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by reference herein in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention.

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

[0004] 2. Description of the Related Art.

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

cladding.



WO 2009/ 010740 di scl oses a nethod. for the preparation of a nodified
flitoropolyner powdered material. A suspension of solid fluoropolyner
particles together with FIFE particles in an aqueous carrier is frozen and
the -frozen carrier is then renoved by sublimtion at sub-atnospheric
pressure to produce a dry powder of nodified fluoropolynmer particles.

WO 2007/ 061915 di scl oses the m xi ng toget her of aqueous di spersions of
non-nelt flowabte PTFE and neit-fabri cable perfluoropobner, followed by
recovery of the Wes2I004x0746 disalirses bme@h@fMit@dﬁﬁwéﬂlopagﬂﬂ@ﬂ@dof each of

t hese pol yners nd mel t. m.xi ng. of ta, 11 3 ticles to
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ot her conpopgaified NSropAYEIeF pdradleslg @ bul k density of at |east 20g/100cc and
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pertiuorome eYHi@Mié%es%Wess( reparingiid dpRdkBld pelvitibeRerapispyd £ne (HP), or
perti noropropyl vinvyl ether (PFA), for exanple, in the formof an aqueous
t hsperswi , lighidvispgrs@nnean parin.le site of less than 1,0 mcrons, Blending
ol di e di spersions,faakhi i L in@hdiclttlRE. on a
subm cron | evel t% g @g&(s:/llFég}(%g,?izsc!ﬁ%sf{ngflédtﬁf‘%cﬁﬁaq&ngﬁgﬁggﬁa , .VACE3 the
bl ended f| udayepasahierin ciomposi silstrates sugh aeBCBa chipyestrigrs and thedikr e epr esent i ng
atnme alloy of the f.Iyor.opol } AW : racteristics
that differ SPPBHTHILEY lflg £ thléggl?% Q/‘?%%P%Fyqﬁqﬂor Opgﬁgonr%%é_ ﬁ&ré?hg bl ended
fluctropol yner conposition may be used, to provide a coating having
i nproved inperneability, stain raSixtallee, abrasion resistance,
snoot hness, an hi gher contact angles. 1,00981In one formthereof, the
present inv.ntion provcies a blended frnuo di spersion. neluding
polytetral l uorocthyletie (PIPE) having a first nelt teMPe3Tr") of 332 C or
less, inthe formof a liquid dispersion of particles having a nmean
particire of 1,0 mcrons (dn) or less; and a nelt proeessible
fitioropolymer (Wt) in the formof a Miid dispersion of particles having a
nmean particle size of 1 .0 mcrons (urn) or less. [0091ln one enbodi nent,
t he pol yntraftuoroethyl ene (FIFE) dispersion nay have a nean particle size
of 0.9 mcrons (dm or less, 0.75 mcrons Gun) or less, 0.5 mcrons (mnt)
or less" 0.4 mcrons (pm or less" 0.3 mcrons (pm or less, or 0.2 mcrons
(um or less, and a first nelt tenperature (n) of 330" Cor less, 32Ir C or
| ess, 328 Cor less, or s, 326C or less, and 325 C or |ess,
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[00101li n one enbodi nent, the polyterrafluonethylerie (R FE) dispersion is
obt ai ned via enul sion polyinerxzatton :3.ad w thout being subjected to

aggl oneration, thermal degradation, or irradiation, and includes |ess than
1,0 wt. % surfactant, based on be wei ght of said polytetrafl uotoethslene
(FIFE) dispersion, [0011lin a further enbodinent, the Enelt processible
fluoropoiynmer (,,IPE) is a nerflitoroa, kyl vinyl ether or fluorinated

et hyl ene propylene, and has a nelt flowrate (MPR) at least 4.0 g/l G ntu.

[ ()01 21The nelt pneessible fluoropchlytner COPE) nmay be perfl uoropropy,s

(PEA), and exenptary conposi §UpmnsARevs: aPEAVeERnient of 37 wi.%to SO wt %
and a FIEF content of 20 wt.%to 6% w.% based on the total solids of the

PTEE and O her,, eKet npl ary. conposi tjons have a PEA content of 37 w.%
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oand a

exenpl ary, conposjtions have a FEE content of 25 wt%to

content oY it lorrerslyzaeris fowgedpged rentt dhceottiab thebliifidsfion tcheoTFE and
FEE. Ot hefdi@XRMRLAbYoIGAIROFHE §IONR1 RAYES ‘ f pBaa ¥ prdd 0, 90 W . %
and a ETEE content %(% ﬁ%o W.%to 65 wt P%;yﬁggggg)%%ﬁgé ﬂlgyP%'tlsaefiY\(%%ff’Ylg%aof t he
PTEE and“®tiEphaiig teeved xanpimarlylivonposisisions ahasien asPER:cc oand@ntesOfind5 Wt , %
to 55 W %6.a0d . &.Bl.PR.content of 45 wt.%to 65 w.% or a EEP content. of 60
w.%to Q%’Zﬁvw&)gnc? gle]gl PE content of 10 wt.%to 40 w.% based on the total
sol i ds of0008] In one form thereof, the present invention provides a blended fluoropolymer

dispersion, including polytetrafluoroethylene (PTFE) having a first melt temperature (T,,) of
332° C or less, in the form of a liquid dispersion of particles having a mean particle size of 1.0
microns (um) or less; and a melt processible fluoropolymer (MPF) in the form of a liquid
dispersion of particles having a mean particle size of 1.0 microns (um) or less.

[0009] In one embodiment, the polytetrafluoroethylenc (PTFE) dispersion may have a
mean particle sizc of 0.9 microns (um) or less, 0.75 microns (um) or less, 0.5 microns (um) or
less, 0.4 microns (um) or less, 0.3 microns (um) or less, or 0.2 microns (um) or less, and a first
melt temperature (Tp,) of 330° C or less, 329° C or less, 328° C or less, 327° C or less, 326° C or
less, and 325° C or less.

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

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



the PTFE and PEP. Still further exenplary conpositions have a FEP content
of 40 wt.%to 50 wt.% and a PTFE content of 50 wt.%to 60 w,% or a PEP
content of 75 wt%to 85 w.' and a PTFE content of 15 w.%to 25 w %
based on the total solids of the PTFE and FEP, Further exenplary
conpositions include either 50 wt. % PEP and 50 wt.% LPTFE, or 75
t,,,,,t111; PEP and 25 wt.% LPTFE. [00151The present invention also

provi des a nethod of tbrrning a bl ended fluotopol ynmer thspersion, including
the sten of mxing the foregoing components. A fl uonpol yi ner powder nmay be
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00 6{n afbtiher forhi tHeFeSt bo 4t s H?m?eﬁW P 6’\?T & tret hod of
formng p%rfhlomﬂgﬂivﬁ]!/mmaphwmﬁtea@fﬁwﬁé pﬂogflend aﬂimlatm&d flovt e (SiEpSfof
provi di gag fi rst I1quid di spersion of tetrail uoroet hykte (PTFE)

parti cl eﬁﬁ\iﬁ 1@mipi r st men tenperature (111 -,) of 332 Cor less and a
mean parpjele si Z?h@ﬁlellpg)cégsﬁ)[emﬂﬁ)r(ﬂfol)lnﬁa??MPPTI%(}E'géﬁ@ﬂlﬁ)t@&@ﬁmﬁn‘lfﬂqmbld

di sper si on of particles of a nelt processi bl uor opol yne igll 11PF)

havi ng dPRéannparcriptdre cenpawitiohs havg aPFAcon#8t &3 7|végs 0 Hhwt-riad aA§TFRe fi r st
and. secalifhe 9&&@6%@%#@%&@@ ol tg%mm%srmhfmpmd bPE! R LhSpla

addi tional step of i'ng the blen ["oor opol yi ner conposition to orma
powder andhipoiinopdrrd @BF@ncontém @€ EwtYyftp g Wt Wearm ehtdtcdnianoeicidortymep 63

oSt MO talDErTRL RO (X RLBOERILHPPAL REATILLL AL oRbRARROh. RAP V) 1O

the bl en uor opol ynmer conposition to a subst at curing the
bl ended HHAumnmnobﬁAﬁam %6 00rpb .t 2o .2 PBREERn it ONT FT.%H#6 DRAWNES:d@0181The

above- s and advant a t hi |nve ti and
the. mannBel SROse Rl PhE S Bl (i e B AR AT A Y ER S ent s on
itsel f wiid% tdoeo betitet aPmiercshoacdf iy wef tbrse)nme%thasddhm tfl@ioketbmlmlg offééscri pti on
of art di t of .the invention taken.l u t
accowpaﬁgl}%%garaﬁgﬁ hAggmh%eé‘F@Pﬁry ‘f‘ﬁ‘ﬁ’f@‘fﬂﬁ’i"{j}ﬁ "%I Vitrll)y ?E?\raé‘\émﬁzh”& 4 gpg}:arrpl el,
wher ei n:[poNPVFI gumrge delt pro@esivds ﬂumpowmzﬁﬁlai besperﬁEoTo@&hﬂbﬁvﬁ?emert aken
fromUS - concentration of MFA, 100211Fi gure rt of tics: AR of

fuston dMiNearfoKEAPIBRASEPAS HPtsharEV I AL @n%t Ofc%ﬁ&te@m §Q Vot %8¢ 2 UEKE

content of 10 wt.% to 65 wt.%, based on the total solids of the PTFE and MFA. Other
exemplary compositions have a MFA content of 45 wt.% to 76 wt.% and a PTFE content of 24
wt.% to 65 wt.%, based on the total solids of the PTFE and MFA. Further exemplary
compositions have a MFA content of 56 wt.% to 76 wt.% and a PTFE content of 24 wt.% to 44
wt.%, based on the total solids of the PTFE and MFA. Still further exemplary compositions
have a MFA content of 63 wt.% to 70 wt.% and a PTFE content of 30 wt.% to 37 wt.%, based on
the total solids of the PTFE and MFA. A further exemplary composition includes 67 wt.% MFA
and 33 wt.% LPTFE.

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



100221Figure 3 is a chart of normalized second AH of nelting, taken from
DSC data, vs. coneennation of MFA 111102131Figure 4 is a chart of nonnal
.d, dof nmehinc of the M FA phase, taken from DSC. data, vs. concentration of
MFA; [9024Fi ptrebis a chart of second men point of the MFA phase, taken
from DSC data, vs. concentration of MFA; 100251Figure 6 is a chart of the
AR of fusion for the MFA phase, 2,ken from DSC data vs. concentration of
MFA; 10026[Figure 7 is a chart of sccond nelt AF for the M-/ phase, taken
from USC data, VS. concentrat 100271Fi 9We 8 is a chart of fusion

R A S
taken fram BSG PatRcoGt oLENOENs 80 ivath, of a MEAcontO02971F i gline 81 t.Vsand achar t
of nor el zed AH of lson for, (N L PTEE phase, faket. Lo psCdata vs
exemplary compositions include either 50 wt.% FEP and 50 wt.% LPTFE, or 75 wt.% FEP and
25 wt.% LPTFE.
[0015] The present invention also provides a method of forming a blended fluoropolymer
dispersion, including the step of mixing the foregoing components. A fluoropolymer powder
may be obtained from the blended fluoropolymer composition by drying the blended
composition and, in particular, freeze drying the blended composition. A coating may be formed
by applying the blended fluoropolymer composition to the substrate, and heat curing the blended
fluoropolymer composition.
[0016] In another form thereof, the present invention provides a method of forming a
blended fluoropolymer composition, including the steps of providing a first liquid dispersion of
polytetrafluoroethylene (PTFE) particles having a first melt temperature (Ty,) of 332° C or less
and a mean particle size of 1.0 microns or less; providing a second liquid dispersion of particles
of a melt processible fluoropolymer (MPF) having a mean particle size of 1.0 microns or less;
and mixing the first and second dispersions together.
[0017] The method may include the additional step of drying the blended fluoropolymer
composition to form a powder and, in particular, freeze drying the blended fluoropolymer
composition. The method may also include the additional steps of applying the blended
fluoropolymer composition to a substrate; and heat curing the blended fluoropolymer

composition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above-mentioned and other features and advantages of this invention, and the
manner of attaining them, will become more apparent and the invention itself will be better
understood by reference to the following description of an embodiment of the invention taken in
conjunction with the accompanying drawings, whercin:

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



[ 00301Figure 11 is a chart of normalized second ' Mcforl-PF

frse, taken

from DSC data, vs. concentration of NLFA;, [00311Figures 12-19 correspond to
Exanpl e [ 00321Figure 12 is a chart of fnsion nmen point for the | _ rlFE
phase, taken from DSC data, vs. concentration of FEP, [00331Figure 13 is a
chart of second nelt point for the LPTFE phase, taken from DSC 5.rati On of
FEP, 100341Figure 14 is a chart of fusion nelt point for the PEP phase,
taken from DSC data, vs. concentration of FEP;, 100351Figure 15 is a chart
ot secondfor he FEE phase, taken from DSC data, vs. concentration of FIT,

o1 Vo1 STED) on of FEES 1008 PIFIGHRE" 7er Bbe T < i SeEbRd WePECARR: Tt aken' {1 om

DSC dat aondéstratRRRERIMHA at i on of PEP; and

[0021] Figure 2 is a chart of first AH of fusion of the MFA phase, taken from DSC data,

vs. concentration of MFA,

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

concentration of MFA,;

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

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

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

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

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

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

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

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

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

[0032] Figure 12 is a chart of fusion melt point for the LPTFE phase, taken from DSC

data, vs. concentration of FEP;

[0033] Figure 13 is a chart of second melt point for the LPTFE phase, taken from DSC

data, vs. concentration of FEP;

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

vs. concentration of FEP;

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

vs. concentration of FEP;



100381Figare IS is a chart ofnelt point c?e PEP phase, taken from DSC dat a,
vs. concentration of FIT, 100391Figure 19 is a chart of first nelt point of
the WFE phase, taken from DSC data,. vs. concentration of PEP

100401Fi gures 20-2E13 correspond to Exanple 3, wherein: 100411Figure 20 is
a chart of flision tenperature, taken from DSC data, vs, concentration of
PEA, 100421Figure 21 is a chart of second nelt point, takeSC data vs.
concentratto of PEA; [00431Figure 22 is a chart of normaltzco uuision AU
fﬁr thefPFA time, taken from DSC concentration of PFA; Figure rmis a
chart o usi on AFT for .t he LPTFE, fr ta, Vs.

concent 1%13%bn of PENC[l60uETEIGHPR TS Z‘f u%{o?:ﬁérfta;kt?fooqlﬁégéﬁ A hr the LPTFE
phase t aken,hotonBSErdata. vs. concentration of PEA, i00461Figure 25 is a

chart of nornalized sec<H for the 1, PTEE phaseen from DSC data, vs.
concent fé#37bn of BEEAe 17 is a chart of normalized second melt AH, taken from DSC data, vs.

concentration of FEP; and

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

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

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

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

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

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

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

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

{0046} Figurc 25 is a chart of normalized sccond melt AH for the LPTFE phasc, taken
from DSC data, vs. concentration of PFA;

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

[0048] Figure 26B is a chart of contact angles of water on PEA/LPTFE blend films of
Example 3;

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

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

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



[00471]pre 26A is an illustration of cid etch test results ol PFTEE bl end
thr1S of Exanple 3; and [0048lhart of contact angle -water on PFA/ LPTEE
blend filns o Exanple 3; [00491Fi gures34 correspond to ElmIl:pie 4,
wherein: [0501Figure 27 is a chart of peak norna]ized second nelt AH for
various MPE's, taken from O0-SC data, vs, concentration of WE [00511Fi gure
28 is a chart of peak normalized fusion Ali for various MPFs. taken fror
Figure 29 is a chart of peak normauzed PTFE second nelt AFT fbr various

I Nl PPs, taken from DSC data, vs. concentration of MPF, [00531Figure 30 is a

concent 148l of NRME obu el sui il S R SHSR) HEEERC RS 1

poi nt, thakes) tdkeo BB deans enhcatradom GTMARAPP; [ 005%] Figure 32 is chart of

