ··-·--· --------- ·--·- --·-·-· ·-·--T······--·-· ··-·---·-·-·-····· 

s9 63.2 I o.86 135.34 o.91 -3 o.oo o.91 +-- o.59 o.s1 

90 42.7 ! 0.51 134.79 0.88 ·3 0.00 0.63 ! 0.46 0.52 

91 36.3 I 0.40 133.06 a.so .. 2 o.13 0.22 0.44 o.39 

_2_?:_ --2~_9J~ .... l.32.'18 0.78 ___ :! __ .. 0.25 O.J.5 f ___ _g::_:i.:... ...... 0 36 

---;:- ··---~;~--1- ···~~!-- ·· ··;;;:~~T-- -~:;~- -··-·:~. --:~- ····-~~~1---~·;·· ----·-· ·· ··· · · ······--~~~; 
! 

95 41.2 0.48 124.28 0.39 ·1 0.25 0.07 ' 0.38 0.30 

i . ! 
95 .55.7 0.73 135.35 t 0.91 .. 3 0.00 0.92 i 0.55 0.64 

97 •13.l. 0.51 l.2•1 .36 0.40 ·2 0.13 O.GJ. I 0.35 0.2.6 

_.J~ .. ··---~]_ _.Q;S8 . ·-!~~~--1--9~:1.. -·----=~ ...... .s?.~ __ _!!:661-···-.. ··--!J:.5.?._ -------··-·--9:.?.? ... 
99 31.3 0.31 135.83 0.93 .. 3 0.00 0.68 f OAl 0.48 

100 32.a o.34 131.26 0.12 -3 o.oo 0.24 I o.3s o.33 

I ! 
101 2:l 0.14 132.82 0.79 · 2 0.13 O.:l3 i 0.35 0.30 

102 2?. 0.16 131.112 0.73 ·2 0.13 O.J.5 ! 0.34 0 2.9 

-1P2... ___ !~J ... f-·· o.or> .. ..!~~£~. _ ... 2:2Z. . ......... S! .. ···-~·.'!.?._ ..... 2.J.?_l----··-··E:.~L. --------········ o.29 

104 61.2 0.82 12•1.'16 0.40 -2 0.13 o.o:; i OAS 035 

10s 53.9 I 0.10 125.29 o.44 o o.38 o.o4 ! o.so o.39 

106 30.4 0.30 L3:L:l0 0.71 -3 0.00 0.94 I 0.34 0.49 

107 37.7 0.42 l,?.3.•M I 0.35 0 0.38 0.00 i 0 .38 0.2.9 

10~ ...... !.?.l-... _2-..~L __ !3.?.:.:.L.?J._.223 _____ :!. ........ ~l. .. ?.Q .. ..... 2-..t.~J. .. i .·-·-···-·····.?.:?.l-. ______ .... 0.20 

109 30"1 1 0.30 131.Soi ! O.i"5 -3 0.00 0.93 ! 0.3S OA9 

·--~-~~-- --~~:~·· ....... ~~;- -;;;;r-~:·;;·-------~~·-· ···---~~;; ·--~~~~-r- 0.32 0.48 
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Run GLOSS I NORM Contact I NORM 
II GLOSS Angle CA 

I I 
0.81 l l l 16.3 I 0.06 n:i.21 

- ---····-····-- ---HH•l-----1----; 

112 18.9 ! 0.10 132.98 0.80 ·-- -··-······t···-·->---- -
113 15 I 0.04 132.lG 0.76 

114 15.6 i 0.05 130.64 0.59 

115 44.3 i 0.54 127.52 0.54 -3 0.00 O.lO 0.36 0.29 

l !6 51.3 i 0,1:;5 . 129.55 0.64 -2. O.B 0.95 0.47 0.59 

.. EL -RLl.£·.~L -.. E~:.'!.§..L .. 9.:2.L ··---~- ···---~~- e-··-Q:2-'2 .. t·······-····~~ ----···----~£-
-1!! .. ---~~·Lf---~:.?J_. __ g~~~_J_ __ ~'.:'.:7-.. ........ J. -··-~:~.? ........ ~"~~ ... ·······--- a.31 ------~s1 . 
119 30 0.29 134.25 ! 0.85 4 0.88 0.96 i 0.67 0.74 

[00182] From the data presented in Table 2 it can be seen that some of the thre~~ 

component blends have generally bette:r properties than the other blends, such as higher gloss, 

contact angle, and greater pencil hardness. 

[00183] Thermal data is summarized in Tables 3, 4, and 5 below for 1st Meli, Fusion 

and 2nd Melt (remelt) respectively. 

Table 3 

1st melt DSC data 

lst_melt_6 Run ! 1st 1st 1st I 1•• 
ff ! melt_1 Melt_3 melt_ 4 melt_5 

i 
! I 

l i 313.4 f---·t--- ..... 1.0 313.4 6.9 1.3 8.2 

# min DH DH DH DH DH total 
1st first first 1st flrst first first 1st DH 

melt melt mea Melt Melt Melt Melt 
1 3 4 ?; G 

------

.... _.?J_.1~~-1-1.:.L ·--~~~L_I --··---··-······- __ ].:£_. zs~ .. ___ L~_ .. .!.:'::!:'... .. is -~ 
3 f 259.5 313.2 320.7 I 3.0 259.5 3.5 31.G 1.4 3b.S 

4 i 2;;0.3 312.t> 32i..o I 3.o 200.3 12.4 zs.2 4.2 .1i.s ·51259:2 312;;- -321:sr ___ ,__ _____ ._..3_ii .. ·25·;;- a.;· -·2·2·_4··· -·"i".·a· ··----·- -32:2-
,__._w_2so.1 _____ ?:}_l_~- --~~~3-. ···-·······- ·-··-·--_ _].:2_ -~~0.1 13.9 11.0 o.8 --····-·· .. ·--· , __ zs.~-

7 I 259.8 31 J.2 32l.2 3.0 259.8 18.7 7.0 0.5 26.3 

8 25JA 1.0 257.4 18.2 18.2 ....... -........ ···-·· ·~·~ ·~-- ............ ---+----· - -···---···-· __ ,_._ .......... ~-----·-~---- ---- ·--···..,.... ·----·----- --·-~---; 
9 312.9 321.0 326.4 3.0 312.9 38.9 2.2 6.4 47.6 

10 2ss.9 326.8 2.0 258.9 2&.7 8.1 oi'I.9 
--··~·-t--••0000-00 0000-00 ·0 0 .00.0 - 00 H_O_ •-0-0-0·0·-··-· --~--- ~----· .................. - . ·------ __ ,.. --44-0'0 0 --0'0 0 0•0·000· 0·0000·--- ·----- OOOO-~oa••·--

11 313.0 321.0 I 325.5 3.0 31.3.0 C,D 2 .. 5 J.3.2 53.2 

12 259.2 ! 32G.9 2.0 259.2 17.l 12.5 29.6 
~~~~~· ~~~~ ··--·~- --~----~~---- -----~·- ~·--··-i...--.o 1--- .~.- ·~·~····· ,0 ,00.64 .. .. .......... ···-·-· · -•OHOWHO 

n 257.9 313.1 320.5 I 326.7 4.0 257.9 1.6 23.2 1.8 12.6 39.2 

r-.2:! zm.8 m.~- __ _:!21.1_ i·-----··-·· ······ - --~.?~:9 __ ·---~Q .. ... ?~g:~ .. --~J_ ..E~,_2:?_ --·· ... !!:Z. ---~~E-
1s 260_8 313-3 322.C 3:?.7.9 4.0 250.8 l L2 15.0 L5 l.L6 39.3 

1& 259.2 311.5 J20.9 325.J ILi) 259.2 10.8 11.7 lA 11.'1 35.2 

17 I 2s9.s 311.4 320.1 3.o 2s9.s 20.4 6.4 12.6 39. s 

18 l 259.0 327.0 2.0 259.0 15.4 16.6 32.0 ··-·1;·r···········- ···lli:o- ·322·:;· ------ --·-;5:7 "'3-0 ·-3u.o-·-- -2-s~s- ·--2£ -·········· .... i9:3 .. ······-:.a.1-
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Run ! ht ht 1st 1st 
I 

# I melt_l Melt .. 3 melt_ 4 melt_S 
:lst_m.,,lt_6 

I 

II 
1st 

melt 

min 
first 
m~lt 

DH 
first 
melt 

1 

DH 
1st 

Melt 
3 

DH 
first 
Melt 

4 

DH 
tirst 
Melt 

5 

DH 
first 
Melt 

6 

total 
1st DH 

....... -.1 ............... ·-··---····· --1----·-~.~-....... -.. _ ..... ·--·- '""~··~-- ·--- •·•--••.•O O OO 00000000000.0 0·0·0·00 000~ -~-- -----H.00 
20 i 31.3.1 322.0 327.0 3.0 313.l 2!.2 2.7 25.2 49.1 

327.0 3.0 260.2 2.2 19.1 27.2 48.4 
•-•-• •••• • • uoo ••••-••-·• --•-••• • •••••••••• • ••••••••••-•-- • ~--~•----• •••-•--••-••--

328.3 4.0 259.4 3.9 12.7 1.7 23.9 42.2 

23 ! 261.2 313.7 328A 3.0 261.2 6. l 11.3 42.9 
·----·t····· ·········· ···------ ··------ ·----- ·· -· ·---·--··--------- ......... ... ·········-- ·-········· ---·-- --- ·········- · ········----· 

24 ' 25Ll. 3!3.7 

25 ! 253.9 312.0 

26 I 2S9.2 

27 313.2 320.7 

28 2.50 0 

29 313.0 

30 260.4 313.3 

328.5 3.0 251.l. 

327.5 3.0 253.9 

328.0 2.0 2S9.2 

327.1 3.0 313.2 

328 ~ 2.0 260.0 

327.1 2.0 313.0 

4.4 

8.4 
c • 
-'-~ 

9. 1 

7.2 

3.6 

22.4 

19.6 

327.4 3.0 260.4 2.4 17.9 

24.5 

25.5 

25.2 

1.8 28.7 

29.9 

35.0 

32.7 

31 I 258.S 328.7 3.0 258.S 3.0 10.4 31.S 

32 I 261.0 3l 3 g ?. 28.4 3.0 :>.51.0 2.7 9.4 31 3 

36.1 

37.6 

34.7 

52.9 

39.0 

54.S 

53. l 

44" 

43.5 

33 251.1 313. 7 328.4 3.0 251.1 4.4 7.5 30.9 42.9 

34 260.2 :i12.7 327.8 :i.o 200.2 7.:; 4.5 30.2 4D 

35 258.9 327.8 2.0 258.9 7.6 31.S 39.l 
36 ! ~-~--,1-3->-+----i,~~~-1-~--3-27-_-2~-2-.-o-1·-~-.1-3-.2-.-1--~~~1-7-.o-+--~-~-1---35-_-8~~-5-3.-8-1 

,___3_7-.... j, _ 2_5_5_-4_ , __ .. __ ;.-... --·-····-·-·r-·-··- ··-··--3-28 ___ 0-1-- 2-.0-· ·2s-5:4- ·-4.0 · - ·------ -40~6- --44J3 

___ ).:~-~---- ·--~~~- --------!·--········-· ····--· ··-~.?:.?.].. __ ?-:£.. .i1].::! ... ,_ 16.6. >------ ·-······- ·--~-~ ... ~ ... ___ 26.4 
39 I 260.3 313.1 I 327.2 3.0 260.3 2.1 15.4 '.l'l Q 57.4 

-~;t--;f~~i· · ···-~i~'.;. - ·-···-·····-~· · ···· .. ·····-----~ --;~~- --~~~- ··--i~- · ---;.~ - ·-----· ·········- ~-· ~~ 
-n I 26i.2 :i11< .• 1 323.9 J.o 26i.2 1.a s.7 37.1 44.6 

·-·43--r-25·;7··· -32i"_·7··· ·····--··-·· ----- ----327~-· -;a ·25·;i:1·· ··-53 4.8- 36. 7 46.8 

--~:!.+ ... 2~~A ·----- ----'---····· ·- 32i' .7 . .... 1£ .. --~~'.}. S.S ,10;2_ __ _:!_?2 ... 
45 I 313.0 327.4 2.0 313.0 ·-········· ... i-o:z-·-··-···-1··-··-·· 45.5 55.7 

.... 2~.! ..... ?.~.~:.!... -········-···--·---··J····-··-· ______ B.?:2 _ _32_ .E3:.L . J.o -·-·-·· ____ ,__ ___ 25.7 58.7 

47 i 313.1 I 327.5 2.0 313.1 a.5 48.8 57.3 

4a l 2r.2.2 313.4 I 321.9 3.o 2s2.2 u s.o so.o w.1 
·-·49· 1 ····257:3·· ·-313:2~ ·---r··-···- -----;-;:-7- ····-D;- ·25:;:3· ·····a~i·· --s.7 ·---- 50.7 57.7 

50 ! 329.2 1.0 329.2 511.5 64.S 
··-····-----··- --·----·· ---····--~-----· ··--------- ---·--······· ---···-- ··-·-··· ···-····- ·- --·- -----·· ·--····--··· 

5 i 261.4 314.5 ! 329.0 3.0 261.4 1.6 6.0 48.7 56.3 

:;2 259.f. -~l'.:J.. ---··-·...[········--~3Zl_ __ .:~Q- . .f S9:~- ·---~L ____ ···-·- ·-·-- r:;:'.:!.. _ ...... f?.~1!_ 
53 258.5 l 327.7 2.0 258.5 2.0 53.5 55.4 

s-i 313.1 327.5 2.0 313.1 s.a 58.8 64.6 

5.5 ! 258.7 325.7 2.0 258.7 20.4 9.7 30.l 

56 ! 327.6 1.0 327.6 

57 321.5 3/.5.5 3.0 314.4 40.9 1.8 0.1 42.7 

1--S_8_~:·_2_5_8_.4-+~3_1_3_.9-+--~~1.6_j1 ___ -+ ___ 3_2_5._5-+_4_.0_.-+-2_5_8_.4-1~-2._8-+_L_.9_.~_·-+-_1._S-+---+-~O._l-+--3-3_.7......; 
59 1 315.0 321.7 326.7 3.0 315.0 41.0 :l.7 O.:l -12 .. 8 

6o~j---·~--3_1~_~._6-1-~3-2_i._G_,_ ___ ,._ __ 3_2_6_.6_· -i--3_.o~_3_1_d_ .. 6_·.~-~-~3_8_.8_i __ 1._6-+~~-+-~o._1-+ __ 4_·0_.~--1· 
--61~ I 2.58 .6 31A.4 321.B 326 s 4.o 2.58 .6 1 4 30.s t 1 u 34.7 

67 ! 260.0 315.2 327.3 322.8 4.0 250.0 3.6 21.6 1.0 1.1 27.3 

63 ! 260.3 314.3 322.5 327.0 4.0 260.3 4.4 25.6 l.3 1.1 32.5 

64 ! 313.4 325.S 2.0 313.4 36.S 36.5 

65 i 255.5 32,1.7 2.0 255 .6 19.6 7.0 26.6 

1---6-6-+j ---+--3_1_4_.7-+_3_2_1_.9--+-----·~-32_b_-.b_·_ ... _3_.o-+_3_1_4_.7-+-~-+--3_3._3 ..... _1_.9_~~ .. -._,__3_.L_._,_ ___ 38_._s~ 
67 i 253.3 314.0 321.9 326.5 11.0 258.8 1.5 29.4 1.6 1.2 33.7 

--68T___ m~i- ------ ___ ,_ __ 325:6·---;:;;- 31~7- ··-·---;_3.:;· ····-·-·--- 23.7 

69 ! zss.6 324.9 2.0 :·ss.s 16.6 16.6 

70 ! 259.5 313.0 320.6 325. 7 4.0 259.5 9.6 29.4 Z.6 9.0 50.6 

7 l I 259.6 317..5 321..5 325.9 11.0 2S:J.i) 4.3 19.3 /. . ::> 3.3 34.3 
f.-.••••...,.·•••:"'-.............. - ---•• ••••_....,_....,_ •-•·• .. •----• ___ .., ... -0000_....o .... - ~H•·••.o .o .o . l-.o.o.o.,.o,o.o.o.o•U• .0 .0 .0 .0 .000•• • * oo..-ooono ·--· •-••-Homa ••----..-• ____ ,,..._ 

72 i 250.0 312.4 321.3 326.0 4.0 260.0 9.0 16.8 2.3 8.2 36.3 

~ ... ?.U ___ ?~2.?. .. ___ __?:.1.L.1 ... ,_ ____ ! _________ 32~:.~. _ •.. ~?.- --~~- . ...1.~:.:.~ .. ... L~- ___ 9 8 35.5 
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Run ] 1~t .!st :lst I 1st 1st_melt_6 # min DH DH DH DH l)H ti:mil 
# melt 1 Melt.)! m;;lt_ 4 I melt,_5 151: first first 1st first first first 1st OH 

....... J __ ·_· -·-.. ·--- ............. ...! ..... ........ _ .... ____ ..::~. _:::~- -~~~-~- _:~.'.~ .. --~;.'.~ ... :~~~.. ~~.':_ ·----·-
74 I 259_3 31 u I 325.5 3.o 259.3 11.1 1.3 9.3 33.6 

.... .!J_J_ ________ ·--~-~~:.? ... ····-----· ·-----·-· .. ---.El?.:.~.. --~2 ... -~~.L~ ... ----···· --~-!:.?.. ............ -----· ------ ___ ;.~--
76 I 2sa.4 325.o 2.0 2sn.4 12.s 14.2 32. 1 

Tl ! 313.6 325.'1 2.0 313.6 16.0 16.0 ·n.r2555· -·-·--··--· ................ ! ......... -.... ·····---3z-5:2· --2:0·· "255.5 ·15.3-··--- ·---- ---· --1~s~5 ·· --···3:L3·· 
1s I 313.4 i 325.2 2.0 313.4 11.8 11.8 

80 I 2s9.7 3n.o 325.7 3.o 259.7 o.o 

81 260.1 312.8 325.9 3.0 260.1 4.7 16.9 20.6 42.2 

82 259 5 312 .5 324.3 32.5 7 4.0 259.5 5.0 I 1~..l l0.5 99 39.'1 

83 259.5 312.2 325.5 3.0 259.5 5.7 12.0 20.8 39.S ·- ------84 259.7 312.3 325.ll 3.0 259.7 18.4 7.8 19.4 4.5.6 

85 ' 256.4 325.3 2.0 256.4 11.7 20.8 32.b 
86 ! 3B.3 325/i 2.0 31.3.3 ]ll.6 1J1.6 

87 i 255.5 325.0 2.0 256.5 11.0 29.7 40.7 

88 I 0.0 OJ) 

89 313.6 325.5 2.0 313.6 8.3 8" 

90 260.5 313.0 325.7 3.0 250.5 5.7 2.0.3 33 .-'1 59.3 ·------· ----wm ....... ~-~- ;------- -----· ···----- ---· ·---
91 259.8 312.9 325.8 3.0 259.8 2.4 15.0 25.i 44.0 

91~ ! 259)3 312.4 325.i' 3.0 259.8 9.7 7.1 25.8 42.6 
~i - ·257:1-- '"""----·· ................ ! ___ ,_...325~3- --2~0- 257-:1-·8:2·· ............ ···----· -· .. - ·- ···233·· -·-·36.9 
~~.!... ................ m.L ·-··-····-·L. _____ __ ... _?l?:l. ...... 2.0 m .3 ___________ ..Qsd 

97 I 2s6. 1 T- 325.2 2.0 256. 1 a.2 36.5 44.s 

gg 313.2 j 325.2 2.0 313.2 'J.'l 7.7 
I'"--"- · ··-···-··-· ---- ................ ,_,,,:··~·····-··~ ·--····· ·· ·· ·· ····· ·· ·· ................. ·------ ·----- ------ ·-----· ~-------· 

SS 250.5 313.2 I 325.9 3.0 250.5 L5 17.3 32.5 51.2 

_}.Q9_,_...?.!!2l:.~ ... -· 31UJ_ ·----I. 3?.?.:? ... __ ::!_.g __ .. ?.?_9 .9 •. ... :!:.!}. .. --~-~:1'. ··---- 32.1 __ ,52.0 
to1 I 260.2 312.s I 325.7 3.o 260.2 8.8 14.o 32.1 54.9 

102 i 260.0 312.8 ! 326.0 3.0 260.0 3.4 10.0 31.7 4.5.1 -----+----.. .......... _ ............... _ ........... ·-······-· .......... ·r~~~ --~~-- ... ___ ·---t------· r------- - ~· ····-.. ····-94·- ·-···-··· - ··----·-····--
103 260.0 312-9 ' 325.6 3.0 260.0 7.1 7.2 31.3 45.7 

10-i 255.8 i 325.3 2.0 255.8 7A 38.l -ts.s 
----·••OOWO ~-0.HOO·OO·O-HO ·· ···••00000._.__+---·--!-----·t------····-- ----0-0 ·~--- -~----·-· ~------- 000~.~~ ..... ·------• -------· 

105 256.5 i 1.0 256.S 5.4 42.4 47.9 

.J:S!§_ ---- _it-~ .. ·~·-...! ............ _. -··-··-~25.~ --~2 ..... ~.1:.~:2 .. -······- ··--- ----- ··-··-·- ·--·- -·-· 0.0 
101 i 2s6.2 I 325.z 2.0 2ss.2 4J:i 46.7 si.5 

108 258.5 i 325.5 2.0 253.5 5.0 s.o 
109 I 313.0 326.9 2.0 313.0 58.6 58-6 

110 260.3 312.7 325.6 3.0 260.3 2.3 13.9 45.9 52.1 - --
111 ! 260.3 312. 7 325.7 3.0 260.3 2-2 11.6 '~5.7 59.5 

112 i 250.5 313.0 325.0 ~.o 250.5 l.5 10.3 44.5 56.S 

lB 260.4 313.3 I 326.0 3.0 260.4 4.2 9.7 44.4 58.3 

114 i 260.1 313.S 325.6 3.0 260.1 2.1 7 • .. ~ 43.S 53.L. 

115 ! 258-4 LO 258.4 4.l 4.l 
116 I 325.4 1.0 325.4 0.0 

t i1 I 255.9 325.4 2.0 255.9 0.6 39.1 39.6 

118 i 259.5 326.0 2.0 259.S 0.8 0.8 

119 ! 325.5 LO 325.5 0.0 

[001841 Table 3 shows the first rnelt temperature (°C) and heat of melting (AH J/g) for 

the various blends of Table 1. It will be noticed that the various components exhibit their 

melt points in the blends at temperatures fypical for their chemistry, i.e., FEP at ca. 255-

2600C, PF A at ca. 312-314°C, and LPTFE at ca. 324-328°C. Within Table 3, the numerical 
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id(.,'11tifiers (i.e., the'' l" in "Fusion_]'' and "DH fosion 1 '')indicate the peak numbers in the 

DSC traces from the lowest to the highest melt temperatures. 

Table 4 

Run fusio fu~io Fusio Fu~io Fusio #fusio min ! DH 

# n_l n .• 4 n_S n_6 n_.7 n fusion I fusion 
• :l 

i 
,---1----r----------------2-81-.. -1' r ·-: 16.12 I 

DH I OH I OH DH I Total 
FUS!O fusion I fuslon Fusion fusion 

N4 I 5 I 6 7 I DH 

I I I 
16.l.2 

231 ! 1.537 18.94 j I 20.48 j 

233.4 i 3.o?,s nn ! ! 2s.u; I 
23i.4 i 10.51 w.83 I I 21.34 

232_3 286.7 2 n2.3 I 6.005 16.1 ! i ! n.11 

5 7H 283.6 ! I 2 233 19.1 12.1 I i I 31.2 

··-+· -~~:~- _ _EE_ ·-----+··········· l. ~~::: I-~'.~~-~?~···· .. ·---+------i-~~~;~--
9 2s6.1 I 293,1 2 286.7 I 8.938 I I 22.3s !~ 

10 237.7 ·---· ··-r-300~6---- - -----1- 237.7 20.01 -- .. ----·r·---·1 9.755 1 29.77 

11 .2.~:!:~J ______ _i.J~Z:?_ ·-···--· 2. 2s4.~_L_ _ ______ 8.:'.~?.?._ri ··-----t-322'.' ... ---·····---!2~~~-
12 233.2 I i 30G.2 2 238.2 I 12.85 i I 14.77 ! 27.63 

..... }.~ . .... '.'2.~L .. l~~1---·t_328. 2 -··-· ~------~--- ..... ?.=!2:?...f_].:2~~-- ___ E;:P6 j i 21..82 35.l.~-~ 
l.4 233.9 286.2 300.9 3 233.9 • :W.'l2 7.631 I I 19.64 I 38.19 I 

15 233.9 285.=i_f-----····l----~Y~:.f!. ·----· __ 3_ ...... ?J.~:~-~.2:_382 . S.185 1---·--··--+--~7.6 ,__ ___ J_l2:.!2_· 
15 233.7 283.6 i ! 301. 3 233.7 I 7.595 3.693 ! ! lf.i .25 I 27.64 

11 2:is.3 2ss.6 ! I 303.6 3 235.3 i 7.859 1.289 ! I vi.92 i 2,1.07 
······1;;-- ··--2.:i7.9- ---······1··--·-r··30-;:4· ··-··-····· ···-.. --2·· ···23J.9··r-i2_5;;-~---:---r18.81--·--1 31.39 

_ . ..l.'L,_ ___ --~~'!..!! .. L. ... -.... + .. 3.2.L~ .. ·----·-·-·-?. .. ...... ~?.~·.? ! 8.18G i ._J..2?.~- ------- _]_?.:?_?._ 
20 283.1 t 304.1 2 283.:t I 9.222 I i 36.23 45.45 

___ ?.!. . .... "?:~~:L _ _;_~~:?. ............... ~- -~9.'.'.:! ... ... -···-- -·--3- .. _24 6.:.q ... u.~_,__2l.39lj ___ f __ 33:'.L -·-··-···-1-.±~;Zl.. 
n ns.7 28s.6 301.1 3 23s.1 ' 1.637 6.515 I ! 30.51 i 44.66 

26 238 309.9 2 238 8.677 38.11 

27 2fi2.6 ! 305.1 2 282.6 7.12s I 36.55 43.68 

28 237,5 310.3 237.5 7.118 i 35.27 42.3'l 

29 282.4 306.4 2 282.4 '11.67 55.i'i~ 

30 283.2 i 306.9 '- 283.2 8.007 ! 39.59 47.6 

31 238.7 284.3 i 308.B 3 238.7 6.876 7.G23 I 37.01 51.51 

32 236.1 284.7 I ?.09.6 231).:l l..474 3.467 i I 35.67 40.61 

33 234.7 283.9 ! 310 325.7 4 234.7 2.442 2.973 I i 35.19 30.93 71.54 ! 
3!~ 2?:5.2 285. i ! 309.5 3 235.2 5.714 2.41 i i 34 .6 112.72 

35 235.9 ! 310.6 2 235.9 6.039 35.12 42.16 ---· 35 282 i 307.'1 282 I 
I 43.74 i 54.64 W.9 i 

37 2'!6.2 

38 

! 311.6 I 

28l.6 I 308.3 I 

2 236.2 5.573 

2 281..6 

43.19 i 48.76 

45 .8;'. i 511.4•1 

! 
f--·--+----+----+----4----1----i----1----+----+·-··---t-'---+---+-----i,...----I 

8.623 ! 

39 2s2.8 I 308.9 2 282.8 3.904 : 45.57 49.47 

283.6 3l.0.6 40 2.40. :> 240.6 l..943 4.715 l 4:l.6:l 48,27 

41 235.8 283.G I 311.1 3 235.S 2.745 4.224 i 42.51 49.48 

___ !:.L ... 3.~.?:L ... ?.~~5. .. ·------·- _ _!_;il:~ . .......... - ____ -2_. __ ._;:_::_~3- _1:539 _ .-1.:.i!:!? .. +------ --~LZ~. ·----··-···-J.3.7.:2~. 
43 235.4 310.S 2 235.4 2.96 I 44.25 I 47.22 
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Run 
It 11_1 

r-usio 
n_4 

PCT/US2010/059368 

F1Jsio ! ! Tota! I 
n_S I ! fusion 

I
. I OH I 

I I i I 
44 l.36.6 I j 3l.l.7 236.6 4.391 47.38 '5i:nl 
45 281.2 310.3 2 281.2j__ ___ ,__L323 ! I 52.98 i 56.3 

46 235.9 i ' 312.5 2 235.9 I 3.:l:l2 J I 55.71. i 58.82 --·-,;7 .. --·-----· - 2s;:;-·i----- -311_9 2 ~1r----.----z553 , ·---rs-G.73 ·--- rlil.2ii-
43 ______ ... 285.2 .f---.-' .. __ }.!.:?. 285.2 ~ ,_..J.:2:~1------1 57.61 ---.. --~ .. ~~.:.'.~!-! 
49 241.9 283.3 l 312.4 3 241.9 I o.503 3.249 ! , 60.12 I 63.87 

'~-- ________ J ________ 315.8 ___ ,__ __ .L_ __ 315.8-f--- ·---~!---·11_7D.48_,_ ___ j_?0.4i'.._ 

51 229.9 l 313.9 2 229.9 I 0.395 I 60.32 I G0.71 

·---;~ 21i~· -------+--·---···--··l-;1;~- ·--·-... ,.. ...... ~. ·-2·3¥H···2:90:;·· --·--...... + .. --.. · .. +-s9·:65- .. -·-.. ·-· ···52:ii·· 
...... 3.i.. -···-··-···· -·-··----!---··--·· .. J.l3.a __ _2-_ _ J_t'!:.1! .. ------·· --·---L ........ )_10.~~ -··-----! ... I!"!:.t~-t 

55 237.6 I 296.9 2 237.6 L4.5 I ! ll.91 I 26.41 

:;o ---+----·+-~-~~~:.L ·······-·- .......... !:.. ---~~L ·-··-··· ~--··-····..Jl·-· ··-·----f. .. ?3...?L .~ ............. -f ... ?LE. .. 
57 248.3 285.3 I , 2 248.3 0.956 23.66 ! l 24.63 

...... .2§ .... .l.~·.? .. __ 19. '°.:'.:.·!---··-·· ~--···-· ···-··- ··-·····.3 ... .... X~:§~!- --~'~-~J ___ 19 •• fi.'~+--·--··.J.. ____ .............. J .. f'.~,-~~I 
s9 249.4 28s2 2 249.4 1.s5s I 24.35 , l ! 25.91 . 

.. ...:.?!L ...... ~±~ --~6.2 ,_ ___ ---.. ·--·-·· ........... ~ ......... l.4.'.3.J __ 1A09 __ 2±~-----.l..--- ----1 2s_~z.'.q 
61 2.33.t 285.1 2 233.1 1 3.022 20.73 I I I 23.75 I 

,_ 02 __ 23!2 ... .. ~~~:.?. ........................ -.. . ......... L ...... ?..'!..U .... .:·i_)_l~.- --~~~-1- ----!- 19A~ 
5; 232 2s4.1 2 232 5.533 11 .93 ! : ! 23.46 I 
54 2su 292.5 2 251.1 i I 32.84 32.84 ! 
0,:) 236.l 287 

66 240.9 288.3 

67 232.8 28.5 I 
68 249.1 291.9 

69 2.36.7 292.5 

70 241.l 286.S 294.1 

71 232.7 288. ! 2%.6 

72 233.2 288.l 297.1 

73 233.7 297.9 

74 248.8 ! 288.7 
I 

301.5 i 

75 254.5 I i 2%.5 

76 234.7 i 299.7 

77 2.52.1 i 297.3 

78 233.7 303.4 

79 28l.8 
--~ 

300.2 

2 

2 

2 

2 

3 

3 

3 

2 

3 

2 

2 

2 

2 

2 

236.l I 9.077 

0.729 

232.8 4.236 

249.1 0.491 

236. 7 9.148 

241.1 2.332 

232.7 l:l.:l6 

233.2 5.993 

233.7 6.l.2A 

234.7 12.19 

252. l 

233.7 10.84 

! lS.83 i 
I ·,5 c•3 ! I ~ -~ I 
! 25.68 i 

j 29.0J i 
i 18.09 

i 24.06 

37.66 

28.16 

24.'l i 
i 24.09 I 
l 40.86 i 
I 28.78 

3.5 

29.42 I 
281..8 34.l ! 

80 245.2 284.9 300.2 3 245.2 ! j 18.48 18.48 ! 

______ ig__ .. .3.:.12..,__!~ .. --···-···-···· .. l!E:E.. .. 233 I 1u51 8.47'3 .1_' ___ -~ ---- 39. 74 i 
82 232.8 285.9 303.G 3 232.8 ! 5.552 25.58 ! r 7.563 38. 7 j 
83 233.5 28.5.3 304.2 325.7 4 23:L5 7.298 6.557 l I 25.1A 30.93 i 69.93 I 

~~··;;,- ·-::·;-;·~·- ·~··~ P~O~H·~-~---~---~~ ~-U~M~•;- 00000~--U~O -··~.;-H~~- ~~H~H;;- 000-~-H-·r-~-~r-~HO~:,-·~ U.O•-·:-:;-r-···-··:;·1 
v- "··-··· I ~91 I ::>Or.> 325.. ' ,.33... 9.09 . ' c>.04 l ~2.-l 3U.9.> I 65.4, I 

,__il.~ 222L ...... --L-I 306.2 --~·,_ ........ ?. .. ___ P~:?...l.Jz.~~- ··········---..!·-·-···-···L.20.?B ___ _j_~.:i .. I 
86 281.2 ! ' 301..9 2 281.2 I L202 i i 36.03 l 37.23 I 
87 236.7 ! I 307.6 2 236.~' ! 4.82".l ~ ! 30.5 r 3S.33 1 

···-·-· ---· -·-··-,-:·1·-·-··-.. t-:;·-- --·-r-~- --_;----t----- ------+----··-·1-··-··-·· ·---·----- ---~ 
88 28!.b i .>02.7 I. ,_8l..6 I . 0 
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Run 
# 

fu~io 

n_l 
l'usio 
n_4 

i 

Fu~io I 
n __ s I 

I 

Fusio 

n .. 6 

Fusio 
n __ 7 

#fus!o 
n 

min 
fusion 

ClH 
fusion 

1 

DH 
FUSIO 

N4 

OH ! DH 
fuslon J fusion 

1 

5 i 6 

I 
! 

97 /.33.8 308.2 2 233.8 3.902. 38.78 

98 284.3 ! 304.4 2 284.3 50.38 

OH 
Fusion 

7 

Total 
fusion 

OH 

42.68 

50.38 

-2~ ·-··---·J84.9 J ____ j_].93.:.?._ ·--···-·-·· •. -2...,__?_~!:2... --- __ 7.247_ ·--·- . __ 39_ . . _7_8-1-----1- '17.03 

100 239.6 286.3 l I 305.3 3 239.6 3.047 9.435 I 39.72 52.2 

·--~.!?.!... B?..:~ .. ····-··---+-E22_. 306.7 .~ __ 23~3. .. _ _l.:;~61 1'·--G~~.:~~9~-._ .. ?.il.~_~-8~·->-----~j-540~--·2~1?. ... 
102 233.6 i 291.1 307.4 3 233.fi 5.371 . 00> ' 

__ !2~_. 23~?-. ·-·---i·- 308.2 _______ 2 ... ___ 2::..~.~-- ~-.l!?l __ ::2;::.~-- ........ __ ri '.!~?~. 
104 229.5 j 307.7 2 229.5 5.141 37.2 42.34 

.. J9.? ... .. }~'-~ ------!-.. -..! .. '!..~.?;2.. ·-·--· ------~ _2.~?.]...li_?;.5.?3.. ·-····---- ···-··-····· . 41.81 -··--··-··t···~~:l! ... 
10s I r 306.3 1 306.3 so.s2 . s6.s2 • 

.....!~.:'... . .. 332;i., _____ , .. ].£?.:.~ .... i~E ......... :? ... .. _..229A I 2.492_·----·-+-·--····· .~!'.'..:~!.. ..... 12:~.Li. ;'8.33 

108 233.4 i 308.S 2 233.4 3.5'l'l i . 52 j 55.6 

·--i·;~ - ··-···-··· ····23·;.3- ··-···-··+30;:~- ··-··--- ---; 2J[{+--·- · ·--1~2·i·7+---·-···f · .. ?·;!.~· -----··--+~~~h 
... J.1L. 245 . .?__ ... ~! .. L!l .. _____ T!...]_g_?~------ · ____ ...'.?... 2,1_E!1J...J .. 446 _ __ .§:!!~!! .. ···-···-·-L--~~ ---·-+· 68.64 ll 

u2 23s.3 309.fi 2 238.3 1 o.557 I s8.42 s2.9a 

113 236.2 .L .. ~Q9.6 2 23G.2 1
1 

1.S<t9 i _j 59.04 G0.59 ! 
.... i.i«i: .. ··222:8·· -···---·· ·········-···1311.9· ··-·-·- --·--;- --;-;;:s··,--;217·· ..... --T··········-T55:21-· ----- ·57:43-I 

-ii~· · .... ?.?}:.~.. --·i-;~{~~- -2~1- ~ ---~~~'.~--~ .. ?.:~52?._ ·······-f---·i--~~ --29..:~l .. ·-i~~~-
117 125.8 309.9 2 225.8 O.S3 i 50.55 51.13 I 

-us------- -- 310.7 i. 310.7 1 64.22 64.22 l 
119 311.2 1 311.2 61J.61 

Table 5 

2nd rnelt DSC data 

·R"".;;;·· i. .. r ··-i;;;;--·i-2;;".;- -27.ci--· --2;;;i-·T-i~"d-
# meit melt melt melt •• 4 Melt .. I Melt 

J ~ 3 6 I J 

----,-·-····· --- ····-,·- ·--- ----T·········· .. 
n2nd I mi:: DH DH DH DH I DH 
meit l::d 2nd 21\!D 2NO 2ND ' 2nd 

! melt m<>ltl MELT MHT3 MELT l Me!t 

i 2 4 i 6 
I 

DH Total 
2::d 2nd 

Melt7 DH 

305.1 I 13.82 13.82 

25.~0 r--'-r---i----;----+--31_C_.4_1 ____ l, ___ , __ --!----+----1---;----1--2_s._9_0-+----+-----1----1 

3 273.2 309.1 ! 21.17 27.57 

4 253.7 30'l.2 i 
252.9 309.4 

6 254.'l :!09.0 

7 254.8 307.9 ! 
3 25J,5 l 
9 298.7 I 

.w 256.2 3/.2.l i 
314.6 11.89 

327.ii 

26,60 15.85 
-+---+-----ir---1 

15.23 22.25 

959 ! 13.58 

4.34 l 12.74 

1,1.18 

20.46 38.35 

.5 .2l 3 .66 25.% 

~ .. ·----ti~L -----·- _____ _j._l~.O l I 297.7 ·-···- - ······· 14.9'1 ...J..i,26 - 39.23 

12 15GA I 324.2 j :S27,6 3 ; 156.11 12 .12 7.SO 5.61 25.23 

..... !.?.. m~ .. ,_ ______ L ......... ,... .. 19a.2 _..... ! m .4 3 +.?.~?.,~ ... .. -~:i.~.~ ............ ·---·---..... -~.~~-~-- ~-·--~:~~-
.ts 2s5.1 I l mi.a '· • 1.:.5.1 JG.49 ! 11.2a 17.77 

·--~~-- ............ ----· .2~'!...,_ ______ ·---f-~?£:§. ........ JJ f~:i. __ , ........ ---· --~!1 ! .... 22.:'!..~. -~~:?.~-
10 297.6 . 323 o 2 r 297.f. :13.95 35.74 li9 69 

..... ~L __ 299.3 ..... .L.2~:2 .. -···-~l.?2g:~... .... ··-· ··-··---· 2?.iz_) ___ ~ ... 32.&? •....• ~~.~i:_q __ 
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Run 
:! 

7-nd 
me it 

2nrl 
melt 
_1. 

1.nd 
melt 
_l 

7.nd 
melt_4 

2nd 
Melt_ 

6 

! 2nd I Melt 
i _7 

!. 

~7.nd 

me:t 
ml~ 

2::d 
n1elt 

DH 
2nd 

melU 

DH 
2NP 

Mroi.T 
2 

Dii 

2ND 
MEl.T3 

PCT/US2010/059368 

DH 
2Nt> 
Mf:LT 

4 

OH 
2nd 
Melt. 

6 

DH 
2::d 

Melt7 

Total 
2nd 
DH 

22 260.0 300.:S 315.0 3 /.60.0 2.19 9.64 ~\0 .79 ~i2.63 

.... ~? ..... ~?.~:§.. -· J ____ ._.l.92.! .. ._ __ __j_ 326.6 3 255.6 4.6~-- ······-···--···--....2?~----···· --~~.]?_ 38 .~£_ 
14 256.7 --T 301.1 I :i26 7 3 :?56.7 3.45 3 61 I 1753 31~.59 

_JS. .... 3.5.~L ···-······-!---········ ______ ,__ __ _.!2?2:.~- ···--2+.?~'.!L .. _ .. ?:.'.§_ ·-··-- ------· ··----.!.·-··-··- __ .?22?... -~?.~~--
2;; /.56.1 ! I 32il.8 2 ' 25&.1 6.51 i 28.GB 34.59 

27 29l.6 ................ .._... -...- ._....... .. _ - ··-
254.J 

' . 
- .. --.. -·f--~-~~.9 2 i 297.6 __ ,_. 3.54 -+-----1!.:~.'.!. . ·--- -~~,?.~. 

! 31.8 7 2 j ~.SU 8.67 ! 32.10 40 .77 

--· ---- ---~---· · .... :~~'.:'.!l__ ·---~~:~.?. 
8.79 I 43.Cl 51.80 

37 254.3 2 ! 254.3 3.9'l 44.61 

38 29G.8 321.4 2 ! 2%.8 8.01 45.37 53.38 

39 1.98.7 3265 2 I 29s.·; S.?.5 50.02 

40 300.l! 328..5 300.S 7.34 l 41.01 48.35 

4:1 266A :io1.o I 328.8 3 i 266A 5.48 42,27 49 ,92 

42 258-4 i 305.4 ! 329.7 258.4 1.43 2.91 41.33 45.68 

..__4_3-4_2~_'6 __ ._1--1.--.... ,__ __ 4 ____ ~~-~ i 32I!:.~--·~~.z:J_~~-:6_.:_l_,_ __ 6_.1_s-+--->------<>---+----+-4-?_ .. s_;_·....,__4_9_. c_,2_.~ 
44 254.7 i 329_1 ; --r~s4.7 4 .12 44.43 48.55 

45 296.5 i 327.2 3.07 5:1.li5 

46 254.2 ! 329.7 254.2 2.32 51.93 54.75 

17 -~-7_7.~1-+''-----1-------l----+!,_3~?~_4~·~3-l----''-l-"/.'-77~· ·~.l-+----1--'~~.!~iJ~.4--- 38.49 4130 

43 i 300.7 3293 300.7 4.'19 57.35 51.34 

49 3W"' 64.73 

.... _s_o _ i ! -~~15 • >31 s 69 <s ~-9.35 ---- . ----....--!--=----=-- ------· ~- ··~··-·~- ·------ --'-·--·l--'---1 
"'· . 1.m.4 -~·-·r·-· i 3.3o.s , /.fi9.4 1.50 I ss.87 so.37 

s2 2ss.4 ! I 329.3 2 2ss.4 6.a? I s6.1s s3.6L 
·--;;·r~---l .... ···-· -··-- --··---r 329.7 i , ?.s1.9 ·---;;:;- -·--- ··----- ----t·-··-- ~.3.3·' 518.l 

00-00-0~! . m~•~•~nniuH•• • •m• _,..,._.,_,,._,,.., ,_..uoouuooo •l.+ • ~;4 l l 329.4 .---- ---- •-·-----~·---••• • --~-~;?.:~ ~ 68~~ 
55 2543 320.9 : 315.S 3 f /.54,3 1;L97 j ·1.10 fi.19 24.35 

~ ..._...,,~ ~~ --••• 329.9 ••n-•~ ... L.2~~2. ·--••••-••- -----• --··--••• ~· 7Q,8~•• _..?2;~~~ 
57 :310.3 i 'l j 310.3 27.05 27 .05 

--~~--------- -- .?.!~:?...! _____ .. 2~:? .. _____ ! ____ ···- ····3..t 1 .?:S:?... ·-··--·-· _?.:.~L _____ 20.75 i 24.18 

I -~ ·-.. -·r-----~_. .. 
59 310.7 .\ 31.0.7 i9 ... .s ' .9.<>5 

60 310.6 i 1 I 310.6 n.n : 27.n ---- --··--·· ..... ____ ,_ _____ -·-······t----·- ---;--·--- -'-f····· .. ···- ···--· --·· 
61 271.2 311.5 . 1 I 271.2 /..56 23 . 2~! 1 /.5 .79 

_ _g_ -··---- _n:.~:.d. ____ ....... l!?.l._,_ _____ i !····-····· ......... Lf .. ?:'.2.3 ·---- .. ..:!E. ___ .,___ 1'.l.60 ---··-··- ·--~'.!.iZ_ 
63 27,1 .8 I 311.H 2 j 274.B 'l,02 19.52 2:l.5•l 

65 

66 .........,, ____ ------
57 

,___;;_a_,_ ___ ..,__ J ---+-----1----+! 315.8 1 'i15.3 : 20.92 20.92 

69 251.4 ---i-· i 325.1 251.4 9.67 t 2.12 11 .79 

70 .?62.2 30L5 3J 1.1 i 26:1.2 6.% 12.32 30.24 49.52 

71 254,9 304.9 318.7 3 254.9 3.03 7.44 17.85 28.32 

TJ. ----<----+ 304.;: 31~?.2 3 2~i;l.0 "l,73 6.12 ! 16.?5 30.60 

..__7_3-t_2~_'"4_._6-+ __ _,,.... __ +--'305_.S_-1----+-~-·2_0"-""1-+_.....;3-1~-"2~54~·~6-+-1_u_'._7_1-+---1----+-d~.-~4~7-+---1-~1~4~.5~8-+-~;9~·~7~5-1 
! 327.8 254.8 11Si I 64.65 ~- 254.8 

75 

40 

76.22 
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Run 2nd 
I! melt 

_1 

2nd 
melt 

Z;id lnd 2nd 

melt mclt_4 Melt_ 

. 3 fl 

Znd 
Melt 
] 

~2nd 

melt I min DH 
2nd 2nd 

I melt m<>ltl 
I 
i 

247.6 10.fi8 

PCT/US2010/059368 

DH Dii DH OH Dti Tot.al 
1ND 2ND 2ND 2nd Znd lnd 
MroLT MEl.13 MfolT Me ft MP.lt7 Dti 

2 4 6 

14 .84 1552 

77 I 319.7 1 i 319.7 I 25.07 25 .07 
!'--·-·- ·--~--- ~-- __ ,,, ___ ~ .. -·~ ·······----.- · ·········· ······~ ---~---- -.----·--+--.... ~----___ ... _ .. 

:ra 24H.o :;2,1 3 2 I 24H.o 9.42 ! 17.:M 1.ti.76 

'-.el. 1?!.:.~. ·-··--·· ~ ~ __ .?.~2L ........ L __ 2.:;.:2 .. ....... ~i.?_ ------ ----- .. .121.q--··-···· .... f.?.:-?..!. ___ _:l]_:i_ 
82 25t.7 .303.7 'i23 2 3 254. 7 3 66 7 4H · 25 .22 :!fi.36 

....... ~ .. ~-- 00 255.3 ~·--· ----•••• o,uo2._q?._ .. ~oo ••-•••-••H -2~~ .. ~ oo -·---~- 255.8 3.25 --i-"-.OO•OO•Ho-t--~•f,_j ____ ·--~'!.:~!.- 33.18 

84 254.6 309.8 325.3 3 254.6 15.81 4.13 ! 33.58 53.52 

;;~ 2so.o 32s.1 2 I 2so.o 6.2& I n1'l 2s.4s 
· ·· ·· ·· ·;~··· ·······--· ~----- .......................... ············------ -~~-·-~-- ······H~r-~~ ~----- H·····~······ ·············-····· .,. ........ ~··r· ·-- ---~;; --·;;;;-
- .. ?.? .. .. .?.~'.!:? ... ············f··--······ ···········-·· ·---·I m.s ·--..?...+-?:!!:? ... __ .. £. - --- ·------·· ·······-···!····-··-- .-2!,?:'.: .. _ .~. 

es 1 , 326.9 l l 326.9 • 42.13 42.13 

-··;~·- ---··-· ···········+··-······ ····~;~:; .. -·--+~~- --;j.J~~'.;-· -··--······· ··-········ ---·-·-·· · ·-;~G~i----· --~;:!~-- ··-··!~,~~·· 
91 2'63.il 3iH .O f 32:l.3 .3 26:Lit 1.46 9.1H 32.a;J 4.3 . .51 

---;;- 2s1.8 305.8 I 324.6 3 257.8 1.43 6.26 31.6;j 3932 

93 25&.0 ! 307.2 314.8 3 ! 2~16.0 2.40 4.65 31.35 38.40 

94 255.2 320.1 1 I 255.2 7.35 14.58 21 .93 

95 251.0 
>---

325.7 2 i 251.0 5.47 i 27.54 33 .0:L 

96 324.5 l i 324.5 40.07 40.07 

')~' 2·15.3 325.Y 245.3 6.71 37.66 44.37 ·-
98 302.1 325 .1 302.1 52.52 52.52 

S•J 325 .:l 303.5 H.8() ! 39.a? 51~ .67 

100 265.7 ,._.__ - 325 .4 3 265.7 5.13 38.73 52.97 307.G 9.10 r--
101 255.9 30.5.1 325 .S 3 255.9 5 .49 6.J.1 39.05 50.65 

102 258.0 306.3 325.8 3 258.0 1.06 3.83 37.65 42.54 

J.O'i 257.7 :;20 1 ' 257.7 ? 71l 1458 17.36 

_}~. __ 248.a ,__;_I _____ ···-·-- __ _J 32s.s __ 2 J1:!§,~ _ .. :'.:.?'.!. __ _,_ ____ ______ 
1
1_ ______ ·····:u,:.·.~~ ~1-s5· .·:_.~ 

10s 2~s.:; ! i 321>.·1 z I 2•rn.:; :i.06 ., , ~ . 

106 J----·---·· . 326.4 ___ l.._,_~m.:_. ··-----·- .L--. __ sa.g_~ __ s_s;Q? __ _ 
J.07 244.7 I ' 'i25 g 2 I 244.7 2.61 i 44.98 ~7 59 

···~~! .. ..?_g]_ ---~···-··- ---- ---~g!_.:._ ·-··-:·-~?.L ..... 1.:.~-- ----- ·---··-· 
.l\19 I • 32.>.1 ·' i ,,LS.1 

49.50 52.38 
•·•·•-H ___ •••-••aoao-

63 .49 &:l.49 

110 ·--- ·'" .. ·-·~--ul~z~-- .... _ .. :.J 32!'.3 ~·--~- sa.ss ss.ss 
-;~~t-- :?63.8 317.5 i :i26 7 3 I 26:L8 J .. 86 --~· ..... ·· . . 15 .37 .. ·-:;~~ -~~~-

112 I 318.B ! 327.2 2 I 318.8 I 11.29 43.0? 54.36 

