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TITLE TETRAFLUORCETHYLENE POLYMER DI SPERSI ON 5
COVPCSI TI ON _ This Application clains the benefit of U S
Pr ovi si onal Pat ent Application No. 60/001,133, filed on July 13,1996

in the namewo9msiar of Peter L. Huesman et al. and entitl eGermsesniesy
"Tetrafl uoroethyl ene Polynmer 10 Dispersion Conposition" the disclosure of

whi ch is incorporated by r ef er ence.

FI ELD OF THE | NVENTI ON This invention is in the field of
fl uqr opol yner di spersion 15 conpositions which can be used to coat
various substrates, especially forjﬁﬁgscatlons I n which non-stick
surface properties are desired. Such ersiaon co ositions can

i ncrease the adhesion bdﬁ%@@%F¥ﬁ¥Qchﬂﬂ{YEEmﬂi? HOW coati ng.

20 5 BACKGROUND OF THECONEPOSITION

Cenerally in the art a netal or glass substrate is roughened by sone

nmeans before the first layer of c atlng S ap hat

mechani cal bonding will asdidg i?dﬁ@d-’gﬁé’eﬁééh@}u& R&P‘ﬂﬁm he
coa}] i ng ont odt BF Ratent Aytpli caﬁynNaIW/OOMBwﬁﬂgdrmﬁJﬁy 18,199d4nakie damesd
etching, san g i ass,
ceram c or enanel P&?r%nﬂ&efﬁlaﬁ?&bﬂga acf%q%& ﬁ&l& }Ja%emgmg%
non-stick coatd ng@lsmr%lea ompEsinony fhe disslostae \irdngerpcaatechioy

coatings. If the meferenne i s optinized for rel ease .to prevent food from
sticking to it, for easy clean-up after cooking or durability, or to 30

facilitate low friction sliding CWMHOH there will be
difficulties in making it adhere N The
substrate can be netal, of This Fivepitions i tisd field sffuoropolymes &isperkied | fOf

e ght even! %edéﬁﬁ‘ééﬁhﬁﬁ%ﬁfém"’%ﬂ* f{%"f;ggaﬂ*’&? S el o be

!
an industrial art °EIaP 015%“'&‘”?&%%?%%'@“6 s g Rreperies are desiredyaaehy
the substrate or dnppersmm compoisitiorts dan inereass #heg adbesion bewedrhthe

substrate and a surface coating.

20 BACKGROUND OF THE INVENTION

Generally in the art a metal or glass substrate is roughened
by some means before the first layer of coating is applied so that
mechanical bonding will assist chemical adhesive means in holding the
coating onto the substrate. Typical roughening means include acid

25  etching, sand-blasting, grit-blasting, and baking a rough layer of glass,
ceramic or enamel frit onto the substrate. The problem of adhesion of
non-stick coatings to substrate is exacerbated by the nature of the
coatings. If the coating is optimized for release to prevent food from
sticking to it, for easy clean-up after cooking or durability, or to

30 facilitate low friction sliding coritact, almost by definition there will be
difficulties in making it adhere to the substrate.

The substrate can be metal, often aluminum or stainless
steel used for cooking or in industrial applications. It can be glass or
ceramic. It might even be plastic for microwave oven cookware, or it

35 could be an industrial article such as a saw made of carbon steel.
Whatever the substrate or application, if it is necessary to roughen the
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PCT/ US96/ 11637 substrate to nake the coating adhere, that at | east
adds cost and can add other difficulties including creating a rough
profile which can protrude or telegraph through the coating. This is
especially u | e when snoot hness i s sought, such _as for saws,
steamirons gﬂggzg%?er rolls. 5 The environnental cost ofF Sﬁgﬂﬁﬁ of
etchant materials can be significant. Sometines, especially for

gl ass and ceram c substrat to, make gdcoating adkeres that ae ke PAadS BoNamd\GaBadd

brittl eness of the hanci n
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di scl oses a pri mer smoothnessistseught)guth as fopsdwsysteam ixdnsamd Copler rolls.

i e (PAL) ¢ a on iteuiviiqrizhental cost of dl,peiflg of Sichafe i

t echni ques to a suf§ Wg %%ﬂ’“?‘%’“es:es?eﬂajrlﬁ@?g%ﬁﬁaﬁa@?r%%ﬂl ate, it can-

grit-blasting, f|amuwmgcamﬁblemd«mssorbm&nesabfﬂtmbmm frit

coating, or to hos hat ed angj ftio
9 P p ans d| hi ?ﬂé"ﬂ sB@eofnon-shd? Egﬁxfﬁélc

can be 1 :9. The r coat r ness of
2-15 [err] m After S‘a‘ at%ﬁrﬁgiluw%m&mrrbﬁ)fe@g&%? Pt 0at ed with a
conventional fliooropol yrrer eUMatmﬂW&ﬁﬁ(\(dBeﬂba) discloses appriment ages and

proportions hereinghe ’%% RyiRP ! suthesSoo %ﬂ%éﬁﬁﬁew se.)
U. S. Patent 5,230, 96 ache n t1.on ratli ent
coati ngs based on §° éﬂ(q?g 1 5’03 @%@#ﬁ&@@@d@gﬁ@f’ﬂ“‘g t he
form of an aqueousCd%@@%ﬁp@bﬁdrbﬁva@@maombsmmﬂmtm and

atlle?ﬁt onlefof polpyaferslslyl pretiRatadlby bﬁﬁ!in? n C 8§metalsormeta1
pol yet hersul fo
e o i P L e e
melt viscosity of HTHERAIratincanbeio epr(me{@oat]ls yappﬁe ab% of a
second resin of peltlﬁickﬁéssrwftz%@ﬁmomﬂﬁehu( peichbt COAtaB tEPE

and tetrafluoroeth e O[err] to
30t 10[ Sr r][ poi s te &rc e%rirag?&k Hgﬁﬁ?ﬁ'{’ro}ﬁaf)@?@. Eﬁm’n@{ (ggégeigept r%lére

i ntermedi ate coats eight;