LPTEE u[&dS%? t enpl?irgﬁlge%roels’ a gh%lr(teo pgarkonrcr)]rma ?zeg iB%I?IE] rs?c;[ni AH ?or (\)/Lriolillls I1:\)/II:I;F'S,
taken from DSC data, vs. concentration of MPF;
[0054] Figure 31 is a chart of LPTFE second melt point, taken from DSC data, vs.
concentration of MPF;
[0055] Figure 32 is a chart of LPTFE fusion temperature, taken from DSC data, vs.
concentration of MPF;
[0056] Figure 33 is a chart of second melt point for the MPF phase, taken from DSC
data, vs. concentration of MPF; and
[0057] Figure 34 is a chart of fusion melt point for the MPF phase, taken from DSC data,
vs. concentration of MPF;
[0058] Figures 35-37 correspond to Example 5, wherein:
[0059] Figure 35 is a DSC trace for the of MFA of Example 5,
[0060] Figure 36 is a DSC trace for the of LPTFE of Example 5; and
[0061] Figure 37 is a DSC trace for the of MFA/LPTFE blend of Example 5;
[0062] Figures 38 illustrates the clamping arrangement used in Example 6,
[0063] Figures 39 and 40 illustrate results of the stain resistance test of Example 7;
[0064] Figures 41-47 correspond to Example 8, wherein:
[0065] Figure 41 is a chart of normalized AH of fusion of PFA vs. PFA fraction;
[0066] Figurc 42 is a chart of contact angle vs. PFA fraction;
[0067] Figure 43 is a chart of "Diff CA" vs. PFA fraction;
[0068] Figure 44 is a chart of acid resistance rating vs. PFA fraction;
[0069] Figure 45 is a chart of fusion melt point of PFA vs. PFA fraction;
[0070] Figure 46 is a chart of sccond melt point of PFA vs. PFA fraction; and
[0071] Figure 47 is a contour plot of acid resistance rating superimposed on a chart of

acid hours vs. fraction of PFA;

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

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

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



100561Figure 33 is a chart of second nelt point for the MPF phase, taken
from DSC data, vs, concentration of MPF, and 100571Figure 34 is a chart of
fusion nmelt point for the NWWI' phase, iake.n from DSC data., vs.
concentration of MPE, Figures 35-37 correspond to Exanp e , wherein::

[ 00591Figure 35 is a DSC trace for the of NLFA of Exanple 5; 100601Fi gure
36 is a DSC trace for the of LPTEE of Exanple 5; and [00611Figure 37 is a
DSC trace for the of N FAAFITE bl end of Exanple 5; 100621Fi gures 38
illustrates the clanping arrangenent used in Exanple 6; [0063]Figures 39

and 40 i trate_ results of the .stain resj.stan est of Exanple 7;

00641Fi é@ﬂgi 4: -%ureﬁhseasﬁﬁﬁ& i B ishipr e ng \’lﬁﬁgﬁ%hﬁ&w{tbOGSlFingure 41 is a

cha{t ?f[dw7lpf frilsi%%?\ Sfois ?Hﬁnwﬂ%@g;grﬁdltqszﬁﬂt@ﬂFEPOQWPﬁagﬁme 42 is a chart of
contact angle vs. . raction; 71Figure 43 is hart of 'tiff CA" vs.

PEA fradtl78h. ; [@S@iﬁ?@iﬁrﬁlaﬁ@fﬁ%o&f '@ﬁ%?&“b‘?ﬁggﬁv& E@s&%ﬁ“ﬁﬁc"é‘dr ating vs. PEA

]‘: r aC: | oMopd79P69Fi gt 4D id ScAtdulplot oftfeid rdSite MRInk sRRIripoRfd JilAhWS of PEA
racti on,
acid hours vs. fraction of FEP;

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

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

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

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

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

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

acid hours vs. fraction of MFA;

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

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

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

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

[0092] The exemplifications set out herein illustrate embodiments of the invention, and

such exemplifications are not to be construed as limiting the scope of the invention in any

manner.
DETAILED DESCRIPTION

[0093] The present invention provides blended fluoropolymer compositions. In one
embodiment, a liquid dispersion of a first fluoropolymer is blended with a liquid dispersion of a
second fluoropolymer. The first fluoropolymer may be polytetrafluoroethylene (PTFE), such as
a low molecular weight PTFE (LPTFE) that has been polymerized via a dispersion or emulsion
polymerization process, and which has not been agglomerated, irradiated, or thermally degraded.
The LPTFE may be in the form of an aqueous dispersion, having a mean particle size of less than
1.0 microns (um), with the LPTFE having a first melt temperature (T) of 332° C or less. The

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



100701Figure 46 is a chart of second nelt point of PEA vs, PEA fraction;
and [0071] Figure 47 is a contour plot of acid resistance rating
superinposed on a chart of acid hours vs. fraction of PEA, Figures 48-54
correspond to Exanple 9, wherein: [0073;Figure 48 is a chart of nornmalized
AH of fusion of EEP vs. FEP fraction; [0074;Figure 49 is a chart of contact
angle vs. EEP fraction; [0075]Figure 50 is a chart of "tiff CA" vs. FEP
fraction; 100761Figure 51 is a chart of acid resistance rating vs. FEP
fraction; 100771Figure 52 is a chart of fusion nmelt point of FEP vs. PEP

! o LSS BB bR B O 1P v PEP
superi Wﬁﬁﬁfﬁﬂr@mp@llwﬁh@t éthaf(PEA) dorhraungle)Ms thef fbam tf ormqofouk Bispsrsip@OBOLFi gur es
s CoSTRent, Lo, EXaml o, A0 MEr L I0BEL O FR B RRCIREL O
chart ofincRBERCH RN EFBsid NWIFén § E@detitienlevel to facilitate intimate blending such that,
when the blended fluoropolymer composition is dried, a crystal structure representing a true
alloy of the fluoropolymers is formed, having melt characteristics that differ from those of the
individual fluoropolymers. The blended fluoropolymer composition may be used to provide a
coating having improved impermeability, stain resistance, abrasion resistance, smoothness, and
higher contact angles.
[0094] The present blended fluoropolymer compositions, upon drying or curing, have
been found to include two phases, namely, a predominantly LPTFE phase and a predominantly
MPF phase.
[0095] As shown in the Examples below, blended fluoropolymer compositions made in
accordance with the present invention provide improved barrier properties, as demonstrated by
the ability of films cast from these compositions, made from blends having component ratios
corresponding to maxima in the fusion or re-melt enthalpies of the predominately MPF phase as
measured by DSC, to protect aluminum panels from hydrochloric acid attack as compared to
compositions that do not correspond to maxima in the fusion or re-melt enthalpies.
[{0096] As also shown in the Examples below, blended fluoropolymer compositions made
in accordance with the present invention also provide improved stain resistance, as demonstrated
by powder sprayed substrates made from freeze dried aqueous dispersion fluoropolymer blends
having component ratios corresponding to maxima in the fusion or re-melt enthalpies of the
predominately MPF phase, as measured by DSC, as compared to compositions that do not
correspond to maxima in the fusion or re-melt enthalpies.

[0097] 1. Low molecular weight polytetrafluorocthylene (LPTFE).

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

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

well known in the art as dispersion polymerization or emulsion polymerization. These



P108: 41Fnatre 57 is a chart of "Dirt- CA" vs. ktFA fraction; 100841Fi gure
58 is a chart of acid resiaiance rating vs. WA, fraction; 100851Fi gure 59
is a chart of fusion nelt point of MFA vs. NITA fraction; 100861Fi gure 60
is a chart of second nelt point of NI FA vs, M-A fraction; and 100871Fi gure
61 is a contour plot of acid resistance rating superinposed on a chart of
acid hours vs. fraction of Nel.FA ENS SFigures 62-63 correspond to Exanple
11, wherein: OngFigure 62 is a chart of DElI fusion | vs. PEA fraction;

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

;0091; Figure 64.is a chart of Dif action

exenpl i Pg FIEHION QEFC ST M HaPs ﬁoﬂdﬁlﬁt‘%ﬁ‘g¥}} %agﬁﬁar%% %’?etﬁtwmd?%%ﬁce tFene\l/veeﬁ Fon,
and suchngxenmpliighcatihomsoraictuntot ptb@udae ®0M8 vinwedr asthblinivbdreiy thhe scope of
the invention in any manner

1The present invention pr d
bl ended PP‘YHGF%@WFP&@S&%@!‘%tafﬁ%rm% T R LY %mel?ﬂ et %lg%'rs.efm
of a TiLepTHE HARADI S asvmgemligﬂr th a liquid di : y
fl UOWDOIO%EerH Th lgf| rs?Cdilslo 0 F\MK/[]E I qUI | spersion of a secon

pci | yt et PHOPL. or O@SPW?IG@PP‘EYUGN?EW LR afer l%flquiﬂf’%%%qhg?er% ght FIFE
LPTFE) thQHienéémh%?&na@ﬂox 581%&395@6{1 8s thetlh 8REIS kb rateATH: & 98, or

pol sneri z on process whi ch has not been aggl onerated, irradiated, or
ther mal Itlyerm@@rdﬁmded The LPTFE may be in the formof an aqueous dispersion,

havi ng JoiR[ Par p%h?cum 7. OSTHEESS m?e@ X b9ec'EEd% %ssag%ldﬁ%rauwsiépé fginkPTFE

havi ng tenpérature 07,4 I'ess. The second
fl uor opoﬂsyrrmufaqtasc, hmlthernfewmremrts@@s@lllmeenpamdp@pghs/éﬁéﬂﬂﬁ(emépw such as

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

[00103] Still further, in embodiments described herein, the LPTFE has also not been
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 spectra and/or will be below a
detection limit when subjected to electron paramagnetic resonance (EPR) or electron spin
resonance (ESR) spectroscopy, as opposed to irradiated PTFE, which will demonstrate such a
spectra and/or will otherwise have detectable free radicals.

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

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

[00106] The number average molecular weight (M,) of the LPTFE will typically be less
than 500,000 and, in most embodiments, may be as low as 10,000 or greater, 20,000 or greater,
or 25,000 or greater, or may be as high as 200,000 or less, 100,000 or less, or 70,000 or less,
60,000 or less, or 50,000 or less, for example.
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perfittorotnethylvinvyi ether (MFA), fluorinated ethyl ene propylene (17

per fl uoropropyivinvyl ether (PEA), for exanple, in the | c= of an aqueous

di spersion, and having a MC2111 particle size or |ess than 10 m crons,

Bl endi ng of the dispersions Facilitates ,eraction of the L.PTFE and MPF on
a submeron level lo facilitate intimte bl ending such that, when the

bl ended fl uoropoi vmer conposition is dried, a crystal structure
representing a true alloy of the fluoropolynmers is formed, having nelt
characteristics that differ fromthose of the individual finoropolyners,
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smoot hnegshodaneh i BIf@EntEONhaGhg andiesry (D8094dkheeipeesalttio bt RRdRch
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MPF phasgs Q8991 f%hce Qawntorertlé@@ﬂﬁmzmbe&tm&@m toldk eRdedn figeor @m@i ymer

conposi tions made in accordance with the present invention provid

i mpr ovedquad&r oriless thingpeid ickker caunl M%thaaﬁé@f Gogr ¢iHer eypl tptoyleeﬂfthm | ms cast
fromtheseconpositnms, made from bl ends having conmponent ratios
corresponding to naxima in the Fusion or re-nelt enthal pies of the

pr edom @88y MPFTiphRE Fasantasurida! byhBEn of o pruevwscispaisenivdish ipeifel s from

hydr oc h Iuggt:a‘t();lh%ﬁl og fsaf%&%h Ia/%§abﬁgre@ ak¢ gse? Bet%f?lnptf?ﬁtla% gggjg fI‘ hﬁltn rﬁlagl @%‘bllﬁ@&"r espond

t o maxi rre-nelt enthalpfles sos wn in the
Exanpl esefbsltow aqmlemdmlbeﬂsiouahabpwlwiﬁmessabnpbewt Voris: traddwnalrsuraf@(tmt,dame with

the present invention. also I‘OVI d errov tal AReE
denonst raé{lgralog)lvb 1316\%%1}‘[ or %)r ayoen sura nt aseS on hl[ngffstlbiféze d?c}u%%usaqueous

di sper SId@pelfslouOIro@mewﬁf&fodM@mdme mWFEglspampmmwﬂae patvides ircthe fCEBl[Ilfladi ng to
maxima in the | atSi rerrelt nt f the pre nj S4PF
phase, &9UsrEadgregon %”Ilﬁéﬁ?s thoo I W{)% ﬁla‘gﬁtq%%aglﬁgﬂg’ 3 Mebﬁ Sgn
correspewt @ suBEXdtdMR drBvdnhessfikiSi 0NwaY, suffadi®ltt  ent hal pi es. I 0997| Low

nol ecul ar wei kht pot 4- 0981 first fluoyropol mer of t sent

bl ended #9198} opol &PFEWT,F Blstﬁ’PliCQﬁ’sberfﬁ)}letf@méO 1180 %‘) %&Féﬁhbﬁ{)%b?

pol yt et nafl.paraet hyav@e%le il & EbBMthenisthPAPTFE uiagﬁncmaw shell ambiuaw d

i spersion of a PIPE having a | ow nol ecul ar wei g (LETFE) and/ or ot her

pr oper t inewlifinegpgearsged it WhigacaeIthgelgws afemgbmehkw i8 weRedifiche LPTFE
| S prodygeé- QY "f P RYIFRl PFREY, Oﬁkaﬂ{p%(@&emif%nlg%ol@ﬁ‘dn'omlémﬁ%dé n the art as

di spersion pol yneri zation or emul sion pol ynefi zati on. These 1;ii)ol yneri zation
pr ocess astfvayrbwybonduet é8P WE L htheraphifies.anelf @rheagmf@romeﬂi Bduce the

met hods RS s P R ed o form & 11 quid
di spersi Imrﬂlmfoaﬁdyhémﬂétyerp(shghmr;ieszﬂrqn@ﬂryﬂvmyléserdf’wm@ havi ng | ow nol ecul ar
wei ght leffﬁl-cl;lroghylvinylehter (PEVE). The modifying co-monomer will typically be present in an
amount less than 0.1% by weight, for example, with respect to the PTFE.

[00110] Suitable LPTFE dispersions include SFN-D, available from Chenguang R.1.C I,
Chengdu, 610036 P.R. China, as well as TE3877N, available from DuPont. These

fluoropolymers have characteristics set forth in Table 1 below:

Table 1

Characteristics of exemplary low molecular weight polvytetrafluoroethylenes (LPTFE)

LPTFE Solids Molecular | Mean Surfactant First melt
content | weight particle size | (wt.%, based | temperature
wt.%) | (Mn) (um) on weight of | (DSC) (°C)
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[ 001001l n sone enbodi nents, the |ITTEE, after being produced by dispersion
pol yneri zati on or enul sion polynerization, is thereafter not aggl onerated,
irradiated, or thermally degraded. 1001011lin partteular. the tiflFE has not
been subjected to any aggloneration steps during its nmanufacture, and
therefore retains a small nean particle size as described bel ow [901
O2Further, in enbodi nents descri bed herein, the LPTH3 has not been

subj ected to thermal degradation to reduce its nol ecul ar wei ght.

[ 001031further, in enbodi ments described herei nhas a: SO EXA: been subjected

to irradi ati-on—such—as—by-hi-gh-energy—eleetronheam—to—reduce+ts

nmol ecul ar| wei ght in these enbodi rre1t s, the L. di spersions w |l |not
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typica av n part.i

M crons p(?fﬂ‘f %FGCFIX\B Qlymgrizag L%T(%F&h %heﬁﬁag?r gé‘EJeCtﬁg? %g?é’?lgragmﬂ S%é'inaor | ess,
0.4 m Creepsddieh or iRididtRsSwilDhedpPicCh@asy (kN @inkhigSBill i0theQuto bt diswns (ur n)
or less. in sone _enbodinents, the LPI ﬁ}gﬁgﬂgdg\lhave a nmean particle size as

| ow as 3o gifer Plgd megpriashatrs cepmegia & 200, 250, or 350 nu, for

exanpl e.[o§Q9{L06] The ﬂH@E@éen@EﬁTmﬁmﬁ@il&ﬁwﬁ@dlsﬂﬁt gbh P\I@EQﬁatﬁsﬂﬁ‘odaRJd:ﬁ/ wil
typi cal I%/ be | ess than 500,000 and, in most enbodi ments, may be as | ow as

0,000 orhgpdgreratiomrogss well iyt iBrthe 4t as2EmH0 ObrUseiaRE 8PYMSHZ448) be as
hi 01 as \%Qéh 000 pr Fli Bsvn ih QA KR g?arnula???FE Asin/ @ PAAI0 PTFR 8B1diBDxIREr. OT

| ess, or 50,000 or less, for exanple. 1.071The LPIFE will have a first
mel t t erfpendarFIEE(TaiL WIESymal'efrmymhllngéﬁcsm weightesuch as a number average

molecular weight (M) of at least 1,000,000 or more and a first melt temperature (T+,) greater
than the 332°C, typically much greater than 332°C. Granular PTFE resin is typically provided in
solid, powder form including particles having a mean particle size of several microns, typicalty
from 10 to 700 microns (um). These resins may also be provided as fine cut resins having a
mean particle size of 20 to 40 microns (um), for example.