~~~~- ·-;~-;~:·s·- ··---·- -.. ,--- ·----H·· ·-~3~;-·r-;;;-:: ---;·r··;·t~~;;-~:;.~-· -····-- ·--··-····- ·······-HT·;·~~;·· ·-· ·;·;~~---;,~;~·· 

... ~.1.~- .. ?-.'~!::?... .••••. .•... ·······- --···-· ••.•• ~.!iU_i]lQJ... -----~---l.J32:L -~ - ·- - --·-· ···········f 1054 •. 14.ss n.B 

115 153.0 I :s2s 5 1 i 253.0 2.cG ; s2.s1 511 _57 

116 ---·-· -·-·•.,.Jn.w····~- ·---··· ... ---.-~ __ .!_1° i~z~~-~ n•-··--··· ----- i 53.41 53.41 
-- -· --- - · ·· I - --- --.-••-••H-••·•-- ••··------

117 I I 326.9 l I ~i26.9 ! 40.61 :iG.61 

-1!L . __ -·---·L·----·- ·--··-··-.J..B~:?... _____ l. .. 1,.~~~~L ----· --- ·-···L·-···- -E:.~!L 37,~ 
119 ! j 327.B 1 , 327.8 ! 6U5 54.65 

100185] Within Tables 4 and 5, the numerical identifiers (i.e., the "l" in "2nd melt __ )" 

and "DH 2nd meltl ") indicate the peak numbers in the DSC traces from fhe lowest to the 

highest melt temperatLires. 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 vi1tually 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 bknds shovvn. This behavior is mirrored for the remelt p~~aks shown in Table 5 

where several blends lose their FEP signature, for example, Runs 49--50. 

[00186l It is thought that the thermal data exhibited by the blends is indicative of 

extensive and intimate rnixing of the various components leading to the fonnation of a type 

of fiuoropolymer alloy. These fonnulations are also associated with an unparalleled 

combination of gloss, water contact angle, and hardness, which is illustrated by the 

Normalized data of Table 2. 

[00187] ln this connection, the data of Table 2 above show that many of the blends are 

generally associated with the higher values of the composite variables including Nom1 (CA, 

Gloss, Hard) and Norm (Remelt, CA, Gloss, Hard}. In particular Run 21 has au excellent 

combination of properties with increased hardness yet no perceptible FEP signature and 

hence a high remelt temperature. These fommlations \Vill imbue coating systems employing 

thern with desirable properties based on these characteristics, as demonstrated by other 

Examples herein. 

[00188] The data are also summarized in Figs 19-30. FiI:,'Ure 19 illustrates 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 ""eight fractions ofTE3887N (LPTFE) whereas positive values 

on the X-axis represent increasing weight fractions of SFN-D (LPTFE). 100%> FEP 

represented by the coordinate (0, 1) is 100% TE9568. As might be anticipated Figs 20-30 

often show symmetry about the Y-axis but this is not absolute, reflecting the effect of 

different LPTFEs on the precis~~ compositions for desirable properties. The findings of Figs 

20 .. 30 are now discussed in more detail. 

[00189l Fig 20 shows coating gloss as a function of composition, there are 3 main 

regions of composition for enhanced gloss: A) 50- 85%., FEP, 1-40% LPTFE and 15-50%-, 

·pf' A· B) °'-'-4{-'01 ·p·i:;p ·1 0-.i::i;;o-' 1 P'fF'-c', -~ <l-0-05°1 "PfA· ·i C) .. -40°' FEP 1-40°i I P'I'F'n , . _, 110 . .c . . , .7 _,_,;tr;, .. r.,anti .7. i'o . ,ant . ) . .10 __ ,, ,o __ , .x:. 

and 1-40% PFA. 

[00190] Fig 21 shows coating contact angle with water as a function of composition. 

The main region of composition for enhanced contact angle is l-40% FEP, 30-l OO~·o LPTFE 

and 0 -60% PFA. 

[00191J Fig 22 shows coating pencH hardness as a function of composition. The main 

region of composition for enhanced pencil hardness is l 0- 90% FEP, J -80'Y.1 LPTFE and J -

50% PFA. 
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[00192] Fig 23 and Fig 24 are the nomrnlized 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 - Minimum 

(Gloss)] /[Maximum (Gloss) -- Minimum (Gloss)]; 

CONTACT ANGLE (CA)"' contact angle in water 

NORM CA= normalized contact angle, calculated as: [Contact Angle 

- Minimum (Contact Angle)] I [Maximum (Contact Angle) - Minimum (Contact Angle]; 

PENCIL =pencil test measurement, per Section VII 

NORlvl PENCIL '"normalized pencil test measurement, calculated as: 

[PENCIL - Minimum (PENCIL)] /[Maximum (PENCIL) - Minirnurr1 (PENCIL)]; 

NORM min remelt.= normalized "min remelt'' , calculated as: [min 

remelt - Minimum (min remelt)] /[Maximum (min remelt) - Minimurn (min remelt)], 'A'herein 

"min rernelt" is the temperature of the lowest remelt peak for a given sample; 

Nom1 (CA., Gloss, Hard) =the mean of (NORM CA, NORM PENCIL, 

and NOHJ.vl GLOSS); and 

Norm (Remelt, CA, Gloss, Hard) "' the mean of (NORM CA, NOfil..11 

PENCIL, NORM GLOSS, and NORM min remelt). 

[00193] Fig 23 shows desirable regions of higher normalized (CA, Gloss, Hardness) in 

3 regions of composition: A) 10-40%i LPTf'E, 50--70% FEP and 30-50'% PFA; B) 5-40%1 

LPTFE, 20-40% FEP and 60-85').i(; PFA; C) 20-80% LPTFE, 5-35%) FEP and 60-9SC!ti> PFA. 

Fig 24 shows desirable regions of higher normalized (CA, Gloss, Hardness, Minimum 

Remelt temperature) at 0-80% LPTFE, 5-30% FEP and 70-95% PFA. 

[00194] Figs 25a, 25b, and 25c show the number of DSC peaks observed during First 

Melt, Fusion and Second l'vfolt, respectively. It can be seen the numbers of DSC peaks 

observed decreases with each melting of the polymer blend this is indicative ofreduction in 

the numbers of phases present and the presence of mixed phases, i.e., alloying. 

[001951 Figs 26 is the difference between the total fusion enthalpy and the total first 

melt enthalpy and Fig 27 shcn.vs the difference bet>veen th~~ total rnrn.elt enthalpy and the first 

melt enthalpy in Jig. 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 tlw intimate mixing of the 
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compom~nt fluoropolym~~rs. These higher crystalline phases are in rngions broadly 

corresponding to those associated. 'vvith the enhanced normalized properties as exhibited. in 

Figs 23-24, i.e., 10-85%1 LPTFE, 5-30% FEP and 70-95iVi; PFA. Fig 28 is the minimum first 

melt temperature, Fig 29 is the minimum 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 many cases. The regions associated 

·with these mus are also generally in accord with the regions of enhanced properties discussed 

above. 