Simlar exanpl as oh@mamdnﬂ\bfwm ng of hi gh and I ow rrel t viscosity

o S . oo DR PR i s i 1
(Concannon). gradient coatmgs %e mn BPF’H‘%W sPhé?QMns
& Seynus) the form of an aqueous dlspersmn comprising peiﬂuorocarbon resin
and at least one of polyamide imide, polyarylene sulfide and:
25  polyethersulfone resins where the perfluorocarbon resin comprises
50-90% by weight of a first resin of polytetrafluoroethylene having a
melt viscosity of at least about 1010 poise (102 Pa-s) plus 50-10% of a
second resin of perfluorinated copolymer (FEP) of hexafluoropropylene
and tetrafluoroethylene having a melt viscosity in the range of 103 to
30 108 poise (102 to 107 Pa-s) and a topcoat and any intermediate coats
comprising perfluorocarbon resin.
Similar examples of aqueous blending of high and low melt
viscosity resins are described in U.S. Patents 5,168,107; 5,168,013;
5,223,343 and 5,240,775 (all to Tannenbaum) and U.S. Patent 4,087,394
35 (Concannon). |

Also, British Patent 1,454,255 (Berghmans & Seymus)
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di scl oses aqueous di spersion coatings of m xtures of Pl FE and FEP

with Si Q2 and.al um num phosphate bRy prs_,e L bl asted or

frit-coated al um num but al so on| UA“t @'355\%}% im

U S. Patent (Ber ghmans) (di scl S with PTFE, / or
Yedtsie P&“ﬁ%

a co-pol ymer TFE and perfluoro(al kyl vinyl ether) E) as
described in U S. Patents 4,292,859 and 4, 351 883 (Concannon), al ong

wi th al um num f | akdxﬁldse'ﬁlﬁlﬁ]pﬁk‘;%fﬂﬁn atir(petdf mixtures c;fqzﬁtmgndmm
non- aqueous coatin _ owder .
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Patents 3, 116, ZZGW?BB\R@? HBQEHB%‘ R uE-Eeate uxmnum 4, 200, 551
(Der byshire). : U.S. PaRenitf4,28%, 01 hmydiﬁclcis‘es@@s;w%l

coatings obtain ’
Di scl osures in %S mmdigﬂg l}g{ﬂggz g Bgng ;ff mgr‘f"@ther)
representative. A rﬂ’)’&\{ﬁ)@ 1&%3 or ganosol
is also disclosed |(ﬁoﬂ€amﬁtm)ealong with alﬁnﬁﬁﬂnﬁﬂ&ké Sad(ik@g@),gmmuuhbmht es

that a higher stabl I hte)SuQ %n— queousoédﬁg§§°|me2p%? h—ﬁg A y a
| oner degree of poI ri z confent Q E.
The use of PAl and IBFH%PNP’ TICYQROTE %rF?Yah §6

exanpl es teach iwandeadhings o@UcS Patents 30116;226n{Bowvers); 4:029:898 (Bedwneetalgdryi ng
t he coating. 4,200,551 IGQé)tI ngs systens including internediate

coats and topcoat s SCI’Ib din vari atents .incl.udin

Pat ent s 4, 049, 863 (Va§§’|' 4yazgpo Ylnﬁrl@%%ef‘ %8" %ﬁ‘&s‘%‘ﬁahﬂgf Shtatned
4,123, 401 ( mnmaqﬂemfp}tmlﬂaﬁem ateal(soa&noa\rm cmsdosurqs)maus
4,351, 882 25 (Crgarys®e61, 8@1'aﬂc[‘4‘149204h?@ %ﬂaﬁﬁer@fﬁ{iﬁﬂﬁ'@ofFEP

Such bl ends of high w rre t Vi sc05| fI u ro e.an
ef fective concéntr ﬁ’ﬁgﬁosede.S ?ﬁ?ﬁnéw ng

adhesion to the sulds904h (ﬁatqkma);Wudastatmgmmmghmbﬂxwof&lesuch as
chem cal etching, 3Bandiclss base rallSr dHtaﬁ'teE'E}Shfl@Qer degibe ofpolymenzahon'df

hecessity of bl Zﬁﬁ?’#&‘%‘ $r 8k aga%r‘snfgﬁfﬁﬁi e e é‘“‘”ékan%ga?%@ﬁ"

fornul ati ons, basedoBners isialsp $é%ﬁ°h
desi red. Non- mept - fa&buﬂmaiﬁmbiﬁﬁt@béwfera@pﬂmﬂmlcbamJ d such

| nproved coatings are also d t8Ms aLpet hyl ene
(TFE) polynmers are well kno EBbj gssys mdélgm%]gntf -&gﬁgegtsé I ncl udes
pol yt et r af | uor oet hyPEFRALE P’I‘ég? in various Pﬁp@ ’%ﬂ

PCT/ US96/ 11637 4,049 863p(Magsitios);of, 1 1853 W Varys&Vassiliou); 4383401 r at i ons of
copol ynerizable  (Berghmans & Vary); 4,252,859 (Concannon & Vary) and 4,351,882
25 (Concannon), all incorporated herein by reference.