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

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

greater than the 332°C, typically much greater than 332°C. These high molecular weight PTFE
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nmet hod such as differential scanning calorinetry (DSE:), that is either
equal to or less than 332C. in other enbodinents, the first nelt
tenperature of the LPTEE nmay be either equal to or |less than 330C, either
equal to or |less than 329C. either equal to or |ess than 3214C. either
equal to or less than 327C, either equal to or less than 326C, or either
equal to or less than 325C. [00108] The LPTFE may be provided in the &on:
Can aqueous dispersion which is either unstabilized or is mninally
stabilized. As used herein, "unstabilized" or "nininally stabilized" refers

to an aq HﬁB&&ogﬁqﬁpg&)&'aﬁ}pstgmﬂied v&lﬁ]?el tp %?onlal %?faétgxﬁ resenQ n an an];oumi %rﬁaitﬁzratgl tional
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honr spoi VITE# }{QI%@\%\%?‘P %g@mﬁedeﬁglhgi“?@ﬁttge PrEfeat #WFE*WP&W‘?‘H@TW&@“& snal |
amount - OfroAdEH yibREu GOy dTEHN OMBE dish Es i Gk £a50didee vRHBelsRndr 6AuBRhY Ter
known in the art as "nodified PTFE" or "trace nodifie RI FE', Exanpl es of

t he modi PYYREIZGORMBRE BRI fedcutied e regleisriaist o ity eblseled (PPYE) | ot her

modi fi er geordd6ibn aSirbeXABOBIORT BRMhGRSL elsh2PTFIE BhodpL khéwﬁartﬁ)@&rhagl ene
(CTFE) , Eerfl uor obutyl et hyl ene (PFE E), or other peril tioroal

Ky
| vi nyl et REFS ml@’amwdgés, péich pifar ovieedy svli chgavelstsdavinRrvE)ticlsrsize between 2 and |
erfltio vV r Y ypteal |y
P pr esen i Y sE0t &l e b 7 Tp b o RS AR R Wb Y P
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avai | abl ;, uan ? g gg “\%I na as TE3877N,
avai | abl @u &R%(ﬁ}@g%ta re%ﬁtgr gtlg Ue¥s8 Pé)nh$ CRRY cq | st ics set kalil
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Sur f act apt bas d an (51 f
t are po ymerize Xia 1sper51on or emu sion polymerization in the presence of chain transfer
agents, and then are agglomerated to form PTFE micropowders having an average patticle size
of between 2 and 20 microns (um), for example.

[00117] 2. Melt processible fluorpolymers (MPF).

[00118] The second fluoropolymer may be a liquid dispersion of a melt processible
fluoropolymer (MPF), such as perfluoromethylvinvyl ether (MFA), perfluoroethylvinyl ether
(EFA), fluorinated ethylene propylene (FEP), or perfluoropropylvinvyl ether (PFA), for example.
[00119] Similar to the LPTFE discussed above, the MPF may be produced by a
polymerization process that is well known in the art as dispersion polymerization or emulsion
polymerization. These polymerization processes may be conducted with chain transfer agents,
which reduce the average molecular weight of the fluoropolumers produced, and/or via other
methods whereby the polymerization process is controlled to form a liquid dispersion of directly
polymerized particles of MPF.

[00120] In most embodiments, the MPF, after being produced by dispersion
polymerization or emulsion polymerization, is thereafter not agglomerated, irradiated, or
thermally degraded. In particular, the MPF will not have been subjected to any agglomeration

steps during its manufacture, and therefore retains a small mean particle size as described below.
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ILPD- Fint nelt tenperature (DSC) (t) LPTEE) (type) SPND

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

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

[00123] The MPF may also be provided in the form of an aqueous dispersion which is
cither unstabilized or is minimally stabilized. As used herein, "unstabilized" or "minimally
stabilized" refers to an aqueous dispersion that includes less than 1.0 wt.% of a traditional
surfactant, such as non-ionic surfactant or an anionic surfactant, based on the weight of the MPF
aqueous dispersion. In some embodiments, the MPF dispersion may be provided in the form of
an aqueous dispersion having less than 1.0 wt.% surfactant, less than 0.8 wt.% surfactant, less

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

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

more monomers other than tetrafluoroethylene (TFE), of about 3.0 wt.% or greater, such as 4.0
wt.% or greater, 4.5 wt.% or greater, 5.0 wt.% or greater, 5.5 wt.% or greater, or 6.0 wt.% or
greater.

[00126] Suitable MPF dispersions include TE7224 (PFA), available from DuPont, 69002
(PFA), available from Dyneon LLC, TE9568 (FEP), available from DuPont, Neoflon ND-110
(FEP), available from Daikin, and Hyflon XPH 6202-1 (MFA), available from Solvay. These

MPF dispersions have characteristics set forth in Table 2 below:

Table 2
Characteristics of exemplary melt processible fluoropolymers (MPF)
MPF (type) Solids content | Mean Melt flow First melt
(wt.%) particle size | rate (MFR) temperature
(um) (2/10 min) (DSC) (°C)
DuPont 58.6 0.26 2.4 313.0 (shoulder
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10,000 - K. typn., 20,000 (Unstabilized)between .%$24.5 and. 326 601
62/ 0 (non nic) [0011 ii The LPIFE di spersions descri bed above, which are
provi ded as aqueous di spersions that are obtained via a controlled

di spersion or enul sion polynerization process to produce directly

pol ymerized WFE that is not thereafter subjected to aggl oneration, thernmal
degradation, or irradiation, will be appreciated by those ol ordinary skil
inthe art to be distinct 10311 other PUT naterials that are commercially
avai l abl e. [001121First, the present 1, PTFE di spersions arc distinct from

FI FE thaL_L%EﬁLgduced by JeTi Zat ;011 process wel —knownr—in

as granu 3E7 (BEA pensi :m poivaenzat on, \hi r‘hH\J/i el d<:3aEE known—i-n :Eg ::’-:
as granul RImEnpENesih4or granylla! PTFE rld8i*chng owtldt)-2Gr anul ar FI FE
resins Wi {HF4)ypi cal |y have a hilgh mol ecullar weight, |such as a nunber
average nbuBoul ar webght (MO of| a7 | east |1,1000, 000 oRShete and a flirst nelt
t enper at ufEY348,(FEPr eat er than |t he 332C, |typically fuch greater than 332C,

G anul ar | WEkih r esi n| 565t ypi cal I|y.l6r ovi ded -t n sol i d, |g&agier formincluding
particl esNhaWnngDa mean particlle size of |several m¢rons, typicallly from 10

to 700 m cromsEP{nni ). These resins may aljso be provided as fine cut resins
havi ng Solvay Hyflon | 27.2 0.28 4.5 306.31 (shoulder
XPH 6202-1 287.29)
(MFA)
[00127] 3. Blended fluoropolymer compositions.
[00128] To form the blended fluoropolymer compositions of the present invention, a

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

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

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

cotrespond to peaks in the contact angle data and acid etch resistance of these materials.
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mean particle size of 20 to 40 mcrons (gm, for exanple,

100113] Additionally, the present LPTFE di spersions are distinct froml| ower
nol ecul ar wei ght materials prepared from hi gh nol ecul ar wei ght granul ar
PITT resins that have been degraded by irradiation or thermal degradation
to formlow nol ecul ar weight materials known as granul ar PTFE m cr opowders,
whi ch typically have a particle size rangi ng between 2 and 20 m crons (pn).
Exanpl es of granul ar PI PE m cropowders include Zonyi(r) MP 1200. M\ $00,
and |1 MP1400 resins, available from DuPont (Zonyht is a registered trademark

f BEd. du Pont de Ne 001141S d, Tl FE
gl sper sil Q%Héolgr e :Tléﬁ'dn@f%et ﬁaﬂ%*tcgﬁgtt?ﬁl[‘ K §h& eeg%g saf h‘ﬁgrparﬁﬁsen Hi'%%er si ons

made f r Qundi SPLK S0P @ Co@ bk Hind BesPbsNRFdiZ at beRad 6@ﬂfél16thﬁde1gﬁtfohﬂiét chai n
transfer agents to thereby polynerize a high nol ecul ar, wei FE _havi ng;

P
a number-PAVE ragd g wecehimoie PEhitdigaveier Srompolasstoter §uo L@%B Egpd MOFES and a
First mely &pﬂﬁﬂ%b{f]ﬁn&' da%pgﬁéﬁ%ttﬁit rﬁa@@ﬁ _Ftré@@nt:gs%@ﬁas W MBH satey sorgh, gr eat er

t han 332C. T ese l ecul ar weig PTFE di spersions are typi cal | y
stabl i ze@mntShplam@nta,dilterS@mOtéﬁjrafi@&t’%nt present: in an anount greater than

% Dtngf.@ 0 4 SLAddL td, 0 e
pr es(zant X%‘Qf@lli di sper sllglroﬁhéy so&Sd@[g%vfrlsng(:/%vt %r g(?nlm ( ]ﬁ nol %%u%%%?gﬂt VITT
di sper si86ns.%,Watwtés.er B edlcedveight cxﬂltl@rbéfrnsiﬁd)rprmoséml b o ep@b@tt’r@ﬁﬁ thati on and
Lher eaf t giEOagul aLac, 0, 499k ATer Al th wihidetne AP L b8P ESARISOLPTEE

di spersions ar rom hi gh ar weig I Sper si ons t hat
are produéeds e hleddeslpaemommmrrlﬁMPEmayl cEoprses mnett asdyy vervd. S0tidh eafob er

coagul ated, or a t re su e ation
or irradftati%a’ ”gw?/eﬂ}’wg ®él F?Wt@ ght' %P’?’Ilhﬁ%lenmdf&%{p@ﬁ%ﬁnﬁl ﬁgt he art
as PTTE eﬁ‘ib@dhﬁi%ﬁMi%ﬂ\&PF whi; chmgise bpevi dedt. gsang ob ivd. Wpoﬁvﬁeblsnded\cbmgosanqmartl cle
si ze between 2 a?gd @ %crons &) % such as for use in etrusion and ot her
appl i catt s SOpdanpl B8 bisPdesFREPAT t Y powder s i ncl ude Zonyn NI P1L000, MP1100,
MP. 1500 and MP1600 resins, available from DuPont (Zon:91(r) is a registered
trademark of E.I. du Pont de Nenours 8i, 001161Thi he present
LPTFE dil&HeéPki onsTléﬁ'@“a‘i"@B A SEPRGEY @P@H‘iraﬂg?é‘% thy @BﬁBQ\LET@ét hat are

pol ymer 'ﬂ%%ﬁ)fpxlyﬂlei%' if Bféh&g &l re @b $d1@8n nfal YERAIL Eddph@ni ok e FRE@SeNCE Of

chain trans ents, en are ag | onerated to form PI PE M Cr OpOWdert i
havi ng é?nloa«/é?\@d?@efp@iﬂmme@ﬂ@iiz @G@anf@t cperigiigs of Sty magsertdmen ot mhic, f or
exanpl .. Ltgrq]r}[?% ?%Wht 1s€e o H@[ﬁ&ﬁ%ﬁl@é%tyg%alh&m- 8] The second

fl uor opo yner i spersion of a nelt processi bl e

i I'1 uonpadf8iidAer O\/BI%hdis ofdtPa}leaigd p@‘rﬁﬁ Map s eeHy s eroyddinaererong RFEAL. Yo to 90
perf !l uorqgt walq A nvc,f&w%t /t%(ﬁgéﬁ)} hg@ﬁt.nﬂlta%gih@w BRFRIIBVIERE oFEP) . Of

per f | uoropr opy eth or exanpl e ar to"the LPTFE
di scusseétklatadien 4% {We%l\tb|76nm% b Aprdducedt by eto pb vy ek PEER. i onnphocess t hat

B L L T A
t ransf erwtag@RUBE. Whinother edbeimthesualy eieatyenayoh@ods farm ﬁ&wg%toszwt % N&EA
[ uorpol et s BT adised,  andora, SLICE IRLROMS hCrebY, e Rl amer 2o on
parti cl es 9MiMNZad 33 wt.% LPTFE.
[00135] Blends of LPTFE and FEP may include, in one embodiment, from 25 wt.% to 90
wt.% FEP and from 10 wt.% to 75 wt.% LPTFE. In another embodiment, such blends may
include from 35 wt.% to 90 wt.% FEP and from 10 wt.% to 65 wt.% LPTFE. In another
embodiment, such blends may include either from 35 wt.% to 55 wt.% FEP and from 45 wt.% to
65 wt.% LPTFE, or from 60 wt.% to 90 wt.% FEP and from 10 wt.% to 40 wt.% LPTFE. In
another embodiment, such blends may include either from 40 wt.% to 50 wt.% FEP and from 50

wt.% to 60 wt.% LPTFE, or from 75 wt.% to 85 wt.% FEP and from 15 wt.% to 25 wt.%
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[001201M nost enbodi nents, the NIP]?, after being produced by di spend
poRi neri zation or enul sion polynerization, is thereafter not agel onerat ed.
irradiated, or thermally degraded. in particular, the MPF will not have
been subjected to any aggloneration steps during its nmanufacture, and
thereibre retains a small nean particle size as described below [00

21] The liquid dispersion of MPF in nost enbodinents will be an aqueous

di spersion, though the MPF nay be dispersed in other solvents and/or MEE
originally in an aqueous phase may he phase transferred i nto anot her

sol vent, . anl olvents.in |ud|n G al cohol .
mzzm@%m g‘b‘ﬁ‘é‘%‘& béﬂgﬁalsg%rr%ac N ?@E i PP ;‘7’? have a
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less, 0.75 mcrons (um _or |ess, mcr ns tan | ess

055 O BBl orons (U o hess. Q. 2, merons, {420k or Lot S A meLens |
parti Culﬁr%ﬁmeanwgnrmywm\rewwwmw trhqh&h&ieaﬂ,oaﬁnehomow&asné [00, or
150 urn, or as large as m ex anple 00123]T e MPF may

al so be ippladq fgemd 37 rrtt’/h@ 6f5c)r"‘rrf’ BFAa'rﬁd &aw&éa&t %ut%%%%&rﬂ\% éﬁ aqheg; ¢ her
unSt abi I izedi O sﬁc%l@ﬂd@ﬂ{alyYn&Jd%tﬂdrﬂ 72401 vAS 68 9e Y, BYes 8l drom UNSk abiol 97zed”

r'tninintally stabilized" refers to an aqueous dispersion that includes
| ess t hant- %2 IO'TRE. 96 ofotler empedineitoniah bisudsrast iapltde sere A0 a4 “niorlivane EFA

sur f act af () @drw@&'teggaawﬁﬁé Ml A2 SApOMERC R LERE, Al hOG.AEY aqueous

di spersion. En sone e iments, the MPF dispersion may be provided in the
fern: oﬁmthﬁqumdd§despBTEEon haV|ng less than 1,0 wt.% surfactant, |ess

han 0°5 gl Suragtanty Lok A, S e o i chgyepp L
!{VI;E \I/\/IN:DIFsld\iI)MJe lstig’ﬂeg,tfeﬂ’ exhinal’eﬁc;ﬂ\\/ﬁémanoﬂg:_r thext @rmadned sheypr m&'ﬁﬁl Elngfﬁ 3gl;rllin{it)5@ 1%1 QI so,
mononer sPTHAY ft(’%/g%ﬁﬁ “Beé%/tl"’&f f‘{ﬁg‘?‘baglf’ iyt g@{’ﬁan(of’ Igghe'?fgp TORBSTET Ok . 96 or
greater, [0013!1]1 as 4 h@bh&hd&bfﬁlbr@b@ateemmpbsﬁwm m% b¢ usgd @athe formmf@ bidnd&b or
greater,

t %, 1t abl e | E
di spersi ﬁéerﬁ“ﬁ’e F‘lf(i] 2"‘4"(3%”5?%)ng Séﬁ}%ﬂ‘ Iwat'b‘ihgg ks ‘8%#%8%{&% %’gdbl%

avai | ahi @dd, ann Y Beask burtngGio (3E95 68t PEP)ikm. %Hl@ﬁh@ﬂﬁdr@ﬁﬁlﬁh&ont Neal | on
ND-1!'1 O (FEE) avai |l abl e Trom Dal kin, and Rytion XPIl 202 %$V£?F@§
set

avai | abl @YD SIS BRI 0k i ds OHEE CHEPHER
i brth i nghallgubidaebag sJabh&ideh includes other components. Also, the blended

fluoropolymer compositions may themselves be, or may be a component of, a primer coating
which is applied directly to the surface of a substrate, and/or may themselves be, or may be a
component of, an overcoat which is applied over a primer coating.