Table 6 

Summary of Se lected 3-Component (2 rv1PF' and LPTFE) f onnulations 

with Desirable Properties 

Run j FEP 
# I 

f>fA LPTFE GLOSS Contact Pendl CA,GLOSS, HARD remelt,CA,Gloss,hard 1st 
Angle melt_l 

min II 

2nd 

I 
I 

melt I 
I 

21 ! 0.12 0.48 0.4 64.8 133.79 3 0.8231 0.7746 260.16 299.3 l 
40 ! 0.16 0.24 o.6 42 135.117 s o.7978 0.1599 259.4 300.79 I 

~1 l 0.2_ .... .2:~.. 0.5 50.'! 133.207 5 0.81'/5 0.6586 258.46 260.46 i 
13 I 0.16 o.64 0.2 ·---~il.i- .. 124.887-- s o.634 ---·0,53:i-· --isi.94 ... 2.9i73-1 
22 ! 0.24 0. 36 0.4 60.6 131.617 3 0.7656 0.6182 259.43 259.96 ' 

23 ! o.3 o.3 0.4 6li. 7 129.12 3 o.7613 o. 6024 261.15 2')5.57 l 
_____ 1.:U_.Q:§~ __ Q:.1.:.~- ___ QL,_ __ §~-- __ 133.:~L ___ .?_ __________ q:?2?.~ ·- ·· · ·· · · ------·-··--·~::.?.~.~-- ... 3.~~.:~~- ,...0.:5~?2..j 

80 ! 0.12 0.·18 OA 50.7 131.993 -~- _________ ..Q.~ ·185 0.5799 259 .72 303 .19 I 
30 ! 0.1 0.4 0.5 56.3 134.967 -3 0.546 0.5655 260.37 299.21 ! 
72 i 0.4 0.4 0.2 63.3 124.437 4 0.711.1 i 0.5602 259.98 253.99 ~ 

[00196] From Table 6 we can conclude that selected 3-Cmnponent (2~1fPF, 1 LPTFE) 

systems have between 10-64% FEP, 16-64% PFA and 20-60%i LPTFE. In particular behveen 

12-24~~ FEP, 24 .. 64% PFA and. 20--60% LPTFE. And most paiticularly between 12-16% 

FEP, 24-48% PFA and 40-60%1 LPTFE. 

[00197] Formulation 21 is pmiiculaiJy remarkable as, it has a minimum remelt 

temperatme 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 temperature 

was 260.16°C. Formulation 21 is also hard with a very high contact angle in water as vvell as 

being very glossy. 
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Example 2 

Second Embodiment 

PCT/US2010/059368 

Fluornpolvmcr blends with multiple M"PFs ffTPTFE/LPTFE!lVIPFl/MPF2) 

Basic and thl~rmal propc.~rtks 

[00198) 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 fvlPFs. In this Example, the tvvo MPFs ernployed are FEP and 

PF A. The blends in this Example were made by mixing aqueous dispersions of the 

components, and the resulting blends were then drnwn dow11 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 VU above. 

[00199] Pam~ls were preparnd 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 component in the mixtures. 

l. Makl~ 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 

fommlations and percentages to make the blends for dra\vdo\vn. 

3. For PFA use l\{ix B (beluw) without PF A. Multiply the amount created in step 1 

by 2/3. 

4. For FEP use Mix A (below) without FEP. Multiply the amount created in step 1 

by 0.70. 

5. Blend th~~ mix gently to avoid air bubbles. 

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

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

applicator. 

8. Fla;;;h the pand for approximately 5-10 minutes at 200°F. 

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

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

Mix A 
Compom~nt Wdght% 
DIW 63.15 

PE 1450 DIW Solution 15.15 

Triethanolamine 4.00 
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....... 
Compom~nt Wdght% 
Silwet L-77 2.85 -
Aromatic 100 3.75 
DIW 8.10 
Carbopol .EP-1 3.00 

MixB O••OOOOH ___ 

Component Wei1d1t 1~!.1 ---
PE 1450 DIW Solution 29.25 
DIW 52.00 
SurfynoJ 440 4.50 
10'% FC-4430 in DIW 6.95 - ·-" --
M.orpholine 0.40 
ASE60 6.90 

[00200] Table 7 below is a summary of the blends examined in this Example, wherein 

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

these rep~)akd nms. Four runs were made of 4 component blends, Le. Runs 22, 23, 30 and 31 

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

PF A, or a combination of the foregoing, wherein the PEP used was TE 9568 FEP (55.6%1 

solids), available from DuPont and the PFA used \.Vas TE 7724 PFA (58.6 % solids), each 

described above in Section TV. "Total LPTFE" designates the total amount ofLPTFE, 

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

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

"HPTFE" designates the HPTFE used, which was 0310, available from Daikin. 

Table 7 

Fluoropolvn1er Blends 

Run# l #Data Total Total LPTFE LPT.FE 1-'KP P.FA HPTFE 

I MPF LPTFE (SFN-D) (TEJS87N) (TE (TE (D310) 
9568) 7724i 

1 i 6 0.8 0.2 0 0.2 0.4 0.4 0 ------ -----· 2 6 0.8 0.2 0.2 0 0.4 0 _, 
.:+ 0 ----- -----

3 12 0.6 0.4 0.2 0.2 0.3 0.3 0 
4 6 0.6 0.4 0 0.4 0.3 0.3 0 
5 i 6 0.6 0.4 0.4 0 0 ., 

·-' 0.3 0 
6 6 0.5 0.5 0 0.5 0.25 0.25 0 
,., I 6 0.5 0 . .5 0.5 0 0.2.S 0.25 0 ! ---I 8 I 10 0.4 0.6 0.3 0.3 0.2 0 ~) 0 
9 ' 6 0.4 0.6 0 0.6 0.2 0.2 0 ' f 
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Run # I # Data Total Total LPTFE LPTFE FEP PFA HPTFE 

·-----·---'----········- ·--~~~~--- ·--~~~~-~:~- -~~~~~~~:. ... --~~~~~-~-~~-~!.. __ 2~~~L .. __ 7j~~) __ --~~-~-~-~!. .... 
10 i 6 0.4 0.6 0.6 0 0.2 0.2 0 

ll I 6 0.2 0.8 0 0.8 O.l 0.1 0 

12 [ 6 0.2 0.8 0.8 0 0.1 O.l 0 

13 28 0 l 0 l () 0 0 -
____ l_± _ _j ___ 9 0 1 0.5 0.5 0 0 0 

15 12 0 1 1 0 0 0 0 

16 8 0 0.8 0 0.8 0 0 0.2 

17 6 0 0.8 0.8 0 0 0 0.2 

.... ...t.§. ...... L.-.2 ........ ·~·.2:.? ___ -·---Q~-~---·-· _ _Q _____ .............. Q.._ ... _ ..... o.l__ ,...._Q.3 o.4 
19 I 9 o o.6 o o.6 o o o.4 

20 ! 9 0 0.6 0.3 0.3 0 0 0.4 

21 6 0 0.6 0.6 0 0 0 0.4 
~-.-.. ..... - - --------i.----i 

22 9 0.36 0.24 0.12 0.12 0.18 0.18 0.4 
................ 00,0 .00.oH o • ••.~~---·- ·-------· ---·- --·--·-- ,._.._O>O·---.... - .......-. • ...-... - ... --.... --~ o .o ..... •oo.o.'>'O• ·•-·H-·o; ·r.-. H~•ooooooo-ooHO ••--H-••••--•,... 

23 IJ. 0.2.4 0.36 0.18 O.l8 0.12 0.12 0.4 
t------1-~--+-----+----1-----

24 6 0 0.5 0 0.5 0 0 0 " ·-' 

6 0 0.5 0.5 0 0 0 0.5 

17 0.2 0 0 0.6 -- ·--
0.4 0 0 0.6 ... 
0 0 0 0.6 

6 QLl 0 0 0 0.2 0.2 0.6 

9 0.24 0.16 0.08 0.08 0.12 0.12 0.6 
1----;----·1<----;--- ---------r-------·+-----1----+------1 

9 0.16 0.24 0.12 0.!2 0.08 0.08 0.6 .,.._ _ __,,_ __ +----+---_..----·----·-·!---------.,.i.-·---+---_,..,.,_ 
6 0 0.2 0.2 0 0 0 0.8 

33 i 4 0 0.2 0 0.2 0 0.8 0 

34 10 0 0 0 0 0 l 

37 I 18 1 o o o 1 --------r---
38 3 0.33 0.27 0.27 0 0.33 ..__ 
39 I 3 

·-~-----t---t----~ 
0.3 0.3 0.3 0.3 0 

-----t-----1-----·-·t---t---
40 3 0.3 0.3 0.3 0 0.3 0 ,. ___ ,.,. --i----"1------+--·--- ~-·-.. ··-·--1-----t-----11----
41 9 0.6 0 0 0 0.3 0.3 

,__ _ ___. ____ ..__ __ ~--------~---~---_....~---·--~-·----------~ 

[00201) Observed data is set forth in Table 8 below, \vherein: 

GLOSS = rneasured gloss, per Section VII above; 

NORM GLOSS= nonnalized gloss, calculated as: [Gloss - 'Minimum 

(Gloss)] /[Maximum (Gloss)·· Minimum (Gloss)]; 

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

NORM CA= normalized contact angle, calculated as: [Contact Angle 

·Minimum (Contact Angle)] I [Maximum (Contact Angle) -- Minimum (Contact Angle]; 
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FENCIL = prncil test measurement, per Section VII above, where the 

value in Table 7 below is the mean of the number of measured results, as indicated by !I# 

Data" in Table 6 above; 

NORM PENCIL= normalized pencil test measurement, calculated as: 

[PENCIL -- Minimum (PENCIL)] /[Maximum (PENCIL) - Minimum (PENCIL)]; 

NOR.i'VI min remelt"~ normalized "min remelt", calculated as: [min 

remelt - Minimum (min remelt)] /[Maximum (min remelt) - Minimum (rnin remelt)], wherein 

"min rcm~~lt" is the ternp~~rature of the lowest remelt peak for a given sample; 

Norm (CA, Gloss, Hard)= the mean of (NOR!v1 CA, NOH..i\'1 PENCIL, 

and NORi\11 GLOSS)~ and 

Nonn (Remelt, CA, Gloss, Hard) = the mean of (NORM CA, NORJ\/f 

PENCIL, NOH..i\11 GLOSS, and NORM min remelt). 

Table 8 

Run# GLOSS NORM Contact NORM PENCIL NOIUrI nu rm 

I 
Norm Norm 

GLOSS Angi~ CA PENCIL min (CA, (Remelt, 
{CA) remelt Glo5s. CA. 

I lfard) Gloss. 
Hard) 

I 
- ··--H--H-.. -· 

1 37.8 0.46 123.89 0.38 5.0 1.00 0.12 0.61 0.49 

2 63.3 0.88 124.44 0.40 4.0 0.88 0.11 0.72 0.57 

3 54.2 0.73 131.65 0.67 3.3 0.78 0.2.2 0.73 0.60 -· ·-- ,._, 
4 66.7 0.94 129.12 0.58 3.0 0.75 O.l3 0.75 0.60 

5 35.9 0.42 130.87 0.64 l.O 0.50 0.12 0.52 0.42 ----- - ·~---- ·--· 
6 41.8 0.52 132.58 0.71 LO 0.50 0.15 0.58 0.47 

7 27.5 0.28 132.48 0.70 - LO 0.25 0 .15 0.41 0.35 ·-
8 38.7 0.47 135.20 0.80 -1.6 0.18 0.11 0.48 0.39 

9 30.5 0.33 134.65 0.78 -3.0 0.00 0.25 0.37 0.34 

10 21.0 O. l8 132.82 0.71 --2.0 O. l3 0.13 0.34 0.29 

11 12.8 0.04 137.33 0.88 -3.0 0.00 1.00 0.31 0.48 

12 18.9 O.JA _!]_2.98 Ll 72 -3.0 0.00 0.85 0.29 0.43 

13 22.9 0.21 133.29 0.73 -3.0 0.00 0.98 0.31 0.42 

14 11.2 0.01 137.48 0.89 -3.0 0.00 0.97 0.30 0.36 ... -->--· 

15 30.0 0.33 134.25 0.77 -2.0 0.13 0.96 0.41 0.54 

16 45.8 0.59 132.35 0.70 -3.0 0.00 0.99 0.43 0.57 -------·--
,,___ ____ 

---·--··- ----·-· ....... 
17 29.7 0.32 136.03 0.83 -3.0 0.00 0.97 0.38 0.53 
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·-
Run# GLOSS NORM Contact NORM: Pli;NCIL NORl'W norm Norm Norm 

Gl,OSS Angle CA PENClL min (CA, (Remelt, 
{CA) remelt Gloss. CA, 

Hard) Gloss. 
llnrd) 

0 • "0000HHOO--HO"O ........... -. ..................... ·--··- ~--~--~~---·· ··-··-··-··· .......... -- ....................... - . ...-. ~~-----~-··· -··-··----..-... ··-·-····-·-·-·--·-·--·-· • HOOOOHOO~ OOOOOO-

18 53.2 0.71 120.83 0 l")"i 
•"-I 5.0 1.00 0.16 0.66 0.53 

19 52.0 0.69 132.03 0.68 -3.0 0.00 0.99 0.46 0.59 
·- . 

20 48.4 0.63 135.48 0.81 -3 .0 0.00 0.99 0.48 0.61 

21 54.3 0.73 134.71 0.78 -3.0 0.00 0.97 0.50 0.62 

22 48.4 0.63 138.65 0.93 2.7 0.71 0.95 0.76 0.81 -., ... 
4.) 44.9 0.57 139.02 0.95 4.4 0.92 0.73 0.81 0.79 

24 48.2 0.63 132.l2 0.69 --3.0 0.00 0.98 0.44 0.57 --- -- - ~-- -
25 44.0 0.56 131.95 0.68 -3.0 0.00 0.98 0.41 0.55 

26 54.5 0.73 133.43 0.74 0.1 0.38 0.98 0.62 0.71 .................................. --- --··-~---···· ·------· uu•...,--••••-H a.-···················-·- ••• ••• ....... ·•••~r.......,00 ~····-·······~· ~-·-·-···- --··~~.& ........ 
27 50.l 0.66 132.62 0.71 -3.0 0.00 0.97 0.46 0.58 

28 47.8 0.62 131.60 0.67 -3.0 0.00 0.98 0.43 0.57 -- --
29 56.8 0.77 120.40 0.25 4.5 0.94 0.37 0.65 0.58 

30 51.7 0.69 134.05 0.76 3.0 0.75 0.40 0.73 0.65 

31 55. l 0.74 136.39 0.85 4.0 0.88 0.95 0.82 0.85 - ··-··-----
32 52.7 0.70 131.11 0.65 -3.0 0.00 0.96 0.45 0.58 

'?. .J.,, 51..3 0.68 l 2.8.86 0.57 -3.0 0.00 0.97 0.42 0.55 ____ ..... ,... - ~-·· 

34 56.5 0.77 125.64 0.45 -2.0 0.13 0.93 0.45 0.50 

"'<: _)_, 68.7 0.97 118.63 0.19 5.0 1.00 0.15 0.72 0.58 ·--- ·--
36 51.8 0.69 1 [6.23 0.10 3.7 0.83 0.10 0.54 0.46 

37 50.2 0.66 122.8 l 0.34 0.0 0.38 0.70 0.46 0.52 

38 59.4 0.81 130.94 0.64 -3.0 0.00 0.66 0.49 0.53 ------·- ··-. 
39 57.2. 0.78 134.32 0.77 0.0 0.38 0.14 0.64 0.52 

···- ·-··--- --- ·-
40 58.8 0.80 135.93 0.33 0.0 0.38 0.26 0.67 0.57 

41 53.2 0.71 120.83 0.27 5.0 1.00 O.l6 0.66 0.53 

[002021 From the data presented in Table 8 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 Melt, 

Fusion and 2nd .Melt (remelt) respectively. 
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J)._91~_2 

l '1 melt DSC data 

Run# 1st meltl 1st Mclt3 1st melt4 ls! melt5 1st melt6 1st melt7 min 1st 
melt 

260.8 313.3 322 .0 327.9 260.8 
1------1.-----~------l-----+-------------·+-----~------il-----1 

2 260.0 312.4 321.3 326.0 260.0 
3 259.5 313.2 327.0 . 2.59.5 ·---------- -.,---·-·--·--·- , ____ ........... --1------·-----+-----------····· ·-·--·--------··- -----------··· 
4 261.2 313.7 328.4 261.2 
5 2.59.5 312.5 

i----· 

6 261.0 313.9 
'7 
I 260.l 312.8 

324.3 325.7 259.5 

328.4 261.0 

325.9 260.1 

8 2.59.5 313.3 . 327 .0 2.59.5 _,, ___________ ···-··· .... ··-----·----- -----------+-----1------·- f-·-----·-T------i 
9 259.1 314.2 328.7 259. l 
10 260.2 312.8 325.7 . 260.2 i--------- ---+---------t------ --·O<-H--.-
11 329.2 329.2 

260.6 12 260.6 3 J 3.0 326.0 i--------;-------------..;_;-.;----1--..........;- --l------1----·~-----1 

13 327.6 327.6 

14 327.2 327.2 t-----------,.. .. ------+-----+-----+-----1-----t------1 
l 5 325 .5 325.5 

1--------+-----1-----+------+-----l-------------~-~ 
16 327.4 333.3 327.4 
17 325.3 330.2 325.3 

18 259.6 312.9 321.l 337.8 259.6 

19 . . . . 327.3 335.3 327.3 
-HO..O•·••·O·• ••-•·• - •---- -• • • .••.•H•.u · ... -..---....•~ • •·•--- ----·•-•••••·• • ••• •·•-•··-------- •·---------•·•·- - •---·---

20 326.8 336.1 326.8 

325.0 21 1------+----+-------- 1-----------i-----325.0 334.5 ·-
22 60.4 13.8 26.2 38.9 60.4 

259.1 313.5 326.9 336.7 259. l 
24 . . . . 327.2 335.9 327.2 ------· -----· ·-··-·-· ------------··-· ·-··------· ·--·-····-·---t---··- ···- ·------
25 325.4 336.9 325.4 

26 326.5 338.0 326.5 i------- ----------i-----+---------~-----r-----i--------1 
27 325.2 337.9 325.2 
28 326.8 336.8 326.8 

29 2.59.5 313.! 32l.O . 339.4 2.59.5 1-----l-----+-----l·---- -i-----·- -------+-----i-------i 
30 260.1 313.5 326. 7 339.4 260. l 

260.4 313.8 . . 326.2 338.9 2.60.4 
1---------1---------~ j..-, __________ --·- ---· - -·---···---+--·---+-----t 

32 325.9 339.4 325.9 

326.2 338.3 326.2 

327.6 338.8 332.1 

257.4 35 257.4 ..__ __ ___. ____ __., ______ . ---____ .,: _____ __._ ___ ....._ ___ .....__ ___ , ___ ___. 
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Run# 1st meltl 1st Melt3 1st melt4 1st melt5 lsi melt6 1st melt7 min 1st 
melt 

36 259.2. 312.6 32 l.5 . . . 259.2 
_ ............... __.. ......... ... - • o-+4 •••••••u•.• .~~·•·* * "' • •-•000-0'"'0•0·0••••• •• ·.-....... .-.. ~- ·-~•·0.....-0++~---... ~--•·•-••••·• ·• ·• ·• ·••••·••'" ·----••·•·•·• 0·•·••-o•.-o-.. --.·----- ·------H.u·-o.o .o .~•.•'O 

37 313.4 313.4 

38 314.0 327.7 337.8 314.0 

39 259.3 327.4 337.2 259.3 

40 259.4 325.2 326.0 337.l 259.4 

41 259.6 312.9 321.l 337.8 259.6 

Run# DH 1st DH 1st DH 1st DH 1st DH 1st DH 1st Total 1st 
melt I Melt 3 M.clt4 Mclt5 Mdt6 Melt? DH 

,_ _____ 
-------+-----~-

l 11.23 14.96 1 ~,.,. ,..,1/ 11.55 39.31 

2 8.97 16.84 2.29 8.18 36.27 

3 7.J 8 15.54 22.72 ------- '""'-
4 6.71 ILB 24.89 42.93 

5 4.96 14.05 l 0 .. 52. 9.89 39.42 
------11---------1--

6 2.74 9.44 31.34 43.51 
., .., ,..,,., 

12.53 I ::>.IL 26.26 42.51 ----
8 4.84 12.63 17.47 
(' 8.04 l.63 :J 36.92 46.58 

1----1------t------;---------+----i--,.c_·--'t------t------i 

10 8.79 13.97 32.12 54.88 

l l 64.48 64.48 

12 1.49 10 . .50 44 . .50 56.49 
------l·----+------l -----1----·--l----+----· --··-.. -·-

13 64.19 41.27 

14 . . . . . . 
.... -·-···-··----· -·--------· !----··--···- ·····-· _,_,.,_ ... ____. .. _., ................. _ .... _____ H--···0000-00----·· ·----.. ~-....._ ___ ··--··-------

15 

16 45.23 19.52 64.75 

17 10.3.3 10.33 

18 3.86 13.47 1.46 27.42 46.21 

l 9 4 7. l 0 25. 79 72.89 
i------+----·+-----1-----------i-----+-----l-----

20 38.07 22.18 

21 25.77 

52.86 
') ,_ '7'7 , .. J~ I I 

---~------··+-----¥,-------- ---···--------+----·1---------1 
22 5.48 9.89 42.93 58.31 

2.57 7.48 24.30 34.35 ·------+----+---·-+-----r------t-----
24 43.39 28.09 7L48 

25 31.84 30.85 62.69 
-·------P.-·----+-------·-
~·---26_---1----------=------------ - ·--+ __ 3_2_.6_6_-+-_3_7_.1_1_~ __ 6_3._2_2_~ 

27 25.46 39.69 65.15 

---2~--- ... -------·i-------t------------i--·.J-~::?.§._ ....... _3_5_.2_o_r---_7_3.lQ_ 
29 5.08 I0.77 1.89 41.18 58.93 
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Run# DH 1st 
melt l 

DHlst 
Melt 3 

DH 1st 
Melt 4 

DH 1st 
Melts 

DH 1st 
Melt 6 

PCT/US2010/059368 

DH 1st Total 1st 
Melt7 DH 

30 8.27 11.57 . . 39.88 59.72. 
-·-·-·~·· ··~·· 0004 _____ ______ ,__ .-. .......... ,_040•-HOOHH OOH~--000 .. 000·0 ..... 0 ......... ,__ ____ ----------- H 

31 
.,.., 
.JL 

33 
34 

36 

39 

40 

41 

5.48 

8.82 

6.3 l 

2.82 

3.86 

9.89 

22.41 0.98 

,.,. _____ .. 
···---- ......... 

13.47 1.46 

42.93 

12.65 41.25 

16.61 50.10 

66.64 

30.07 25.59 

16.23 6.54 28.95 

27.42 

58.31 

53.90 

66.71 

26.66 

21.12 

61.97 

54.54 

46.21 

[00204] Table 9 sho'\'.S the first melt temperature (°C) and heat of melting (AH J/g) for 

the various blends of Table 7. Within Table 9 .. the numerical identifiers (i.e., the "l" in "DH 

1st melt 111
) indicate the peak numbers in the DSC traces from the lowest to the hig]1est rnelt 

temperatures. H will be noticed that the various components exhibit their melt points in the 

blends at ternperatures typical for thl~ir chl~mistry, i.e., FEP at ca. 255-260°C, PFA at ca. 312-

3140C, LPTFE at ca. 324 .. 328"C, and HPTFE at ca. 330-340°C. 

Table 10 

Fusion peak DSC data 

Run # :Fusion :Fusion Fusion Fusion min DH DH DH DH Ttltal 
1 4 5 6 Fmdon Fusion Fusion Fusion Fusion Fusion 

1 4 5 6 DH 

233 .9 285.5 301.8 233.9 7.38 5.19 17.60 30.17 
2 233.2 288.J 297.l 233.2 5.99 !6.82 5.35 28.16 
3 i 232.9 285.2 . 305.5 '.!32.9 3.47 6.69 . 28.42 :38.59 

---~- .............. ~ ....... o ·~0000'0'0 '0 ·-- _._.__ ---- · ·----~-~- ~--·- . - .... -·--·- . ... 00-000-0-0000-~ 0........---0094 ...... O- ·OOOHD0 ... ~.-

4 ! 234.9 285.0 . 307.6 234.9 2.76 4.13 . 28.26 35.15 
5 232.8 285.9 303.6 232.8 5.55 25.58 7.56 38.70 
6 236.1 284.7 309.6 236.1 [ .47 3.47 35.67 40.61 
7 233 .0 285.8 305.2 ?.33.0 5.72 :H.87 8.33 4:5.92 ···----
8 l 236.l 284.6 309.3 236.l 0.62 4.69 42.75 48.06 
9 235.8 283.6 311.l 235.8 2.75 4.22 42.51 49.48 
IO 235.5 292.3 306.7 235.5 1.56 38.!9 7.82 47.57 
1l 315.8 315.8 70.48 70.48 

0.56 58.42 58.98 ·-
__ ,_ 

73.27 47.10 
t-_l_?.~~2_.38_. ~_-' -+---·--··..:-•••-•• 309~ J .n~_,3--+---------M~t--·-

13 . 31s.iT3b.1 ·-
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----·--· 
Run# Fusion Fnsion Fusion :Fusion min DH DH DH DH Total 

1 4 5 6 Fusion Fusion Fusion Fusion Fusion Fusion 
l 4 5 6 DH ._ .. ____ --

14 314.6 314.6 69.54 23.18 

15 j 3 I1.2 3 l 1.2 64 .61 64.61 

~'i._-i-___ .:. ____ _____ : _______ ·--·-:·····--.... l.~:.?. ....... .l}.~:.L .. ,__:.. __ - ·- · __ ____ .._ ___ --~!.}~! __ _ 6 l .3C!__ 

17 i 315.4 315.4 69.39 69.39 
i--- I OO-o< O<O • •O<_W_:_ --------i---___,1-------i•----,1----1-----1 

18 ! 234.3 29 l.3 303.l 234.3 4.09 8. 75 j 6.1 8 29.02 

19 314.9 314.9 64.29 64.29 

20 i --- 315.l 315.l 60.87 60.87 

21 i . 315.2 315.2 62.29 62.29 
l------+·---------1----~----~:o-- .o•·-··- ·--

22 I 311.7 311.7 45 .56 45.56 

23 i 292.2 311.4 292.2 4.82 39.06 43.88 

24 I . . 314.9 314.9 69.22 69.22 

·---~~-+--:--~= -~-=-~--- -1H'.~-- - --·j·i¥s-~---'.·----- ·-----·-:-···----- '.·····-· ---}H·i-····--iH}--
27 i 314.3 314.3 57.20 57.20 

28 t 314.6 314.6 60.72 60.72 

29 238.7 . 291.5 306.8 238.7 I .78 . 8.55 20.05 30.38 
00.0H O O O•·OO·OO·O ·OO OO OOOOH--00 ___ ·---••·-••·••·-'••·•O·O OH _ _ ____ --·•-0,00 o,0,-,0,0,0,0°0000·-·•·•·• · · ····· ·-··-····· 0 .00 .U.0 .0 .0 '-00·00·~000 .. _ ................. .-..-...---~- e ,o ..... u eoeo~~--

30 241.5 293.1 309.9 241.5 0.79 

___ 31 _J _________ -+_311 .7--+_:_31_1_.7-+- ---t--_,1---i----r-----

3:_ i . 313.0 313.0 ..,_. _ _____ -1-----1-----------··---1----1----1-----1---
33 313.6 313.6 

34 311.l 311.1 

35 234.3 234.3 13.92 

36 ! 232.3 286.7 . . 232.3 6.61 16.10 . . 14.89 
···---3·7··-·l·--·~····· · · ""281'.'7-· >--·--~·-·-·· --- . - -281·:7 --~-- ·-··16".12- -·- :-··- --. --· - 16:"ii"' 

38 I . 284.8 . 309.9 n4.8 8.60 J2.4s 41.05 
·---~r·· ' ? A 

.l'.! I 2.L.4 313.5 232.4 7.47 46.94 .s .. .41 

40 j 239.0 313.5 239.0 5.74 43 .94 49.68 

41 I 234.3 -- 29 u 303.l 234.3 '1.09 8.75 16.18 29.02 

Run# 

2 
., 
_l 

4 

5 --
6 
'7 
I 

8 

2nd Melt 
1 

255.4 

254.0 

263.8 

255.6 

2.54.7 
~·--··-···---- -

258.0 

257.8 

2543 

2nd Melt 
2 

Table 11 

2nd melt DSC data 

2nd Melt 
3 

2nd Melt 
4 

301.1 

304.9 

302.3 

301.1 

303.7 

300.7 

305.8 

302. l 

2nd Melt 
6 

2nd Melt 
7 

322.0 

319.2 

326.9 

326.6 

323.2 

327.2 

324.6 

324.7 

min 2nd 
Melt 

255.4 

254.0 

263.8 

255.6 

254.7 

258.0 

257.8 

254.3 
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Run# 2nd Melt 2nd :Melt 2nd Melt 2nd Melt 2nd Melt 2nd :Melt min 2nd 
1 2 3 4 6 7 .Melt 

9 266.4 . 301.0 328.8 266.4 
~----··------------------·---+----------·........___ .. ~ .... - -------

iO 255.9 305. l 325.5 255.9 

11 . . . 331.5 331.5 ··----------- - ·-----······· --·-·--··--·--···· -··-----f----·· ···-·-------- 1 
12 318.8 327.2 318.8 
13 329.9 329.9 --·---- ·--·--1--------1--------1-----+----i--------
14 329.3 329.3 

1-------1----+----1--------·---+----o------~---~ 
15 327.8 327.8 

__ 16 __ r-·-··-··-.. ······ ........ ·---1----- ___ ;___ ·----+-3_.1_0._2_i-__ 3_.3l_l_2 ........ 
17 328.7 328.7 

19 330.4 330.4 

20 330.3 330.3 
·f--...---~·------·---------;1------1------r----+-----1 

21 329.2 329.2 

22 327.5 327.5 
23 308.0 . 328.3 308.0 ·---------!·-·--··---.---· ~--·---·--+--·----·- ------ --- --------
24 329.9 329.9 

29.6 29.6 

26 329.8 329.8 

27 329.0 329.0 
28 330.0 330.0 
29 276.7 305.3 323.2 'l'7'' 7 L10., 

30 279.7 304.0 327 .3 279.7 ·>-------
31 327.5 327.5 

32 . . . . . 327.9 327.9 ------··-..... - ·--··-···---·· .... ·- ----·-·· ... ····--·-··-··-.. ·· -··---·~·············· -·-------.-·-·~· - ····--··-·-·- ............ - .. ~ 
33 328.5 328.5 

34 325.5 325.5 .... _______ 
35 257.5 257.5 

36 252.9 309.4 252.9 

38 302.3 326.3 302.3 ·-----
39 256.7 329.9 256.7 
40 267.3 . . . . 328.8 267.3 

.............. ..,. ••••••••.•.••••• ••nao•~·-~~~~~~-•·• · -••--•--••-••••-r•· -~- .. --------•• ...... ,.u-••-••·•••-..---•-•••- ... -.. ............ .-.......... . . ••••-•••••~• • -• ••·-

41 258.7 306.9 320.8 258.7 

Run# DH 2nd DH2ND 

I 
DH2ND DH2ND DH 2nd DH 2nd Total 

Mdt1 Melt 2 Mclt3 Mclt4 Melt 6 Melt 7 2nd DH 
I 
! 