Such blends of high and low melt viscosity ﬂuoropolymers
give an effective concentration gradient after baking the primer,
achieving adhesion to the substrate without typical roughening means
such as chemical etching, sand-blasting, or grit-blasting.

30 It would be advantageous to obtain the same effect without
the necessity of blending fluoropolymer resins. Coatings, and coating
- formulations, based on a single perfluorocarbon resin are therefore
desired. Non-melt-fabricable TFE polymers that will yield such
improved coatings are also desired.
35 Tetrafluoroethylene (TFE) polymers are well known. The
group of TFE polymers includes polytetrafluoroethylene (PTFE), and
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nodi fyi ng nononers that the resins remain non-nelt-fabricable

(nodi fied PTFE). The nodifyi ng nononer can be, for exanple,

hexaf | uor opr opyl ene (HFP), perfluoro(propyl vinyl ether) (PPVE), 5
chlorotrifluoroethyl ene (CTFE), or other mononer that introduces side

groups intoweyespsecul e. The concentration of such nodifi egSyisverinesy
usually less than 1 wt% comonly less that 0.5 W%

PTFE and nodi fi ed PTFE can be rod ced by t@e process known as
di sper'si on poI-'yrreFPPQbﬂrﬁ?Fs renganteations efsepolymegizable
di spersion (raw dimodaitfyingrmonbnmthat[theh'emhssemhxrchonm‘lellhéabﬁeajﬂé at ed

:rs]df%iéegos/\ge(r)?t SI& centrat Theanod ﬂl ﬁﬂ%hﬁﬂéﬁ’éﬂﬂ@%&dhﬁﬁe ot
di spersion. Di spe eoaqpéoegglm@@)' tﬁg)m't he
coating of netal shh:rbmﬂneroéﬂhﬂane@‘ﬁﬁwoﬁc&hernmmméﬁﬂiapmmcessi&e _
resin.is used to g%gpg .tﬂgf‘n Bt W&ﬁ&%ﬁéﬂ&b PE 53 §s PTFE

having nelt visco er, of

re. or | ariny used in
conpl ex fornul ati 61%131(1}5 t‘gﬁna %rmfﬂ)ﬁﬁ%ﬁéga QB rrat i on and
productivity in |arge vol urﬁl‘EEmdrmodiﬁqﬂBfEEs:anbe q&ocess

I nvol ve dryi ng of is?férﬁ s&gm.p{lj,#
PTFE. Wth the hi VI SCOS ?ﬁ rt %’FE |on g?
time is |ong afd ﬁg 08‘;5? r‘FBﬁP pglqlkpgr "é'bcq“ﬂ’ cul t
to achieve. and dried to obtain bbaglﬂatdd &ispe;pmnresxﬁ(akaﬁmﬂm?ﬂfh ae4

di sclose a TFE fi rag ovgdgﬂ\@%?ggﬁﬁ. W oroi‘&qﬁ*ﬁgéx Qf a

copol ynmer of TFE
(PAVE), the resi n igpersions arer vfﬁ‘f’é‘?rﬂ | se

(1 x 10[err] to 4c0amg0fme¢l@d:sﬁ)a.tesa \éﬁ'mndmrdmelt-fabncabh:TFEq)ogymerty of
no greater thay 2rdsinis #8€H fo Hake doatifig QBn%eia?gﬁﬁstgat‘és]&Egéfslons of PTFE

cycles after agi ngxaﬁg}géfeite%ﬁécga{yo&tggoragfbfﬁidf’éga% esl ndf or

coati ngs t ent

4,879, 362 di scl oscomplex foronalations (paints) desigheskto enhanes ot foyrnation and FE

E:lopgl yrm{ gaw ?g GQMﬁtymlargevBhﬁﬁéltbﬁmﬁErdxﬁ oclstes Thes ?ode§§l_é'\%/|0 psi)
upricated extru [ S or

D-1457). Resin b ﬁ‘%gflwetﬁ%%@g&g%%&% gﬁ? ?C‘ﬁbeqqﬁ‘égf’ £l

di spersion, i R0ad&TEEeNVith the highyviscesity ofpeiosp (paking)r e,

has | ow paste ext timeis loh E@md consolidatioangithe PIPE tox p@rt-&eemmsaﬁiﬁmhand

T e

PCT/ US96/ 11637 f or ndolngs & Rasig ip, UeHrPatent 3HL9A4 disclpse|aTFB fide; ¢
conposi tions i nst pasvder resin afnsisting édsentially of & icopolymér of ITFE meith 0.08€1.0

coatings is nok diym®l 8Fperfluoro(alkyl vinyl ether) (PAVE), the resin having MV of
from 1 x 10% to 4.0 x 1010 poise (1 x 108 to 4.0 x 10° Pa-s), a standard
specific gravity of no greater than 2.175, and a flex life of at least 8 x 106
cycles after aging at 322°C for 30 days. Utility of such resin for coatmgs
is not disclosed.