[00139] The blended fluoropolymer compositions will typically be heat cured, but may
also be dried, such as by water evaporation, freeze drying, or spray drying, for example, to form
blended powders. The blended fluoropolymers may be used as powders and/or may be formed
into solid pellets that may be used to manufacture extruded articles such as wire, cable, fuel hose
liners or other tubing, and injection moldable items.

[00140] The blended fluoropolymer compositions may also include auxiliary components
or additives, such as fillers, reinforcement additives, pigments, and film formers, if desired,
depending on the end use application of the blended fluoropolymer compositions.

[00141] 4, Freeze drying of the blended fluoropolymer compositions.

[00142] In drying a blended fluoropolymer dispersion made in accordance with the

present invention using freeze drying, the blended dispersion is frozen in a freezer at a
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| araeteristies CXy nmelt proces 'Me fluoranolvErters CIMPF1 [0012BI ended
fl uoroponmer eotnjositicns N ATo formthe bl ended fl uoropol yner
conpositions or the present inve LPTFE liquid dispersion and a MET |iquid
di spersion are bl ended together. Wen |iquid dispersions are used, the

di spersions may have varying solids contents, and one of ordinary skill in
the art will recognize that the wet weights or the liquid LPTFE and MPI

di spersions nay be sel ected based on the solids contents of the dispersions
and the desired relative weight percent ratio of the LPTFE and MK' that is

desired . in_t ol en ed co 03|t ons 0 1 I ause the
LPTEE anSmP%%u'i\?Fbﬁ?ogré 61%6“3 qatempf e:for nglr(%?gel |f Q&C%Ig :\g}p:g?s ngﬁ aving the
smal | neaRzipaRiiglt c serzgsted @i 6 hond v labovhae blerpiam adpleemﬁm;gmxfn hiebediospdr si ons

particles of the |.PTFE and W PP are bro . into _contact with each other
P Lhe. SORPLPON MBI TS B tregeOL I Grbbs i W st M Ehdiet ons
are dri qgke%raﬂ@hbﬁq,mﬁm{themyrpl e. As discussed above, the |.P1TE and MET
are not a | omerated prior to bl ending uch that the subm cron interaction

of the IVBFRE and TMPRUqrerq Hetighpesons @ey § teersy WED PO RN FERCGR e hi ghl y

crystal |Wlﬁﬁorfvﬂfﬁ3h93rldtgh1% sgfvbﬁﬁi(&éan%goﬁs@ntf dsH@TaROInY ABpebbeRslvithatbri s bel i eved
to be inportant to achieving t beneficial results obtained with the

present a@rilélﬁm%dese@}rplébﬂég%@lvem@mmd Ahgyasheyle GF arcongantrpiéons fyuguet hat t he

bl ended Jk RorapRa HBELn ﬁ@lhh%g&ﬁﬂ 5905t Bl Ada8s Ri§SBREcdi Nventi on, and the
manner or bl end ts in a better packing of the LPTFT and MET

in the TAPBE4Eryst éfhelpﬁéﬁé@atl%lbdﬂg@d.@sfe@}lchﬁs bhesiExaRpiieespheicauesstrg obhe
embodi mepf Lbni)pf Lof’é"& Lo 9455&99“9{%551%&05%@@ RrrkoP bl oGt M hgmy DE

det er mi ned X1 mum nme poi nt e re-melt peak andl or
t he maXi dMecﬂ}Ot:b argasemm stzte,ohvhelatg tof sqhdsm bm,lldmﬁ Inpilict tofops traﬂsélowPFthtedwdof t he

two corrij oner ns under xam natd on DSC r ssed
in the BXa SurF may Icreated% e e%r(l)bo Ssith n%uma%sf%m a‘?@gng lfe rar?%ese %3%5 r@gyal Yo)
cor r espaind, drd. (pl%IhSO 0.08 bine 'E@Maay,tsuhlmghtmn mightebcantipeeiddn 1 b to €Shist ance of

LT AR YN M S N RO N T W

conposi tthofsssdesdfibbeshphered of tas BuddaseEn @N Thoiglatsataabitiveicghtraafe, tThef a
polymer is the temperature at which it changes from a glassy form to a rubbery form. The
measured value of T, will depend on the molecular weight of the polymer, its thermal history
and age, and on the rate of heating and cooling. Typical values are MFA about 75°C, PFA about
75°C, FEP about -208°C, PVDF about -45°C. Also, the temperature may be controlled to assist
the sublimation process and avoid melting of the carrier liquid. It is a beneficial coincidence that
these controls also maintain temperatures below the Tg values for some of the materials listed.
Thus, the method may be carried out at ambient temperature. Alternatively, the method may be
carried out at a temperature above ambient temperature, in order to reduce the time taken to
complete the process.
[00146] The blended fluoropolymer composition may be treated after sublimation has
occurred or at any point during the process of the present invention. Such modifications may
include, milling or irradiation of the fluoropolymer composition. Irradiation of the
fluoropolymer composition would generally be carried out after milling to assist in particle size
control. Milling adjusts the particle size distribution of the fluoropolymer composition, for
example reducing the mean particle size to produce a finer powder. Typically the milling would

be carried out conventionally in a pin or jet mill.
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EPTFE and MPE fl uoropol yners, excluding other fluoropolynmers other than
LPTPE and | MPF as wel | as nondl uor opol yner conponents that may be present,
such as water or other solvents, surfactants, pignents, fillers, and other
additives [001321The LPTPE nay conprise as little as 5 w.% [0 w.% or 15
wt.% or as nuch as W.% 90 wt.% or 95 wt % by wei ght of the bl ended
conposition. in one enbodinent, the | TTPEmay conpri se between 40and 60 wt. %
of the bl ended conposition, such as 50 wt. % of the bl ended conposition. The
MT may conprise as nuch as 85 wt,% 90 Wl .% or 95 w.% or as little as 5

w,% 10 wt.% or % ht of the bl ended c osi.t.ion. hone
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LPTFE, In a further enmbodi nent, such blends may include either 50 wt.% FEP
and 50 W 95IEPTEES ahowe PBDIENG CanfFER) usA i 25 SWeCo PyPTEES. (RFIIBE8lVends of

LPI FE anrgmgﬁﬁlgrm% %geyq%%% mono enbodi nent, from 37 w.%to 80 w. % PEA and
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anot her enbodi nment Ej qg PEA and

from 37 Mt" 9%t e maéefia\llxkv Hg}pf %Ifgri:yang&i)%(}a&rjt g%‘{nfé’%? f@%&bléﬁiﬁn@eﬁ% ?%)ﬁay

i ncl ude Arfibml&beblnpolYtiois 60 MLCB’&cF?ﬁlAﬁbnd “Hﬁlemmmsed/w a%\ftaofcﬁ@% wthedgowd TTE. in
bl. end Z}E PTFE,

([5101(‘)|127§ Hﬁégggg%g%C?Hngiegﬂrgy 8¥yl?gnan atlog secigsif%? ot opo ;I} mg‘% r's may be

bl ended irfidies to shear forces, which can result in the productlon of an intractable material. The
present invention does not involve shear forces at any stage and is therefore suitable for use with
a fibrillatable fluoropolymer. The method may be used to prepare a modified fluoropolymer
powdered material from a pumpable or non-pumpable suspension of the solid fluoropolymer
particles in a liquid carrier. The dispersion may be non-pumpable because of high viscosity or
shear sensitivity. The method does not involve any steps where the suspension must be pumped.
Instead, the dispersion may be poured or scooped into the tray for freezing, and the solid, frozen

block may be transferred into the vacuum chamber.

EXAMPLES
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slow stirring, gar exanple, or via another tow or nedi um shear nethod which
m nimzes the potential for aggloneration, coaglulation, or fibrillation of
the Il uoropolynmer particles. [001381The bl ended i horopol ymer conpositions
may be used in the fbimof a blended di spersion, such as part of a wet
coating systemwhich is applied to a substrate and subsequently cured, such
as by heat curing, to forma coating of EM. The bl ended fl uoropol yner
conpositions may thernseNes conprise the coating or film or may be a
conponent of a nmore fully formul ated coating syst em whi ch i ncl udes ot her

conpone A so, .t he bl ended fluor OS|t|ons may t hensel ves be,
or may Bé(?léofdcorrpxﬁeeﬁpowfng nﬁn'ﬂ)‘fr}‘% %’qnﬁli}’sfmfi Ariqus TeRaRey 4 ﬁ directly to
t he surfag@ctefistias SUBS breadn€invanohowhitR nbhereebiwescds, limitedByctbe a conponent
or, an overcmm which 1s applied over .a primer coating 1001391The bl ended

fitior oporgHeBeut dEpaaiPlss GRS chiThera Ke B AeTogniREes f Y%fagléern SBRNTEPC al so be
dried, sughias by water evaporation, freeze drying, or spray drying, Cor

exarrpl e, to form bl ended powders. The bl ended t! uci r opoi ymers may be used

as powddP&15ati df oSewwoﬁeeftﬂurﬁéaeﬁemwrgeneaalbdw@@ i f@lprs #ﬁ%/lnﬁle #sed to
manuf actyr e eXLFUdet; abibt &l EfeSHOM AR IM L8 &@(Nvﬁh At RPSErlgkduer s or

ot her tu ?ng%tgn ?ﬂ ectl onrgérrfc) agﬁ)llterrbsom[ ]Thenbg,gn é(%'r

uor opoi VilTFé&randonpdEi ratereds Hlmtywmi @@ted ne Dlﬂdetoawtllnglllér detxomronehyish oF

addi tive " r geBntS film
forners, ﬁﬁ?rgrgqg)eggdérh& e%ggul r?%t%%%t ﬁ@gg regggé@ pl?af;gscegiglhog;%ofl bH@ngx] ended
iitior opmlgmtmpmmamiwldmtrauemMs 1ﬂﬂ®]d4@1)4$d§roeek@cqﬂlngtlmg>f daiﬁ poine, bildentdedt

f 1 uor opal I GOMPOSi t| on 1j i r

di sper si Sﬁﬂl’f’a 14 n g O&f%SharaC?er% %n% dn{21 B 0} esenlf Bhe o vlgl% P{b ét}so?ﬁpa Bg%élfrergze
dryi ng, IIPI‘IQ?EkﬂneAadedne&aeﬂﬂh@merSuafedozen in a freezer at a tenperature
below On C, such as at a tenperature in the range of -00'C to -20n C
Typically, freezing mght be conpleted in 6 his to 24 hrs. The bl ended
aqueous di spersion nmay be poungddugiaap@dampledliifei vi se transferred into a
tray prior to freezing, and the tray 1s then placed. into the freezer and
frozen wthin the tray. 1101431The | noropol yi ner di spersions may be

aqueous, [oidskh or Msdémebtl wrefseﬁmwda@mtb%mems oWM_phoutSHN-DAghdigusR) vent s
a

(organi c sol vent use di sper si on/ sol vating of additional

resi ns) .Wiftf cagi Pﬁ'ﬁ&@“spﬂn%m d E5¥%‘ Leed304HeYOS Reldsd bed’at concentrati ons
| ow enoggiz @151191?@1@9 Blibht @E?H&Ber@i%htI‘E@S%SDth%tO%O%SOﬁi‘@Bllﬁ§£§i6%9(Ex§mBEt

i nhibit 441 hen, sublinmation is carried out, such usi ng

sub- at moSphdmiFd (SelvesHyBomMFA B Gana-| Tms Lihe Selidse 2%%%):@&3?3‘?]@33% uf causes
subl i mat j, rgsent%él]g' SR lh&f usgﬂ é@relfltfa? Hmﬁg eglalﬂétéﬁ@écx ah® indAIERS state,

avoi di ng e so |qU| to'gas tr The reduced
pressur endmyzlutieiatarpemttsed tltbjFlgHamwelﬁfea@ tyteeo Uom PoOpurvEor eKarrpI e, in the

range O. rn 9, at r t

subl i matllgé;lsajn ght ]Qxa%l rlr%l le ‘e nngh%é %%HS tha %Qﬁ %gﬁ{iﬁ]ﬁehaﬂre{c 1?%%fze

dryi ng naygiben mr;ronad uoth'e odpinal thempern.at ﬁjretlevﬁﬁl\bb phsseithe praetiiedSFbeDow t he
glass transition t rature fluoropol yner. The glass transition

t enper at‘%?ael,s gyen Blf%gpﬁo@#é}/(ﬁwﬁﬁ tenperature at which it changes froma
gl assy floeerp4io a rru@bfepafati@mf.bleﬁhei ﬂmﬁmtﬁﬁhmahpmmfnsﬁgEmnbﬂes depend on the
nmol ecul ar we i

ight of t ynmer, its ther story and a a nthe
rate of %HF?%@I\OQHW glbq @ﬁﬁ‘. aWﬁfsé’;Pq‘{?B\‘ ‘éor%ﬂom/g}/sﬁffblﬂf‘s %%i?nxegl’%ﬂ 4bout
7.5t, Fl&Rnabawtr o2BhinuRYRFebeubmoddibus Al@t of e disparpefiatThe enik@ie iDe
control led to assist the sublimtion process_and avoid ne of the

|
carri er MiglirRier fovi © medEnarpco 4ol gpeadeneblenst dspugan- élﬁ‘ﬂaﬁ"é‘? 9%l so
nai nt ai rﬁreﬁﬁpﬁrﬁéd&ﬁ%ﬁcp@kﬂm Reiolbrvial Hesd %Wnd@cpd'fﬁ‘pe%ﬁoﬁlh% dmtQLkiaks |isted.

Thus., the nmethod may be carrleg out at anbient tenperature. Al ternatively,
the met Hbdingdiph bEhedbrorsen 6 deshat anl Frperatan ©r 38 GVRUAWBIEAE rSHder at ur e,

in or derpow?ielr LG QLS Job s 3K 8Rifi aF URIGEE LRE- RE 86G&Spowder is cooled to
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1: 00146- 1The bl ended fl uoropol yner conposition may be treated after

subl i mation has occurred or at any point during the process of the present

i nvention. Such nodifications may include, mlling or irradiation of the

fl uoropotyner conposition. Irradiation of the tluonpolyner conposition

woul d generally be carried out after mlling to assist in particle size

control. MIling adjusts the particle size distribution of the fluonpolyner

conposi ti on, for exanple reducing the nmean particle size |o produce a finer

powder . Typi cally the mlling would. be carried out conventionally in a.
pin or E001471Wher e, t he net hod, addi tj onal |y, comprii ses trrathation of

the m)d_"l ?@&HEW%WF}B?W Bﬂ%?é@d%fwg)" ?/%laf Hlytp?/ %gldﬁperblgncarted out on

t he powderulakd! TR biekddatiivsbylyeRr p&wedibsmrrsddyrfor msednaaysuson adj usts the

melt characteristics of the nodified fl pol. for ex to | oner
the nel tPNGSt enpeFaititledragisis 0 WE&SJF/SIIWE’S &’@ %‘Yﬂeé§ Péaﬁa i HASE™t he

mel t flawd aheile ;%Jnrﬁfdlltﬁé%é?ﬂb Qa‘alelalmmmldm&rd ChhéB@nﬁg@ﬁkScdoﬁnQb}&W%S&@ in
U S. Patent No. scl osu Is expressl

i ncor porl¥@ere e fdonsh{l) Fapn %%0 C—/m{nd(bi%€ (Zf)né"?hreg%aiéordr%rﬁ'ﬁ Qéfaﬁ%l does not
result :M? Ot@ﬁnv\#'t(gw?’@“qg | QUREAL) QR 190 tﬁlHqSPI%fng)l 18loesmiR W 40onst.aa (4 spmduces a
fi ne powder is suitable for use in extrusion, conventional powder
spray appbl cation techniques or for redispersion in aqueous or organic
media. T |abI hZe

modi 11 AP T e The HoD e A B D e e Do ot e

gl ass t ransiltizabon pekper abuamed ofthe (e cedlingoropoi Yirernd mnltlcg ntakaste ob@inche

[ mown prgg?grl Zﬁ I nvor!)é{alsng spray drying and coagul ati on, which require

t enper at UF &S WEF G MOERtess of [00C. The use of anbient tenmperature allows
greater energy effici ency, while the USC of tenperatures that are above
anbi ent tenperature, but bel ow t he Bkaspleflr ansition tenperature, can be
used. to increase the speed w tg!m@[];ﬁ]& ﬁtﬂﬂ i mati on proceeds.