1 5.37 ! 6.12 16.97 28.46 --·· --I 2 7.73 I 6.12 16.75 30.60 
~ 1.32 

I 
6.02 _L 42.13 49.47 _1 I 

' -... -.. ____ --
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--...----.----......,------.------...----.--------
DH 2nd DH 2ND i DH 2ND DH 2ND DH 2nd DH 2nd Total Run# 
Melt 1 Melt 2 I Melt 3 Melt 4 Melt 6 Melt 7 2nd DH 

i 
4 4.61 5.90 . 28.35 38.86 

------···--~-------------- ------~~ .. -·-.. ,-r-----r------
5 3.66 7.48 25.22 36.36 

6 1.85 

7 1.43 6.26 31.63 39.32 

8 4.12 l i-----t----t---,----+--·----+-_..;...--1-----+----+-----t 7.25 28.06 39.43 

9 2.16 j 5.48 42.27 49.92 

lO 5.49 6.11 39.05 50.65 

t--_l_I --1-----+-·-··---:...-·---·- -----1----------6-)9:.l?. ____ ,_69_.3_5-1 
12 11.29 43.07 54.36 

_____ Ii.·-····- ______ :._ ___ ···-·······:·--·-·L·---· _ __ '"'--·-··:-........ _ _ ______ :. _____ .. ....... ?..Q:.~1-··-· .. -... 2?.:.?.:?_ .. -.. 
14 . . I . . . 67.39 22.46 

15 I 64.65 64.65 

i6 r 56.41 56.41 

17 66.42 66.42 

1--_1_8 __ ! __ 5_,6_9_~~--.-.il_, _____ ,_8._29_,_ --11-----+~-1_8._6~_"_~_3_2_.67 
19 70.43 70.43 

20 62.05 62.05 
i------+----4------!------f--.. -------,-~1-----~-------i------

21 

22 

23 

24 
25 
26 

27 

28 

29 
30 

31 

32 

33 

61.14 

52.38 

9.27 39.24 

59.75 

51.03 

53.57 

53.96 
--------1----------+---·-+-·-

5.62 8.69 

6.78 4.85 

' 

63.19 

17.94 
·""I .... ')'T 
_-,L.L< I 

52.38 

41.25 

43.76 

61.14 

52.38 

48.51 

59.75 

51.03 

53.57 

53.96 

63.19 

32.25 

43.90 

52.38 

41.25 

43.76 

_Ji __ .......,_. __ ---l,-·_..: .. __ . __ L·---+-----·+- 31.20 12.4s 

35 14.rn . I 14.18 

36 7.02 . I J 5.23 I 4.59 
~8--1-----·---. -----t------+---1-2-.8-2--1--------~-, 1-.2-9-+---4-4.-1-1 -I 

39 6.52 43.86 50.38 ____ __, 

40 2.67 I 4L39 44.06 

_,_4_1 ___ __.___zc_J._02_....__5._69 ___ 1 ____ _,___8._2!_) ___ .___ __ _..._1_8_.6_9 _ _._, 32.67 
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[00205J Within Tables 10 and 11, tlw numerical identifiers (i.e., the" 1 '! in "Fusion l" 

and "2nd melt 1" and "DH 2nd. meltl '') indicate the peak numbers in the DSC traces from 

the lowest to the highest melt temperatures. 

[00206] However, the data in Tables I 0 and l 1 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 lovr 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 t\vo of these blends, the 

PFA fusion peak is a1so virtually absent, i.e., Runs 22 and 31 and the fusion data only reveal 

1 fusion peak for these materials. This behavior is minored for the remelt peaks show11 in 

Table 11. Essentially , after the first melting virtually all that remains on fusion and rernelting 

is one peak at a temperature nonnally assoc1ated with PTFE. This is quite remarkable as, in 

the case of Run 22, for example, 36 wt.%, of the formulation is either FEP or PFA which are 

associated \Vith much lower meit points. 

[00207] It is thought that the thermal data exhibited by the 4-cornponent blends is 

indicative of extensive and intimate mixing of the various components leading to fhe 

fom1atio11 of a type of fluoropoiymer alloy. These formulations are also associated vvith an 

unparalleled combination of gloss, water contact angle, and hardness, which is illustrated by 

the Nonnalized data of Table 8. 

[00208] In this connection, the data of Ta.bk 8 above sbovv that the 4 component 

blends, i.e., Runs 22, 23, 30 and 31, are associated. with the highest values of the composite 

variables including Nonn (CA, Gloss, Hard) and Norm (Rernelt, CA, Gloss, Hard). These 

formulations '\Vill imbue coating systems employing them with desirable properties based on 

these characteristics, as demonstrated by other Examples herein. 

[00209l Exemplary actual DSC plots of from certain Runs of Tables 8-10 are gi\1en in 

Figs. 1-18 and sununa:rized in Table 12 below. 

Table 12 

Various Fluornpo!yme1·Blc11d~ with DSC Plots shown Figs Cl-18) 

Run# Blend # l" Min 1 ' 1 # Min #Re- Min Fig.# Vig.# 
Type Melt Melt Fusion :Fusion melt Re- (l" (2"'1 

Peaks "C Peaks "C Peaks melt"C Melt& J\1elt) 
Fusion) 

3 FLP 3 261.2 3 232.9 3 263.8 9 10 
22 Fl.PH 4 260.4 3 31 l.7 3 327.5 7 8 ·-··------ ------- -- --"l·, .. :...) FLPH 4 259.1 2 292.2 "l 308.0 3 4 
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----- -
Run# Blend # 1" Min l" # Min #Re- Min Fig.# .Fig.# 

Type Melt Melt Fusion Fusion melt Re- (l't (2nd 

Peaks <·c Peaks cc Peaks melt°C Melt & Melt) 
I•'usinn) 

29 FPH '"' 259.5 3 238.7 3 276.7 l3 l4 ,) - -
30 FLPH 4 260.l 3 241.5 3 279.7 5 6 

31 FLPH 4 260.4 l 31 l.7 1 327.5 l 
,, 

38 LPH 3 314.0 2 284.8 2 302.3 15 16 

39 I.FR 3 259.3 2 232.4 2 256.7 l7 18 
·----~--0,0H- -·-·---·········-·-··· ~-~···-·· ·--------- .. -·····-.. ··--~ -··-··················· • ·O-H0-00-00- ------ ----···~~·····~~···~ ·······-···~-

41 FPH 
., 

259.6 3 234.3 3 258.7 11 12 -~ 

[002101 Closer examination of these plots reveals that, in 1nost cases, traces of rninor 

peaks associated with PFA and FEP can be found even for the iJ-comporn~nt blends during 

fusion and remelting, except 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 sornehow become largely associated with the PTFE present in the blend. 

As mentioned above, such blends have been found to exhibit exceptional properties as sho\vn 

in Table 12 above. 

f00211 l Table 12B surnrnarizes the 4-component blenlh which yielded desirable 

properties a-.; d(~rived from the maximum obs~~rved. values ofNorm(Remelt, CA, Gloss, Hard) 

Table 12B 

Selected 4-Component Fluoropolvmer Blend · 

I Norm I 
Contact Norm (R it i 

Run 
eme,. 

LPTFE FEP PFA HPTFE GLOSS Angle PENCii. (CA, CA, ! 
Ii (CA) Gloss, I GI I oss, 

Hard) I Mard) 

31 0.24 0.08 0.08 0.6 55.1 136.39 4 0.32 0.85 

22 0.24 0.18 0.18 0.4 48.4 138.65 2.7 0.76 0.81 . 
• .• . 0 .0-00-04 •••·•- ·HOH O H ·OO ·~--- - ·• ·OUO o 'OTO O• · - . .................. _ ·--····-- .. -----~ ..... ,,, .................. . 

23 0.36 0.12 0.12 0.4 ri4.9 139.02 •1.4 0.81 ! 0.79 

26 0.4 0 0 0.6 54.5 133.43 0.1 0.62 ! 0.71 

3o 0.16 I 0.12 0.12 o.6 su 134.os 3 o.n i o.6s I 
_3I_ -·--·2:E .. f .. -·.2.- ___<2_. ·-~ -~::~ . 13~:.0 __ ··-·---~-- ....... 9:.?. .. j .. _ .. _.~!:§.?_ 

20 0.6 : 0 0 0.4 48.4 135.48 ·3 0.48 ; 0.61 
·-- 1----··--t~···-··•-••->• o 0000000000000 00 0-- -----~ ~-------· H 00:0000 00"0--HHH-O 

3 0.4 I 0.3 0.3 0 54.2 131.GS 3.3 0.73 ; 0.5 

4 o.4 o.3 o.3 o 66.7 129.12 3 o.75 I o.5 

.. ~~--!).6 j_ ____ g _ __Q, .. _ .. _P.:~- ... -..... ~~- B2_E~_.-2. ~~U.~~-' 

[00212] From Table l2B it can be seen that the sekct(~d 4-component blends contain 

16 .. 60~'1;) LPTFE, 1·-30% FEP, 1·30% PFA and 1 .. 60% HPTFE or, more particularly, 16 .. 60% 

LPTFE, 8-18% FEP, 8-18% PF A, and 40-60% HPTFE. 

[00213] Run 31 is a remarkable combination of high gloss, contact angle and hardness. 

57 



WO 2011/075351 PCT/US2010/059368 

[00214] 

Exampk3 

Coating COlD(H>Sitions and am>lic.atfon 

to a flexible. ubstrate, e.g .. glasscloth 

In this Example, coating compositions \Vere made of blended fluoropolymers, 

including HPTFE, LPTFE, and tv,;-o chemically different MPFs. These coating compositions 

were coated onto glasscloth over basecoats and/or midcoats, and. the resulting coating 

systems vvere tested for abrasion resistance, release properties, and other properties i.n the 

remaining Examples. 

[002151 The formulations of the basecoat and mid coats are set forth in Tables 13 A and 

13B, respectively, and are expressed as wet weight fractions whereas the topcoat 

components, set fonh in Table UC, an~ expressed as dry weight fractions, \Vith one topcoat 

applied in each coating. 

Basecoat Formulations 

Sub- Grade of #of 
Coating# strate Substrate HPT.FE \Vater Solids passes 

F(Controls A Glassc 
-D} lo th 2116 0.5 0.5 30 2 

Glassc 
F(l} ··· F(44) lo th 2116 0.5 0.5 30 2 

Table 13B 

Midcoat Formulations 

I 
#of I Coating# HPTFK Water Solids passes J 

F(Controls i 
A-D) p (\··' 0.08 50 .... ! cl.-;/ L, ,(, 

F(l)--F I 

I (44) 0.92 0.08 I 50 2 
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Coating# 

F(Con\ro; Al 

Hase 
Cilill 

PTFE 

i\-ii<I Cont 

PTFE 

Tf.l.J2h~ .. lJC 
Topcoat Formulations 

HPTllE l:'.FA 

0 0 

LPTFE Gloss 

0 20.6 

Coating 
Wci2ht 

248 

PTFE I 0 0 0 15.8 230 
... ·--··--..... _____ ._ .............. ~--·· ......... ., .............. ~ ...................... --. --·-··-·-·········· ·~·· · ··· ···· ·····-·-~ .. ·t---·----· 

_m;2£!!!0i QL__ PTFE _ ·--.!~DJL .............. ~1 ____ ___ ______ _!.. ____ ._L ____ ---------~1 .................•. IL .. _. ___ }iL~ .......... . 
f(Control D) PTFE PTFE () () () j 8.9 :!.93 

F(l) PTFE PTFE 0.6 0.08 0.08 0.24 4 1.98 295 

F(2l PTFE PTFE 0.4 0.18 0.18 J l.29 291 

F(3) PTFE PTFE 0.4 0.12 0.12 0.36 25.63 291 
O•O-OO•O·•O .. O•o·O O OH .. O·O"""O'- •••·•U-0-044-0 ............. -., ·---.. ~---···--- --····-H-00 00 000 0 .0 _._..,,,.,. ____ ---··--··01""0·~·-·•HO.O• HO•~-·-····-·· - ·---------

.. f.172·-········-········ ... _.!'JfL __ , __ ITt:\L ... ··-·--2'-~· -·--- ---- ____ !!:.!~---· ___ 2J} ________ _f!;_l_~---· ___ j_1:!!:L.. 29L ...... . 

PTFE PTFE 0.74 0.04 O.J8 ll.04 44.23 

F(6) PTFF PTFE 0.662 0.118 0.18 0.04 39 

F(7) PTFE PTFE 0.6 0.217 0.12 38.18 289 

_f@J._··------t--p-·n_·_"E_-' _+ __ P._._IF._"I_i __ •••••• 9.&_4 ___ ,... __ ~"hL .... ,...-9.:9.L.-+--o_.0_4 ____ ,_..:il.iL ___ ____ ?2.? __ 

. .l'1?) ________ ..... R~~T.:£ _ ___ P_TI_'I_~ --+----0-_8'!, ____ ____ Q:Q~ ....•• __ 2.:_01_ ______ QJ ........ ----~-~l .. _. ··---~-L-

F(l(l) PTFE PTFE 0.70! 0.11:!. 0.137 (HJ4 4 UU 

F(l 1) PTFE PTFE 0.6 0.o4 0.13 0.23 40.3:5 289 

F(l2l PTFE PTFE 0.749 lU9l 0.04 42.9 290 

F(iJJ FTFE FTFE 0.64 0.04 0-02 0.3 42.33 189 

, . .fll'!L. _________ RIEJL. .. _s:!H .. ........ f!_.6_6_6 ___ ,_ __ o._o_4 ______ Q:.V.. ________ Q,~;_<!_ ____ ~ __ £Ll!:L_ 

I 

Fe L5) PTFE PTFE ·-+--o;;..:·.;.6'.:...)9'----if--'o"'-.l'-l4'--+-'-o.:..:_ J.;:.3.:.6__,l-----'-o:.:._J.::.2~_· --+---'4:.:.5.:.;..9.;.5_+-_-.::;2'.:...9(;_) ---i 

F(16i PTFE PTFE 0.675 IJ. l l.5 ().()2 ()_]!) 44.12 294 

f(\7) PTFE PTFE 0.674 0.214 ll.07'2 0.{14 44.83 ?.94 

F1 l8) FTFE PTFE 0.77 0.04 0.075 0.115 46.43 298 

.Eu.n ......... ·---·- _flr.§_.,..._J:TFE ·--·-o.6 ---· ____ QJ.22 _____ 2,2;. ____ q,~1~---- _____ ·n~. -- _____ ;<t!. __ 

F(20) PTFE PTFE 0.6 ll.04 lLl8 0.J 8 45.15 2.?J.....__ 

F(2l) PTFF PTFE 0.6 IJ.lO& 0.067 0.227 44.22 294 

F(22) PTFE PTFE 0.84 0.04 0.0:?. O.J 49.42 292 

Ft23J PTFE PTFE 0.668 0.196 0.02 0.116 46.42 297 

42.02 29i' .. -............... ___ _;:;.;...:.. __ _ 
J~(~~J. ............... ~. PTFE PTFE 0.748 0.Jl5 ll.02 O.JJ7 48.28 :!.99 

·------- ___ ._._ ........ _ ---H-00 0000--••-•• --•-•--•-OOOOOOOOr--.----·--- ·~-------·--·· -· · 00~0•••--0-0---·•o. -~--~~._..._._ 

fi26) PTFE PTFE 0.6 0.28 0.02 O.l 43.7 

PTFE PTFE 0.66 0.04 D.18 0.12 46.57 300 

FTFE PTFE 0.84 0.04 0.08 0.04 52.0S 299 

-11?.?.L ___ ~L-·----~:_l}:.£ _____ o_ ;•07 _ ...... S!:Q~ ...... __ 0.02 . __ O.;)J_ . ,.... .. ..'!-}.33 296 

F(3(]1 ........... ___ __ J_.'£~§_ ___ . ....XCT'.!L_ ·-····.9:.'!.'!i. ____ ..... 0.1!_:,I ___ • 0.07L_ ,__Q:?.i ...... _ ..... -42.:?.L ____ ?lL __ _ 

_t(1ll ·----~-P_T_fF~~--~......;;...P~Tf~·F.~~--i---0-.8-'4 0.04 0.08 0.04 51.55 29.5 

F(32l PTFE PTFE 0.765 0.04 O.J 75 47.65 ?.95 

F(B) PTFF PTFE 0.6 O. l8 0.18 0.04 4(; 37 

F(34) PTFE PTFE 0.6 0.28 0.08 0.04 46.38 296 
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--··----

Bas~ Coating 
co~ltin~ # Co;lt Mid Coat HPTFE PFA FEP LPTFE Gloss Wds.:hi 

F(35) I'TFE PTFE 0.66 ll.28 0.02 0.04 47.98 29?. 

Fl36) PTFE PTFE 0.74 ll.04 0.18 0.04 50 82 296 

F(37J PTFE PTFE 0.6 0.134 O.J.34 0.l 32 43.47. 295 

F08J PTPE PTFE 0.64 0.04 0.02 0.3 4i.92 293 

_ FU.?l .......... _ . ..... :1?.![}L _ ___ J'JI_?. ____ ,_ __ _ Q,L...... ___ .Q,~.\~L ... __ <U~L. 0.04 47.12 295 ......... .. i._. ... ... ... H______ _ __ ._.._.._. ........................ . 
0.1 J3 __iWl) ......... ............. ..P..T.fX .. _ .... _fTFE __ ll .. 0. .......... _ _ \U.\~? .. ___ QJ.L. _ _,__ __ _ 45.02 

.--..~ ...... -.-· 
F(4!) l'TfE PTFE 0.6 0.28 (J.08 (JJJ4 44.5 

F(42l PTFE PTFfi 0.84 O.l 0.02 0.04 5i.l 7 

0.04 46.58 

The fluoropolymer components of the Topcoats were as follows: 

PTFE (HPTFE) ·-- Daikin D310, solids= 60%. 

PFA- du Pont PFA TE7224, Lot# 0804330005, Solids = 58.6~/ii). 

FEP - du Pont FEP TE9568, solids= 54.0%1). 

?.93 

298 

298 

300 

[0021')] 

[00217] 

[00218] 

[00219] 

[00220] LPTFE - SFN-D, Chenguang, except that topcoat F( 45) vv·as made \Vith 

Dyneon 9207 T.F PTFE rnicropowder. 

[00221 l A 11 of the coating cornpositions were mixed using a standard mixer under 

medium shear for 5-7 minutes. AH mixed coatings \Vere app1ied to glasscloth in the 

laboratory using draw· down bars. The glasscloth substrate grades are set forth in Table 12A 

above, produced by PD Interglas or Porcher Industries. The coated substrate is subjected to a 

flash off in a laboratory box oven set at 260°C (500°F) for 2 minutes followed by curing in a 

laboratory box own set at 400°C (752°F) for 2 minutes. 

[00222J F(Control)A was a standard product produced using conventional PTFE 

dispersions by AFC (Advanced Flexible Cornposites) and no modifications or further 

coatings Wl~re applied to this sample. The basecoat, midcoat and PTFE of the topcoat of the 

conh·ol samples were all standard PTFE dispersions. F(Control B, C and D) were standard 

products produced using conventional PTFE dispersions by AFC (Advanced Flexible 

Composites) with one additional topcoat as detailed in Table 13C. 
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li~xamplc 3.A 

Determination of roughne. s, gloss, and contact angle 

[00223] In this Example, roughness, gloss, and contact angle of the coatings were 

determined. The test protocols are as follows. 

[00224] 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: Milutoyo Surftest 402 surface roughness detector and analyzer, available from 

Mitutoyo Canada, 2121 Meado\vvale Blvd, Mississauga, Toronto, Ontario. ON L5N 5N 1, 

and Perthorneter M2P I Iv13P I M4P surface roughness deteetor and analyzer (Mahr GmbH --­

Carl-Mahr-Str. I, D-37073 GNtingen, Germany). These instruments measure Ra (arithrnetic 

mean deviation of the roughness profile, measun~d in microns) and Pc (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 exp~~ckd 

roughness to be measured. Set ihe length of trace, scale magnification and measurement 

units (English or metric). Calibrate the detector according to the manufacturer's i:nstrnctions 

using a knov.rn 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 1 lOV 20°-

60°, available frmn Sheen Instnnnents, at an angle of 60°. The gloss meter confonned to the 

following standards: BS3900/D5, D1N EN TSO 2813, DIN 67530, EN ISO 7668, ASTM 

D523, ASTM D1455, ASTM C346, ASTM C584, ASTM 02457, JIS Z 8741, MFT 30064, 

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

[00226] Contact Angle. Contact angle was measured for a ·water droplet and is 

expressed in d~)t:,'rfees, as determined according to ASTM D7334-08 using the "Drop Shap(;) 

Analysis" system (DSAlO), available from Kmss GmbH of Hamburg, Gennany, according to 

the Young Relation. 

[00227] The results are set forth in Tabk 14 below: 
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J£.1,R.kJ.~t 

Romdmess, Gloss and Contact Angle 
~·-·~~~~~~~·~~~~~~~~-

RA I Gloss I CA- Water Fornmfa 

F(Controi A} 2.42 ! 20.6 I I 
F(Control B) l.37 15.8 ! 
F(Control C) 2.79 ! 7.8 I I 

_.E.LQ2D!!2l.0 .. _ ._ ___ (LTL ___ t· __ __JlL2 ____ 

1
1 ____ ··-····-··---·-J 

·-----.... ~g~--- --·--- -- ....... i~?8....... ~~:~~ ........... -.... --·! 
F(3) 0.6 25.63 I 
pr 4) 0.48 44.08 j 

·······-·······f._0L __________ ___ .9.:~~L---1----~'~ . :~} ......... ! .... ---··-··-----~ 
_______ !'..< 6!_ _________ 9.:..4.?. ...... .f..···-···}2 ........ -J 104. 88 I 
___ F(7) 0.41 i 38.18 I J 00.86 I 

F(8J 0.45 ! 41.38 ! 104.93 I 
F(9) 0.54 I 42.82 i 105 .4 1 

F(10) 0.48 ! 41.83 ! 101.97 i ......... ·- ·-·-···r --······ ---i 

·--{f i};·-·-·-- ___ _Q0~~-t--~¥·--··-t··-··-i·5:~;+--- · ·I 
---nn1 o.s I 42.38 i io4.1 r---1 

F(14) 0.53 ! 43.05 I 104.69 I 
Fi15) 0.51 I 45.95 I 104.3 ! 
F(J6'\ 0.49 i 44.22 I 104.26 i 

·········-·-·-··'"'--·-···· ····-····-···'·- -· ··+·········--··-······----: 
F(17)_ 0.63 44. 83 ! 103 .27 ! 

i--~-'-- I i 
46.43 I 107.57 ! Fil8'1 0.52 

F(l9) 0.48 
I 

42.8 I 107.s ! 
Ff20) 0.51 

-·--.. -~QJ) 0.54 
+ 

F(22) 0.66 I 
f{23) 0.64 l 

45.25 I 103.38 1 

44.22 l. 10~?~ ..... .J 
49.42 1 os.36 I 
46.42 I 104.82 1 

F(24) 0.63 ! 42.02 I 101 .01 i 
F(25\ 0.56 i 48.28 i 104.85 : 

____ f.Q.'.?L ..... _. ____ .!!.:~l?.-~---·--~~l:Z_~ l 02~ 88 ··I 
.......... J:cn ____________ i-~.§.~---·1----4:.~:_~7 ........ .L ....... _!_~?.~.:~ ..... ... .l 

F(28) 0.4 I 52.08 i 113.81 i 
F(29) 0.54 I 42.33 i 106.04 i 
F(30) 0.48 ! -~:.92 I 112.42 l 

______ fO!L_ o.s2 f.--i.~:.?.2-_L_. ~o~.3~ ·--j 
______ ...fl?.Y._ o.44 __ 111··-·· -.:l:.?.:0.~---1-...!.Q~.:3_:.. ___ ~ 

46.37 I 109.3 I F(33) 0.45 

F(34) 0.55 I 46.3s I i o9.s4 
F(35) 0.51 i 47.98 i 109.49 

F(36) 0.45 so.s2 I 108.84 ! 
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1 I 
Formula RA 1 Gloss CA- Water i 

F(37) 0.49 43.42 106.58 I 

.-.. .JJW ___ ·-··~·-·-9.:'.~.7.. ...... L_'.·!J.:2.~-·-··- ..... _ .. !_!g.:~.? ....... . 

.._ _____ fi]_.c:l 0.54 ! 47.12 107.65 

F(40) 0.6 i 45.02 108.77 

F(4l) 0.61 i 44.5 107.11 
F(42) 0.44 5l.17 113.48 

~---'~ 

F(43) 0.5 ! 46.58 111.26 
•0& .. 0000-4o00 ·0-·~-~-.. 0r0 ...................................... -+·-------··H-HO~O .... O 00_,,..._.._ __ 00 ....................... . . 

~-IB4l 0.49 ! 39.9 108.15 

[00228l 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 a:nd second embodiments of the 

present invention \vhen applied to flexible glass substrates. 

{00229] 

Example 3B 

Rt~dnroeating abrasion test 

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 sel forth in Table 15 belO\v: 

Reciprocating abrasion test f RAT) 

RAT Ambient RAT ambient 
Formula initial 10% 

I 

F(Control Ai 2000 4000 I 

F(Control B) 2000 5000 
Ff Control C) 9000 14000 
F(Control D) __ 5000 11000 - _.._.... ............ . 4--~~~·-••H~0------~4400,0 '"-···········-----

F(i"\ 
:L.... .. 

9000 13000 

F(2) 10000 15000 
F(JI 6000 11000 I 
F(4) 6000 9000 

F(5) . ~-------lQ.Qg ___________ 10000 I 
-- -.O.&.O .O.U.0 .&.-4 0 •0.0 0 0 •0-•0 I 

F(6) 6000 9000 I 
F(T) 8000 12000 ! 
Fnn 16000 20000 

Fl9) 7000 11000 
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Formufa 

FOO) 
F(l l) 

RAT Ambi.ent 
initial 

12000 

12000 

RAT ambient 
10%1 

17000 

17000 

__ _EQ1)__ sooo __ ,_ ______ _fl9S!.~L ___ _ 
..... ___ XU).L ________ J.9_Q.Q.9 __________ J~:QQ.2._ .......... l 

F(l4) 4000 9000 

F( 15} 17000 22000 

Fll6) 6000 10000 
! 

F(17) 8000 15000 
! 

____ _EQ.§2 ____ ·--··-········.§.000 ___ ,__ 800.Q_--1 
F(19i 5000 9000 i . 1 
F(20} 8000 10000 i 

F(21) 5000 8000 ! 
F(22) 4000 8000 l 

___ fJ23) __ -···· __ s_·o_o_o _____________ 1-_10_.oo ___ I 
i-----FQ.:1-) _ 6000 11000 i 

F(25) 6000 11000 i 
F(26) 6000 9000 i 
F(27) 13000 16000 i 

! ____ F(28L_ __ .J.Q.QQ_ _____ ____ }9000____] 

F'29't 6000 11000 i · ······-~--- -----················-·········· ··-·············-----1 
FOO) 7000 12000 I 
F(3 l) 3000 8000 ! 
F(32) 6000 11000 i 

__ _EQ}). __ .._ __ )_QQg _______ _ ~!.QQQQ_~ 
______ J::0:.1L___ ·--~~!.9.._ ........ - .. ~···-·-1-2.9.!29 ....... ___ 1 

F(35) 15000 22000 

F(36i 10000 14000 

F(3 7} 10000 17000 
F(38) 3000 5000 

____ J::Ll2.L .... -.. ____ lQQ.9 _________________ .§9.9.9. ........... J 
F(40) 

Fr41) 

F(42) 

3000 6000 I 
6000 

9000 

9000 

11000 

i 
i 

F(43) 14000 20000 

F(44) 4000 10000 I 
--~ ... ..;;. .... .,----~ _____________ .............. _ ··------......... --··-···"'····J 

PCTfUS2010/059368 

[00230] The results in the table above show that there is up to 300% improvement in 

linear abrasion resistance over the control topcoat A with the topcoats made in accordance 

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

substrates. 

64 



WO 2011/075351 PCT/US2010/059368 

Reciprocating abrasion rest (RAT). 

[00231J The reciprocating abrasion test was conducted based on the complete protocol 

set forth belmv with the fi)llowing modifications: ( 1) the coated sample were tested until 

I 0°1ii exposure of substrate; (2) the test was performed using a 3kg weight at ambient 

temperature; and (3) the Scotchbrite 3M (7447) pads were changed every 1000 cycles. 

[00232] The complete test protocol is as follows: 

[00233] .S~.QP..~~· This test measures the resistanc~~ of coatings to abrasion by a 

reciprocating Scotch·-Britc~ pad. The test subjects coating abrasion in a back and forth motion. 