30 Morgan in U.S. Patent 4,879,362 discloses a dispersion-
produced non-melt-fabricable TFE copolymer having rheometer
pressure of less than 24.1 MPa (3500 psi) (lubricated extrusion pressure
as determined according to ASTM D-1457). Resin obtained by
coagulating and drying the raw dispersion, in addition to having

35 unusually low rheometer pressure, has low paste extruded green
strength, and is non-agglomerating and non-fibrillatible. As such, it




The disclosure of the aforenentioned patents, patent applications
and publications are hereby incorporated by reference
SUVMMARY OF THE | NVENTI ON

nvention provides a
coated article conprising a THIG; SHEET HAS @iﬂ't ed with a coati ng havi ng
at |east twowgwgssa conprisingla  REFLABERPme copt, a topc
optionally one or nore internmediate coats 10 bet vveen sai g‘?(f%r/? ’(Fﬁ'ét and
said topcoat, wherein at |east said prine coat conprises a

Le'[ r af : uor oet hyl grf@rﬁ@ plaRdets dhaheaf bierding dtoelastomerid @nipd §1Ht8ﬁ§’ﬁ¥sl?é’dt@”e
onopol yner, sai s rd c vity of a

| east 2.250 and cﬁﬁw scn@q% é%%ﬁgrlg%xfprcoa&gfsis °§6§{F§ % 108 to
about 3 x 10[err] Pa.s, andIbB pigrementioned patents, patent

tetrafl uoroethyle tcaﬁbﬁﬁ&hd litatiops layerherebyiinavrpottited by fefeience.
0. 001% by wei ght E?pciormnorrer aﬁ? havi ng standard spécific %}:aw ty

of at least 2.165 and nelt viscosity inthe range from1l x 10[err] to 1 X
10[err] Pa .s. When such 2 JARY QI {FIB INVENTION s are used,

effective stratifi caﬁh@mmuaﬁlpravméswcmaﬁ&tﬂeabm ge
St e A Sttratoattl VPR b oRRBHROR b 1ehh RS el LonliShe -

fl uoropol yner, thou g |s
This invention pr mua’@scoab@omﬁgt apsrptianally mmﬁg\termedmteq@mus

nedi um and partoi clletwebntshitl primeeddt-anghsaid sopcoat, whereih at leabt smad grirhg! ene
copol ymer of (a) a@ Bém ns%éa tetraﬂuoroethglepg Aﬂlfﬁ\%? Eé(leci}@ﬁq”?o:%{@) goating is

a prime coat, or t rrmer prime coat
or primer further €8 ﬁéFPE X}?nehomOPgﬁﬂ%%q'ﬁﬁg&@megrham&F@Pﬂﬁﬂadhe5| on
pronot er conpri sespetificezavityrof at least 2.250 apwl meltiviscositydn the frogne
the coat1ng composr e 4 &%‘*‘%"1"9 Py i B () anon met AR ) "

i ntermedi at e cBat steh?ﬁgoﬁ?féﬁyfﬁ‘ C°P°Y er|coptaipingatleaste s
particles of acrylQ. @Dld@]bylwmghtlmﬁcon@ndmmqmthavmgstandards;rmﬁi:r?'avity of

| ess than 340[6”16?#11%%?9%6@&?@11{&1&%?@65 Qﬁé?ﬁﬁ%éﬁ'oml x 107393 ¥ 0%Pa
~The invention furth Ji ‘ﬁéf?e aagl i} JeWorte] 3

tetrafl uor oet hyl en& g&f% zaliup 8%% CONTAINT Ha c(lﬂeffegggg

0. 001% by wei ght &t Homas indiated: by ggodiadhesion tojheisubstrgtedisiachieved

S WO %6/ 03&t#thout the necessity to blend with other fluoropolymer, though such
PCT/ US96/ 11637 n m%m% e&#&g than 2. 165, e.g., about 2.175, "nelt creep
viscosity in the rale‘l % P Ym about 1 X 10[err] to about 1 x 10[err]

Pa s, and rheoneter pressur &hifyisyention providesiggoatingicapmposition comprising
aqueous medium and particles of the non-melt-fabricable

tetrafluoroethylene copolymer of (a) or (b).

25 Preferably, when the coating is a prime coat, or the coating
composition is a primer, the prime coat or primer further comprises an
adhesion promoter. Preferred adhesion promoter comprises at least one
of polyamide imide, polyarylene sulfide and polyethersulfone resins.

Preferably, when the coating composition is used to

30  deposit topcoat or optional intermediate coats, the coating composition
filrther comprises particles of acrylic copolymer having decomposition
temperature of less than 340°C as determined by thermogravimetric
analysis.

The invention further provides a non-melt-fabricable

35 tetrafluoroethylene copolymer, said copolymer containing at least

0.001% by weight of comonomer, and having standard specific gravity
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The invention further provides a tetrafl uoroethyl ene 5 honopol yner

havi ng standard specific gravrty of at Ieast 2. 250 and nmel t
viscosity in the range from about—3- 8 3 x 10[err] Pa.s.

DETAI LED DESCRI PTI ON OF THE | N\/ENf @\IS;EEEJA%\S BeER It has been

di scovered tywatlg7asif pol ymer resip, inc o (PTFE and ,ﬂﬁgﬁ 9k, TFE,
having nelt viscosity substantially [Tower than that of ‘IéFEﬁfksP
customarily used, when used al one surpri sing| yi el ds coatings

havi ng i nproved p@figyeaten taan R16Phe grmbout 2 7aomelt creep vistosity is itherarge

such nodi fied PTFEromiboinatx MY faboutl k 108 Paas afd @heometer preséidye greater
di spersi ons, have tﬁhﬂ&hf' tI y better shear stability. 1?