Tenper at ures above anbi ent can assi st secondary drying, to
drive off any remaining liquid carrier traces, [00160] The freeze dryinn
met hod daflFe uselampepefebA S Fa-Rodintls Efdrefob@meé[ﬁf@nwmqﬂeb' @red materi al

whet her .t efI Qr 0po, t ahl

mont 1 ¢ ai 11154 b8y R p MA@ e bt Bl ared Slms. o
exposed Tie 1ﬁit1$l|’feﬂlli of the blend a‘lldelokmﬁmcaﬂtchnbsisyatm ch i nvol ve spray drying and
coagul at | bot h ose.the soli t

f or ces, mﬁ"éh canTﬁ%E‘ﬂint(’bis‘?{v?t & Fod{l}cﬁ Sgﬁgf) esaeﬁn i'n arsalgth%g?ctt the 91%
present 4 myvemtindn titaesndaid fisinglevie fsMaMFonplmeswhxtch amyesp«bmlg@/lthrad | s
therefore suitable for se with. fi brlLI tabl e .fl uorop e et hod
may be -U&gduRdn B’F’é)é? a[n%’&ﬁ R Vel of Vﬁ%?la;%%éﬁ' ae%or?fﬁ)ts%l?? 1% om a

punpabl o QfycRIRNRMBRANcEre& YIS PaN BicOit mfvcﬂtfm (sé)l at dpﬁrbmmgodsymmmm]cl es in
a liquid carrier. The dispersion nay b

g ahl e because géfﬁb

vi scosi i5eg Figpres Aed pnd wRSFETeT {ape cbﬁré"tﬁ%ﬁtﬁé? ‘tdgé SHFOTPAY BT LRS t eps
where tNe,SUSRERSHON w%elmthmpmaeaaude% hb@adrNtih o ep el t6is @RseNBymbiEngour ed
or scooped into the ? freezing, and the solid, frozen block may be

trans: f eromtxireilones (Ela@rev&déhrﬁ A 1T bEXAVPEES PO HDHTRETBI | owi ng
non- hunt i Ir%‘@aéﬁ%ﬁﬁgﬁld&atﬂégc Edsdidde aM@m tﬁyéasé EALURAS ﬁfﬁx@c Ehasastes iisd ineppof the

pr esent IS not be construed as limted. thereto.
Thr oughoastociatral ‘Estadrbasatt. én g@mmwés ey @inpopEprseritagedasr eonsy: weF ght

| 0
unl ess d&&% glrnL: %%J“;‘%?‘&ﬁ‘e O?dg{}a g&e LigHHE tighh Li8hlle RS € aRbGhdaalihy

prepare I nc rs o arying color to represent
dat a p0|mwgrms&mmnax@dredmmgmmfnglewm types or grades of LPTFE and/or W'

materi al ﬁ)(){@?t V\eWhetn%ﬁttﬁchFknda?araqg ﬁttécpthg'lc ?stzl rﬂ%inﬁ!% if %care-?ﬂcﬂtp%& Yihd the

MFA phase both for peak area (heat of melting) and melting point at approximately 70% MFA

The

which corresponds to the desired properties. The heat of fusion data appears to shift its peak to

slightly lower MFA content. This may be due to incomplete mixing of the first and second
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different types or grades of such materials. The Figures are now presented
herein in black and white to primarily illustrate trends in the data based
on the collection of data points, and without need to associate the various
characters and data points with the particul ar types or grades of LPTEE
and/ or MPF materials that were used. fntroducdon to 'x 001521Exanples 1-3
present three. data sets for blends of LPTFEChenguang) with each of PEA (du
Pont PEA 1E7224, Lot# 0804330005, Solids = 58.69@ (Exanp)e |); PEP (DuPont
PEP di spersi on TE9568, LCNV050333032 Sol i ds 55. 6@6 (Exanple and ETA

( Sol vay rion N FA_XP 2.4, 1. S The
data pr G’“\R&sﬁ 5f’tﬁ’é oY i f‘%ggm‘f kegy %lﬁn? pé’é’iegtfsihrrer ry (DSC)
and, in rim&rtg ﬁﬁ&@&emth&dhmpléuaﬂlead:atva opellemt s in the Fi gur es were each taken
from DSC curves. (001531in Ex nor d nmeans dat.a Mat is
nor mal i 2846Pbr t h&h wogcrtqnahlv&?g?tﬁés S&Pvaﬁl%ﬁ%ﬁg@ﬁ oy PR&GT g Ay

m xt ur eihokaMeSPAD phase the normalized SEN-D data is gi { SEND data: (

4. M PFD. é401541The preparatlon of bl ended f| uoropol yner conp03|t|ons for
Exanpl ed04L64] j s Obprideriag Frarep pid B ieme %l 6 pendirotett (§idrthlgu bb ik

f1 uor opQysrend tHeSRER HhARSxHrndd 1%&%5&@&%%@&11%1@% SorosRiond Qw30 griYs es to
ensure honogenous m xture oithe dispersions. The m xture is m xed under | ow

to nmedi Ud¥8hear to avoi d coagul ati on of bl ended di spersion. A plastic
eyedropper is used to place a known wei ght of the m xed, bl ended dispersion
into a pre--weighed dung dish. The gispgesion is Cashed at | 00T in an

0

oven for 30 mnutes, and the residua er is then dried at 2.00C for an
additional 30 m Mites. After thmluﬁﬂwﬂé is cooled ED room
tenperature, the powder is weighed and the wt.%solids Mthe n xed

di spersipme2p cal quinatdet J hep bl gpead it m@[@mgww@@rpemwﬂ &c HEP ﬁha@rmaeady
for DSC anal ysis, [00t55For DSC. anal ﬁSI S; of the dried

powder i28d fiseesathiatpy guaics i HPMDBECIS4A Y1 dat wfpxuaﬁalwfiﬁé Rl-i¥mdady.ed with

t and ‘hea! . ; Eal | 1
Fanp 15 00T P 0T (3 el o6 e (3 O e OT/min tb

135C, (4pmipsstitrer ivalat ampro@meﬂ@lyrﬁS% andsy amwpmﬁslyow/fﬁﬁﬁl’ (feaﬁwes dhenq 6) air
cool . QQI9)_56| The nelting peaks are obtained dupi ng up heating process. The

[00163] By analogy with the MFA blends of Example 1, it would seem reasonable to

assume that the beneficial effects of the present invention might be observed at approximately

40% [FEP] and possibly at approximately 80% [FEP]. The various melting points show peaks in

similar regions as was the case in the MFA of Example 1 (Figures 14, 15, 18, and 19).

[00164] If we examine the FEP/SFN-D blends we sce that in the 2™ melt temperaturc of

the FEP phase there appears to be at a minimum for 70% FEP but there is a peak at 50% [FEP].

There also appears to be a peak in the AH for 2™ melt and in the fusion data at 80-90% (Figures

16 and 17).

[00165] Also, the melting point of the SFN-D phasc decreases after a sccond FEP phasc

(denoted by + marker in Figure 12) starts to appear in the re-melt but in the case for MFA shown

above this decrease is seen before the second phase occurs (Figure 8). Examination of the

enthalpics shows that there are 2 peaks in both the SFN-D phase (at 50% and 80% FEP) and in

the FEP phase (at 40% and at least 80% FEP)(Figures 16 and 17). Blends of 40-60% FEP and

80-90% FEP might be expected to show propetties in accordance with the beneficial effects of

the present invention.

22



crystallization peaks are obtained in the (3.) cooling process. The 2nd

melting peaks are obtained at the (5) heating process. E, :ianmple
d).11.1.:11, TFE [091571Sanpl es of N FA/ SFN-D bl ends were obtained froma
vari ety of sources di ng powders fornmed by freeze drying, dried m xed

di spersions, and scraped dried filns. The initial formof the Wend did not
i nfl uence the observations. [00158] The nmai n observation made in the DSC for
these materials is the fact that there is a maxinumin the re-nelt and

fasi on peaks for the M-FA phase which corresponds with a maxi numin the
observed :nelting points as well. Tgese EEXi ma occur at a, conposition
known to give the beneficial effect Iede present invention (i.e., at
approxi mately 65% 75% ; MEN, see WQuPesE-Bidn@®Nd are believed to be
characteristic of it. In these conpositions the SFN--D phase al so yields

hi gher t enthalpjies relative to re , Sk however in thi ase the
merti ng TBHOAE S, ar BEN Gt arghPesiin mbe Al PR e d ot AiniEss

exper i fer}fisﬁl ldg/{?\férpﬁa&%ifh &€ yisiral d\ieﬂhlipﬁ%guhQ@@fialﬂﬁ%ﬁ&c@@-ﬁﬁ!ﬂpbﬂﬁs and ij n the
case o0 e phase it appears tha i S e associ ate enser
cryst al SYevPhehsher Tprgdtha iy upG RsBiSit § B “bg%)l,‘/}&aﬁt iﬂi’é‘g‘é‘gm%ﬁ@%%&a%e nor e

crystal lyjdies indiasindMHe lpoldREQ UBtETH NeriphiN QVE 908) BRADLLES ¥ f@SiB$t ance and is
al so expected to | ower surface energy (reducing staining etc), 1991591When

al . the [PWBA dat ararkseryaipedl 1diewes made vharditinfririici Astiiog’ e ABAPEEK of the
MFA phasg ML ﬂEn@%ﬂ!&hfi@i;pﬁﬁes(a'ﬂg aLid Ach 8Bl ich BehocAREITRE [ NG RPNy cAlent

approxi mately 70% corresponds to the desired properties. The heat
of fusi dhetdtfet A% apPeli’sPE b bshisdid hetgeysehkuthe iigny.gleadiiatiph waereAHAC @iofit ent .

This may - j J1. ] ' q;q-éj] n
fl uor ongglﬁggg&g%R?‘k%%%%%Bﬁg% I ﬁgg%gg ﬁ}%a%swg{gs(gr%r e rié%g@y%él ﬁ retS ecgltan
anpar entinhiod hyipnthegld thaghip &i aitar wiemeyhieoghapiace $ah eatredipesd, regoliethc The
ol ey 56 SRhdp) Surf i g oyt E AR e SRR 0 F
seen t hgtresbatifivehtien, Whidh ip iasesadctnhestivRA bphasiecdepepeedbdingeThinobseaseah i n
crystalli niﬁwh at .c r’rgé)gt ween 65-75% : NEPA{. %x%rml e | - EP! LPTEEDI um

€r remiore S winic

was y confact angle measuremen appear to show a nraximum value

in a similar range of composition (Figure 26B).

[00168] For PFA it appears possible that sccond PFA phase peaks occur so close to the
primary SFN-D melt/fusion peaks that they are difficult to separate and characterize though there
are indications that these second peaks are present. Nevertheless similarly to both MFA and FEP
the SFN-D phase does show a reduction in melting point with increasing [PFA] which gives
further reason to belicve that the so far uncharacterized PFA peaks are there, and at the very least
demonstrates that the PFA is affecting the SFN-D phase.

[00169] The apparent heat of fusion and 2" melt AH for the SFN-D phase increases with
increasing [PFA] but this might be misleading; it could be caused by the undetected PFA melt
pcak hidden beneath. In fact since this polymer blend is the only onc to show such an increase in
normalized SFN-D peak area with increasing [MPF] (at least above 50% MPF), it appears to
indicate that there is a separate (hidden to DSC) PFA phase. However, further examination of
the fusion data has shown a peak at ca 50% PFA and the beneficial propertics of the present

invention have been observed for this blend

Example 4
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there are al so apparently 2 peaks in the SEND phase, hut these occur at

slightly different conpositions., feat approxinmately 35% and at

approximately 75% [ FEE] (tee Figures 1.8 and 19). [001631By anal ogy with

the MFA blonds of Ex anEle 1, it would seemreasonable to assune that the

beneficial effects of the present invention m ght he observed at

approxi mately 40% [ FEE] and possibly at approxi mately 80% [ FEE]. The

various nelting points show peaks in simlar regions as was the case in the

E/PEC\BE]IC\I- [E)Xglm\/bdl (Figures 14, 1:1, 18, and 19). 1001641lif we exarri ne t he
ends we see_t hat |nthe2 It te eratur of t

there agPeEPs to biguist? %i ‘Hf“ﬁ‘ﬁ‘ﬁ?eftg? d‘% n@ 1Olnh‘g reis]%ecgtoﬁ ARy th%0%

[ FEN. Theroalish, SRRERIPS phoseigsich Raadkeld elﬂth'faﬂ)? c@flics fledrlyAndiedtt thamchxinm fohe
fusion data at 80-90%

gures 16 and 17). 1001651Al th ti . i
of the SFNYPFpRaues a&%&yé%réasah% ‘é’r“eéponé’?é‘ééﬁﬁ %Ehﬂbﬁﬁ%gp‘eff*(f’d@&g% '%8 Pt nt
marker g safbt%&' bt tkﬂe%mirﬁ kit By LiRo @R REAYaldn 1 RE difRrdTBd tn [mtﬁ] bf‘th& hrroase for

WA. shown ove th decrease is seen before the second phase occurs
( Fi gur e 18)ks (Eigares ﬁa,ti%nAcsrmlllﬁé siifitith@npd &5 thenBWsDiinaen #Her englt B™MPCERERs | n
bot h th %{;—g p{ﬁgse ("M 50% and 80% PEP) and in the PEE phase (at 40% and
at | east I]:’) igures 16 and 17). Blends of 40-MM. A) and 80-90% FEE
mf ?ht beoepect edEKaunmhtmm Prapestli7ed showabedhd B eunkt he tihbedyslte?s © al
effects AART somewhat
nore di ftg?%cutwebaﬁa ﬁ)u%%’%"gﬂ&sll cuﬁWﬂjAlcﬁﬂi&’ 5?‘?? ﬁ)g%ﬁ)én%eaks whi ch
?r c cl eajeh?]ﬁor)aleffbcamﬂ thgprempm&fcmiohjaem@cn Eleenples- Inaldt3 makgcort\iéamnusnel ess the
usion e al py rie.exhibits : dat a % PEA
as vl | setvadn B GiHED bt Balr BTN 50 oy e UL AERLTRB 2R e,
Fi gures 2% anrdbR3Ihows twoledibis B &l satat mr@tlmmtﬂmmnmmdsmbmt wer e
cast fromt he d| spersion

>80% F
Example 5
PTFE/MFA blend
[00172] An SFN-DN PTFE aqucous dispersion stabilised with 0.6% D6483 (100%

polysiloxane) on PTFE solids was added to MFA 6202-1 MFA dispersion to give 25:75
PTFE:MFA solids content. The dispersions were mixed with slow stirring. The mixture was
frozen and freeze-dried. The resulting dry powder was applied by electrostatic spray gun over a
Xylan 4018/G0916 primer on to a grit blasted aluminum panel. The pancl was flashed off at
150°C and cured at 400°C for 20 minutes. The powder melted to form a continuous film.
[00173] Reference is now made to three DSC data sets in Figures 35-37. A comparison of
the melting point shift from pure polymers (Figure 35 - MFA and Figure 36 -PTFE) to the alloy
(25 PTFE, 75 MFA) Figurc 37, show that the polymers form a truc alloy and co-crystallize
together.