The test is a measure of the useful life of coatings that have been subjected to scouring and 

other similar forms of damage caused by cleaning. nvr l 35C is specific to a test apparatus 

builL by vVhitford Corporation of\\Test Chester, PA. However, it is applicable to similar test 

methods such as the one described in British Standard 7069-1988. 

[00234] 

[00235] 

Equipment and Materials. 

(l) A test machine capable of holding a Scotch-Brite abrasive pad of a 

specific size to the smface to be tested with a fixed force and capable of moving the pad in a 

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 sd to shut off after a given number of cycles. 

[00236] (2) Scotch·-Brite pads of required. abrasiveness cut to required size. Scotch.-

Brite pads are made by 3M Company, Abrasive Systems Division, St Paul, 1vlN 55144-1000. 

Pads come in grades \vith varying levels of abrasiveness as follows: 

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

[00237] Scotch-Brite pads may be us~~d at temperatures up to 150°C (300C'F). 

Equivalent pads may be used. 

[00238] (3) Hot plate to heat test specimens. (Optional) 

[00239] 

[00240] 

[002411 

( 4) Detergent solution or oil for pt)rforming test in with a liquid. (Optional) 

Procedure. 

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

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

may be defined as a given mLmber of strokes even if substrate is not exposed. The present 
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inventors use a 10% exposure of substrate over the abrad~xl area as the standard definition of 

end point. Other end points may be used. 

[00242 J Secure the part to be tested under the reciprocating pad. The part must be 

firmly fastened with bolts, darnps or tape. The part shou Id be as flat as possible and long 

enough so that the pad does not nm off an edge. Bumps in the surface will wear first, and 

overrunning an edge can tear the pad and cause premah1re scratching and a false result. 

[00243] Cut a piece of Scotch Brite ofrequired abrasiveness 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 cm (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 "Velcro" glued to 

the bottom of the foot. 

[00244] lfthe machine 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 

snrface of the piece to be tested. Make sure that the weight is completely free. The present 

inventors used a 3.0 Kg weight as standard, but this can be varied. 

[00245] If the machine is equipped with a counter, set the counter to the required 

number of strokes. One stroke is a motion in one direction. If the machine does not have an 

autornatic counter, the counter must be watched so that the machine can be turned off at the 

proper time. The machine is stopped al various intervals to change the abrasive pad. The 

abrasiveness of the pad changes (usually becomes less effective) as the pad fills with debris. 

The present inventors changed pads at intervals of 1,000 strokes. One thousand strokes is the 

preforrnd interval between pad. changes. 

[00246] Start the test machine. AJlovv to run until an end point is reached or until a 

required number of strokes are attained before changing the pad. 

[002471 Inspect the test piece carefully at the beginning and end of each start up. As 

the end point is approached, fhe substrate wiU begin to shovv' through the coating. When 

close to the end point, observe the test piece constantly. Stop the machine when the end point 

ha..<.1 been reached. 

[00248] 

[00249J 

[00250J 

[002511 

[00252] 

E.~l.~-~~i.~m. 

Record the following for the test machine: 

1. Grade and size of Scotch-Brite pad. 

2. Load on stylus 

3. Numbi;~r of strokes bet\veen pad changes. 
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4. Length of stroh~. 

5. Definition of end point. 

6. Number of strokes to end point. 

[00253] 

[00254J 

[002551 

[002561 Duplicate tests provide greater reliability. Indicate if end point is a single 

result or the average of several results. 

(00257] Record the description of the coating, the film thiclrness, and the substrate and 

surface preparation. 

[00258] lf 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 filrn thickness and/or 

weight before and atler testing. 

100259] If the test is performed at elevated temperature, record the temperature of the 

test. If perfonned with a liquid, record the specifics of the liquid. 

[00260] Cormnenl.;;/Precautions. 

[00261] Both sides of a Scotch-Brite pad may be used. Pads must be cut precisdy to 

fit the "foot." Ragged edges or rough spots on the pad will give false results. Test pieces 

must be flat and free from dilt or other particles. This test method is similar to the abrasion 

test described in BS 7069: 1988, Appendix A 1. Wlwn tested according to BS 7069, test 

pieces me immers~~d in 50 cm3 of a 5 g/lit.er solution of household dish washing detergent in 

water. 111e test runs for 250 cycles with pads changed every 50 cycles. 

E.xampk 3C 

Taber recipr9cating abrasion test 

[00262) A Taber reciprocating abrasion test was conducted acconiing to ASTM D3389 

under the following conditions: ( 1) the test was completed on a Taber 5135 Abrnser using 

the weight loss method; (2) resilient Calibrase 'vheels H-·18 were used with a 250 g load on 

each abraser arm, and the wheels •vere resurfaced every I 000 cycles; and (3) the Taber Wear 

Imfox was calculated as: 

TWl == Wl(loss) mg/# of cycles 
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[00263] Taber tests generally involve mounting a specimen (typically less than 12.5 

mm thickness) to a turntable p1atfonn that rotates at a fixed speed. 1\vo abrasive wheels, 

which are applied at a specific pressure, are lowered onto the specirnen surface. As the 

turntable rotates, the wheels are driven by the sample in opposite directions about a 

horizontal axis displaced tangentially from the axis of the sample. One abrading wheel rnbs 

the specimen outward toward the periphery and the other, inward toward the centre while a 

vacuum system removes loose debris during testing. 

[00264] The n~sults are set forth in Table 16 below: 

Table 16 

Taber reciprocating abrasion test 
000. .. 00 _______ ,00 .00~----.-------~~ ~-H---··-···--

T\\11 TWl 
Formula 1000 2000 T\VI 3000 ·-----+-----------! 

F(Control A) 21 20 
1--~-----'"-+-----1---~--~-·--~~ 

F(Contrnl B) l l 10.5 10 

F(Contro1 C) 16 13.5 12.3 

_f_(~QQ!.l~~.Ql. _____ p _____________ ;_Q __________ J~J·-··-·· 

1----F \,,_' 1.) 1 1 ____ J.~.:~·-···-· ___ l 5:l__, _ 
___ F(2) 8 15.5 16.3 

Ff3) lO 15.5 17.3 

F(4) 20 23.5 19.3 

, ___ F~(.5~)-··--- ----~§______ _ 41.3 39 
_____ fi~2_____ _ 33 ----· __ ....... 1L ........ .i ...... _'.!J. l ____ _ 

F(7) 41 42.5 I 53.1 

f(8) 2J 29.5 28.7 

F(9l 15 12.5 
I 

15.3 I 
I 

F(lO) 26 28 
I 

31.3 I 
______ .fLUl_ ___ 24 2.5 27 -----

Hl2'l 50 27 24.3 

F(13) 19 28 36 
F(l4) 20 23 30 

F(l5) 29 46.5 38.3 
F(l"- ·J4 'J6 ' '.\ ~ 3 ___ __;,_9} ________ _____ :.'::...··---· -···-··:.": . ...: ____ -+·---:.:..?...:.:..._ 
F(l 7) 24 28 i 40.7 
F(18) 25 ')•' 

~-' 32.7 

F(l91 20 23 29.7 

F(20) ,., .... 
.o..) 22.5 29.7 
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TWJ TWI I 
Formula 1000 2000 . TWl 3000 -·----···---· --··---- ·---··r-···--··-·-· 

·····-····£(~~)__ ---~-Q.-··-·-· ____ J_~J ..... --+ 28. 7 
F(251 23 16.5 ! 28 

F(26) 16 l 6 27 

F(27) 17 19.5 29.7 
I 

_ .......... f.f.?.~2 ..... - ........... _}?. ....... __ ,... .. -... ~:L ____ j ________ ;z_ _____ _ 
,_ ___ E.(~2.L ........ ......... }§. ____ ·--· 2Q ......... ..f..·-··· ·~·~:.?..-.. -
--- F(30) 46 24.5 .L...._3_0_--1 

F(31) 31 19.5 ! 28 

F(32) 138 107 

·-····--J.f.}])_, 24 ··- _ ___li>._ .... __ J_ _ ___17.7 ____ _ 

f----..EC~~.L. .................... LL ____ ___ .11_ __ 1. __ 22} ____ .. 
F(35) ll 20.5 ! 18 

11 
1

1 Ft36) 39 24 24.3 

F(37) 49 28 [ 22 

_ ______I(~~L .. _._ ··-··-· 15 2.:?_ ___ -····---~~--
_______ £.Q2J.. .... ............... J.?.. ____ ._ .-2L_ ---2.~·-·-

F(40) 15 22~ 5 20.3 

F(41) 23 24.5 20 

F(42) 25 27 24.7 

F(43) 32 27 25 

____ F(1:JL .. _______ }-1.. __ .... _~:L .... L ... 30.7 

[00265] The results in Tabk 16 above show that there is a reduction in the Taber Wear 

Index with the topcoats made in 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 topcoats. 

l00266] 

Example JD 

Cooking release tests 

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 l ··-5 ( 1-

cannot rernove, 5-exceJlent release with no residue and no staining). 

[00267J Cookie dough. Small round piece (approximately 5cm diameter) of dough 

placed cenh·ally on coated substrate and cooked for 12 mins at 160'-'C, allowed to cool for 5 

rnins. Release evaluated including ease of release, residue and staining. 

69 



WO 2011/075351 PCT/US2010/059368 

[00268] J:.jg,g_J>..~~JJgh. Small round piece (approximately 5cm diameter) of dough 

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

mins. Release evaluated including ease of release, residue and staining. 

[00269] Chicken Leg. One chicken leg placed centrally on coated substrate and 

cooked for 30 mins at 225°C, allowed to cool for 5 ruins. Release evaluated including ease of 

release, residue and staining. 

[00270] The results are set forth in Table 17 below: 

Table 17 

Cooking Release Tests 

Release 
Cook ie 

F(Conirol ! 
Bl 3 ! 

3 

3 

Release 
Chicken 

2 

F(Control I ., I 
·-· · ····-~ . .,;~) __ 1__. __ 2 _____ ,,-+"J __ 3 _._ _ _, .. ····----· 3 --· 

F(C~t;trol I 
3 

I 
J 3 

F(l) I 4 I 4 
., 
·' 

F(2) i 3 I 3 3 

F(7) 5 5 5 

F(8} . 4 ' 5 4 

-··-··-t_l9} +-_j·-··----+----4_ ___ , --......... ±...... __ 
F(10"t I 4 i 5 4 

F(11) 5 5 5 

F(12) 4 5 4 
I ! 

F·r1 ~) · - I I j I ~ . 5 5 

5 5 --· ---~~---->--·_JI(tD ... _. 1 
___ 2 .. _ .. _J ___ _ 

Ffl5) 4 i 4 3 
F(l6) 4 4 4 
F(17l 5 5 4 
F(18) 4 5 4 

F(19\ 4 I 5 
....... - .. -.:...L··- ····· ···················-···--r---·-·-- ·---·-

F(20) 3 I 3 3 

4 

F(21) 4 I 4 

F22l I 4 3 
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Release Release Rel.ease 
.Formula Cookie Pizza Chicken 

14(23) 3 4 
., 
.) 

F(24) I 3 4 3 

F(25) -~------·l_ __ .,. ______ l__ ···-·-·-.J.···--·--

· ·· ····-·-~·g~-~·· ········t·---·· · - ·~--··-·- L~-··-· ··-----~·-----
' F(23) I 4 s 4 

F(29) I 5 5 5 

F(30) i 5 .5 5 

.......... EQ).l ____ .i ............. ~·· ·· · · · ····+--·...2__- --·-·?···-·· 
F(32) l 4 I 4 4 

F(33) i 3 I 4 3 

Fl34) i 3 I 3 3 

F(35) ! 4 i .5 5 

·-----~~:~--t-··-·~···-··· ··+··-·····1-·---1--··-····· 
F(38) I 4 ! 4 4 

4 4 3 

F(40) j 4 4 4 

____ f(~..1.2. .. _.J.. 3 ··-- ---~------· ........ ___ :L_ __ 

-··-····~,~1j;--····+····---:--· ··-----~--····-· ···--;··-·-----· 
F(44} I 4 4 4 

(00271] The results in the table above show that there is an improvement in the release, 

reduction in sta1ning, and ease of cleaning characteristics for all types of food tested over the 

control topcoats with the topcoats made in accordance with the first m1d second embodiments 

of the present invention when applied to flexible glass substrates . 

.ExamQle 3F.'. 

Light Transmission Test 

[00272] A light transmission test was conducted using a TES 1334 light meter, 

available from TES Electronic Corp. of Taipei, Taiwan. TJnits of measurement are lux (lx). 

[00273] Samples \Vere secured on a frame 2 inches in front of a light box and the peak 

reading was measured. Light transrnission is expressed as a percent (<%) obtained by dividing 

the measured Ix value for a coated sample by the measured lx value fi.1r an uncoated sample. 

[00274] The results are set forth in Table 18 below: 
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If!.Qk .. rn. 
Light Transmission Test 

r-- ·Formula j Reading - I~UX j 

l - - ----·~~-~~~t;~Hi~--1-------~~i~----··· ···· · · I 
F(Control C) 1.41 ! 

I F(Control D) j 1.97 

1

1 

t ______ F{ l) I __ _1_~_5 ----l· 
i ______ J~L?2 ___ ........... I....... 1.ss ________ 

1

1 

F{3) ! 2.03 I 
l----F..._'4 ...... )----,- 1. 98 I 

j F""6) I 1 64 I i l )_ I .. 1 I r---------··--·----··---1 
~ F(7l_ ___ .t---··---l ._~:L ..... ____J 
I F(8't 1.85 i r F(9) 1.92 . 

F(lO 1.78 

F(l 1) 2.04 I 
I H12) l.97 ! r----im)----1-·-········2:·07···-------1 
I F(i4) I 2.12 ! 
I F(l5) I 2.64 l 
I F(16) I l.78 ' 
I H17) ! 2.03 ! 

[-~r-1--·-~-~-----=i 
I n20) 

1

- 1.99 i 
I F'I JI 2 08 I . -l~ , . · · I 

F(26) i l.99 I 
F.,.,,.7) I " 1 "i 
- '-4- ! "'-" • .... 

,_I --F(281 -··--·-r--·--····2 ·.J~~--I 
i---· ··----··---- f 
I F(29) I 1.91 J 

'j

l F(30) I 2. 12 I 
F(3J) I 1.84 I 

I F(32) I 2.09 j 
~---····· ···E.<nL_.1____ 1. 84 I 
; Fl'1a.·1 I 2 "}1 · t - • • ,,. I -. --- . 1 I F(J5) 

1 
2.04 I 

I F(36) I 2.51 i 
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Formula I Reading - LUX 

F'37) i 2.13 

l---IT~.~2 ......... - .. L ____ .?2::.i. _________ _ 
I F(39) I 1.92 
~ - ·--------< 
I F'40) 1.89 

I F(4l) 2.01 

! F(42) i 2.16 I 
! f(43) I l.88 I 1--··--™2·- -r---···--··-·2~~;2---········· .. ·1 

[002751 Table 18 shows that there is an increase in light transmission versus the 

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

of the present invention when applied lo flexible glass substrates. 

[00276] 

Examp_le 3F 

Adhesion tcg 

Adhesion tests wern conduckd under the following conditions: (l) tbe test was 

completed on a Lloyd LRX Tensometer; (2) Samples 25mm vi/ide, 200mm in length are 

prepared by sealing 2 strips of fabric with PFA film (temperature 375°C, 25 seconds). 

[002771 The test is conducted at a speed of lOOmrn/rnin for a distance of 25rnm. An 

average reading of 3 measurements are quoted, and the units of measurement are lbs/f. 

[00278] The results are set forth in Table 19 bdow: 

Table 19 

Adhesion test 

Formula j Instantaneous 
I F'orce (lbf) 

Kinetic Force 
(lbt) 

_!(Co~!~~~-~J_ t __ ..... '.±:i?. ...... ________ ······ ·-··-~-:~2 __ _ 
F(Control B} 5.93 4.77 

F(Conlrol C) 5.09 4.23 

F(Control D) 4.48 4.32 

F(l) 

""___l_Ql_ ____ J. ___ ,, ..... : .. _________ .................... .:.. ...... -... -.. -
F(3) i 6.05 2.81 

F(4) ! 5.07 2.26 

F(51 5.34 4. 75 

F(6) J 5.17 3.72 

___ ._.f_(?)._ __ ___ J,. ____ .?.:.Z.! ___________ ~, .... } .68 ·~·--··-· 

__ , 
/ ... 1 
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l<'ornmla ! instantaneous 
I Force (lbt) 

Kinetic .Force 
(lbf) 

F(8) i 4.6 l 4.63 

F(9) I 5.49 2.38 

............ !:LI 0) __ _j_ 5. I 7 _ .. ___ ?._22_ ___ _ 

........... E.u.J1 .. _ .. ___ I---··- s 11 _________ ·------.:1-.87 --········--
F (12) l J.51 3.53 

F(U) I 4.85 4.69 

F(14} 5.15 4.96 

F(l5) 5.25 4.44 

··----~~1t···········1··---·······i:·i~··········- -···-······---~1i---··--· 
F(l 8) 3.03 5.64 

5.(J3 3.91 

F(20) j 2.44 4.11 

~..,.1,,_., l""'")---+--··.:1:.?.L .............. ·-- ·-----~~:.22 ___ _ 
F(22) 5.21 3.2 

F(23) 4.47 4.6 

F(24'i 6.02 4.13 

5.57 3.07 

........... 1(26) -·-! __ .....i.Z?.1 ... -·····--·· _________ '.L.l.2. ........ __ 
F12T1 I 3.51 3.64 --~·-J-_______ ...................... . 
F(28) j 3.42 3.74 

F(29·i 3.33 2.74 

F(30) 2.65 4.03 

··-··-· F(~.LL._J____ 5 .23 ·--····· ..... ______ J.:2§. ........ ____ _ 
H32) ! 4.9 l 5.2 ............... :.. .. -·-·-r---·-----·-···· ·- --·---
F(33) I 5.51 1.68 

F(34) 

F(35) 

i 
I 4.74 4.12 

2.32 2.45 

F(36) ! 3 .31 4.02 

______ J::OlL ........ L. ............ ~:±L _____ .... 3.n 
F(38) 5.79 5.48 

F(39) 5.46 3.1 

F(40) 3.03 3.14 

F(4l) 4.38 5.13 

______ XL~.?) _____ .L __ ...... ~.:~----···- ···-··-----~-:L~---·-·-···-· 
F(43) I 4.06 3.61 

Ff44) 4.03 2.65 

PCT/US2010/059368 

!00279] The results in Table 19 show that the adhesion properties of the control 

topcoats are either maintained or show a slight improvement in the present coating 
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compositions wh~~n applied to flexible glass substrates, indicating that the add.ition of the 

coating compositions does not interfere with the adhesion of the coating to the substrate. 

[002801 Finally Table 20 summarizes the 10 compositions which yielded desirable 

overall properties as glasscloth topcoats they are ordered from best to worst, the four controls 

are also listed; they have significantly worse overall properties. 

Table 20 

,.--~~~-..-~~-.-~--,..--~-,-~·--~----~ .......... ~~-..~~~~-,-~~~~, ~~~-.-~---. 

! 

Run# HPTFE PFA I FEP 

•o,.o-oo •orwo•~~---~ ·---·--
__ _J_ __ 

F{ll) 0.6 0.04 0.13 

r-(13) 0.54 0.04 0 .02 

F(l4i 0.666 0.04 0.07 

F(4) 0.6 0.12 0.12 

LPTFE 
norm Norm 

norm 
Reading I norm surface 

abrasion release - LUX adhesion 
properties 

norm 
all 

,_ __ ................................ - .. - ... _,, ...... _. ____ ,. _________ t·--··-·········-· --·· 

0.23 o.74 1 o.74 2.04 I o.84 o .s3 

0.3 0.64 1 0.66 2.07 0.72 0.76 --
0.224 0.55 < 0.58 2.12 0.79 0.75 ... 

0.16 0.62 1 0.89 l.98 I 0.44 0.74 . 
F(8} 0.84 O.l 0.02 0.04 0.32 0.75 0.63 1.85 ! 0.58 0.73 

··~··-·-------- ---~-:-..-··- ·--::---~··· .... ~·: ·· ·---,.-· -·---···-·:.-· --,-.. -:-· ---··--······--~;·· -----.----r-----~~;· ··-·--~;~:· 

' {5) ______ .. , ..... .'!.:?:l ... .... ~:.<!.~.. . .. ~:.:'.~. ___ Q..•!_':_ ·--0.4:> _ _ .... :!..}_':;_, ............ _ ... Q·.::' ... "-----~±~..L-... ---22::.. . ~.'..".-. _ 
_ Q._2s1 __ o.a4 0.0'1 o.os o.04 o.71 o.?s . 1 2.1'1 I 0.41 o.n 

F(30) 0.774 0.113 I 0.073 0.04 0.58 1 0.94 2.12 0.34 0.71 

F(38j 0 .54 0.04 I 0 .02 (J.3 0.52 0.5 0.82 2.24 I 0.94 0.7 

F(1} 0.6 0.03 0 .08 0.24 0.75 0.5 0.82 1.85 i 0.69 

-:-(~-~~;~-~i-- ··--;-. 0 G ·--1- ·---~63 . --~~; 0.55 ---~:;; ·-····---;;·~~- --~.4~-
~--- --~ ~.~~~O.U.0.0.0.~ OH000000-0 :-----~- ..... . ..--... - · -- · -. ---- i...----~--O·O ·- ·-·~--~--·~· ......................... _ .. __ ........_ __ .. . 

!'(Control B) 1 O O O 0.61 o 0.39 0.31 0.87 0.47 
.....-~-~--r----t-----<~--~~--i--~~t-~~-;---~~+-----!-----!----

F(Control D) 

::{Control A) 

[00281] 

0 

l 

1 
I 

0 i 

0 0 

0 0 

0.78 0.17 0 1.41 0.59 0.41 

0.51 0 0.22 1.47 0.35 0.27 

From Table 20 it is apparent that these selected 4-Cornponent Fluropolymer 

blends for glasscloth coating contain 60-84% HPTFE, 4-12'}0 PFA, 2-18% FEP and 4-30%) 

LPFFE yield the most desirable properties . 

Example4 

Multiple comuonent blcuds with engineering rt>.sins 

[00282J In this example, coil topcoats 'Nere made and applied over conventional coil 

base coatings ("basecoats") to rigid substrates in the form of ECCS {Hi-Top Steel) panels. 
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Topcoats fommlated in accordance with the present inv~mtion were evaluated against control 

topcoats. 

[002831 

[00284] 

A. Description of fhe basecoat 

It is well hlown in the art that the solvent based systerns of polyether sulphone 

can be prepared by the dissolution of a granular PES polymer, such as RADEL A-704P, 

available from Advanced Polyrners LLC in an NMP/solvent blend. The PES solution can 

then be formulated into a basecoat by the addition of various cornpositions. 

[00285] The topcoat :formulations were coated 011w one of four basecoats (Basecoat A, 

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

fommlated as set further in Table 21 below. 

Table 2l 

Basecoat formulations 

COMPONENT BASF.:COAT BASECOAT BASECOAT BASECOAT 
A B c n 
·}';. % % '% 

RESIN 15 15 14 1.8 
SOLVENT 66 (;'i 

" 74 98.2 
ADDTTfVES 16 14 4 0 

~H-0.0~0000-0,00-00-0--..--0-_0-_ ........ _ ._ .......................... - ___ ...................... ...... . . . - ·· ·---··---------··-· - - - ---- ----- - ---·-------0<-.. _ 
PTFE 3 4 8 0 

[00286] T(~st samples were pn~pared by drawing down .Bas\~coat A, Basecoat Band 

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

400oC for 30 seconds. Basecoat D \Vas applied onto a cleaned rubber substrate through a 

spray application and left to air dry for l minute. 

[00287] Topcoats E(control)l through E(control)l l, E 1-El7, E 19, E21-E51, E62, E64, 

E66--E75, ElOl and £133 were applied over Basecoat A .• Topcoats £18, E20, E76-E100, 

E 102-Ell6, E l3.l-E132 were applied over Basecoat B, Topcoats E52-E61, E63, E65, El 17-

E 130, El34 and E 135 ov~~r basecoat C, and Topcoats El 36 and El37 were appli(~d over 

Basecoat D. 

[00288J 

[00289] 

B. Application of Topcoats. 

Topcoats fommlated as described below were applied to the test samples by 

drawing down with relevant K Bar (dnnv dmvn bar). Typically, the coated panels were then 

cured for 90 seconds in an oven at 420"C. As applied, the dry film thickness (DFT) of the 
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basecoat was approximately 6 microns, and that of the topcoats were approximately 6 

microns. 

[00290) Example topcoats were made using combinations of fluoropolymer 

dispersions and a topcoat base. The fluoropolymer components of the topcoats 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 >veight PTFE (LPTFE) dispersions. 

[00291J As defined in this Example, a "4-component" blend contains all of the 

following components as described above: at least one Hl)TFE .. at least one LPTFE, and at 

least two chemically different l'v1PFs. In this Example, the tvvo MPFs employed are FEP and 

PF A. The blends in this Example were made by mixing aqueous dispersions of the 

components, and adding to a formulated "topcoat base" containing the engineering resin. 

The resulting "formulations" were then drawn down or sprayed as films, as indicated in Table 

24 below, over a basecoat and tested for gloss, surface roughness, steak release, chicken 

release and stain resistance. 

[00292J The formula for the topcoat base, used in each topcoat fommlations of the 

present Example, is set forth below in Table 22: 

Table 22 

Topcoat Base 
~·····-·---····--------·--·rwci····-----

nponcnt Weight % 

Engineering resin 38.00 

Deionized water 30.00 

Monoetheylene glycol 30.00 

TX.·100 1.4 

Foam Blast 0.6 
--···---..--.. ............. - ..... --..--··~•. o oo·o.U OO OH0·0•·0·0•0•0••·0·...,_.. 0· -·0 0·~ 0·0 

[00293] Per Table 23 below, a first set of topcoats, designated Topcoats "E Control 1" 

through "E Control J 1 H, wen~ formulated as controls using a Topcoat base and each 

fluoropolymer in dispersion fom1, as produced by dispersion polymerization or emulsion 

polymerization and which vvas not thereatter not agglomerated, irradiated, or thermally 

degraded. Additionally, both LPTFE dispersions and LPTFE micropowders have been 

evaluated. A second set oftopcoats, designated Topcoats Elthrough El37 below, were 
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fr)rmulat.ed as abov(~ using the Topcoat base described above and fluoropolymer dispersion 

blends fommlated as set forth in Table 23 below. 