The TFE pol ynmer resins of s .inventi and usgd in coati ngs of
this invention, include the Fémbeféﬁmlé 91’@?%"1 ¢s Ftetraflueroethylenesyuch
smal | concentr 3t i ¢iimepolimérdadtingstandad sperific givity oidit¥ast 2,250 and

Cubstantially Pﬁm%iélifham?ﬁx ﬁéﬁéﬁ%%ﬁ%?%% f?qpééﬁ?? LA IE 20

Concentration of nodifying nononer is at |east 0 001 wt % generally at

Ieaslt 0.01 wt % but lfssft%mmmgwgmmwmmese
copol yners are non-nelt-fabg,
(SSG of at |east 2.165, e ft]’f%grk :53 ‘gﬁ{@%&%gn ave%% bgfgé%s)hajﬁd('% in

the range fronP1l PR Wneangtvrsceﬂ&'ag WQS@’J@WQI I east
2.180 25 and M&aﬁthamﬁlﬂ‘RE&ﬁ{;wmé &dsvﬂlf&tﬂisddﬁ@nés

nmononer can be, B
chlorotrifluor oe;ﬁ?lds cfogﬁngéﬂﬂ'ﬁ Cfégu uor{‘%'%xe‘ I ﬁg%lnrglgé\?géu arsoon
atons, or other W,sxons of suchipgedifig eqNGQC g@Fﬁ@ tgsed on

mol ecul e, Fl uor | natueh dispersions, have sxgmﬁcdnﬂgebéﬂmss:’neanstdbehgfr oup consi sting

of fluorinated.vinyl et hersTﬁg %e:ﬂxfesfr@eofftﬂ.{sgﬂ e%ﬂ& G5 PR Of
| nde

CF =CFOR wh - -
oot oy o | A5h BB PF s Auertion ciade the xbinll cogplymers of TRE with
al kyl and al kyl ensughsmall conentrationsipf@atdeash onezppolymerizable medifyirg vel y.

Preferred -R gr oupgoféiie tRatlthe mall aﬁ%m i,fner modxfﬁdef’PFEﬁﬂr}
groups contain 24|§§B§gﬂéﬁ?§}’qﬂ}9’[€ﬁdﬁaﬁ of {%}GB?%B? no, %ﬁs ar re erred
as nodi fyi ng nono
perf | uor o( al ky2o erqnceatﬂaelop efnogjfying monomer is at Ieast0001 wit%, generally at
PCT/ USO8/ \1/\?62;/ 031kkt 0.01 wt%, butlessthanlwt%, preferably 0.1 -0.5 wt%. T%lese

carbgn ato
The TFE pol yier rgggéyrgme?ﬁ%éﬁm%%ﬁ%ﬁe spes cc%fgﬂrﬁr s of
this invention, al@%G)naEa viscosi
st andar d speci fi ¢ thhe aangey/froin 2tx 107aet1 2 108 Pasn Prefarably, SBGdis tay least 21180 5

rlg{‘grer { r ?g‘ gb%t ant NAE & frbnd 9 xA074b 3% %0855 8" A MSAifyin th6R6MIRE ¥ah beIN 8 X
for example, perfluorobutyl ethylene (PFBE), chlorotrifluoroethylene
(CTFE), perfluoroolefins having 3-8 carbon atoms, or other monomer
that introduces side groups into the molecule. Fluorinated monomers
include those in the group consisting of fluorinated vinyl ethers (FVE)

30 of the formula CF=CFOR or CF2>=CFOR'OR wherein -R, and -R'- are
independently completely-fluorinated or partially-fluorinated linear or
branched alkyl and alkylene groups containing 1-8 carbon atoms,
respectively. Preferred -R groups contain 1-5 carbon atoms, while
preferred -R'- groups contain 2-4 carbon atoms. Perfluorinated

35 monomers are preferred as modifying monomers, and include
hexafluoropropylene (HFP) and perfluoro(alkyl vinyl ether) (PAVE)
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x 10[err] Pa.s. _ The PTFE and nodified PTFE used in

coatings and coati ng formul ati ons of this invention can be nade by
di spersi on pol ymeri zati on 'y known in the art.
Thé PTFE and 10 nodified PTFH ﬁﬁﬁdgl“ bﬁgf’r\guﬁéﬁy thereof, of this

i nvention carwelwosibe e v _BEREAGHD y kngwn t echni fefosdiEsr

adj ust nent - of ingredients and procedures T0O achieve poI ymer
properties heretofore not found usef ul An

acrylic polyner, whwith alkylgraum containing(1-3 cazbomvatoms. 15 used in one
enbodi ment. of the di sper si on TH@FE pbyarier fésirigofihis inventioh4Adsed in”S
used herein, "film |

readily forms a fi Iéﬂe}%gqgtﬂglﬁ%ﬁﬁggrl%rQQZ?&&WA@PR@}“‘Q’ «_2,11;*5} mﬁd
medi um of the di speldi YN %8@‘{“)1 of afdspstRlband meelt visqosity in the

former acrylic pol ymgetfnomaalmdtﬁmw*hwsahdmw lﬂ%ﬁakﬁpﬁéﬁb@y&dﬁb 10810 3
20 such as T[err] 9&04’155? than 40[err]C, even nore desirably |ess than
30[err]C. It is al so_desired that the filmforner deconpose and
evaporate cleanly after The FHRE and snexlibied FEIFE used i gpatingsand caating o

coal esce into a Coh&irmﬁlanonsofﬂuémmmeﬁiakl@b dispessighocesses, that
ond 'fiﬁﬁ'rgpﬁﬁﬁgﬁaﬁ p8tymert g “egﬁ?e‘&%t 18 %@éﬁ%%ﬁ%zﬁﬂgﬁes
in comrercial ¢ t,qv@dxﬁed gispersiops gheniegh | of thisiaventiohican plso/ber