[00174] The MFA/PTFE blend produced by this process has certain advantages.
Increasing the crystalline nature of the MFA polymer can be demonstrated by considering the
heat of fusion in the DSC data. The high crystalline polymer has better barrier propertics. Also,
the freeze-drying process yields a homogenous blend of PTFE and MFA. Mixing on a nano
scale and freeze drying locks polymer particles in place; no macro aggregation of individual

polymer components occurs.
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PRAI SEN-D bl ends onto Al plates and acid etched with concentrated HOk It
was clearly evi cat that the 50% and 60% PEA bl ends did not reveal nuch, if
any" penetration uThereas the other conpositions showed significan

breakt hrough to the substrate (see ['insure 264 'The present inventors
hypot hesi ze that this is clear and unequivocal evidence that, as

antici pated, peaks in the neltilusion enthal py curves occur at conpositions
associated with the beneficial effects ofthe present invention, which in
this case is denonstrated by reduced perneability, This observation was
further reinforced by contact. anglﬁk )syrements whi ch appear to show a
maxi mum val ue in a simlar range of 05|t|on (Figure 100168i For PEA it
appears possi bl e that secoddpPEP# :'"- hEBEMEAddend So cl ose to the prinmary
SFN-D nel t/fusion peaks that they are dlfflcult to separate and

char act gj4;z) t houghyKherg ar@e wah&%%aaa dehadin gbﬁa@e SREORGRERKS are

present. Nevert hel ess S|nllar the SFN-D phase does
Show a rfeduwepiyonr &wmqbln@;icsmPﬁfEWM ﬂuﬂwpela@pm@aqwccwm%wgh ies Mt her
reason [ f 8idpere, and
T he var e R B A L S e R TP BB s,
199169 Thendppdese Metlvddor dfpafas Shmar amaheth-ofialgle- AR-Tdort Adesi STNBDfsHase

i ncreas h.incre t hi could be
caused g‘?/etw' Sté’“lm € %Yaf algﬁ[kxanfa eta“ “ﬁf‘%‘r@ B‘Bgﬁ%a ﬁthg‘?‘”%‘? ‘Phsu nce this
pol ymer didcessel bdoswhe only one to ShOM/SUCh an increase in normalized SEN-D
peak area with. increasing WE] (at | east above 50% WE), it appears to
indicate that there is a. separate (hidden to DSC) PEA phase. However,
further exanination of the fusion data has shown a peak at ca 50% PEA and

t he benefjcial. ertle of tion have een observed for
tnes o T E %ntreb@%% B AN B et e o RE s ol
ent hal p)bl&ﬂdéd/ﬂ‘&r cripBdi&al e nsa!ae b%khﬁﬁﬁ%ﬁ@MF@a&Epcﬂi@ﬁSGﬁhﬁH&ﬂ&l RFA 28)

wher eas t he corresgondln SEND phase f or

fg ar to be shifted
on the PNBHOEXS 2by awbinenéaulUhetisrayot ENIPs $6r etide) PHo sa)Y %7€ he MPF

phase peks,y i %'ﬁﬁﬁz\%ﬁ%$Qt10§ﬂMFJ\@VTF§hhH{erbsﬁltF Wwhir for the SFIN-D fusion
and nelt tenﬁeratures (Flgures & 3l nation of Figures

2734 shdW®l7That t henmpgpane mf@ééﬁlaaké abmlnm@de@prapa%artdthWam%m ves by
bet ween )é{? @Q)%%Wﬁ%&ﬂﬂ\%lai@@ﬂq f&m\}%k?% l\tl\g: f'f?tgl'S@‘@iu{doarllo@v

benefi ci effects o he pres I nventio en Exanples 1 a
strong covlr dhatiomw! kgl ops@nedd. poivdePBEAre aphligl pcdestrostaiic m»\pinbmrwmné Itlyen50%

PEA and & [
mellagnéM%?gt rogﬁ%at QéégﬁkggéﬂLgﬁﬁgnott%%ﬁ%%%%¥%ﬁ§9§?fi§%€kgﬁhgﬂé =
190172} MmtlﬁﬁMmDMv%EE emmmgmnsistsm@bsted) surﬁatatzvhich Qetdm/\gavh ECIOw i 3161570

pol ysi | oxa ersion to

Ve o5 B e A 5o RO 81 % ARG B S iar Ak BAEARS1 01 o
stirringo0lfip m XThy gumésum plates used WdreEZQtddb(I@dongThBlewm dagtedeiyd powder
was applied by electrostatic s over a X an_ 401M3091 mer on to
a grit BFreeda tea‘i"?frﬁo[i’ﬁ?ﬁ“()lﬁ?‘fg S"Pgﬁ%a ggz%“e WEE VP ﬁ‘éﬁ‘e(tﬁsfm t? g%'gtfhgnd cured.
at 400T ch@ful gRphiafist @f&he paﬁgﬁ fpawaian (@it dhad ehefOK e o €PREdNBAL Srokéduia
[00173] Reference is now nade to three DSC data sets in Figures 35-37. A

eonpat i P6HeER thehyo pe of wgclﬁoP%lrﬁér(P?WmeSe‘nﬁb?w P%hcélP-‘P §ar B8 - NI FA
and Fi gur ey 36 afkEEhated, 4N&calds a¥d 429 afphiEEro b MeAbesFiTadpRIndumshew t hat

the polyners forma true alloy and co-crystallize together.
panel received the larger proportion with the coated plates being smeared until full wet out was

observed. Solid spherical glass beads of nominal 0.6 mm were scattered onto the aluminium
platc.

[00179] The test was performed using PSI 326 epoxy adhesive. Pairs of plates were
aligned and firmly clamped together using strong spring clips as shown in Figure 38. The coated

panel and adhesive overlap is 1 in?. The thickness of the epoxy/adhesive bond was set using
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100174] The MPA/ ETFF bl end produced by this process has certain advant ages.
I ncreasing the crystalline nature of the I MFA pol ynmer can be denonstrated
by considering the heat of fusion in the DSC data, The high. crystailin.e
pol ymer has better barrier properties. Al so, the freeze-drying process
yi el ds a honpbgenous bl end of FITE and MEA. M xing on a nano scal e and
freeze drying | ocks polyner particles in place; no macro aggregati on of

i ndi vi dual polymer conponents occurs. Yx.art3.ple 101751In this Exanple,
the rel ease properties of coatings made with a control PEA il uoropolviner

d with LPT A fl h th
o B TR Vel BRI SRR e
1) 1002 @thmdaﬁﬁﬂﬁesanEiapda%mﬁi%@ﬂmdﬁnﬁ2$baamn&nbaﬂgh@momeLkwd

Si ngl e- Lap- Joi nt Adhe3|vely Bonded Metal Specinens b ensi Loadi ng
( Met al - tiGRIgsReAn) Yhe wigiod Alefias s E e Y 6‘Sft t%%aﬂ;eéué et5e| oW,

The contimglovEhbRniRRkY FRioMAS cliess kdhBsiACXm3di A vRavd &lsturbifg exposd. ent

bl ended fl uoropoi rner powder was made by bl endi ng an MPA di spersion (Sol vay
Hyf 1 on. Gimpe dmsweteﬁfzv’é%/b%mﬂssyur cie 15112 di spersi on (SENT), 25%
solids) | 6(5’1'8bfv"9d BYe fN168%S rAlN NGclBaielive a 75:25 wt. %ratio of MrA: PTEE
inthe resultim powder. [001771Sanpl e panels of gritblasted al um nium were
prepared and then treated with Xyl anl802¥8163435 netal lic bl ack primer

foll owed by flashing off at 150 to cool. The control and
experinmental powders were appllg yfggi%ﬁ?%%Tatic powder spray and then
cured at 400C :For 15 mnutes” The gritbla.sting pretreatment used for the
coat ed panel s was—gne, prethod—inprovenen consistent coated
surface which in tﬁ l%ave | ess scatte l)"“?'pesu{)lw(Nl g freshly coated
panel s gave greatler consistency rather |té@an re 13Si g test panels. [91, 11
781The aki n:ji nni [--H+—plates—used—weret-—wde—x4"—tong—Ene pl ate was
coated and a secoﬁ% pl ate was sol vent AP%%d usi ng et hanol .| One i nprovenent
to the test nmethod; was the careful prepar@ation of the panels for testing to
ensure that there_were no differences Mprocedure between the two sets of
panel s. PS1-326 (|Pbl ymeric Systems Inc }5%poxy adhesive was mxed 1:1 ww

for approxi matel y45 seconds and -then apptied to both surfaces, | he plain
akinainitirn panel received the larger pnvortion with, the coated pl ates
being smeared until full wet out wasTafisérved. Sol i d spherical glass beads

of nomnal 0.6 nun were scatter t um The test was perforned
usi ng PSI 326 epoxy adh-,, 2 ”%gntgl hd St b 6 3eFirmy clanped
t oget her using snong sprlng deS as shown in Flgure 38. The coat ed panel

and adhesi ve overlap—ts—3+na2z—T he-thi-¢kness the_epoxyfadhesi ve bond was
set using glass b@ﬁﬁ%ﬁ(o 6 mm. The adﬁg@@pgﬂuggwﬁghﬁ m xbd and apptied to
t he panel s which were then clanped togebher. The panels wefe left to stand
for 72 hours prior_to testing on the Lloyd Tennoneter.The|{ use of clanps
was anot her inprov%nents to the tent nt@ éd A ftrther inpfovenent included
renmoval of excess[@dhesive ifinnediatelly,Wt how disturbing the bond.

Cd anped plates were left for 72. hours!undisturbed before testing.
4 83.0

[00181] As is clear from the foregoing, the coatings made with the experimental blended
fluoropolymer displayed better release characteristics than the coatings made with the control

fluoropolymer, as evidence by approximately 50% lesser pull-apart forces.
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[001801The followi ng results were obtained: Table 3 Control fitgoror..)1.
Panel #Pull-apart f 185 Tate 4 Experinental blended fluorop: 1nier
Pan& ftPull-apart force N) 94,0

Example 7
Stain resistance

[00182] In this example, the stain resistance of coatings made with a control PFA
fluoropolymer and with a blended LPTFE/MFA fluoropolymer madc in accordance with the
present invention were investigated.

[00183] The control fluoropolymer was Daikin ACX-31 PFA powder. An experimental
blended fluoropolymer powder was made by blending an MFA dispersion (Solvay Hyflon MFA
XPH 6202-1, 27.2% solids) and an LPTFE dispersion (SFN-D, 25% solids) followed by frecze
drying to give a 75:25 wt.% ratio of MFA:PTFE in the resulting powder.

[00184] Two aluminum panels treated with Xylan 80-178/G3435 metallic black primer
followed by flashing off at 150°C and allowing to cool. The control and experimental powders
were applied by elcctrostatic powder spray and then cured at 400°C for 10 minutes, specifically,
the panels were coated as shown in Figure 39, with each panel coated on its left side with the
control coating and on its right side with the experimental coating.

[0018S] Referring to Figure 39, six stain-prone materials, including sugar water (A-1),
worchestershire sauce and sugar (B-1), honcy BBQ sauce (C-1), tomato sauce and sugar (D-1),
soy sauce and sugar (E-1), and orange juice (F-1) were dropped onto each side of the panels, and
then baked onto each of the control and experimental coatings at 205°C for 30 minutes. Once
cooled, each panel was then turned upside down and tapped once lightly. The improvement in
stain resistance exhibited by the right sides of cach pancl that were coated with the experimental
coating can be seen from Figures 39 and 40, although no improvement was observed for soy

sauce and sugar (E-1).

Introduction to Examples §-10

[00186] Further Examples of MPF/LPTFE blends are given below where more detailed
examination of thermal data, contact angles and acid resistance was considered.

[00187] The data is summarized in Table 5 below, in which the columns are explained as
follows:

e "MPF %" and "LPTFE %" are the fractions of the MPF and LPTFE components by
weight, i.e., 0.1 is 10 wt.%.
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483,0 100As is clear fromthe foregoing, the coatings nmade with the

experi nental bl ended. |tuoropol,,,nner displayed better rel ease
characteristics than the coatitns made with the control fluoropolyner, as
evi dence by approxi mately 50% | esser puli-apart forces. [00182)in this

exanple, the stain resistance of coatings made with a control PEA

fluoropol yner and with a bl ended LPTEE/ MFA fl uonpol yi ner made i n accordance
with the present invention were investigated. [00183] The contr ol

t hor opol ymer was Dai kin ACX3 1 PFA powder. An experinental blended
fittoropol yner powder was nmde by blending an N FA dispersion (Solvay

Hyl t on MEA® XBFA" Balrxqniastangly, asg|of awteagﬂm%ﬁl dsgiees: 4F <F esrweg?f}elm D, 25%

solids) foll eprg dY,d X688 XN L1 QI Maild]dBod KriMs Chbrabi RadMiAs PTFE in
the resulting powder, [4)0184ITwo allitflintitC panels treated with Xyl an
80- 178/ G3435 Ay hecprdeR picnenng Relgligwed by flashing off at 150C and

allowing t h i | i

ol cotrost at i conimer e R S M e s g el
speci fi cal | yjntérheatiquariéesconertengoataethat pShe howdViknandi IgUTE @gpomintshineach
panel coated on its tell side with the control coating and on its right
side with thge%‘%eﬁ'eri mental coating. 100185; Referring to Figure 39, six

st ai n- E)g (i;]e hnlﬂberri:faisig meRk pdinngn 8¢pgas Onatigr the DBOrebdedsi-actdhitlt Belsauce and
sugar , honey BBQ sauce (G |IT tomato sayce and sugar (D-1), soy sauce
and sugar (Eﬁf)d,ra"éﬂﬂf%‘t"ésrfg’ea(jg-hi'&éca({‘F%)m‘i%‘rgéo (?ﬁ??é%‘r%‘ggo@g}?ﬁf’%i 'r%lf t he

panel s, and then.haked | Qntad 8aLhnef astie6 8Pbhabgrant 8xpetdibRNt al coatings
at 205C for 30 m nutes. Once cool ed, each panel was then turned upsi de down

and t apped® ofio@alpieghitlly") arhe Jignpr ovenent in stain resistance exhibited by
the right sides of each panel that were coated with the experinental
coating can be seen from Figures 39 and 40, aithough no inprovenent was
obser ved0§188] soy Esaungecsalidl 2sagaetively prascaiotheg €4tas¢th e bEx L& FEH(SNPE)LLPTFE

o ends 24 LT LR R S50E) 81, 3, RILORL ol 4 i 2
PFA6900Z Lot# 38C1998X, Solids=49.4%) a second PFA, referred to in Table 13 below as
"PTFE (B)" (du Pont PFA TE7224, Lot# 0804330005, Solids = 58.6%) (Example 10), FEP
(Neoflon FEP ND-110 Dispersion, Lot# ND110R86001, Solids 56.5%) (Example 11); and MFA
(Solvay Hyflon MFA XPH 6202-1, Lot# Lab, Solids = 27.2%) (Example 12).

[00189] The data presented was obtained using differential scanning calorimetry (DSC)
and, in most cases individual data points in Figures 41-64 were each taken from DSC curves.
[00190] In Examples 10-12, ‘normalized’ means data that is normalized for the fraction of
the given component in the original mixture, i.e., for the LPTFE (SFN-D) phase the normalized
SFN-D data is given by, {SFN-D data}/ (1-[MPF]).

[00191] The blended fluoropolymer compositions for Examples 10-12 were prepared as
follows. The given amounts of aqueous fluoropolymer dispersions were mixed under air in a
mixer for 30 minutes to ensure homogenous mixture of the dispersions. The mixture was mixed
under low to medium shear to avoid coagulation of blended dispersion. A plastic eye-dropper
was used to place a known weight of the mixed, blended dispersion into a pre-weighed drying
dish. The dispersion was flashed at 100°C in an oven for 30 minutes, and the residual powder
was then dried at 200°C for an additional 30 minutes. After the dried powder cooled to room
temperature, the powder was weighed and the percent solids in the mixed dispersion was

calculated. The blended fluoropolymer powder was then ready for DSC analysis.
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WM The data is summarized in Table 5 below, in which the colums are
exp!'ained as "MPP % and "LPTEE ' 28" are the tractions or the. MPF and
121FF components weight,0.1 is 10 w,% os "CA" is the contact angle are
for a water droplet in degrees, as determ ned using Me 'Drop Shape

Anal ysi s" system (DSA10), avail able from Kruss GrbH of Hanburg, Gernmany,
according to the Young Relation, "D ff CA" is the difference in contact
angle for a given conponent/ m xture froma linear ini:ernolation of the
contact angl es for that of the pure MPF and LP] EE conpori enis, in degrees.

"Mot" refer int, in degre usin rrocedure set
forth bdP®\wAl t44 %ﬁ[h&gg?if Yo LEReéT Eg gt%d'fﬂed (%vcis&gﬁ%p 6‘??1i ng to the
pr ocedur@rsigtm ioNd hnbel w, an\d/f’ﬂlﬁﬁlﬁ‘tn]wa@ @@n@mﬂt :Sbtﬁiﬂ@ﬁﬂ lie mheal@ittﬁhgraﬁ@ tstiapce as
j udged by phot ographi c eXafilinalion. | pi es CDH')

100188] EX&lﬁp‘Pféée pOC yrg wdpets Ve s?mprléé)e?{fm% e %a(%)am%ft@a'f@ 1 B& 8ifls of
LPTIT. P | 5@%&9%@1@9% it iboRaehl ©F 180 hik,; 35) Bp1 5 0ed etk ®diob@;land Tabl e
13 bel ow as TFF. (A)" (Dyneor, PEA6900Z Lot# 38C !998X. Solids =49. 49% a
second FéE)ﬂalr%@ferred to |n TabI et 3 belowas "FIFE (13)" (du Pont PEA
TE7224, 080 8 284600 Lol pERE, pRieak! o PEP
ND- 110 gglﬂspetm onffﬁf%t&?l %pﬁ%%f;&ﬂﬁésoo? léjn fRugridgle %i? mie 1): and
MFA (Solovyfjallﬁytnoropﬁaka WerXPhRIBRODthe (3)lcotlFig predsss. %ﬂd@z%tmgmaésﬁrme@ 12).