Table 23 

J..QJ?.9.Qiit.litmct~ 
·········-------.. .. ~-·····---""V""'--.-···---~-- ............ - .... ···········--··· ··--·~-~-- ·------~----~--·--······-· ·-·· 

m EN. POLYMER 
POLYiWER SOLID% 

EControlJ PES 32.90 

HPTFE 
SOLIDS 

7.63 

PFA 
SOLIDS 

0.00 

FEP 
SOLIDS 

0.00 

LPTFE 
SOLIDS 

0.00 

SFN-D 
SOLIDS 

0.00 

nos 
.Dj'fJC!lJJ 

i"l'Fli: 

0.00 

EContrnJ'.'. PES 32.90 0.00 7.63 0.00 0.00 0.00 O.IJIJ 
··~··-······· ·-····· ···- ···-··-H--····r··------- --··~·--~H-••-- ·---------· ~--·-·------- ~-----··----.. .............. u .... _. __ ,_ • .,..., ·-----

i:'C011lrol3 PES i .U.90 0.00 0.00 7.63 !l.Oll (l.00 0.00 

EControl4 PES I l2.90 0.00 0.00 0.00 7.63 0.00 0.00 

EConlrolS PES j 32.90 0.00 G.00 0.00 0.00 0.00 7.63 

EControl6 PES j 32.90 0.00 0.00 0.00 0.00 'i.6J 0.00 

0.00 fJ.00 7.63 0.00 1------1-------··--- .......... ·-----~---
0.00 0.00 0.00 O.Oll 

ECo.ntrol<J PES 37 .. 90 4.62 0.92 0.84 0.00 0.00 1.22 
1------+-----4-------~··------4-----1------1------~------if-------1 

EControllO PEEK 36.81 0.00 0.00 0.00 0.00 0.00 0.00 

ECcntroll l PAI 34.72 0.00 0.00 0.00 0.00 0.00 C.00 

-=-~;::=- ~ L~~i:-1 -~t= ~_;;;___ ---~-l_:_:-~-l~~~il~~~~~-1_:-~-~~-1_-_-~.+-------~-1_::1~~~--- .·~·=-0-~;-~~-: .. -.--.. -_. 
E3 PPS i ?7 ?1 2.45 0.14 0.00 0. \4 0.00 0.00 
E4 PPS i 27.'.'.l ·---- ·---;~45-·-+---0.-1-4--1---0-.0-0--1---0-.-l'-l--1---C-t.-OC-, --~--0.-0-0---1 

ES PPS 27.21 2.18 0.27 0.00 0.27 0.00 0.00 

E6 PPS 27.21 '.'..18 0.27 0.00 0.00 0.00 ··-----1-------i--·------- ------ ------i-----f·~·•-H•--··-·---·- ·-··- •OH-•OU __ _ 

[ 26.54 -·+---~-i.s_9 __ 1 ___ ~:~---·· -----~~i:.--·>-----~-~~--,__o_.o~- __ ::~ ....... . PPS 

E8 26:)9 PPS I 
l----E-9--~--P-P_S _ _,..l __ 2_6.-59--+----3-.-2t_l ___ ---(;;;--1---0-.0-0--1---o-.-4l_l_-l-__ (_l_O(_i_-l-__ O,.-o-o"~ 

O.OIJ 3.59 ll.20 0.00 0.20 0.00 

ElO PPS I 28.99 3.45 0.43 0.00 0.43 0.00 0.00 

Ell FPS I 28.99 3.45 U.43 0.00 0.43 0.00 0.00 

E\3 PPS 

i 28.C)C) 3.45 0.43 ll.00 
··~··~····~··--· -·······,-·---,-r------+------1--·-·--,..·-····1'--··----·------- ----·-- ··--···--·-···-i !.8.99 3.45 0.43 0.00 0.43 0.00 0.00 
1------+------t-----1-----+-------1--------------+------+-----~ 

i 

EJ!. PPS 

El4 PPS 28.99 3.45 0.43 0.00 

0.43 

0.43 

0.00 

000 

0.00 

o.on 
El5 PPS I 29.98 3.56 0.44 0.00 0.44 0.00 0.00 

El6 PPS 27.63 3.29 0.4 l 0.00 0.41 0.00 0.00 

EJ'i PPS ! 27.63 3.29 0.41 0.00 0.4J 0.00 0.00 
--------· ----······-··------i-----················ ··-------------·· -····-------·-·---.... ···-·-----t··---··-·-

ElS P.PS f 27 .63 3.29 0.41 0.00 0.41 0.00 0.00 

EJ9 PPS 
i------t---- ---t------1-----+-------t-----;---------------------i 27.63 3 29 0.4! o.oo 0.4J 000 0.00 

E20 PPS 1- Pfi~ 
I -'· - - 3.29 0.41 0.00 0.41 0.00 1}00 

E21 PPS 29.19 3.47 0.43 0.00 0.43 0.00 0.00 

E2!. PPS ! 28.99 3.45 0.43 0.00 0.43 0.00 0.00 
·-···--·--- ········-··-··-·-t·--·-·······-··-·-- ------ ·--------· -------------·---··-· ------- ---·-····-

E23 PPS ! :!.8.99 3.45 0.43 IJ.00 0.43 0.00 0.00 
i._..__..._........ ••• _. •-H-----·~H •O•=·-·······--·------- · •••• -•••OO••o-0000000 -----44_4_.__ ·-·--------~--··--•-•O•O '----•·•--••••OOP•OO OO •H•••-H--HH--~ 
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SFN-D 
souos 

9205 
Dyn<'On 
PH'E 

___ ,__,, ____ t----··--.. ·-- ........... _,, _____ --·----- ---··---·--··--· ··--·····--····-- ----·---- -----------·---··-· -----··--···---· 
E24 PPS 28.99 3.45 0.43 0.00 0.43 0 00 0.00 

E25 PPS 28.99 3.45 0.43 0.00 0.43 0.00 0.00 

E26 PPS 28.99 3.45 U.43 0.00 0.43 0.00 0.00 

E27 PPS i 28.99 3.45 0.43 0.00 0.43 0.00 0.00 
·----- ............. ·---------·····--+·--··-----·· -------·-· - ------·---· ----·--·-- ....... -----1·-----t--···-··-------· 

E28 PPS j 28.99 3.45 U.43 0.00 0.43 0.00 0.00 

···---i:;:~·- ·---· - --·~r.?s-1-~'l---· ---;~-:;;····--· -----;;:3--·· · ------o~;;--·· --·--·o.;;------- ·--·--o.c;o-· --·--··o.;;;; ........ _ 
E30 PPS 29.98 3.57 0.45 0.00 0.45 0.00 0.00 

E31 PPS 29.98 3.57 OA5 0.00 0.45 0.00 0.00 

E32 PPS I 29.98 3.57 0.45 0.00 0.45 0.00 0.00 
-·------ -------~-- '·--·'·-·+•M ______ -----------••·-·••·•·•·•·• --- --- ~ - r------~-----

E33 PPS j 29.98 3.57 0.45 0.00 0.45 0.00 0.00 
• H H H000000"00000 -0 0 -·-··-•·oO·o .... o·oo·-··-1 ... · -~--~~- ___ ._._ .................. -. 0000000000000000000000 _. __________ .._. ________ - OH0-•""-"9-A ______ ........ .. 

E34 PPS I 29.98 3.57 0.45 0.00 0.45 0 00 0.00 

E35 PPS 29.98 3.57 0.45 0.00 0.45 0.00 0.00 

E36 PPS 29.98 3.5 7 OAS 0.00 OA5 0.00 0.00 

EJ'/ PPS ! 29.98 JS! 0.45 0.00 0.45 0.00 0.00 
---·--· - . ................ OOoo-•·•·•·•.,•--t·------------- -------~~··------~-----.-··---H ---·-----..----

E38 PPS I !.9.98 357 0.45 !J .00 0.45 0.00 0,00 
OH ............ ~.0.0 .0 .U~•.O~- -----····OO O•·O O O •~·· ··~i--·-··~-·--·-··· f.,.-..·---"-· ~~0.0.~.0.0.0.-.0.0.0.0.0.0. 00004----~- .... .................. --- -----·---·····....._____..... ......... - .. .... 

E39 PPS l 29.98 3.57 0.45 0.00 0.45 0.00 0.00 

E4il PPS 29.% J.57 0.45 0.00 0.45 0.00 0.00 

PPS 29.98 3.57 OAS 0.00 OA5 (tOO 0.00 

E42 PPS 29.98 3.57 0.45 0.00 0.45 0.00 0.00 

0.43 0.00 0.43 0.00 o.oo 
·-···--~~ ·---.. ··-·--ii-- ---l,,. _______ ,__ ___ _ 

0.43 0.00 0.43 0.00 0.00 

E45 PPS !.8 .99 3.45 0.43 0.00 0.43 0.00 0.00 

E46 PPS 28.99 3.45 OA3 0.00 OA3 0.00 0.00 

E47 PPS I 28.99 3.45 0.43 0.00 0.43 0.00 0.00 

·------~:~------ .... -.. :.~:> ___ _L 28.99 _____ _2·4~------ ........ ~~---- ..... -.?.~?.?. _ __ o_.4_:_1 --+--o_.o_o _______ _?.·_o_o __ _ 
E49 PPS J 28.99 3.45 0.43 0.00 0.43 ll.00 0.00 

E.50 PPS I 28 .99 3.45 0.43 0.00 
-~---+-----+------+-----!-----~ 

E51 PPS I '.28.99 '.\ ,j'i OA3 0.00 

0.43 

0.43 

0.00 0.00 

0.00 0.00 

E52 PPS ! 28.99 3.45 0.43 0.00 OA3 0.00 0.00 

E53 PPS i 28.99 3.45 0.43 0.00 0.43 0.00 0.00 
·----·--····--·--·--- ________________ .J _____ ·------·--· ..... _, _______ --------------·---· -·-----+--------·----··----· 

E54 PPS i 28.99 3.45 0.43 0.00 0.43 0.00 0.00 

·· ····· ·ri:~:;· ·---- --- -·-···p;·s·-------r--;99···---;:~:;···· ····· ...... .. (;,~:, 
--f-----+-----1------+-------j 

-- ·------------· ---·----+----
0.00 0.43 0.00 0.00 

E56 PPS 28.99 3.45 OA3 0.0() OA 3 0.00 0.()0 

E57 PPS I 28.99 3.45 0.43 0.00 0.43 0.00 0.00 

·----~~_'.l ________ 2'.'.~ __ j_ '.23.~~-- ·---~~'.... .... _ _ o:~---·· __ o.oo ·- · .... OA3 o.oo __ _____ ?:~? _ _ 
F59 PPS i 28.99 3.45 0.43 0.00 0.43 ll.00 0.00 

•••H·O•·OO·H OOO •OOO ........ ·-••O••O ·O •O ···-----t-----~- _______.. •• .&.&4-~•. 0 0 -00f.-·• · ............ --- - ----- ..._._,. .. ..._. ___ ................ ~.--·--·· i---ooOH0•••.00.0.0•0.0000.W ... 

E60 PPS I 28.99 3.45 0.43 0.IJO 0.43 0.00 0.00 

E5J PPS 28.99 3.45 0.43 0.00 0.43 0 00 0.00 

E62 PPS 28.99 3.45 0.43 0.00 0.43 0.00 0.00 

E63 PPS 23.99 3.45 0.43 0.00 0.43 0.00 0.00 
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m EN. I POI,YMER HPTFE PFA J<'EP LPTJ<'E SJ<'N-D 
SOUDS 

9205 
Dyneoa 
PTlE 

~-~ ....... ---~--... ·--------
E64 

~=~·Mt~: ... IL:~~~~l~~ sou~~~--~~~~~~~~- - __ :~Lu:: .... __:~1.ms 
PPS 28.99 3 45 0.43 0.00 ll.43 0 00 0.00 

E65 PPS I 28.99 3.45 0.43 0.00 0.43 0.00 O.GO 

E66 PPS 23.99 3.45 U.43 0.00 0.43 0.00 0.00 

E6'J PPS j 28.24 3.45 0.43 0.00 0.43 0.00 0.00 
1------.+----·-··t····················-- ·-··-------- ... _,. __ ........... ------ ·--------· -------------1 

O.OIJ E68 PPS I ?.6.35 6.44 0.8 l 0.00 0.8 L 0.00 
·--~;;;-· .. ·- -;;s-··-·1--··-2s:i~1 3.43 0.43--···· ... - ·-~i:oo-···· · ···-··~:~:; .. -- ·--·t-l.-O·iJ-. --+----0.00 

E70 PPS I 28.10 3.43 0.43 0.00 0.43 0.00 0.00 

E71 FPS I 28.10 3A3 0.43 0.00 OA3 0.00 0.00 

E'J2 PPS I 28.10 3.43 0.43 0.00 0.43 0.00 0.00 

---·E";,---· -w.~- 1--=l< .1:<5--~~.'.~.~=· ~=~~~~~~=---;;;---- ---~;-~;--~=- -~~-~~~;:~=~· 
E74 PPS 

1

, 30.26 3. 70 0.46 0.00 0.46 --- _ 0 00 

E75 PPS 29.97 1.85 0.23 0.00 0.23 0.00 

--·-
4.29 

0.00 

0.00 

E76 PES ! 32.90 3.66 0.-16 0.00 0.46 0.00 0.00 

E77 PES l 32.71 3.64 0.45 0.00 0.45 0.00 
- 1------i----····- ·-·-··-··--··-· ------

0.00 

0.45 0.45 (J,O() 0.00 E78 PES r 3?.39 3.6 \ 0.00 

0.00 
-·--+------!·------··-···· 

0.45 0.45 0 00 0.00 
···-··;.;9 .. -· ......... t:f:s ......... i __ 32_7;--· ---~:c,~·-·- . 
,___. I ---~ --·----+-----f------1-------+------I·----~ 

E80 P.ES 34.09 3.79 0.47 0.00 0.47 0.00 0.00 

E81 PES 33.88 

E32 PES 

'n 
-""·'' 
3.'i3 

OA7 

0.46 

0.00 

0.00 

i:::s• PE'' 1 r o" • ~s o.47 o.oo 
•• n•••• .. ~••• •-•wo••••·:~•••.o••••L-~:.~- •~•••-:) ... :.:._••·•·- ••·01·•----+----•-j 

E24 PES 32.90 3.66 0.46 0.00 

E85 PES 3.73 0.41i 0.00 

E86 PES 33.52 3.73 0A6 0.00 

E8'i PES 32.09 5.62 0.10 0.00 

E88 PES 32.09 5.62 O.'/O 0.00 

0.47 

0.46 

0.47 

0.46 

0.46 

OA6 

0.10 

0.70 

000 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

G.00 
..................................... .._ .................. __ ............. : .. ···· ·· ·· ·· ·· ·· ·· ·· ·· ·· ·· ·.._.._ ·· ·· ·~··· ·· ·· · ·· ·· ·~·· ·· ··~ ···-··-·- ··--·-·-·· ...... ·-···~ ------- ___ .. ____ ·------

E89 PES j 28.97 5.07 0.63 0.00 0.63 ll.00 0.00 

E'!O PES 2936 :i.l4 0.64 0.00 0.64 0.00 0.00 

E91 PES 29.36 3.86 0.51 0.46 0.00 0.00 

E92 PES 29.36 2.57 l.16 l.04 1.54 0.00 o.oo 
E93 PES ! 29.36 2.Si' G.77 0.69 2.31 0.00 0.00 

-·-----·-c-·--·~·-· .. - ........... _ ...... -···- ---- ....---·- ·- .. ·· .............. ___ -··--··-.. ···--·· --··-.. ·---,_.. ____ _, 
E94 PES I 31.59 1.75 0.52 0.47 1.57 0.00 0.00 ....... --··-···-· ·····------+------· _ ................ _ .. ·-----........... ............ ·-··--- ·-···----·-··-· ----------· ··----·--··-··--
E95 P.ES j 3 3 .61 1.87 0.56 0. 5 l \.61} 0.00 0.00 

E96 PES ! 33.61 2.80 0.56 0.50 0.75 0.00 0.00 

E97 PES I 33.30 LS5 1).56 0.50 l.67 0.00 0.00 

E98 PES I 33.30 2. 78 0.55 0.50 0.74 0.00 G.00 
f-•oo_0,00,0 0 ,00,___ 00-H~-HOO - - · ·------· 

,..._~: _____ · ···--··--~~-~---·---!----~~~:~---- -----~:2?_ _____ ~l.56 __ 1~:~---- ·---~~=--- .. 0.00 ....... ......... ~:~~---
ElOO PES I '.-'..71 2.81 0.56 O.:il 0.75 0.00 (j_O() 

Eltll PES i 33.71 ~.81 0.56 0.5] 0.75 0 00 0.00 

El02 PEEK ! 33.92 2.83 ().56 0.51 0.76 0.00 0.00 

E\03 PEEK JJ.92 2.83 0.56 0.51 0.76 0.00 0.00 
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I 
m EN. i POISM.ER 

POLYMER I SOI.ID % 
I 

I 

HPTl<'E 
SOLll)S 

PFA 
soi.ms 

J<'EP 
SOLms 

LPTJ<'E 
SOUDS 

PCT/US2010/059368 

SJ<'N-n 
SOl.IDS 

9205 
Dyneon 
f'TH: 

·····---··- ········ ············-··---j-···-·····- ----··-··· ·-········-········ ·······-··-- ····-······------ ·----- --· ----·--··········· 
E104 PPS ! 28.99 2 59 0.52 0.46 0.69 0 00 0.00 

El05 PPS 28.99 2.59 0.52 0.46 0.69 0.00 0.00 

El06 PPS I 30.Tl 2.75 0.55 0.50 0.73 0.00 0.00 

ElO'i PPS I 30.77 2.75 0.:55 0.50 0 T' .. j 0.00 0.00 
-----1····-----···+--·····--·······--- •-'•'••• ....... -·•·<'----·---'"'"'- ·• O•O·- ·· ·-·-·--- ---OOOOOO OHO ···-· ··~·-- ___ _...,a.-.o.O.O .... O 

El08 PPS 3!..90 2.75 0.55 0.50 0.73 0.00 0.00 
•----------•- - - • •• •• ·•• - - ---• ••·•·•-·-·-••·----••-••• •~nM•--·-·-•J------•• o.u ooo ooooooooH~••• ••--------- •-••~~·-··----· -0 0000• 0.---•-•• 

EJ09 

EllO 

Ell! 

PPS 

PPS 

PPS 

32.90 

28.99 

28.99 

l.8 3 0.55 

l.73 0.52 

1.73 0.52 

0.50 1.65 ttoO 0.00 

0.46 l.55 0.00 0.00 

OA6 1.55 0.00 0.00 

El 12 ____ ::: ___ J.···--~~.:~~--------~~-J -·- G.5_~_ o.so ·---~:~---- ···---~-+- o.o::.__ 
El 13 PPS ! 30.77 1.83 U.55 0.50 1.65 0.00 O.OIJ 

·---;~~~----,_ __ "P£1~K:· -- ···1---n,92· · ····· · ·······-;·;-.)··---· --o~---- -----;1~51····-· --· · ·-· ·1~;;i-- o oo . ----0:00-· 

E115 PAI 57.60 1.89 0.57 0.51 l.70 0.00 0.00 

E116 PA! 57.60 2.83 0.56 0.5! 0.76 (1_0(1 0,00 

El P PAI ! 62.52 0.00 0.00 0.00 0.00 0.00 0.00 
----- ·- - --....+ ............ - ...... ------·~·-·--· ___ . ____ ,__ ____ ,_ ________ - - - - - -----· 1-................ ___ _ 

El 18 PES 33.37 2. 78 0.55 0.50 0.74 0.00 0.00 
-----·- ----·--·~---· .. ·-~ · ·-···· ··~-0.LOO_H ... O •OH - ... ~--- ·---·~----- --··--- ------>--·-

El 19 PES 31.43 2.62 0.52 0.47 0.70 000 0.00 

El20 PE.S 32.37 0.54 0.48 0.72 0.00 0.00 

E121 PES 32.37 2.70 0.5-l 0.48 0.72 0.00 0.00 

El22 PES 34.02 3.40 0.62 0.56 0.57 0.00 0.00 

PES f 3!..72. 2.73 0.54 0.49 0. 73 0.00 U.00 
•·•0000 0'0 '0 ·0 ·00 '0000- 0~ ~·0-•00·00·0 ·0 ·0 ·0-0 .. ---f-------- ·-------·- •0.0•0,0- -HOO~.- ~~--- 000•- 00·0·- •WOOO--+----·--~ ............ o .--..oi--•~-·O·OO·PoO·O·-·--

El!.4 PES j 32.03 ?.. U. 0.55 0.50 0. 74 D.00 0.00 
----

El25 PES 32.03 3.l L 0.62 0,56 0.82 0.00 0.00 

El26 PES 32.JO 2.83 0.56 0.51 0.76 0.00 0.00 

EJ27 PES i 32.07 3.09 0.61 0.55 0.82 0.00 0.00 

- El2.:_ ~s ____ .L. ..... ~!.:?.~------ ____ 2.06 -·· ··---~~~- ~ .. _.?·5~---·-__ o_!_L _____ +-_ _ G_•._O(_) - --- __ !!:?..·-···-· 
EJ'l.9 PES I 32.07 3.09 0.61 0.55 0.32 tLoo n.oo 

E\30 PES ! 31.92. 3.07 0.61 0 . .55 0.8L 0.00 0.00 

EB! PAI 32.0J 2.78 0.55 0.50 0.00 (1_00 0.00 

El32 PAI 33.37 2.78 0.55 0.50 0.00 0,00 0.00 

E\33 PES .! ........ ?. .]_:?.~---- - ··---~!?. _____ ----~:::"._-:_ _ 0.4<i __ ..__ .. ?.·~~----··+--G-•_•_x_1 -· ____ o_.o_o ____ _ 

EJ:l4 PES ! 30.70 2.66 0.53 0.48 0.00 ll.00 0.00 
----····-········ ··············-----·t ········-···-·-- ··-····----·----··-··· -----· .. ·····-- ·----· ·-···-····-········· ·------· 

El35 PES I 30 .. J 1 2.32 0.46 0.41 0.00 0.00 0.00 

El36 

El37 

[00294] 

[00295] 

[00296] 

[00297l 

0.00 ·1.93 0.62 G.00 0.62 0.00 

fK.M j 0.00 3.70 0.74 0.66 0.98 0.00 

The fluoropolymer components of the Topcoats were as follows: 

PTFE (HPTFE) - Daikin D3 l0 (solids= 60%1). 

P.FA ·· d.u Pont PFA TE7224 (Lot# 0804330005, solids= 58.6%). 

FEP - du Pont FEP TE9568 (solids"" 54.0%;). 
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[00298] LPTFE - DuPont TE3887N (solids= 55%, exc~~pt that topcoats E(co11trol)6 

and E(contro1)7 were made with SFN--D, Chenguang (solids= 25%) and topcoat E(control)5, 

E{control)9 and F73 was made with Dy.neon 9205 PTFE rnicropowder). 

[00299] Although not set forth in Table 23 above, Topcoat E75 additionally included 

3.57 \vt.%1 Tf'.-1750, a granular HPTFE available from Dyneon LLC. 

100300] Test sarnples \Vere prepared using the engineering potyrner ratios and 

tluoropolymer dispersion blends as set forth above in Table 23, and were coated over the 

respective basecoat using the given cure schcduks as given in Table 24 below. The topcoats 

E{control) 1 thr01igh E( control) 11 and El -·E 135 were then "qllenched" by passing the panel 

under a flowing tap of cold water until the panel is fully cooled to room temperature. The 

topcoats using El 36 and El37 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 

Cure 
BASE K Bar K Ra1· temp TiC cure 

------·-··--!:!!.__ _ __ C_O~T_ __ __ _]!~~---- · T/C (oC} _______ __!~~-
EControll A K4 K4 420 90 .. -·-····-···--·----·-~-· ·----·- -~·....-.·-···--- ··----+--··-·-·- ~·--····· · i.. .......... _.;.._ __ ~ 

i------E_C_on_t_ro_.t._J ----;--- A ____ K_4_-t---~~---- -~~_9- 90 
EControl3 A K4 K4 420 90 

EControl4 A K4 K·1 420 90 
ECon1rol5 A K4 K.4 420 90 

--------·---~--.._..._. .... • ...... ••••-•-••••••••u • ~-----lC----

EControl6 A K4 K.4 420 90 
>-----•O'O••~ - ... U ... 00~-·~---0 • ··----· -·-·~··~-·· •O·OOO•O'O·O O-OOOOH H--·-·ooo-~0-00-HO-·O•O 

EControl7 A KA K4 420 90 -------
EContro18 A K4 K4 420 90 
EControl9 A K4 K4 420 90 

EContrnllO A K4 K4 420 90 

EControl 1 l A K4 K4 42.0 90 
··-··----·----,._...·-··~ ·~O•OOOOO·OO- O •H•oo.o•· ......... -~--~-- ~·----· ~··--·· ...... - .. ·· ·-·--··· ·-· 

El A K4 K4 420 90 l--------·-
E2 A K4 K4 400 90 

~--------~-----+----+----~-~f--------i 
E3 A K4 K4 400 90 
E4 K·i K4 42.0 90 
ES A K4 K4 400 90 

o .. ~-...~------H ....... _...._~~---- ·-----·--·- ~·-O ..... D0.00 ................................... -...·-·-+-------···~-

E6 A K4 K4 400 90 
1----------~----r-----+-----+----~-~ 

E7 A K4 K4 400 90 >---------------1----+-----+-----+-----+------t 
E8 A K4 K·1 42.0 90 
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BASE KBar 
m COAT B/C 

E9 A K4 

ElO A K-1 

KBar 
TiC 

K4 

K5? 

Cnn 
temp 
(oC) 

420 

420 

PCT /US2010/059368 

TIC cure 
time~-

90 

90 

Ell A K4 K4 420 90 
t-------~~~---·· ··~·-----·-- -------··- •H----+-------

El2 A K4 K4 420 120 
· ·----·---···· ·· ·· .... ····-----··-· o .u .. .. .. ...... .. .. .. ........... ... _ ..... ,, .... ......... ....... ---·--------'""''" -··----.... ---· 

E13 A K4 K5 420 90 

E14 A K4 KS 420 l20 

El5 A K4 K5? 420 90 

E16 A K4 K4 42.0 90 

E17 A K4 K4 420 90 ,.----···--··------·-··-····· .............................. -... ....................... -····~ ~-······-···- ·· ... ··· ·· ·· ·~ ~·· ·-···-···· ·· ·- ·-------·--
E18 B K4 K4 420 90 

E19 A K4 K4 420 90 

mo B .K4 K4 4'20 90 

E2l A K4 K4 420 90 

E27. A K4 K4 420 90 ----;;3·-----··-··- ~--A"----r-··--iZ~·-··· ·· ········1(4····-·· ···42·0··· ---;o-·-····--
E24 A K4 K4 420 90 

E25 A K4 K4 420 120 

E27 A KA K4 420 120 
0 .0 .0 .0 .0 .. 0""--•---~--·HOH0·0 · 00 0 '0••·- ··---~-- ... ---· ~··-· .. -- ~ ..... ....... _ ........ ........ ....... .. .. ... U ··· ····••••r&•OO-O•O•O O OO. 

E28 A K4 K5 420 90 
---·•-HOOO.OOO O O OOOOO O•OO~O·OOO OOOO OOO OOOOOOO ·- --- -0.0HO.O ••OOO OOOOOO<••••oooo_H_OO HOO-~-- ------~~~•-•wo...,wooo·oo 

E29 A K4 K5 420 120 

E30 A K4 K2 4'20 90 

E3l A. K4 K2 420 l20 

E32 A K.4 K2 420 180 
1-----··---••••n•• •- • !--~--;-•-· • --- ·-·---.. • 

E33 A K4 K3 420 90 
~---··· .. -·• ·• ·.-.0-·0 ·0 ·0 ·- ··-·· ·· ·· ·- ·000.0 ,0 ·0-0000 H •OOHOO·- 0 0-• •0 0 ·0'0'0-.0·0 ·0 ....... 0 lt-o------- ·------- ------

E34 A K4 K? l 420 120 --
E35 A K4 ¥.3 420 180 

E36 A K4 K4 420 90 

E37 A KA K4 420 120 

E38 A K4 K4 420 180 
------·•--•·•·•·•·-••·•••••-•• ·•~·•·•-•o ·o.o .o .o .o .• ·•• •• __ ..._·nn•••• •·•·•'•·•·•· .... • .• ....., •• ,..H••---- ·-----•·•-• ------·-

E39 A K4 KS 420 90 

E40 A K4 K5 420 120 

E4l A K4 K"i 420 !80 

E42 A KA K4 420 90 

E43 A K4 .K2 42.0 90 
---· ··- ..... ···-···••000,000 .~ • . -.. . ............. .. .. .. .. .. --•ooH·o ·o ·o•oo·O·OO·OOO O . ..... ......................... ----··--·· · ·· -----·--·-

E44 A K4 K2 420 120 

E45 A K4 K2 420 180 

E46 A. K4 K3 420 90 

E47 A K4 KJ 420 120 

A K4 K3 420 180 

E49 A K4 K4 420 90 
-·-·-······--···----- ---·····--·-·-- ..................... --.. ~~--~--~ ···········- ·-·----·---
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I 
Cen-c 

BASE KBar KBar temp TiC cure 
ID COAT B/C TiC (oC) time (s) 

E.50 A K4 K4 420 l20 
E51 A K4 K4 4?.0 180 

E52 C K4 K2 420 90 ..... _ .. _______ .... ····-·······- ···-···- "·-···-·- - -.......... _......_. 
E53 C K4 K2 420 120 

O O OO&OO~H~~HH ... 0 · 0 ... 000· 00 0 0 0 .. 00-0HOO•••·-- 0-HH_O ...... --... · 0 0 ·0'0<0·0'0·.00·00 ..... . 00-0.0-... 0 ... ·--··· ·- ·00.04.00 -···-··000•0 0 ·00 0 ·00·00•0 ·0 ·0 00•0·0 ·0 -00 ..... 000•-000·0-

E54 c K4 K2 420 180 
E55 c K4 K3 420 90 
E56 c K4 K' .J 420 120 
E57 C K4 K3 420 180 

E58 C K4 K4 420 90 
~·--~····· ······· ····· ··········-·····-··~··- ·--........ -................... ............................................ -·----.-----· --.. --.... -· ..................................................... _ 

E59 c K4 K4 420 120 
EGO c K4 K4 420 180 

E61 c K·1 K4 4?.0 90 
E6?. A K4 K.4 420 90 
E63 C .K4 K4 420 90 

------···-........................ .... ....., .... _________ 0-00-HO•H•O---· ·------··-- ............................... . ....... .... .... _ ..... ___ ..... ------·· ·-··· ·-· 

E64 A K4 K4 420 90 

E65 c K4 K4 420 90 
£66 A K-1 K4 420 90 
E67 A K4 K4 420 90 

E68 A K4 K4 420 90 .. __ .. ______ · --------------·~ --~~---········ ·· _________ _..._. ................ - ............... ------- ----------·-
£69 A K4 K4 420 90 -----······.-·--------!-'----------· - ---·- ----·-·-··-··· .............. - ____ ................... ........_ 
E70 A K4 K4 420 90 !---------+--------+-----+---+--------
E71 A K4 K4 420 90 

E72 A K4 K4 420 90 

E73 A K.4 K4 420 90 ,____ ................. _._ -----· - --
E74 A K4 K4 420 90 ····--·--··-·---·-·"4·-··--·----- ., _____ ------~- -·---· ·--···-···- · ·'" ··-····-·-···--~-.. ·-
E75 A K4 K4 420 90 

E76 B K4 K4 420 90 

ET? B K4 K4 420 90 
E78 B K.4 K4 420 90 

E79 B K4 K.4 420 90 -----------...................... --~ -----------·· .................... ................ -·------ ~-_,_,_ _____ ,__, 
ESO B K4 K4 420 90 

E81 B K4 K4 420 90 
E82 B K4 K4 420 90 
E83 B K.4 K4 420 90 

E84 B K4 K.4 420 90 
0 .0 .00 .0 .00----··~0·•··-··----· ~----- --··-· · ··-·•••00 0 . ..... OOOHOO _____ ·---000. ___ · · --··-·•OO·O- •·• •••--

ES5 B K4 K4 420 90 

E8<i B K4 K4 420 90 

E87 B K4 K4 420 90 
E88 B .K4 K4 420 90 

E89 B K4 K.4 420 90 
_______________ ....._._._~ ....................... ___ -··-····· ···· ······-··· ·· -·--······-·······-· ··- · ···- ·· ·· ·~···· ·· ··· ·· .............. .... <* _____ ,.._~-

E90 B 1(4 K4 420 90 
~--·-TOU-----·---- ··- ·· ••.H ~ -···· - ... -- O HOOH,•~ ·-·---~---•·• •·• ····-~········ OOO• OoOo• 0-----0-00 __ ,..,..,.. ,. 
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BASE KBar 
ID COAT BiC --------
E9l B K.4 

Cure 
KBar temp 

TIC (oC) 

K4 420 

PCT!US2010/059368 

TIC cure 
time (s) 

90 

E92 B K4 K4 420 90 

E93 B K4 K.4 420 90 
---·-···············-···-----·--·-----···----- - ------ - ·········-·····- -· ~----·-·-·-· ··-~·-·- ··-·-·---------

E94 B K4 K4 420 90 
··~···· ·· ·· ·· ·· ·· ·· ·• ·"-" ·• ·• ·• ·• ·• ·• · ........... ............. ._ .......................... ·---~------ ·-··--····---··· ............ ... -....... ------·· ._ __ _.._ ___ ·····-

E95 B K4 K4 420 90 

E96 B K4 K4 420 90 

E97 B K4 K4 420 90 

E98 B K4 K.4 420 90 

E99 B K.4 K4 420 90 .................................. ······-····-----· ----...... -. .... _ ........... ---· 
ElOO B K4 K4 420 90 

ElOI A K4 K4 420 90 

El02 B K4 K4 420 90 

El03 B K.4 K4 420 90 

El04 B K.4 K4 420 90 --------.__..__._.__ ............. _._ 
··--··----~-~-

,........~~~ -----...--·-•'>+o• ... -· 
El05 B K4 K4 420 -· 
E106 B K4 K4 420 90 

El07 B K4 K.4 420 90 
B K4 K4 420 

El09 B K4 K4 420 90 
· ·· ·-··- · ·-~-···· ·· ·-·· ··· ·-···---········ ··· ·-- ··-······'"· ···~···--·~ ------____ ._ .............. , - ···-..... -·----·-

El10 B K4 K4 420 90 
·---------HOO·•·O~O O·•o·•oo·• ···· ··--·····--- ---................................... ~·-·- ---·-~-- ---- ·--

Ell l B K4 K4 420 90 

El 12 B K4 K.4 4'20 90 

El l3 B K4 K4 420 90 

E115 B K4 K4 420 90 
OH.-O.•.OO.-.U -00 0 .• 0 .0 0 .0 .0 .0 .. . 0 0 0.0 .00 .0 .0.0 . 0 . 00 .0.0 .0 •0 0~- ______ ........... O o ·O- 0 ·0-·0·oo·o·O ·O ·~-~ ,______ ___ ~-··-~··-··---···-··----

Ell6 B K4 K4 420 90 

A K4 K4 Ell7 420 90 

A K4 K4 El 18 420 90 

El 1.9 A K4 K4 420 90 

El20 A K.4 K4 420 90 
---··-- ----H--·0.000-00000·0 0 ·"000H "0000 0 0---~--:....-----H--000-00U·O ................. 0.:.....--1---1--......;;..;, 

E121 A K4 K4 420 90 

El22 A K4 K4 420 90 

El23 A K4 K4 420 90 

El?.4 A K4 K4 420 90 

El 25 A K.4 KA 42.0 90 
---------~---···- "000 ... 000000-----~---•0000001 O·O·O·O-H·0 · ..... ·0 ·000-00_ , ___ _,_ ___ _ 

El26 A K4 K4 420 90 
·--+------! 