Flecorrpﬁses at a terqmadathyrgnerallyknoumteehm with @dpustirent 60 irgreafdrts abl y
t 340
Scomposi e ot f t'ﬂe acry ego%ﬁ&%fd%u@?h@%o@gﬁg%wg

deconposi tion tenpera e o
sel ection of nononet®&Wirts that provide bul ky side 30 groups in the

polyner, i.e., side groups han agylic pobaser, whichrfanctions as a filireforhsdy) i at
least 4 atoms, pf heﬁséd'ﬁrbﬂé’&h%ﬁhe&k?ﬁ’ xﬁkﬁuﬁ tzonsfofl:l-'.fi!,“tyI

nmet hacryl ate (BI\/A) ._and..met hac ar"e

nononer s t hat prowl&é’ BHPR y%‘i%dg}r‘ TPy |? %ﬁﬁémmhc

i ncl ude copol yners mmraﬁa@)}kfmhamm atlambmnhtempergtm er above asSthe
I nclreaseshvw Ej h Wl@ﬂﬂ&fi&duﬁﬁdlﬂﬂ?e bn%%?bfht@b ttqg\'db&xea?@fﬁ}& f
r7ea lze t \e/\o S?} Bgibfl fm\é?a&gyﬁl pol fer'to Have 16W' lassgal%/l ontgxrnﬁ:e(l): S °

PCT/ US96/ 11637 20  such as\liy afless/fren 4656 even moreciesitably less than amrg'e Briw MAA

= 93/7 E ?On y 9&1180 anssn'ed et ﬂiémxfneﬂbﬁﬁieh‘ dRebmpos e%ﬁ?evafsndsﬁ@dl@rﬂy after

(s:gm) gfs :’:IC'[ ory. The 1 gﬁ’bpﬁ%?é%rt&g 98@%%9&8 QPte‘Wf' Bhal

agqueous 5 pol yr@-ﬂ‘?‘?&?f gBe| %PF@FQ‘J‘ERSaﬂFPtéﬁ ligridsvaporatien,Silon

Wien the di spersi orformimg)Silim fm-mér ddrompasiidon, 201t flaiofopolymer resin

25 coalescence, take place at very high rates in commercial coating
processes. Preferably, the acrylic polymer decomposes at a temperature
of less than 380°C, more preferably less than 340°C, determined as
outlined below. Low decomposition temperature of the acrylic polymer
is favored by selection of monomer units that provide bulky side

30  groups in the polymer, ie., side groups having at least 2 atoms,
preferably at least 4 atoms, other than hydrogen. Butyl acrylate (BA),
butyl methacrylate (BMA), and methacrylic acid (MAA) are examples of
monomers that provide bulky side groups. Suitable acrylic polymers
include copolymers of BA or BMA with MAA. In such copolymers, Tg

35 increases with MAA content, so MAA content should be low in order to
realize the desirable values of Tg as recited above. For copolymers of
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pri.ner, it generally contains an adhesion pronoter. Adhesion
pronoters that can be used in the priner, and hence the prinme coat, of

this invention include at |east oneygic 89fyaahggecijde, polyarylene 10
sul'fide and pol yether sulfone resips. Poly Imde is preferred,
ei ther al one Qg dfpspgPi Nation wit h_ﬂlh.gﬂggﬁt_ﬂﬂ_p ronot er . pedalioci1637

adhesi on pronoters are commercial | y avail abl e.
Di spersion conpositions of this invention can contain, in addi ti on
to fluoropolymer anBMAradd MAALcémposmmﬁqambeunﬂieaﬂhgemA/MAa 93/7 to

ompos 11 on. coat i N RS At #gﬁfé%ﬁ“”/’fw (9. i hohinkSomposition.of
a substrate, such ag]\’gﬁ? 44%3 ﬁﬁi}tg‘ 5&35532??§%%§ﬁ§?a§ﬁgt01’¥1 f]ﬂg

surfactants, flow caotyimlcoq@éymrcmbemdebplcanvwaqaedus he |ike.

20 5. polymerization pr obta an aqueous dis él the

fol |l ow ng exanpl es, )f parts e I unl ess fthxs .se. st at ed.
Solids content of PTFE raw di mmp?? tign o inve ONiSA i ed
gravinetrically, thgkirh maljymugtaansanpdhemehq:remtdr Adbesionf t er

dryi ng. Raw di spers 3”‘9’@& a?ﬁﬂh AR rime coat, dIY
the turbidity net hog’gr %fcgﬂg%}‘%fe | oér’:ﬁg% o] C%%dé %

Sanpl es of PTFE resi HH?QE e fh %&%P FnHﬁ » palyarylens,

specific gravityo( SSfﬂﬁdm& polyather sulf¢nagesine Palyemide imide is prefeprasksur e
by coagul ating the %ﬁl“{ef’h o?ﬁ%o?dbﬁhﬁ@ﬁ%ﬁh%éﬁidlﬁ@mn ototes Bt i ng

the liquid, and dry| C for about
"E%‘& KB{?‘Z}F ASTM

circul ati ng air ove
D 4894. MW was measur ed 380[eDu§p@rs19ntdompmomseobﬂn@mmahnn¢amcoutmem