[ 00189] The . dat r s obtained usntg differential scanning Ca[ O
net -y &eﬁaﬁﬁg(ﬁﬁg%gdﬁr%ca%\gs indi vidual data points in Figures 41-.64
wer e eadhotddaken . ThopanBISCeguutive snetlk0Fa90hiant dxrmpll egd tQiskAce terime mek iy ed
nmeans dailﬁqthat is normalized for the fraction of the given c.orant in the
ori gi nal “ture, /. c, for the LPTFE (SEN-D) phase the nonnalized SFN-)
data given by, {SkN¥Eiduifl MREY pf MPF and LPTFE in the desired ratios.

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

formulations and percentages to make the blends for drawdown.

3. Blend the mix gently to avoid air bubbles.

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

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

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

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

8. Cure the panel for 10 minutes at 750°F.
[00195] The acid etch test procedure was as follows:

I Trim the panel to fit into the largest petri dish with lid available.

2. Apply 6000uL of 36.5-38% concentrated HCl in two different locations on the

panel to account for any possibility of inconsistent film build.

3. Carefully place the panel with HCI into the petri dish.

4. Cover the petri dish with the lid and seal using vacuum grease.

5. Take pictures of the panels every hour for 8 hours.

6. Rate the pictures at the end of the 6 hours using the rating scale of 0.1-1 (0.1

worst — 1 best).
[00196] The results are presented below in Table 5:
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11001911The bl ended fl uoropol ymer conpositions for Exanples 0- 12 were
prepared as The gi ven anpbunts of aqueous fl uoropol ytner dispersions
were m xed under air in a mxer for 30 mnutes to ensure honbgenous m xture
of the dispersions. The m xture was m xed under |ow to nedi um shear to
avoi d coagul ati on of bl ended di spersion. A plastic eye-dropper was used to
pl ace a known wei ght of the m xed, blended dispersion_into a pre--weighed
drying dish. The dispersion was flashed at 100 3:5 in an oven for 30

m nutes, and the residual powder was then dried at 200C for an additi onal
30 mnutes. After the dried powder c he to roomtenperature, the powder
was wei ghed and the percent solids i 4 m xed di spersion was cal cul at ed.
The bl ended. fluotopolyner powdemprwagTrhaiendeady for DSC anal ysis.

[ 00192] For—DSC_anal ysi 10. Ml ) of the dried powder—was n! aced—in
al i ni t BrtF TEBsd 'dARbl| &4 pana éd%he'%%ﬂ DRSS daf e (vt h B SFanddfd )i d.
The heat|i'W§ attd co6 cycgl es of*t hEBYBSC ®Rer e| &8 fo‘PBMEFWQI) ?%np P50 C/nin
to 400C| (2)|isothernall for|1. 000 n; MEZ) r&FFELYS5w0" Cmeui n| Eugen | 3HEH ((4)
i sothermal for 1,00 nm| (5)|ranpsBeOtli m n to 400CGrrrandr (i) | @PF COUF.
(00931 Thewmmel §1 Ny peaks (wer eoobt @i med dur i ngotde (1) [Ganpl gy Up [eat it us
process. - fhe—epfystat o' zgt QR peaks were—obt ‘51?%"4 HA—the{:3) 0’(}’”' 3@ Prpcess.
The 2nd {nelting pea ver e _obt ajned. lat the (5) lheatilng pr 1001941The
panel préParalion H@thod”fﬁ 0Zont'hct |angl el AR’ dcid fedi’st %ce 8%t i nfy was
as followe, Mke |9Qui d!BI°%end 0| MPF and LPTFE* n -di e |d&Si r g r at|i’8s.
2. Add t/lher appropfiat e |fiormubiat i on tg .t he bbiend [cr eatjedhdi n| &t ep |09 Use t he
f bi | ow Ngef ONE s, @b ons aAd | percentages to|make [the Dhends|dor doawdown.
3. Bl endythermx—geatHy Qs avel tyair—bubbless—- 4saPstng—a pipet| apply
a smal | fanount_tolan a!unlnjgpdegLeased panel 5 _Draw-the _coating
down t he “panel” i n| 8 smot’h’ m)3t4r n usi ng a | 3Jlosl L wet 5%5’[8% yird applicator,
6. Fl ashFfthe|panel “¥For |appt oxXi’tmiel y |5- 10 ni'fdt es at |20GF. | Wove |t"He pane
to 400F |apd tb.ash|@n addistii ongl |5 m nalies, | 30999 | 23256 | 32646 | 8.0 9.9

FEP 0.4 0.60 129.77 | 1.98 t 213.96 309.99 232.56 | 326.46 8.0 9.9

FEP 0.4 0.60 12954 | 1.75 1 213.96 309.99 232.56 | 326.46 8.0 9.9

FEP 0.45 0.55 12978 | 2.79 1 213.35 309.9 2331 326.08 1.6 10.9

FEP 0.45 0.55 129.55 | 2.56 1 21335 309.9 2331 326.08 11.6 10.9

FEP 0.45 0.55 128.43 | 1.44 1 213.35 309.9 233.1 326.08 11.6 10.9

FEP 0.5 0.50 12738 | 1.19 |1 212.62 309.48 232.87 | 325.93 16.4 9.9

FEP 0.5 0.50 128.90 | 2.71 1 212.62 309.48 232.87 | 32593 16.4 9.9

FEP 0.5 0.50 130.16 | 397 |1 212.62 309.48 232.87 | 325.93 16.4 9.9

FEP 0.55 0.45 12695 | 1.56 | 0.9 212.6 309.41 23353 | 32542 132 9.5

FEP 0.55 0.45 128.54 | 3,15 | 0.9 212.6 309.41 23353 | 32542 132 9.5

FEP 0.55 0.45 126.89 | 1.50 | 0.9 212.6 309.41 233,53 | 325.42 132 9.5

FEP 0.6 0.40 12792 | 334 | 05 214.36 3094 23345 | 32524 11.7 11.0

FEP 0.6 0.40 127.60 | 3.02 | 0.5 214.36 309.4 23345 | 325.24 11.7 11.0

FEP 0.6 0.40 127.38 | 2.80 | 0.5 214.36 309.4 23345 | 32524 11.7 11.0

FEP 0.7 0.30 12675 | 3.77 | 0.4 215.51 308.69 235.16 | 325.16 12.4 9.3

FEP 0.7 0.30 12596 | 2.98 | 0.4 21551 308.69 23516 | 325.16 12.4 9.3

FEP 0.7 0.30 12623 | 325 | 04 215.51 308.69 235.16 | 325.16 12.4 9.3

FEP 0.8 0.20 122,48 | 1.10 | 0.2 21521 307.93 234,79 | 324.63 151 10.9

FEP 0.8 0.20 122.61 | 1.23 | 0.2 215.21 307.93 234,79 | 324.63 15.1 10.9

FEP 0.8 0.20 12387 | 2.49 | 0.2 21521 307.93 23479 | 324.63 15.1 10.9

FEP 0.9 0.10 11987 1 0.10 | 0.1 218.96 306.42 23527 | 32549 157 1.6

FEP 0.9 0.10 116.29 | -3.48 | 0.1 218.96 306.42 235.27 | 32549 157 11.6

FED 0.9 0.10 120.07 [ 0.30 | 0.1 218.96 306.42 23527 | 325.49 15.7 11.6
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Cure the panel for 10 mnutes at 750'F. [00195JThe acid etch test procedure

was as follows: Trimthe panel to fit into the largest petri dish wit: Iid
avai |l abl e. 2. Apply 6000uL of 36538% concentrated MC in two
different |locations on the panel to account for any possibility o.f
i nconsistent filmbuild, 3. Carefully place the panel with MCl into
the petri :no 4. Cover the petri dish with the lid and seal using
vacuum gr ease. 5. Take pictures or the panels every hour for 8
hours. 6. Rate the pi ctures at the end of the 6 hours using the rating
scal e T By Iyl Twerat TEa esi T LROTPPLIhe Hest ThatrepLeenGinTdakte &
1.10 nS'Il"y([))en rT’}i?t % CA | rating | mpt mpt melt | melt DH DH
0-1 MPI LPTFE | mpt mpt Fusion | Remelt
scale) MPF LPTKFE | MPF MPF

FEP 1 0.00 11927 | 1.10 | 0.1

FEP 1 0.00 117.13 | -1.04 | 0.1

FEP 1 0.00 11747 | -0.70 | 0.1

MFA |0 1.00 13523 [ 054 [0.1 . 31044 | 3279 |00 0.0

MFA 0 1.00 13435 | 0.06 | 0.1 ; 3126 : 330.31 0.0 0.0

MFA |0 1.00 13330 | -0.99 | . : 31044 | 3279 |00 0.0

MFA 0 1.00 13523 | 0.94 | . ; 3126 : 330.31 0.0 0.0

MFA 0 1.00 13435 | 0.06 | . . 310.44 : 327.9 0.0 0.0

MFA 0 1.00 13330 | -0.99 | . : 312.6 i 330.31 0.0 0.0

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

MFA 0.1 0.90 13390 | 0.78 | . . 310 ; 327.65

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

MFA 0.15 0.85 133.58 | 1.04 | 0.1 . 309.65 ; 327.77 0.0 0.0

MFA 0.15 0.85 13346 | 0.92 | . ; 309.65 . 327.77

MFA 0.15 0.85 13373 | 1.19 | . . 309.65 . 327.77

MFA 0.25 0.75 131.09 | -0.28 | 0.1 . 311.07 X 326.32 0.0 0.0

MFA | 025 [0.75 129.69 | -1.68 | . . 31107 . 32632

MFA 0.25 0.75 129.86 | -1.51 | . . 311.07 . 326.32

MFA 0.35 0.65 126.60 | -3.60 | 0.1 287.84 307.87 . 326.25 1.8 0.0

MFA 0.35 0.65 12023 | -9.97 | . 287.84 307.87 . 326.25

MFA 0.35 0.65 132.28 | 2.08 287.84 307.87 : 326,25

MFA 0.4 0.60 13230 | 2.69 | 0.1 283.08 306.95 : 326.1 23 0.0

MFA 0.4 0.60 13242 | 2.81 . 283.08 306.95 ; 326.1

MFA 0.4 0.60 131.88 | 2.27 | . 283.08 306.95 2 326.1

MFA 0.45 0.55 13325 | 422 | 0.1 283.72 306.29 : 325.59 29 0.0

MFA 0.45 0.55 132.62 | 3.59 |. 283.72 306.29 : 325.59

MFA 0.45 0.55 13142 |1 239 |, 283.72 306.29 3 325.59

MFA | 0.5 0.50 134.16 | 5.72 | 0.1 28355 | 30471 |. 32584 | 3.1 0.0

MFA 0.5 0.50 13286 | 442 | . 283.55 304.71 . 325.84

MFA 0.5 0.50 13206 | 3.62 | . 283.55 304.71 ; 325.84

MFA 0.55 0.45 13234 | 448 | 0.1 284.7 304.18 303,13 | 324,71 5.1 1.6

MFA 0.55 0.45 130.89 | 3.03 . 284.7 304.18 30313 | 324,71

MFA 0.55 0.45 13030 | 244 | . 284.7 304.18 303.13 | 324.71

MFA 0.6 0.40 132.26 | 498 | 0.9 285.13 302.96 303.63 | 32341 48 2.1

MFA | 0.6 0.40 13184 [ 456 | . 28513 | 30296 | 303.63 | 32341

MFA 0.6 0.40 132,10 | 4.82 . 285.13 302.96 303.63 | 32341




[P Rknx;:k M ; 37 Sc 04_.1 0,0

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

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

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

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

MFA | 0.65 0.35 12986 | 3.17 | . 284.76 300.23 303.36 | 321.93

MFA | 0.7 0.30 131.07 | 496 | 0.6 285.2 301.59 30337 | 322.86 4.6 2.9

MFA | 0.7 0.30 131.17 | 5.06 | . 285.2 301.59 30337 | 322.86

MFA | 0.7 0.30 130.18 | 4.07 | . 2852 301.59 30337 | 322.86

MFA | 0.75 0.25 12837 | 2.85 | 0.2 284.71 298.63 302.56 | 320.72 35 27

MFA | 0.75 0.25 129.31 [ 3.79 || 284.71 298.63 302.56 | 320.72

MFA | 0.75 0.25 12873 | 3.21 | . 284.71 298.63 302.56 | 320.72

MFA | 0.8 0.20 128.11 | 3.17 | 0.1 284 .46 296.79 301.81 | 319.14 2.6 2.9

MFA | 0.8 0.20 127.35 | 2.41 | . 284.46 296.79 301.81 | 319.14

MFA | 08 0.20 128,05 | 3.11 | . 284 .46 296.79 301.81 | 319.14

MFA | 0.9 0.10 12191 | -1.86 | 0.1 . 288.35 . 313.77 0.0 0.0

MFA | 09 0.10 12399 | 0.22 | . . 288.35 . 313.77

MFA | 0.9 0.10 12499 | 1.22 | . . 288.35 . 313.77

MFA 1 0.00 12294 1 034 | 0.1 279.88 . 30413 | . 21.9 13.8

MFA 1 0.00 122,50 | -0.10 | 0.1 281.71 . 305.09 | . 16.1 13.8

MFA 1 0.00 12236 | -0.24 | . 279.88 : 304.13

PFA 0 1.00 13330 | -0.99 | 0.1 310.39 : 327.85 0.0 0.0

@)

PFA 0 1.00 13435 1 0.06 | . : . : = 0.0 0.0

(A)

PFA 0 1.00 13523 1 0.94 | . : ; : . 0.0 0.0

(A)

PFA 0.1 0.90 13475 1 123 | 0.1 . 310.09 . 327.87 0.0 0.0

A

PFA 0.1 0.90 13572 1 2.20 | 0.1 : 310.09 . 32787 0.0 0.0

(A)

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

@A)

PFA 0 0.80 13495 [ 220 | 0.1 309 . 327.88 0.0 0.0

A

PFA 0.2 0.80 13512 | 237 | 0.1 . 309 . 327.88 0.0 0.0

(&)

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

)




0,0 0 60 060 1

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

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

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

(A)

PFA 0.4 0.60 138.20 | 6.99 | 0.7 306.95 326.42 0.0 0.0

(A)

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

A

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

(A)

PFA 0.45 0.55 137.54 | 6.71 I 285 306.08 325.87 0.0 0.0

&)

PFA 0.45 0.55 137.92 | 7.09 t 285 306.08 32587 0.0 0.0

A

PFA 0.5 0.50 13594 | 550 |1 285.44 305.65 30041 | 32491 48 4.9

A

PFA 0.5 0.50 136.53 | 6.09 1 285.44 305.65 30041 | 32491 4.8 4.9

A)

PFA 0.5 0.50 137.18 | 6.74 1 285.44 305.65 300.41 | 32491 4.8 4.9

A

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

&)

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

(A)

PFA 0.55 0.45 13805 | 8.00 |1 285.1 30439 302.67 | 324.51 5.1 37.9

A

PFA 0.6 0.40 136.06 | 6.39 | 285 303.94 29843 | 323.23 4.0 5.6

(A)

PFA 0.6 0.40 135.44 | 5.77 1 285 303.94 208.43 | 32323 4.0 5.6

(A)

PFA 0.6 0.40 13535 | 5.68 1 285 303.94 20843 | 32323 4.0 5.6

(&)

PFA 0.75 0.25 13246 | 395 | 0.7 285.3 300.85 295.17 | 320.56 1.7 4.3

(A)

PFA 0.75 0.25 129.88 | 1.37 [ 0.7 2853 300.85 295.17 | 320.56 11.7 4.3

(A)

PFA 0.75 0.25 132,65 | 4.14 | 0.7 2853 300.85 295.17 | 320.56 1.7 43

A)

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

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

(A)

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

A)

PFA 0.9 0.10 127.60 | 0.24 | 0.1 296.12 296.86 | 316.14 333 45.0

(A)

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

@A)

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

(A)

PFA 1 0.00 126.79 | 0.20 | 0.1 291.94 311.87 28.3 0.0

V)

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

(B)

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

(B)

PFA 0 1.00 13330 | -0.99 | 0.1 310.44 327.9 0.0 0.0

®)

PFA 0.15 0.85 12877 | -3.83 | 0.1 308.79 327.12 0.0 0.0

(B)

PFA 0.15 0.85 126.77 | -5.83 | 0.1 308.79 327.12 0.0 0.0

(B)

PFA 0.15 0.85 133.12 | 0.52 | 0.1 308.79 327.12 0.0 0.0

(B)