El27 A K4 K4 420 90 

El28 A K4 K4 420 90 

El29 A K4 K4 420 90 

EUO A K.4 KA 420 90 r---------- _ .............................. --·--~.--.. ~- ·· ·· ... ... ······ ····--~····- · ·-···---····· ·· · 

El31 B K4 K4 420 90 
- ~····-······------.......................... ___ ·-·;~----~ ~-~---- . ·-··-·················-··-· .. ·-·· 
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BASE KBar KBar 
ID COAT B/C T/C 

El32 B K4 K-'1 

El33 A [(·1 K4 

K4 

El35 B K4 K4 
• o .o .•u .••L0000 - 0 .0 .- 0 .0 .0 .0 .- .0 .0 .0 0 .0 0 .. ...... . . _,, ...... ........ • .._ .• _. .. ........ __. ...... ............................. _.... . . ... 

El36 

El37 

D spra.v spray 

D spray spray 

Exam12k4A 

f~oughncss and Gloss 

PCT /US2010/059368 

Cun 
temp TIC enn~ 
(oC) time (s) 

420 90 

420 90 

420 90 

420 90 

165 180 

165 180 

[00301] In this Example, roughness and gloss of the coatings were determined. The 

test protocols are as follows. 

[00302] Roughness. A stylus type surface roughness det~x:tor equipped with an 

analyzer that provides a tracing of the surface was used according to EN lSO 13565, such as 

the following: Mitutoyo Surftest 402 surface roughness detector and analyzer, available from 

Mitntoyo Canada, 2121 Meadowvale Blvd, Mississauga, Toronto, Ontaria, ON LSN 5N1, 

and Pe1thometer ,ll.,1f2P I M3P I M4P surface roughness detector and analyzer (Mahr GmbH -

Carl--Mahr--Str.l, D--37073 Gottingen, Germrmy). These instruments measure Ra (arithn1etic 

mean deviation of the roughness profile, measured in microns) and Pc (peak count)- Tiw 

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 fiat surface accessible to the 

detector. Set the detector roughness range to the le\'e! just higher than the expected 

roughness to be measured. Set the length of trace, scale rnagnification and rneasurernent 

units (English or metric). Calibrate the detector according to the mam1facturer's instructions 

using a known reference standard. In the same manner, measure the roughness of the sample 

surface. Make at least 6 measurements. 

[00303] Gloss. Gloss measurements ·were attained using a Miniglossmeter 11 OV 20°-

60°, available from Sheen lnstmments, at an angle of 60°. The gloss meter confonned to the 

following standards: BS3900/D5, DIN EN ISO 2813, DIN 67530, EN ISO 7668, ASTM 

0523, ASTM D1455, ASTM C346, ASTM C584, ASTM D2457, JIS Z 8741, NfFT 30064, 

TAPPI T 480. Units ofmrnsurement are exprnssed as% reflectance< 

!00304] The results are set forth in Table 25 below: 

86 



WO 2011/075351 PCT/US2010/059368 

]~'!bJ.~~.2.? 

Roughncs ru1d Glos~ 

-· I Gloss (60°) ID ENGINEERING Smoothness {R. 
POLYMER mean) 

EControl I I PES 2.2 1.25 
EControl2 PES 8.2 l 
EControl3 I PES 12 0.66 

EContro14 I PFS 16.5 0.9 
EContro15 I PES 8.2 2.6 
EControl6 I PES 23 1.5 

EControt7 ! PES 5.6 1.84 

EControl8 i PES 19.7 l.42 
EContro19 i PES 4.7 1.3 

EContro110 PEEK 19.1 2.32 

EControlll I PAl 1.6 2.9 
El PPS 14 2.76 

E2 i PPS 18 2.53 
E3 PPS 42 2.88 

E4 I PPS 19 2.8 

E5 PPS 23 3.12 
E6 I PPS 22 2.16 I 

E7 PPS 16 2.4 

ES i PPS 20 
EQ ! PPS 15 3.637 
ElO PPS 10 2.1 

Ell i PPS 13.S l.16 

E12 I PPS 12 LOI 
El3 i PPS 14.l 0.9 

E14 I PPS 9.8 1.37 ! 

El5 I PPS 5 2.55 
E16 ! PPS 10.2 2.51 

El7 PPS 13.3 2 

El8 i PPS 12 2.46 -
El9 I PPS 12.2 2.3 

E20 PPS J.7 1.9 
E21 I PPS 18 4 -· 
E22 t PPS 11.8 1.16 

>---· -
E23 PPS 13 0.88 

E24 PPS 12 1.27 

E25 i PPS 10.2 1.48 -

=f 
E26 PPS 21 0.74 
E'l7 PPS 19 0.71 

E28 PPS 21 0.96 - I 
------~ 

E29 PPS 17 0.9 

E30 PPS 7 l.04 
E3l PPS '"'f '7 ! ,, l.15 
E32 PPS .., , 

·' , _1 l.57 
._. .... . ..... .. ..... - • •n•••• -• • • • •• ••·•-··· ·- •••·••••••••• O•HO. ___ _ ___ _ ·---------·-···· ·-·-·-· oo oo OO~H0•••••·0 ·0••····.-.. 0 ................. ....._ _ _ 

E33 P.PS 8.9 --· l.2L .......... -.. · - - .. -·--·~-~HH0 000•H•---···--··-··-----•• 0 00 0 00 _ __ ._. ___ , ·-···-----·-
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m I ENGlNEERlNG Gloss (60") Smoothness (R~ 
i POLYMER mean) 

I 

=If F~~~~=~~= =~ ;§~===~m• m••••• 
····-·••.o••·-------;-----·--•·•-•·_._. ... .................. ooo-OOOOHOOHOOH-00..0----> ----< 

-~~-= ~1l: ....... t.=·~==~-~---~~-~-=-.-.-.~~--·_·_·_·_·_~-~~- -~---~-~--~jii~===----tB ____ _ 
·:~Ji~~~-~=-~=~-~------··--~~~---·---- ·------~~~---= .·.·~~.-.·.·-~~~-~-·.-.·.L~i·.·.~-== 

E4 l PPS 12 l.1 
---·••• ·---------~----~-·•-.,..._•~••-•·• ·•4' • ·• ·-•·•,__•..__ . ._,.._...,., . .._..... 

E42 PPS 8.2 l .04 .... ~H---------- ·-·•-OOH-OO~HHHOO-OOHHOO ____ H 000 ____ .. _________ --------------··--·---
EA 3 PPS 1.7 1.2 

,, , __ O •O O••• •M0 0 000000-00 ........... 00000.000000~.00-0 

E44 PPS 1.9 l.23 ·----··-·----·· .. ···· --··----.-------·--·----··-- ·---------· -·-------...-..---·······---
E45 PPS 1.8 l.3 
E46 PPS 3.2 i .36 ··------:::;-··-·-r------;----·-.. ·· ·····-·······-·;;------ ----------·~:;---------
E I 1 • PP~ 3 ... L.5 

==F::t8. -=L~~~=~~=l~t:~~==~= ~~:~~-z2.~ ----~~_i1z. ____ -== 
E49 I PPS 2.8 l.18 -··········Esa··-·--r·--·-· PPs ·-···- 3.8-· ---·T:o1-·-···-·---·-··:E·sq PPs ·--·-·-·'3-:7 _____ .. ___ ··-··-···----·-i:2~i-····-- ··----

-------- ·· -•--'-'~ ••••• ·• · • ·• ·•·•·H·-• ••- • ·r-•·••·-· -... - -• --•·••-• u .~• -• -• -•••o.o.o_.._. _ _.,, ~_._~--.....----· 

E52 PPS 1.9 l.3 _ ..... ,, .. ,, ........... _........ ·-···-------------·----···-·--·-··- -------.. ------··--··-···· 
E53 . PPS 1.7 l.27 ·······················-·--r··-··--··-···-··-·---··-··-··-··----· ----------····-
E54 I PPS 2.2 l.l 5 o-..... o.o---•-0............... ,.._ --•~•--•H,,.•·•••••·• ·•o .u.oo - -•-• ..... •.• -•---•-u.o-•-•·••~•-• -----···--

____ fd.5 __ L ________ r.-P.~·-····-······-·· · .... -..... J.:.1_________ 1. 3 .s 
E56 i PPS 2.9 ! .27 
E57 ! PPS 4 1.372 
E58 PPS 4 l.45 
E59 PPS 4 1.3 
E60 PPS 4.2 1.18 
E6l I PPS 4.0 1.45 
E62 PPS 2.8 1.18 
E63 PPS 5.1 2.51 ----
E64 PPS 3.2 2.72 
E65 PPS 5.1 2.51 
E66 PPS 3.2 2.72 
E67 PPS 4 2.65 
E68 PPS l.7 2.82 
E69 PPS 4.6 1.04 
E70 PPS 5 0.98 
E7l PPS 4.2 0.99 
E72 PPS "f <: 

l . .J 1.71 
E73 PPS 9.3 2.06 
E74 ! PPS 33 l.l5 
E75 PPS 
E76 PES 3.5 2.37 
E77 PES 1.9 2.47 
E78 PES 2.6 2.81 
E79 PES 2.5 3.62 
E80 PES 2 2.23 
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8105 PPS 5.2 1.14 
E106 PPS 5 3.09 
El07 PPS 7 l.03 
E108 PPS 9.8 0.82 
El09 PPS ~F .:! 1.07 
El 10 PPS 4.6 1.28 
El ll PPS 5.5 1.05 
El 12 PPS 6 0.78 
Ell3 PPS 6 1.108 1-------+--------1------1--------
El14 PEEK 4.1 0.64 
Ei 15 PAI 6.6 4.76 
El16 PAI 5.5 4.25 
El 17 PAI 23 overflow 
El18 PES 6 4.09 
Ell9 PES 6 1.22 
£120 PES 5.9 1.54 
E121 PES 5.7 l.37 
El22 I PES 9.5 2.76 
E123 I PES I 6.6 2.39 
E124 I PES 5.1 l.89 
E125 PES 4.8 LI 
El26 I PES , ..... 

r.} ·-' l.93 
Ei27 ! PES 6 1.62 
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[00305] 

.---~~~--...~~------.---~~~-.--~~~~~--. 

rn ENGINEERING Gloss (60") Smoothness (Ro 

I POI,YMER mean} 

===~~Il~-~~-~---·-~-~:r===~-~-PEs· ·~=-===· ==~i~r===~ -----~~-=T.7-I~~-~~~~=~--
El 29 PES 5 .5 1.5 

· ··----E-1-so-~- i ·~-·PEs-· ·-····----· ........ ~··6~4----~- ~-H-••1~3-5-··-·· .. ---~ 
··--·-·E131 ···-1-····---·rxT············· .. -- ············53-····- - ·- 4.78 

·-···---~-~ -~~-~-= - ···t=~==~¥fF~--------· ~=~:~ -=~=-· =-~~-- ~~;~~~-~-~---·.·.·.·-~ 
·.·.·=~-=]j}}~=~] ________ }J3.S ..... ~~~---~~--~-- .. =---~2=::.=·-= -=-·=_]}_i_~-~~-==· 
·-··· E)J.L.. .... ~----- PES ---· .... 4.2 ·--·-·· ··----l.<2___ ____ _ 

__ _f.J.~-~--..J ............... --1:'.!'.;.~~.!. ...... -........ ···---------··--- ------------. 
____ .§J. .~7. ...... _L ____________ f.IfM _ ___ - ----------··---· 

l!:xamnle 4R 

.Reciprocatin_g abrasion test 

A reciprocating abrasion lest (RAT) was conducted on certain of the coatings 

under the test protocol set forth in Example 3B. The results arc set forth in Table 26 below: 

Table 26 

Reclprocati:ng abrasion test fRAT) 

ID EN. BASE Abrasion i 
POL'\''".MER COAT RAT Cycles 

EControl1 PES A 900 
EControl2 PES A 367 _ ......... -.... --
EContrnl3 PES A 440 
EControl4 PES A 230 

EControl5 PES A 450 

EControl6 PES A 275 
EControl7 PES A 80 

EControl8 PES A 400 
EControl9 PES A 165 

EControllO PEEK A 200 
EControll 1 PAI A 160 

El PPS A 60 
p1 . .::... PPS A 110 
E3 PPS A 220 

----
E4 PPS A 125 

ES PPS A 220 
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ID EN. BASE Abrasion I 
POL\'MER COAT RAT C)1des 

----- ---
E6 PPS A 200 

E7 PPS A 90 
-.... 

E8 PPS A 60 

E9 PPS A 60 

EJO PPS A 220 _ ...... _ .. _______ 
Ell PPS A 180 

E12 PPS A 150 ·--El3 PPS A 220 

El4 PPS A 200 ________ _.. ..... 

EJ5 PPS A 220 
E16 PPS A 180 

E17 PPS A 180 

E18 PPS B 290 
El9 PPS A 180 

E20 PPS B 3000 

E21 PPS A 330 
E 'J"J 

J.i..;.... PPS A 298 

E23 PPS A 105 

E24 PPS A 298 
E2.5 PPS A 105 

E26 PPS A 298 .... ______ 
E'.,-·'- I PPS A 105 

E28 PPS A 275 

E29 PPS A 140 

E30 PPS A 165 
E31 PPS A 100 
E '~) ... ,, ..... PPS A 54 

E33 PPS A 194 
E34 PPS A 300 

E35 PPS A 180 
E36 PPS A 335 

E37 PPS A 170 

E38 PPS A 300 
i----

E39 PPS A 356 

E40 PPS A 212 

E41 PPS A 335 
-·-·--·------ --

E42 PPS A 180 

E43 PPS A 50 
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m EN. BASE Abrasion/ 
POLY1VfER COAT RAT Cycles 

E44 PPS A 64 

E45 PPS A 61 

E46 PPS A 150 
E47 PPS A 200 
E48 PPS A 100 - ~~~~----- ;..-.--~.-. 

E49 PPS A 200 
E50 PPS A 200 
E51 PPS A 150 
E52 PPS c 40000 

----
E53 PPS c 71000 
E54 PPS c 6000<) 

E55 PPS c 42000 
E56 PPS c 100000 
E57 PPS c 85000 - E58 PPS c 93000 
E59 PPS c 91000 
E60 PPS c 80000 
E61 PPS c 93000 
E62 PPS A 200 -- E63 PPS c 38000 
E64 PPS A 394 

---
E65 PPS c 38000 

E66 PPS A 394 

E67 PPS A 445 

E68 PPS A 330 
E69 PPS A 620 
E70 PPS A 220 

E71 PPS A 190 
E72 PPS A 90 
E73 PPS A 390 
E74 PPS A 475 

E75 PPS A 

E76 PES B 21000 
---· ~·--

E77 PES B 7000 
E78 PES B 7000 
E79 PES B 7000 

...--------...-···--~--1-----.~--··-~----

E80 PES B 7000 
E81 PES B 22000 

(I') 
-'~ 
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--
ID EN. BASE Abrasion I 

POL l:'l\IER COAT RATCydes 

··-~---·-----.. ~----
E82 PES B 100000 

E83 PES B 33000 

E84 PES B 100000 

E85 PES B 42000 

E86 PES B 33000 
i---------

E87 PES B 26000 

E88 PES B 26000 

E89 PES B 17000 

E90 PES B 18000 

E91 PES B 33000 
E92 PES B 28000 

E93 PES B 27000 

E94 PES B 8000 

E95 PES B 36000 --E96 PES B 31000 

E97 PES B 20000 

E98 PES B 20000 

£99 PES B 65000 

EIOO PES B 19000 .. 
ElOl PES A 570 

E102 PEEK B 19000 ,__ __ 
...... --··-

E103 PEEK B 

E104 PPS B 14000 

EI05 PPS B 25000 

El06 PPS B 25000 

E107 PPS B 26000 

El08 PPS B 19000 
E109 PPS B 25000 
El 10 PPS B 25000 

Elll PPS B 38000 

El 12 PPS B 3000 -- El 13 PPS B 40000 

Ell4 PEEK B 35000 
- --·-

El 15 PAT B 85000 
£116 PAI B 18000 

Ell7 PAI A 620 
i.--.---··----~·-·· -·----· -------

EJ.18 PES A 403 

E119 PES A 370 
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-
ID EN. BASE Abrasion I 

POLi'lVIER COAT RAT C)1cles 

·- ·-· 
E120 PES A 440 
El21 PES A 400 
El22 PES A 350 

El23 PES A 403 
El24 PES A 700 
El25 PES A 370 
El26 PES A 400 

·-
E127 PES A 800 
E128 PES A 320 .. 
El29 PES A 320 
El30 l)ES A 330 
E131 PAI B 32000 

E132 PAI B 23000 
E133 PES A 450 ,.___, 
El34 PES B 31000 

El35 PES B 27000 
E136 FKM D 

E137 FKJ\1 D 

l00306] The results in the table above show that there is improvement in linear 

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

first and second embodiments of the present invention. 

[003071 

Example 4C 

Cooking r.ckase tests 

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 -,vb ether or not the surface of the coating appeared to be clean after washing without 

containing meat still stuck to the surface. This 1,;;;ould. then detem1ine the end point of the 

testing and the number of cycles completed to achieve the end point then recorded. 

[00308] Chicken Leg. One chicken leg placed centrally on coated substrate and 

cooked for 40 mins at 23fY'C. Clean coated substrate in a warm solution of water and washing 

up liquid. Dry and evaiuate coated surface for signs of n1eat residues. Signs of rneat residues 
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indicate fhe endpoint offhe 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". 

[00309J Steak. Place a piece of raw rump steak v-isibly free from the fat around the 

outside of the meat into the sample to be tested (marble does not need removing). Surface 

area is important and the size of steak being used is approx. 22.5 cm:~ by 12.5 cm1 to give a 

surface area of 200cm2 
.·.:.: 25 en/. The weight of the pieces should be -'0.6kg. Cook for l hour 

at 180°C. Soak coated substrate in 60"C solution of water and washing up liquid for 15 mins. 

Dry 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". 

[00310] The results are set forth in Table 27 below: 

Table 27 

·-·--·-···--··"' ..... ·-·---------·· ·····------······------ -· ···-.. ·· ·-··---· .. 1 
ID ENGINEERING Steak clean up Number of Chicken 

POLYMER (Fail = 0, Pass = Steak Cycles I 
. 1) (5 CYCiES : 

IS 
ST A.i"IDARD 

-----·---· ··········-----.. ·~--
PASS) 

~----!-------··---------
FControl l PES 0 2 3 

>-----~· ·--· !-···-··---··--· · -· ·-~-- -
,_ ______ ------- ....... 

EControl2 PES 0 2 5 
EControl3 PES 0 2 4 

EControl4 PES 0 4 5 
EControl5 PES l 4 4 
EControl6 PES l 4 5 
EContro17 PES l 4 3 
EControl8 PES 0 3 1 I 
EControl9 PES 0 ... 3 .) 

EC on troll 0 PEEK 0 1 l 
EControll l PAI 0 0 I I 

El PPS J 2 3 ! 
E2 PPS 1 2 2 l 
E3 PPS 0 1 5 I 
£4 PPS 1 2 l I 
E5 PPS l 2 2 : : 

E6 PPS 0 l 2 ! 
E7 PPS 0 l 1 I 
E8 PPS 0 l 3 I 
E9 PPS 0 l 5 I 

ElO PPS 1 20 t I 
Ell PPS 0 1 1 I 

95 



WO 2011/075351 PCT/US2010/059368 

m 

El2 
El3 
El4 
El5 
El6 
El7 
E18 
El9 
E20 
E2l 
E22 
E23 
E24 
E25 
E26 
E27 
E28 
E29 
E30 
E31 
E.32 
E33 
E34 
E35 ..._ 
E36 

ENGIN1~~ER1NG 

POLY.MER 

PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS 
PPS ----------PPS 
PPS 
PPS 

Steak clean up 
(Fail == 0, Pass= 

1) 

0 
0 
1 
0 

1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Number of 
Steak Cycles 
(5 CYCLES 

IS 
STANDARD 

PASS) 

Chicken I 

I 

I 
3 

0 
3 
2 

1 
1 

5 
3 5 
3 5 
3 5 

5 
3 5 

5 

3 3 
1 

1 1 
l l 
1 I !------+------·-+-·------- ~---~--~~----+-------! 

E37 PPS 0 1 1 --------------
E38 PPS 0 1 I 
E39 PPS 0 l 
E40 PPS 0 l l 

1------~-------+-------+-------~~-
E41 ~-----+----P_P_S_' - ----1------Q____ l 1 
E42 PPS 0 5 5 ! 
E43 PPS 0 2 5 I >----. · :······-··- ··························::;···----··-·-· ···---·----~--- ······.)----··1 El·t PP:s (1 1 .. 

~--· E_i:?= ·=···· _"_"_"_=_·:.~_-_-_·~~~-~ff.§~-=~~-~=-~= -====~L-~-= =~~ .s . -- -=~-3=·===1 
E46 PPS 0 1 5 l 
E47 PPS ____ --·--- 0 ·---···--1··---------~5-----, 

·-··-·-··-·······-· -·-·-----··--··------- ·······-··----··------- ··-···-·-·············-·-i-·-··-···-··--1 
__ f.d_~·-··-··- PPS ·- - ·- ···- ·-·..Q·--- ___ } ________ ________ _:! ____ J - ~~-= ==--=-1'.¥s-----:~-:--= _l_" __ J_ -j 
~---~~~---······· ··-·-·-···-~~---- ·-··-··-·······t··-----· ······--·····-·}-·-- -···-··}······--
·-----1---··"'-···---· -~~ ____ _.........·--·- - ........ .,. ..... ______ ...-----·~--~-~. 

>------~H---- ---······---~~~-----·--···· ············· ······· ·~-------··--- ·----· ~ ___ ,..._ ~ ·=] 
-~----=~~-~----~----~=-~---~----~--~---=---- PP~---······ -··-····-....... 9 ...... ·-·· · ·--·----==--=.l..·-=~- -=··-~.-.I~.~-~~~] _____ g~_2_ ________ J_ES_······· ····· ···-·~-]···-···· · ··- ·-· ~- ·-··· · ··--'-·----~···-··-..! 
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rn 

E57 
E58 
E59 

E60 
E61 
E62 
E63 
E64 
E65 
E66 
E67 
E68 
E69 
E70 

ENGlNEERfNG 
POLYMF..R 

Steak clean up 
(Fail = 0, Pass= 

1) 

Number of 
Steak Cycles 
(5CYCLES 

IS 
STANDARD 

PASS) 
PPS 0 1 
PPS 0 l 
PPS 0 1 
PPS 0 1 
PPS 0 1 
PPS 0 l 
PPS 0 1 
PPS 0 1 
PPS 0 1 
PPS 0 l 
PPS 0 5 
PPS 0 5 
PPS 0 5 
PPS 0 5 

E71 PPS 0 5 
E72 PPS 0 5 
E73 PPS 1 5 

PCT/US2010/059368 

Chicken ! 

I 
I 

5 
5 
5 
5 
s I 
5 

4 

4 

5 
5 
0 
5 
5 
5 

......__E_7_4_-+·- ---P_P_S __ --i ____ O ___ i ___ l --+----l_) __ J 
E7_5 __ , ___ P_P_S______ l 
E76 PES 0 1 _'". -~ 
ET7 PES 0 l "' I 
E78 PES 0 5 5 

E80 PES 0 1 --! 
t--E-.8-l---+---PE-,-S---1-- --0----11----4---+---5 i 

E82 PES 1 5 5 

E83 PES 0 2 2 ! 
~··~---+-------+-----------------+-----~ 

E84 PES 0 5 l 
E85 PES 5 5 I 
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rn 

E102 
EI03 
El04 
El05 
El06 
El07 
E108 
EI09 
EIJO 
El 11 
El12 
El13 
Ell4 
Ell5 
EI16 
El 17 

El26 
El27 
El28 
El29 
E130 

ENGlN 'RERlJ'~G 

POl.YMF.R 
Steak clean up 

(Fail "" 0, Pass= 
1) 

Number of 
Steak Cycles 
(5 CYCLES 

IS 
STANDARD 

PASS) 
5 

5 

1 

5 

5 

Chicken ! 

5 

5 

l 
l 

5 
., 
l 

3 
5 
1 
0 

I 
I 

i 

~-i--~~~~f~~s~.-,1 
PES 1 5 
PES 1 5 I 
PES 1 1 5 I 
PES I 1 5 ! 

EI31 PAI 0 I l i.------<-----------
E l32 PAI 0 1 1 
El33 PES 1 l 5 1 

. . .......... -·-·-- ·-····-············--················ ··-- ·--------·-·· ........ . .. .. .... ..... --. .. - ···-.. · -----i 

._ ..... B .. t.?4 xg~-------- ~-··---· o ___ ----~----··-···· ______ .:~·-· ······-! 
.......... ~}}.?._ . -~-~~---·----· ·-·· ··-········-··-····Q __ ,, ______ ,, ___ ,,_§ _______ + _ _2 ______ j 

--·~····-~·;·;·~ --~-~---~ ........... _lf~::=-~---=: ... ·~=:~-~~-=---~-~-~--:=:~- .. ±·~~-~-=-==l 
[003111 The result.;; in the table above show that there is an improvement in the release 

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

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

invent1on. 
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Example 4D 

Adhesion and OT bend te ts for formahle coatings 

[003121 In this Example, an adhesion test was conducted in accordance with the 

procedures described belovv to determine the adhesion strength of a coating to its substrate by 

trying to remove the coating with adhesive tape. A OT bend test was also conducted. 

[00313] The procedure for the adhesion test, referred to as "Test 2" below, is as 

f<.)1Jows, with initial referencl~ to "Test 111 bl~low. For ECCS substratre BOTH Test 2 and OT 

must pass. 

J. Scope. [003141 

[00315] This procedure is to be used to determine the adhesion of a coating to its 

substrate by trying to remove the coating with adhesive tape. 

[00316] 2. Equiprnent and Materials. 

[00317] 2.1. Metal rnler divided in millimetres or special template vvith appropriate 

spacing of cuts. 

[003181 2.2. Single edge razor blade, scalpel, knifo or other cutting instmment with a 

fine, sharp edge. 

[00319] 2.3. As an alternative to 2.1 and 2.2, a multi-bladed cutting tool with the 

proper blade spacing may be used. 

!00320] 2.4. Adhesive tape, such as 3M Scotch Brand No. 897 Strapping Tape or No. 

898 Filam~~nt tape or its equivalent. 

[00321J 2.5. Low power (3 ·· 5X) magnifying glass. 

[003221 3. Procedure. 