B T
I atio o

d” of 1)
using 18.4 wt % | ‘§op£r[3€#?r'@"ﬁ8&8%eo?%@%v

1600: 1. composition, coating characteristics, and/or pypperties of thamgoatingmn 1
PCT/ US96/ 11637 gsubstrate, such as anGRXRIGAIIS, pi Eﬁmwlﬁsﬁymﬁm&s , gillels, FE
resi ns was et Qhid > %&,S opy.
HFP cont ent %C%%%&tcgﬁg& géeﬁt%gﬁ%r m nee(’}n%i [ .w,%% 8t

di sclosed in U S. Pat ent 4,837,267 using a calibration curve to
convert PPVE ab20rbance 5to PPVE cont em To

prepare concentrated and st abjd {vfdlldwsa gre&hﬁfjﬂes, IhHVparts are by weigitnailess was
‘concentrated to aboutth60 W %f:astecli.' ds based on total
Solids content of PTFE raw dispersion (as polymerized)-
was measured gravimetrically, that is, by weighing a sample before and
25 after drying. Raw dispersion particle size (RDPS) was measured either
by the turbidity method or by photon correlation spectroscopy (PCS).
Samples of PTFE resin were prepared for measurement of
standard specific gravity (SSG), melt viscosity (MV), and rheometer
pressure by coagulating the raw dispersion by vigorous agitation,
30 separating the liquid, and drying at150°C for about 72hrina
circulating air oven. SSG was measured by the method of ASTM
D-4894. MV was measured 380°C by the tensile creep method disclosed
in U.S. Patent 4,837,267; hereby incorporated by reference. Rheometer
pressure was measured by the method of ASTM D-1457 Section 13.10
35 using 18.4 wt% Isopar® G (Exxon) lubncant and a reduction ratio of
1600:1.

Thls Sheet Has Been R laced




sol-ids and liquid by the nethod disclosed by Marks & Wiipple in U S

Patent 3,037,953 using Triton[err] X-100 non-ionic surfactant (Union 10
Car bi de) . Optlonal |y, additional swfactant was_added to adj ust

surfactant concentration to desiredHie\8HEETHKS @EER]t concentration is

expressed i nwh ¥pased on wei ght of PTFﬁr:rslgdo For
the acrylic copolyner, Tg was det ernrret—by - di f f er enPFHUSBELEH; ng
calorinetry at a heating rate of 10[err]C mn. 15 Deconposition of the

gg;%/l In CSCﬁgol %rre; vas ChaggCC@ﬁb&%&content ofﬂié‘ﬂfo@ﬂé&mtx‘ééﬁs% yS' S.
i Vi i C
topcoa’? f or nul gt i op ‘Ya gubeci)?ryg ﬁ?‘%i‘%@‘%f“& a;%ﬁﬁ%trggcopy W‘EP&%N ed
in the exanpl es toand PBYE cantentweradetermined by the metbedsdisclosedin U.S.
pr egar eg b%/ ?@3 hi nPagérity, SSPRWﬁsﬁx‘gd%mﬁuéh[ﬁ?Wdt&téﬁver@t!’P\m ébédrrFﬁ?cde o
or dried a err 4 mn eprrrrecoa was applied by
spraying to obt éﬁy\a&ﬁ?{%\g#&r{éss (DFT) 3 Jerr]lm The topcoat
was t hen sprayed to obt ai n aT@@gepaxeqqncenﬁ'esedén I!‘ 25l dispersiony, Taw
ggi)[ess ftF h(erl\lfl\ng[se I]rdis ﬁhwhb@oﬁtéﬁ@afeartedﬂwmébamdsémswséaéheétal 25f
err err ¢ o
4-5 mn at terrperatsa é%&ﬁ%ﬂ%ﬁ@w %;CTS%? bi’%?%&%@gkr rirérg
Hpn"Re

bel ow, t ot Hatewt3,037,92%u 0@ nga-ionir surfagiant (Urdon- 30. 5

[er{] rr)i 10 Carbide). Optitshaity, &H%Hhﬁﬁﬂtﬁd'f&%amﬁwsaﬁ&é&téﬂﬂjﬁz edtto a
ost water eis
Soaked in 30 b @?ﬁﬁsin‘*%&?g*@faﬁ%% dsubRlentt” sulBCutRpReniin & 7
substrate, expressaddpayiae &"P%‘ﬁ@ﬁ%ﬂg@ﬁﬁfm - back the coating
Wi Lh a fi n]ger nail . IFotﬂfemyhcng olymeées hsdeﬂemﬁnédbyrthle ) :
substrate for 1 cm 5Em ail the
PWA test |f the co%;ffe@gtgarllrslc gcaﬁ % ﬁyﬁé %?&%c[lﬂf:gnce of 1
cm the coating®is ‘é?lgen tb%éﬁ"}fl’r?empo %‘??erm Yat es
coated as above werthemhegrauihjetrit adalysisa cross- hatch (x-hat ch)

test for adhesion. The coate i ' -
9 WO 97/ 03141 EoaBRBL havig 4 PritR€ chhidhda topcoat made from

PCT/ US96/ 11637  Primerapd tgpcopt formulations based on,concentrated dispersionsas,
make 11 parallel culedailed mﬂmamﬁlesmrfnliuw( mahmxmrsubsh'atngirfadeewasl m