PFA 0.2 0.80 131.67 | -037 | 0.1 307.97 325.1 0.0 0.0

(B)

PFA 0.2 0.80 13192 | -0.12 | 0.1 307.97 325.1 0.0 0.0

(B)

PFA 02 0.80 [31.95 | -0.09 | 0.1 307.97 325.1 0.0 0.0

B)

PFA 0.3 0.70 12938 | -1.53 1 0.3 306.33 32642 0.0 0.0

(B)

PFA 0.3 0.70 132,77 | 1.86 | 0.1 306.33 326.42 0.0 0.0

®)

PFA 03 0.70 131.14 | 023 | 0.1 306.33 326.42 0.0 0.0

(B)

PFA 0.4 0.60 13442 | 463 | 0.7 284.33 30438 | 302.08 | 325.14 | 0.0 0.0

(B)




YTAO. 4 c1-3) PEAO4 i10) PEAO, 45 (12) P5 fi3C, CFAO, 4f: 0 50

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

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

PFA 04 0.60 13352 | 3.73 | 0.7 284.33 304.38 302,08 | 325.14 0.0 0.0

B)

PFA 04 0.60 133.69 | 3.90 [ 0.7 284.33 304.38 302.08 | 325.14 0.0 0.0

B)

PFA 0.45 0.55 13539 [ 6.17 | 0.1 304.02 32448 0.0 0.0

(B)

PFA 0.45 0.55 13526 | 6.04 | 0.1 304.02 32448 0.0 0.0

(B)

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

(B)

PFA 0.5 0.50 13578 | 7.12 [ 09 281.64 302.69 32334 2.0 0.0

(B)

PFA 0.5 0.50 13498 | 632 | 0.9 281.64 302.69 32334 2.0 0.0

(B)

PFA 0.5 0.50 13527 | 6.61 | 09 281.64 302.69 32334 2.0 0.0

B)

PFA 0.55 0.45 13384 | 574 | 0.9 281.16 301.88 316.5 2.2 0.0

(B)

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

(B)

PFA 0.55 0.45 13391 | 581 | 09 281.16 301.88 316.5 202 0.0

®)

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

(B)

PFA 0.6 0.40 13132 [ 3.79 | 0.5 281.75 300.23 321.15 L3 0.0

(B)

PFA 0.6 0.40 131.65 | 4.12 | 0.5 281.75 300.23 321.15 1.3 0.0

B)

PFA 0.7 0.30 13127 | 486 | 0.8 25207 297.29 319.71 0.0 0.0

(B)

PFA 0.7 0.30 131.32 | 491 |08 252.07 297.29 319.71 0.0 0.0

B)

PFA 0.7 0.30 130.62 | 421 |08 252.07 297.29 319.71 0.0 0.0

(B)

PFA 0.75 0.25 127.70 | 1.86 | 0.5 254.53 296.54 318.33 0.0 0.0

(B)

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




39-4:39. 63, 33-6-39 nds

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

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

(B)

PFA 0.75 0.25 128.03 | 2.19 | 0.1 254,53 296.54 . 318.33 0.0 0.0

(B)

PFA 0.8 0.20 127.99 | 2.71 0.4 249.05 291.86 . 315,78 0.6 0.0

(B)

PFA 0.8 0.20 12640 | 1.12 | 0.4 249.05 291.86 2 315.78 0.6 0.0

(B)

PFA 0.8 0.20 127.51 | 2.23 | 04 249.05 291.86 ; 315.78 0.6 0.0

(B)

PFA 0.9 0.10 126.29 | 2.14 | 0.5 251.12 29245 29428 | 314.19 0.0 0.0

B)

PFA 0.9 0.10 12641 | 2.26 | 0.5 251.12 29245 29428 | 314.19 0.0 0.0

B)

PFA 0.9 0.10 12627 | 2.12 | 0.5 251.12 29245 | 294.28 | 31419 | 0.0 0.0

(B)

PFA 1 0.00 122,83 | -0.20 | 0.1 308.79 308.79 309.18 | 309.18 58.2 14.6

®

PFA 1 0.00 122,93 | -0.10 | 0.1 308.79 308.79 309.18 | 309.18 58.2 14.6

(B)

PFA 1 0.00 12332 | 0.29 | 0.1 308.79 308.79 309.18 | 309.18 582 14.6

B)

Example 8: PFA/LPTFE blends
[00197] Example 8 is an extension of previous Examples for further measurements made
on PFA/LPTFE blends. In this Example, two systems were examined based on TE-7224 (PFA
(B)) and PFA6900Z (PFA (A)), respectively.
[00198] Fig. 41 shows the normalized heat of fusion for these polymer blends as a
function of [MPF], a peak is visible in both cases centered on a weight fraction MPF= ca 0.53.
Likewise Figs. 42 and 43 show peaks in the contact angle data at the same concentration. Fig. 43
plots the diffcrence between the observed contact angle and that expected from a linear
interpolation between the two components; there is a greater than 6 degree difference at the
optimal concentration of [MPF] = 0.53 with significant differences between [MPF] =0.3 - 0.7.

This behavior is precisely mirrored in Fig. 44, which shows the acid resistance after 6 hours
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3001973Exa: nide . 7?33 is an extension of previous Exanples if:23c further
rneaserenents made on PFAILPTU E blends, in, this Exanple, two systens were
exam ned based on TE-722.4 (PEA (132) and PFA6900Z (PEA (A)), tespcetiveig.
001981Fig. 43 shows the itorimlised heat of fusion for these polyner
blends as a linnet:on of [NAPFl,, a peak is vs.sible Cs both eases centered
on a weight fraction MPF- ea 0.53. I|:likewi se Figs. 42 and 43 show peaks in
t he conaet angh3 data at the same concentration. Fig. 43 piots the

di fference between I|: 13e observed contact angle and that expected froma
hnear i nterpola en the .two conponents; ere IS a ter than 6
dogr e GRRFBEAR L T R GBCP RGO oHUBHEE SUPBTCRE Drin s GSa el

signifi Qﬁmev@li fh%%f)lﬂf)@iﬂtﬁ)n@fn thetegﬁﬁrbflmﬂir] Thi 8.5behaw gistins pr eci a- 31v
mrrored in a c3d reS|sIance aft 6, hours

exposur 0 Q139]:I CL Ejﬁﬂé’? aﬁﬁé@@oévotﬁﬂf“te}“&ﬁ§°‘nf§cﬁfﬂledﬁﬁe "é?ﬁ’rﬁt‘i\i’ tagd BYG &I | ed

cat ast r gpRi€igh b locATONRMES assdcBeCOMPAS bb N TomBodifiths HRBILA Hovd MRf]ly,ea 0.53
remain pristine. |100:1991Fi gs. 45 and 46 show the nelting points of the PEA

based sdipHeé §hcz;zrﬁdhga%reislﬁ@n@aierfeﬁnw%wth HERi2AR [MBEheua&P@auwl?ththﬁ H&k&ipt i nal
conposi tréé?&% g&‘f(ﬁmaﬁée' it is qmte%%aﬁm& ﬁ@n@-ﬁfafjprf)l%ﬁg&ita%ﬂice

performance w ftel P9 contour plot; the darker regions

repr esemSlSmmperSw@ty qbemlﬁ&btermn@fep%lttonﬁ hetwgm[é’ﬂtﬂ]eaﬂﬁ 0f3r-@r715t his figure that

prol onged acid resistance is only obtainable at conpositions between [ MPF] =
ca 0.3 M75, Exanple 9i FEPILBLLE ®! RAS PTFE blends Exanple 9 is an
extensi on of pievious Exanplés 1or thither nmeasurenents nade on FEPILPT E

blonds in this case a different systemwas exam ned based on ND 110.
[ 002011FPQ00Ls shBHERIHR ISr?@reﬁm%af HRERUSSTamasH & THEer PR RSNGRAC bl end

as a fi %tmnﬁpdm@rﬁ]s in tﬁ1sQ§§%ka dlﬁer\éhtsslyalaﬁ wal etdMiScORs& Geabaned on a wei ght
fraction, MPF=0. kew se, Figs nd 50 show peaks in the contact

angl e dd8@20at theF1§a4fe§h@Wﬁé@ﬁ¥)ﬁanlzé¢1heab9f fugian G dis POHAPT Perlespdungliey
obser Veg, @&: j;@ [pLeik i§ BisBic’ in tﬂ:%]gase 5&@&@&&%&2&&&&{ RGPt RENsd PR,

observe angl e an at expected I'i near interpolation
bet ween 4Phed ﬁ()vshmmabwenhqscontahmlq dtagt freeame eorcheritign.dagrealddiontlecdnce at

these opti, gﬂi%bb n&:SrtM@ﬁl %{'&7 OIJ%[ 9’65%1 §§he_|dh§erg%e’beMe%ll?th%logEHr&éd.(\C%

di f f erencée ween havior 1's precise y mrrored
in Fig. aBglcwhd thht sdowsi ﬂrdsre aamcaul intepblstianicewahtter twe dompomcn&xpmwse to ficl.

Under the i on re I\/e t S have hical ly.
However & aﬁé%FBg’d%ﬁef’ ﬁ’éenlc'ﬁat tﬁeege PRGN Onﬁ‘entrg‘}'ﬂlgﬁff Mﬂé ? a&% r glmal n
pristi n%lg&lffd:aﬁﬁiﬁfffﬁeﬂc&s B@Ween [MIF] abidor0.&. HEiis l&ﬁa@hﬂEbFe&sayamtrdredeshglfelnce is
slightly enhanced. [00202i Fins. 52 and3 show, f he tin oi.nts f the EFT
based saMpPie¥oNR eg"fL %%aﬁcﬁ&ﬁ??féﬁ]o&}ﬁ eéf’osluf?éaldd]m%r @5%0“(%?@%{} %t h the
opti mal ReNResbhé@syvESeYsaetophieMB. However, the compositions in the region of

[MPF] = ca 0.35-0.6 remain pristine and there is some indication that at [MPF]=0.7 acid

resistance is slightly enhanced.
[00202] Figs. 52 and 53 show the melting points of the FEP based samples and give some

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

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

samples outside this range failing quickly.
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Finally, his 54 shows the acid resistance performance with time and [MPH in
a conlotir plot the darker regions represent superlor performance, it is
quite clear fromthis figure that prolonged acid resistance is only

obt ai nabl e at: conpositions between [ MPEL - 0.3 Mg, with sanples outside
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t he PFA [6@2Bvbnent Figkisg 262 )0 sioweed nwhngg omits @rthdefakiasrd samptefs ard ﬁxasqmee 3

(Fig 41). 1cat that this s had a..ne ef fect.
roasur o PHETT PRy HHTarR SRS L bR a0 tuO Bl Beflat o
' FE- 3887bbAS] 329. findiég F(g. ibhdhaatthagrid fealtstaﬂ'&—;ﬂ&Bﬂanwwhh ghernd (MP#tinthan

SFN-D and t hat, sych change in m xt has |bIe| t on. tlrrum

bl end pr°8Bt8F'El?18tsH’eI§ia%§ T E8IOBWEPEATS RGP afé’ %ﬁ‘é P AGTE g" tH‘F Tangl e
di ff er ence pr@sRE hii¥ edsitahod is bhgsBtaiab €22 4dnlios3B 8y bdoh endsirand cherse -@gai n a
peak in the daia at . appr oxi tely I\/E -0.5 is observed consistent with the
heat of Yitfsi*8® es&'é‘tb‘éiegHﬂraPﬁee H‘&Iquj s plots of Exanple 10 i.e. Figs 42 and
43, thrther denonstrat3ng negligible inpact of the use of a different
LPTFE, Wi I e th| S |nvent| on has been desedhed as having a
preferred desi gniExample i SA{LERIE hlend sigg Dulien ] /T8 Ned within the
sp scope of this dlsclosure Thi s appllcatlon IS therefore intended to
cover anyoMa|i ati gnsds 58S\ TRI72243RE BlPeS hyf T3 RIWEDNLTIEWS inde id $

analogous manner to those of Example 10 given above with the SEN-D being substituted by TE-

3887N. Measurement of the heat of fusion data for the PFA component (Fig 62) showed very
similar behavior as for Example 3 (Fig 41) indicating that this substitution had a negligible
effect. We measure the first melting point of SFN-D as 327.9 deg C and that of TE-3887N as
329.9 deg C indicating that TE-3887N is higher in mwt than SFN-D and that such a change in
mwt has a negligible impact on optimum blend properties. Figs 63 and 64 show the contact
angle and contact angle difference respectively for these TE-7224/TE-3887 blends and here

again a peak in the data at approximately MPF=0.5 is observed consistent with the heat of fusion
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principles. Further, this application is intended to cover such departures
from:he present disclosure.: as cone within known or custonmary practice in
the art to which this invention pertains and which fail within the limts
of the appended clains. CLAIMS 1. A blended fl uoropol yner dispersion,
characterized by: a pol ytetrafluoroethylene (PTFE) having a
first nelt tenperature (In) of 33f Cor less, inthe formof a liquid

di spersion of particles having a nmean particle size of 1.0 mcrons (pn) or

| ess, said dispersion obtained via enul sion polynerization and w t hout

bei ng subpj ected to aggl pneration, thermal degradation, or irradiation;, and
perfluoﬁ@%@R ﬁvae%&&ﬁgwﬁﬁ%ﬂﬁg?mpﬁﬂéﬂfa‘E?ﬁﬂ?%‘@r@B@P&PSW“%?“B%&?ic|es

havi ng acpRaRe papdct 6l iBe 8dc2@a afffels@ LATEEONS (pm) or |ess, said conposition
havi ng, based on the total solids of said P IFE and PEA, a PFA content of
50 wt.%to 60 wt.% and a Pl PE content of 40 wt.%to 50 wt.% 2. A nethod of

coati ng (goRYPSt r atigiile ahamaeliRhihdectePYescARRI K inB@nd herchlen @Qaﬁl%rf, tegiapal yner
conposition of clan | to 1 substrate; and heat curing the blended

f | uor opoRyeRBen ¢Ervp dether gdified within the spirit angdpeopaef hedligtoseieail msgpplmtéqnei n

sai d bl qnﬁk@,@f&& H,l%apﬂoyca% 2P URLSbA, Qs (ﬁ%ﬂ%‘cﬁﬁﬁgéﬂh@infv_brlt{oﬁruﬁng fis The

bl ended 'f uor opol yner conposition of claim 1, characterized in that said
pol yt et rafidredarioeiphy] Brréhe( BhiFE)pliditépes sitcodechasorer redrflepaitescian Sic peesed| ect ed
1 Ot i IR AR hARGSln B B hGLAR LM nOLy ISicn Bty AiGH RRRIP, 1)

or less, 0.5 mcrons grn? or ﬁess, .4 mcrons ?g or less, 0.3 mcrons
(pm or anésdjchdmtwihid tind lomions tigappeoied klegss. S. The bl ended f 1 uor opol yrer
conposition of claiml, characterized in that: said pol ytetratl uoroethyl ene
(FIFE) has a first nelt tenperature (T,B) selected fromthe group
consisting of 330 C or less, 329 Cor less, 328 C or less, 327 C or |ess,
326 C or less, and 325 C or less. 6.A tluoropolyner powder, obtained from

t he bl ended tl uoropol ymer conpositio of claiml.
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CLAIMS

1. A blended fluoropolymer dispersion, characterized by:
a polytetrafluoroethylene (PTFE) having a first melt temperature (T) of 332°C

or less, in the form of a liquid dispersion of particles having a mean particle size of 1.0 microns
(um) or less, said dispersion obtained via emulsion polymerization and without being subjected
to agglomeration, thermal degradation, or irradiation; and

perfluoroalkoxy (PFA) in the form of a liquid dispersion of particles having a
mean particle size of 1.0 microns (um) or less, said composition having, based on the total
solids of said PTFE and PFA, a PFA content of 50 wt.% to 60 wt.% and a PTFE content of 40
wt.% to 50 wt.%.

2. A method of coating a substrate, characterized by:

applying the blended fluoropolymer composition of claim 1 to the substrate; and

heat curing the blended fluoropolymer composition.

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

inorganic fillers.

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

microns (um) or less, 0.3 microns (um) or less, and 0.2 microns (um) or less.

5. The blended fluoropolymer composition of claim 1, characterized in that said
polytetrafluoroethylene (PTFE) has a first melt temperature (Ty,) selected from the group
consisting of 330" C or less, 329" C or less, 328" C or less, 327" C or less, 326 C or less, and
325" C or less.

6. A fluoropolymer powder, obtained from the blended fluoropolymer composition

of claim 1.
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