[00323] 

[00324] 

3.1. Lay the test pjece on a flat finn surface. 

3.2. With the metal rule, mark off eleven (11) spaces St)parated 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. 

[00325] 3.3. Hold th~~ ruler or other metal straight ~xlge fimlly on the test pii:~ce 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 parallel to one another. The cuts 

should penetrate the coating completely through to the substrate, but should not gouge the 

substrate. 
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[00326] 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. Brnsh m.vay any flakes or 

ribbons of the coating from the grid. 

100327] 3.5. lfamulti .. 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. lvlake sure that 

the cuts are clean and cornpletely through to the substrate. 

[00328] 3.6. Cut a 15 cm length of adhesive tap~~. Apply the tape over the grid. Press 

dovvn firmly. A rubber eraser may be used to rub the tape to remove air pockets and ensure a 

good bond. 

[003291 3.7. Withln 90 :.~·- 30 seconds of application, remove the tape by grasping one 

end and pulling rapidly at a peeling angle of 180°. Pull rapidly but do not jerk. 

!00330] 3.8. Repeat steps 3.6 mid 3.7 over the same grid for the required number of 

times. UsuaHy 5 pulls are used. 

[00331] 4. f.y~.l~!~JiQJ),. 

[00332J 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 recoatahility test, 

inspect the grid for removal of one coat fron1 another. 

[00333] 4.2. Report the amount of coating remaining on the grid, e.g. , 100% rn~~ans 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 tht.~ substrate or bet\veen coats. 

[00334] 5. Precautions. 

[003351 5.1. Inspect the cutting tool before each test. 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 damag(;xl to use. 

[00336] 6. References. 

[00337] 6.1. ASTM D-3359 Method B, Measuring Adhesion by Tape Test 

[00338] 6.2. DIN 53 151 

[00339) 6.3 . JIS K 5400 ·· Section 6.15 Cross Cut A.dhesion 

[00340J 6.4. BS EN 24624: 1992 

[00341] 
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[00342] 1.1. This procedure measures the adhesion of coatings to a substn:1te by fhe 

cross hatch and indent adhesion method after exposure to boiling water. '111is method is an 

extension of Test I above. rt is applicable to fonnable coatings. 

[00343] 2. Equipment and Materials. 

100344] 2.1. Container large enough to hold test items, normally coated sheet metal, 

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

[00345] 2.2. Electric hot plate or gas burner stove. 

[00346] 2.3. Timer. 

[00347J 

[00348J 

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

2.5. Cloth or paper towels. 

[00349] 2.6. Falling weight/Tmpact tester or Erikson tester (a press which produces a 

hemisphirical protrusion in the panel). 

100350] 2.7. Other equipment and materials required as per Test L 

[00351] 

[00352] 

3. Procedure. 

3 .1 . Fill container with sufficient \vater 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. 

[003531 3.2. Immerse article in the boiling water. Set timer for required time. The 

usual time is fifken (15) minutes unless otherwise specified. 

100354] 3.3. Remove a1ticle after the required time. Dry immediately with paper 

towel. 

[00355] 3.4. Scribe a crosshatch pattern on the mticlc to be tested according to the 

procedure outlined in Test 1. 

[00356l 3 .5. Apply reverse impact or Erikson to rear of article directly behind 

crosshatch. 

[00357] 

l00358] 

[00359] 

[00360] 

[00361l 

water. 

3.6. Apply tap(~ to crosshatch an~a and. check adhesion as described in Test l. 

4. Evaluation. 

4.1 . Evaluate and report as describe in Test l. 

5. ?.r.~~9-~!dti,<,m5/~wnD1Im.t<;:. 

5 .1. Conduct initial tape test by Test 1 within 5 minutes of removal from 
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[00362] 5 .2. If a series of tests are being conducted, maintain a constant water leveJ. 

Also, replace water periodically to avoid a build up of salts or other debris, especially if using 

tap water. 

[00363] 

[00364] 

!00365] 

[00366] 

[00367J 

[00368l 

6. References. 

6.1. BS 7069: 1988 

6.2. BS 3900 Part E3 

OT Bend test 

The procedun~ fr)r the OT bent test is as follo'ws. 

1. Scope. 

1.1 This procedure is used to determine the adhesion and flexibility of 

coatings when subjected to a l 80o bend. 

l00369] 2. Eguinment and Materials. 

[00370] 2.1 A five inch bench vise pennanently mounted to \Vork table or metal 

brake form machine. 

[00371] 

[00372J 

[00373l 

2.2 Scotch #160 Transparent tap(~ 3/4" wide, or equivalent. 

3. Procedure. 

3 .1 Prepare test panels using agreed upon substrate and following the 

application recornrnendations for the coating. Alternately, cut panels from production coated 

metal. Panels should be 2" to 3" wide by length necessary to make the test. 

[00374] 3.2 Insert one end of the panel 1/2 inch into the vise. Bend the panel to 900 

\Vi th coating on outside of bend. Remove from vise and bend to greater than 900 by hand. 

Rdnsert into vise and compress until flat. This is a Z(~ro "T" bend. Use the same procedure 

for each s1.1ccessive "T" bend. One thickness to be 1 "T", two thicknesses to be 2 "T", etc. 

Apply the tape firmly over the entire length of the bend. 

[003751 3.3 Remove the tape vvith a single rapid pull. Repeat with fresh tape for the 

numb(~f of pulls specified. 

l00376] 4. Evaluation. 

[00377] 4.1 Examine each "T" bend visually before applying tape. Report lowest 

"T" bend at ~vhich no cracking of the coating is visible. 

[00378l 4.2 Examine each "T" bend visually after taping. Report lowest "T" bend 

at which no coating is removed. 

[003791 5. fornments/Precautions. 
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[00380] 5.1 A void scratching of the coating when crimping panel in the vise. If 

necessary, protect the coating with paper while bending. 

[00381) 5.2 Results may vary depending upon the direction of the bend in relation 

to the grain of the metal (across grain or with r,,>Tain). 

100382] 5.3 Coatings become more flexible with increasing temperahire. Specify 

temperature at \Vhich bend is to be made. 

[00383] 5.4 Hard, high temper metals will fracture vvhen bent 180°. The "T" bend 

test cannot be nm on these metals. 

[00384J 

[00385l 

[003861 

6. 

6.1 

References. 

ASTM 03794-79 Section 9.5.5 

The results are set fr)rth in Table 28 below: 

ID 

Table 28 

Adhesion and OT bend tests 

ENGIN.KERING 
_p()LYM.ER 

OT 
.Bend 
Test 

(PASS 
= 1, 

FAIL= 
0) 

Adhesion 
Test2 

(c.rosshatch 
tape peel) 

(PASS"' 1, 
FAIL= 0) 

% I•' luoropol)' mer 
solids 

------------- -···--··-·"'··· ........... .......................... .._ ..................... -··········--- -·············-·-·· ... ..-.-.. -···-·······- ·--
EC on troll PES 0 0 7 .63 --····· ........ -- .. -·-~··-·,····- ~-~·--···· ·· ···· ··-·_... .. ..._ .. _____ - ···--- -----··-···----..... ~~.--.................. -----< 
EConlrn12 PES 1 l 7 .63 

--------~-- ........ _ _._ ............ ~ ............ _ ........ ~ ... ······--···-··--.--·-------- ·-··---~~'""--···--·-·--···~---· 

EC:ontrol3 PES l l 7.63 
·--· ... ---·· ·- ····-·-....._--.. -·--··-··--··-·- ......................................... - _ ............ •ot • .•.•. .,.. ............... ----·---··+-·-

EContro14 PES 1 7.63 
·----·--··-·········· ............................ -----··- ··-·----- ----· ··----··-··----....... · · ··············-·· -· · ···-··~ ···-···-·········•+ ... ...... .... 

EContro15 PES l l 7.63 
i.---.-- ···························-·- -··---···--··-·-----····- ·-·-· --------- ·---·--- - ......................... --..................... ...... 

EContro!6 PES l l 7.63 
--p~c;;;t~~17-· -- PEs··----··· .. __ ] ____ . ··········-T---·-----·····-7];3-················ 

EContro18 PES 1 1 0 
EContrn19 PES l 1 7.63 

EContro l l 0 PEEK 1 0 

EControl 11 PAl l 0 
El PPS 1 3.99 
E2 PPS J 3.99 

E3 PPS 1 
') .,.., 
:.,.,.t.) 

E4 PPS I 2.73 

E5 PPS I .., '7., 
:..Jo J .) 

E6 PPS l 2.73 

E7 PPS 1 l 3.98 

E8 PPS 1 3.99 

E9 PPS 4 

E10 PPS 4.3 l 
Ell PPS 4.31 
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ID ENGJN.EERJNG OT 
POLYMF.R Bend 

Adhesion 
Test 2 

Test (crosshatch 
(PASS tape peel) 

= l, (PASS = 1, 
I~AfL = .FAIL = 0) 

PCT/US2010/059368 

%1 Fluoropolymer 
solids 

--------··-······- ·········-··- ·-···--··-··················· ......... ~).·-······ ·-····-··-··-----·--· -·--·-··----·---·-···--·--·---
El 2 PPS I 4.3 l --· --·.,.···-···-·· ·-··-·· .......... ----------~ ·----·-·· ------- ·----------·----.--------···-·~ 

E13 PPS l 4.31 
·-•·•·•·-•··-·----.-..-.••• uoo..-. .....-0-.'>H·•---- • - •• ~-··--··------- ---••-••-••--••-••••-••-••--•~--• 

E!4 PPS l 4.31 ----···· •·-.O· ....... O• .............. _____ __.. __ --- ·---.......... ·~-···-·-···-····-···-···-···--·~·o·oo·•HOO~ 

E15 PPS l 4.45 
--------------~-------~---·-- ----------------------- ------------------- --···~ 

EI 6 PPS I 4. I 2 -·-----·-·-·-·-·---------"'- --1-----+-----+----------< 
E17 PPS 4.12 

~-~000_0.,_00H ____ ---•oo;o _____ 00-00•0-0000HO-OOO O.O•----·--i------;--------1 

El8 PPS I. 4.12 
--~~-•-• ••••-·•·--··-·-----~- oa~-~-.J-----1-----------1 

E19 PPS 1 l 4.12 
----------~·--· -------------· -------~·-------···--... ----------------------------

£20 PPS I 1 4.12 !-------+-···.,-·--------- -----·· -·--·-·-~·--------1 

E2J PPS l l 4.34 
E22 PPS 1 4.31 
E23 PPS 1 1 4.31 
E24 PPS 1 1 4.31 
E25 PPS l 4.31 
E26 PPS l 4.31 
E27 PPS 1 1 4.31 
E28 PPS 1 4.31 
E29 PPS 4.31 
E30 PPS 0 0 4.46 
E31 PPS 0 0 4.46 
E32 PPS 0 0 4.46 
E33 PPS 1 1 4.46 
E34 PPS 0 0 4.46 
E35 PPS 0 0 4.46 
E36 PPS 0 l 4.46 
E37 PPS l 4.46 
E38 PPS 0 0 4.46 
E39 PPS 0 0 4.46 
E40 PPS 0 l 4.46 
E41 PPS 0 0 4.46 

PPS l l 4.46 
E43 PPS 0 0 4.31 
E44 PPS 0 0 4.31 
E45 PPS 0 0 4.31 
E46 PPS 0 l 4.31 
E47 PPS 0 0 4.31 
E48 PPS 0 0 4.3 l 
E49 PPS 0 0 4.31 
E50 PPS 0 0 4.31 
E51 PPS 0 0 4.31 
E52 PPS l l 4.31 
E53 PPS 1 1 4.31 
E54 PPS 4.31 
E55 PPS 4.31 
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ID ENGlN.KERJNG OT 
POLYM_F.R Bend 

Test 
(PASS 

= 1, 
l•'ATL = 

0} 

Adhesion 
Test 2 

(crosshatch 
tape peel) 
(PASS"' 1, 
:FAIL= 0) 

PCT fUS2010/059368 

%l I?luoropolymer 
solids 

• • ••••••H•••• ••u••••·o • ·o•·o·o•O•O•O· oo·oo·o ooo·o o·ooo .... ••-••-.. --.,..._.,. ... -·O·O·O ........ H .... •·•••o.ouoo~.•• •·••·• ••• ••• • •• •••Hn----••-••••-------

E56 PPS I I 4.3l 
0.--0.000 .. 0 . ..--..... . .. . .. ..... , ••.• . 0 .0 .0 ·0 ·0 •0 ·0 ·0 ·0<0·0 ·0 ·0 ·•0 00 '00•0 •o•o 0'0000 0 000-00-00HHHH - ~-• •'0-00000000-0-0-0 -0 ........ .............................. _000.00--000 ··----···---··0•00 ___ _ 

E57 PPS 0 l 4.31 ________ . _, ............................................ _ ,, ..,., ,, __ , _~·-·~· ··· ······· ··· ·· ·· ·· --~ ~----~---···-······------·----··-·--·· 

i----E-~5_8 _________ , __ Prl ___________ ·-····---_]'---······· --··--··-l-····---··· ..................... .:.i_.3_l ___ _ 
E59 PPS 0 l 4.31 

~H----·-·----OHOO O·O ·O-O ·oo ·oo ·oo ·~--.-...... ~- ·----· ~~ - -~ --~o·or.--------•-•--------·--

- ·-·- B.2.2._..... . ....... -.. - ...1?.es o ________ J_ ________ 4_.1_1 ___ 1 

,_ ____ £ti.! _____ .... ··········· · ·---~}=§ l ---- ________ [ -- ________ 4 ._3 __ 1 ---
1-_E __ ,6_2_ PPS -------· ___ Q_ ______________ Q _________ ··-----··---·--4_.3_1 __ ---j 

E63 PPS l 4.3 I 
i.....~-----·-·0 000000 00 00 00"00 00~--H-------t-----+----··- '-·---------~--------

E64 PPS l 4.3 l 
- ·---·-··---· ... -···-···----·-··--··--. -----1 

E65 PPS I 4.31 

E66 PPS 
1------1--------+-----l--· 

l 4.31 
E67 PPS () 0 4.31 
E68 PPS 0 8.05 
E69 PPS 4.29 
E?O PPS 4.29 
E71 PPS 0 0 4.29 

E72 PPS 0 l 4.29 
E73 PPS 0 6.01 
E74 PPS 0 4.62 
E75 PPS 5.88 

E76 PES 0 l 4.57 

E77 PES 4.55 

E78 PES 4.5 
E79 PES 4.55 

E80 PES 1 4.74 
ESl PES 4.71 
E82 PES 4.66 
ES3 PES 4.72 
E84 PES 1 1 4.57 
E85 PES 1 4.66 
E86 PES 4.66 
ES7 PES 7.02 

E88 PES 7.02 
E89 PES 6.34 
E90 PBS 1 6.43 
E91 PES 6.37 
E92 PES 6.31 
E93 PES 6.35 

E94 PES I 4.31 
E95 PES 4.63 
E96 I-'ES 1 ! 4.61 
E97 PES 1 l 4.59 
E98 I-'ES 4.57 
E99 PES 4.59 
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ID ENGJN.KERING 
POl,YMER 

OT 
Bend 
Test 

(PASS 
=l, 

l"AfL = 
0) 

Adhesion 
Test 2 

{crosshatch 
tape peel) 
(PASS= 1, 
F'AIL= 0) 

PCT/US2010/059368 

%) I<'luoropoly mer 
solids 

-----·- ·······•·O•H . 0 •0 ·0 ·0'-··-··· ·-·'0------~-·-· oo O Ooo •o ·O·O • •o ...too -00 0000. 0 • 0000•0 ·0 00 000 00·0 ·0 ·00 00·•00-0• --·------- • ·0 0 •000 0 •0-0 •H OOO OO·OOO- • OH __ _ 

ElOO PES 1 l 4.64 
---··~ .......... ··-········-· .................................... . . .._ ... ···········- ··- ·······-·· · ······-·-····-~--· --·-·--·--------

EJO l PES l l 4.64 
- ·• •·• •• • • •·•rw· ... · .. rw·w·o••·• • • •••·••· •••·• ·• ·• ·• ·• ·• ·• ·• ·• ·• ·•.O ·•• ·•• ·••·• ·• ·• • .• • •--~.•~• .••·••••·••·••·•- •·• -.O·• • ·•• • ·••••-•~ -~---------·---•• 

El02 PEEK I l 4.65 - --···· ................. ~ ................... ~.~~.·--- ~~~~··~---- ........... ·--··----------1 
El03 PEEK 4.65 ---··--·-·- ... - --· · -· · ~- .. ~--- ··-·-···-..... ·····--------·---····-··---
E 104 PPS 0 0 4.26 --··- ··-.. -···-· -·········· ······ ·····~--------. ------t 
El05 PPS 0 l 4.26 

_____f.1 Q£. PPS ·--··--·=~:.·:.·.·I= =:=~:=Q.·~:~~=:. ·~:=--==-·-'IJ.3-.--====· 
E107 PPS 0 0 4 .53 ------·--········- ··---·----------- ... -·····--·· .. 
E108 PPS J 1 4.53 

··········· ······ ·-·-·· ·-·~- ·-·-·· -·····~···· ·····-·--

El09 PPS 1 ! 4.53 
E110 PPS 0 4.26 
Ell l PPS l 4.26 
E112 PPS 1 4 . .53 
El13 PPS 4.53 
Ell4 PEEK 4.67 
El 15 PAI 4.67 
Ell6 PAI 4.65 
El17 PAT 0 0 
El 18 PES 4.58 
El 19 PES 4.31 
E120 PES 4.44 
£121 PES 1 4.44 
E122 PES 1 5.16 
E123 PES 
El24 PES 
El25 PES 1 5.11 
E126 PES 1 4.66 
E127 PES 5.07 
El28 PES 1 5.02 
El29 PES 5.07 
El30 PES l 5.04 
EUl PAI 3.83 
El32 PAI l 3.83 
E133 PES 3.75 
El34 PES 1 3.67 
E135 PES 3.2 
El36 FKM 6.16 
E137 Fio.,1 6.08 

[003871 The results in Table 28 show that the adhesion properties of the control 

topcoats an) either maintained or show a slight. improvement in the pn~sent coating 

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

solids of fluoropolymers does not interfere with the adhesion of the coating to the substrate 
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when the topcoats have been made in aecord.anc~) \Vi th the first and second embodiments of 

the present invention. 

[00388J Nomalized properties are used to combine the results of several tests and 

determine selected fonnulations which are set out in Table 29. Normalized data are 

calculated as follows: 

100389] NOR.~•l! SURF ACE "" Mean((Col Maximum( :Ra) - :Ra) I (Col Maximum( 

:Ra) - Col Minimum( :Ra)),(( "Gloss (60o)") - Col Minimum(( "Gloss (60o)") )) /(Col 

Maximum(( "Gloss (60o)")) - Col Minimum(( "Gloss (60o)" ))) 

[00390J NORM (R..1-\.T, CHICK, STK'\K) =Mean((( "Number of Steak Cycles (5 

CYCLES IS STANDARD PASS)") -Col Ivlinimum(( "Number of Steak Cycles (5 CYCLES 

IS STANDARD PASS)"))) /(Col 1\/faxirnum(( "Number of Steak Cycles (5 CYCLES IS 

STANDARD PASS)")) --Col Minimum(( 11Number of Steak Cycles (5 CYCLES IS 

STANDARD PASS)") )),(:Chicken - Col Minimum( :Chicken)) I (Col Maximum( :Chicken 

) -Col Minirnurn( :Chicken )),(:RAT - Col l'Vfinimum( :RAT))/ (Col Maxirnmn( :RAT) - Col 

Minimum( :RAT))) 

[00391J NORM ENG ALL= Mean((( "Nl1mber of Steak Cycles (5 CYCLES IS 

STANDARD PASS)") -Col Minimum(( "Number of Steak Cycles (5 CYCLES IS 

STANDARD PASS)"))) /(Col Maxirnum(( "Nurnber of Steak Cycles (5 CYCLES TS 

STANDARD PASS)")) -Col JVrinimum(( ''Number of Steak Cycles (5 CYCLES IS 

STANDARD PASS)") )),{:Chicken --Cot Minimum( :Chicken)) I (Col Maximum( :Chicken 

) -Col Minimum( :Chicken )),(:RAT - Col ~vlinimum( :RAT)) i (Col t.tlaximum( :RAT) - Col 

Mi11imum( :RAT )), ((Col Maximum( :Ra) - :Ra)/ (Col Maximum( :Ra ) - Col Minimum( 

:Ra)),(( "Gloss (60o)") -- Col Minimum(( "Gloss (60o)") )) /(Col Maximum(( "Gloss (600) 11 

) ) - Col t.fo1imurn(( "Gloss (60o)" ))) 

Table 29 

.i~1~~~J~~tC~H~.ti1JZ_fg_-nmil~!j_~w2-.fm:Jm2~-~llit~--Q~J_Bigi~LS.11P._§_t~t~§ . 
...-------· .. ··- M· ··········~-H-••--······~· ....... ·----··-·..------· ···-~- ·--··-.. --H...--.------v---·----··rH--~········ ···--·---···-···· 

. ! i norm 
! I norm 

10 POLYMER %HPTFE %PFA %FEP %LPTFE ! norm 1· all RAT 
SOLID % ! Surface j Chick 

! 1 eng Steak 
i I 

E56 28.99 0.8 0.1 () 0.1. i 0.47 I 0.62 0.71 

E101 3.3.71 0.61 0.12 0.11 0.16 I 0.53 ! 0.61 0.67 
• I 

.. _§§2. _ _ _____ ?8·~-~-- __ _ __9_:~-- _____ Q1 ___ ___________ g_ -···---~-:.~ .. .j-........ Q;i_~-~--Q.:?.L __ _9_:§~~-
rn2 33.55 0.8 0.1 o 0.1 1 0.36 I 0.57 0.71 

E-ro i I ..,.., 28.99 0.8 0.1 0 0.1 : 0.46 i 0.57 0.64 
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I norm norm 
POLYMER norm :

1 
"'II RAT %HPTFE %PfA %FEP %LPTfE a 

SOLID% Surface j Chick 
i eng Steak 

······---------· --··-········-··--- ·-------- ----- -------· -······-··--····· ···········---··+··-··-·-· ·-··-···-·-
E57 28.99 0.8 0.1 O 0.1 0.47 I 0.56 0.62 

E60 28.99 0.8 
I I 

0.1 0 0.1 I 0.49 I 0.56 0.6 

E84 32.9 0.8 0.1 0 0.1 0.3 7 ! 0.55 0.67 

E53 2s.99 o.s 0.1 o 0.1 I o.4s I o.s2 o.s1 
E114 33.92 0.4 0.12 0.11 0.36 0.55 I 0.52 0.5 ---······-····-·-··---···· .. ··-.. ··•· ----·-· --······--- ··-------·----·-··- ·················-·}---··-·· ··-·-······· 
EControl6 32.9 o o o 1 0.69 I 0.5 0.37 

·--··~0000000000 ••·•0·000000 .. 000.0000.00•00 ....... .........._ _____ --·-· ......... - ... - ... - 0,00._. ................ _ ...... H., 0-HU-OO,O . ._.._.._. __ 

EControl4 32.9 O 0 0 1 0.67 i 0.49 0.37 

EControl2. 32.9 0 1 0 0 0.56 ! 0.43 0.35 

EControlS 32.9 0 0 0 1 0.4 I 0.43 0.45 

EControl3 32.9 0 0 1 0 I 0.64 i 0.42 0.28 
-·-------·---~··•oo OOOO-O·O~ -~-··--·••OOH ••••&000,0 .-0.0 .00 ,~ -----· >--·--4---.--.or----~O'OO~&OO.O .WO 

EControl9 32.9 0.52 0.1 0.1 0.28 0.49 i 0.33 0.22 ........................................... _____ ' ... ······-···---1---:;-'"--~=-~--· 

EControl7 32.9 0 0 0 1 0.44 1 0.3~ O.d 

EControll 32.9 1 0 0 0 0.46 ! 0.31 0.21 

[00392] As cm1 be seen from Table 29, the 3-Cornponent fonnula 80% HPTFE, 10~·~ 

PFA and 10% LPTFE yields desirable properties. In addition the 4-Component formula with 

40-61 ~·t HPTFE, 12%1 PFA l 1% FEP and 16-360;;; LPTFE also dcliwrs desirable prope1ties. 

[003931 Even ignoring RA .. T perfommnce, the best perfonning formulations are as 

listed above. 

[00394] Vvl1ile this invention has been di:~scribed as having a prnfor:red design, thi:~ 

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 a<> come within known or customary practice in the mt to which 

this invention pe1tains and w-hich fall within the limits of the appended claims. 
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WHAT IS CLAIMED IS: 

1. A fluoropolymer composition, comprising: 

at least one low molecular weight polytetrafluoroethylene (LPTFE), that is to say a LPTFE 
having a first melt temperature (Tm) of 335° C or less, as measured by differential scanning 
calorimetry (DSC); and 

at least two melt processible fluoropolymers, comprising: 

a first melt-processible fluoropolymer (MPF) selected from the group consisting of 
perfluoroalkoxy (PFA), methylfluoroalkoxy (MFA), ethylfluoroalkoxy (EFA) and 
fluorinated ethylene propylene (FEP), and 

a second melt-processible fluoropolymer (MPF), said second melt-processible 
fluoropolymer (MPF) selected from the group consisting of perfluoroalkoxy (PFA), 
methylfluoroalkoxy (MFA), ethylfluoroalkoxy (EFA) and fluorinated ethylene 
propylene (FEP) and being chemically different from said first melt-processible 
fluoropolymer (MPF). 

2. The fluoropolymer composition of Claim 1, wherein said composition lacks high molecular 
weight polytetrafluoroethylene (HLPTFE), that is to say a HLPTFE having a number average 
molecular weight (Mn) of at least 500,000. 

3. The fluoropolymer composition of Claim 2, wherein said at least one LPTFE is solid and 
present in an amount of between 10 wt.% and 70 wt.%, and said at least two MPFs are solid 
and 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 said at least two MPFs. 

4. The fluoropolymer composition of Claim 2, wherein said at least one LPTFE is solid and 
present in an amount of between 40 wt.% and 60 wt.%, and said at least two MPFs are solid 
and together present in an amount of between 40 wt.% and 60 wt.%, 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, in 
addition to the components set out in claim 1, at least one high molecular weight 
polytetrafluoroethylene (HPTFE), that is to say a HPTFE having a number average 
molecular weight (Mn) of at least 500,000. 

6. The fluoropolymer composition of Claim 5, wherein said at least one HPTFE, said at least 
one LPTFE, and said at least two MPFs are solid and wherein said at least one HPTFE is 
present in an amount of between 1 wt.% and 89 wt.%, based on the total solids weight of 
said at least one HPTFE, said at least one LPTFE, and said at least two MPFs. 

7. The fluoropolymer composition of Claim 5, wherein said at least one HPTFE, said at least 
one LPTFE, and said at least two MPFs are solid and 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 1 wt.% 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. 
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8. The fluoropolymer composition of Claim 7, wherein said at least two MPFs are each 
present in an amount of between 1 wt.% 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 (Tm) selected from the group consisting of 332° C or less, 330° C or less, 
329° Corless, 328° Corless, 327° Corless, 326° Corless, and 325° Corless. 

10. The fluoropolymer composition of Claim 1, wherein said at least one LPTFE is obtained 
via emulsion polymerization without being subjected to agglomeration, thermal degradation, 
or irradiation. 

11. The fluoropolymer composition of Claim 1, wherein said composition is in the form of an 
aqueous dispersion. 

12. A coating applied to a substrate, said coating comprising the fluoropolymer composition 
of Claim 1. 

13. 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), that is to say a 
LPTFE having a first melt temperature (Tm) of 335° C or less, as measured by 
differential scanning calorimetry (DSC); and 

at least two melt processible fluoropolymers, comprising: 

a first melt-processible fluoropolymer (MPF) selected from the group consisting of 
perfluoroalkoxy (PFA), methylfluoroalkoxy (MFA), ethylfluoroalkoxy (EFA) and 
fluorinated ethylene propylene (FEP), and 

a second melt-processible fluoropolymer (MPF), the second melt-processible 
fluoropolymer (MPF) selected from the group consisting of perfluoroalkoxy (PFA), 
methylfluoroalkoxy (MFA), ethylfluoroalkoxy (EFA) and fluorinated ethylene 
propylene (FEP) and being chemically different from the first melt-processible 
fluoropolymer (MPF);and 

curing 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. 

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

optionally, at least partially curing the midcoat. 

16. The method of Claim 13, wherein the coating composition lacks high molecular weight 
polytetrafluoroethylene (HLPTFE), that is to say a HLPTFE having a number average 
molecular weight (Mn) of at least 500,000. 

17. The method of Claim 16, wherein said at least one LPTFE, and said at least two MPFs 
are solid and 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, in addition 
to the components set out in claim 13, at least one high molecular weight 
polytetrafluoroethylene (HPTFE), that is to say a HPTFE having a number average 
molecular weight (Mn) of at least 500,000. 

19. The method of Claim 18, wherein said at least one HPTFE, said at least one LPTFE, and 
said at least two MPFs are solid and 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. 

20. The method of Claim 13, wherein the substrate is selected from the group consisting of: 

a rigid substrate; and 

a flexible substrate. 

21. The fluoropolymer composition of any of Claims 1-11, wherein at least one of said first 
and second MPFs has a melt flow rate of at least 2 g/10 min. 

22. The method of any of Claims 13-20, wherein at least one of said first and second MPFs 
has a melt flow rate of at least 2 g/10 min. 

23. The fluoropolymer composition of any of Claims 5-8, wherein said HPTFE includes a 
modifying co-monomer in an amount less than 1 % by weight. 

24. The fluoropolymer composition of claim 23, in which said modifying co-monomer is 
perfluoropropylvinylether (PPVE). 
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