: 0 t pe rrft al S Lh{of A9ftepared by Wd el HEQohE th 2BRBVE Siknd d&t‘taxﬁf‘ﬁ!r Aridd
sc(ral blecrjssa(r:rgl Z [ g [ r ‘ia??%o" (gé oﬂgr(i &bt@ggﬁéﬁeﬁﬁ% il t hen
is removed fromt hémmgf@mbtama rﬁé’éﬂ’\egi‘f kness (RFT) é'rml!ﬁ!b 'l?hqmpat
quenchi ng the sanplwas theisprayed to obtdinfa ﬁfpcbaaﬂﬁdaiesshfﬂaﬂg H iotd BFENd No.
898) | 0.75 by 2. 16 (10l il ntcated, ind ks WerB ST Bikd FAB 20 Rt  N°
25 300°F (1819°C) followed by a high temperature bake for a minimum of
4-5 min at temperature above 800°F (427°C). For tests reported below,
total DFT values were in the range 0.9-1.2 mil (22.9-30.5 pm).
Substrates coated as above were subjected to a post water
adhesion (PWA) test, as follows. The coated substrate is soaked in
30 boiling water for 20 min. The coating was cut down to the substrate,
and an operator then attempts to pull back the coating with a fingernail.
If the coating can be pulled away from the substrate for 1 cm or more,
the coating is considered to fail the PWA test. If the coating cannot be
- pulled loose for a distance of 1 cm, the coating is considered to pass the
35 PWA test. Substrates coated as above were also subjected to a cross-
hatch (x-hatch) test for adhesion. The coated sample is scribed with a
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a:parallel direction to the scribed |lines. The tape is then pulled off at a
10 90 angle rapidly but without jerking. This step is repeated at a

90[ err] angle to the first step with a fresh piece of tape, and then
repeated two times nore again at 90[err] angles to the previous step,

each tinme Wwdonoesidt fresh piece of tape. Passi ng t he test,,crrﬁggb{l%that
no squares be removed fromthe 100-square grid.

Accel erated cooking testing was_carried out with coat ed fryi ng pans

usi ng the tiger pegorbladesaidedbra sigintenssienisamplate, © make 11 paraliel cuts

4, 2t52 85t9 ghte nuabiart 3)f32dheh (24 dnagaiparttiovaghthe éilni tothe/ Mbtad surface
coating to deteri

coating performn@égﬁégéﬁédg%ggg?@iéﬁ t ége%déﬁg)‘gfﬁét?% §Spgﬁagc_ej 20
sanpl es, nor nal i z&%d©f 180sguaresphagoate n (5251 gd [sgmgﬁ)lszmmerse in
EXAVPLE 1 5 boiling water foﬂ@mm&&l.‘s anll theats Fanboed froth thewafler and

wat er j acket ed, qlea)gtg% ﬁég%%ﬁgﬁﬁféﬁgéﬁéé%ﬁé%?‘%l ,Eg a | engt h

to di aneter ratlo

wei ght, was char ﬁﬂmftmpﬂmﬂ@mdﬁMBmdiNﬁ 888)a 0i 75y adﬁenda(h

parts of hydrocarfdem)pis pressed fibidy beaﬁwsdoﬂﬁma@ditmhéﬁﬁéﬂx&tedm

The react or pﬁégefmﬁ”ﬁ*ﬁﬂﬂ %ﬁﬁﬂ;&&qﬁg sgribed LHEE o?'ﬁ{?%ea%?@%“a}@%dp@#“*m "
anmoni um per f Muor¥B@ngterpidhobus witwutderking 1his step inepepted atef8unol
322 ?hggogegﬁég Tanglleméﬂnéﬁrs}e i mﬂm&f?(g zeceofia?e,%&l:g;liéﬁ}e éEtedm%ctor
t enperat ure was rﬁ’]gl gﬁét":z%grr g‘ug}@%s Fheeprevxéﬁr%teﬁb a&{]ﬁﬂge‘&%h%econe
steady at 90[err] a-’:smﬂaewémwuesthatnvéqae a final
pressur;a ?f 4%0 p:engm(e?B(fjroNP&)elmls quavesgridl | owed by 35 punping 2. 20(5) 0
parts of freshly prepare %g]%% te'dﬁio?lﬁ.é’ies?ﬂg‘%h?@amedou?%ﬁﬂ&t&@

S_l

wt % of ammoni um persul fate

10 - WO 97/B¥gpans u etlger paw test disclosed by Concannon in U.S.
PCT/ US96/ 11637  Patent 4,252,868 Fi'hemnnbepefs:tandarcl asiRingryalesirequiradifor a
@Lt)erdthe , 4ol td&éhﬁﬁtﬁ%éa%&?grt | é E dbééa?‘ g (0. 07
a) drop in I eac ressuge i qpa vvas ai
pressure SORLing per. g lsj*z Jﬁs‘g ng‘c?gd
the reactor, 20 s samplesynemgalize toamlthETsQﬁ dtum)25 wt%C—8 was
addedtothe reactor at a rate of 0.112 partlmnute. After a total 33
parts of TFEhad been added to th fter ki ckof f (66 min) the
TFE feed was then p nd was .cqntigued unti |
the pressure droppedﬁ\g’alﬁ% Y% ﬁ”%ﬁEa‘glﬁ 2t or was
st opped, the paddlestirred stainless steel reactor having a length to diameter ratio of

25 about1.5 and a water capacity of 79 parts by weight, was charged with
42 parts of demineralized water and 1.32 parts of hydrocarbon wax.
The reactor was heated to 65°C, evacuated, purged with TFE, and then
evacuated again. The vacuum in the reactor was then used to draw ina
solution of 0.0055 part of ammonium perfluorooctanoate (C-8)

30 surfactant, 0.0087 part methanol, and 0.0002 part Triton® X-100 in water
(1.58 parts). The reactor was then sealed, agitation was begun at 46
rpm, and the reactor temperature was raised to 90°C. After the
temperature had become steady at 90°C, TFE was added to the reactor
to achieve a final pressure of 400 psig (2.86 MPa). This was followed by

35 pumping 2.205 parts of freshly prepared aqueous initiator solution
containing 0.06 wt% of ammonium persulfate (APS) and 3 wt% of

10



10, reactor was vented and cooled to 80[err]C. - The PTFE di spersi on was

t hen di scharged fromthe reactor and saved. Solids content was 45.0%

and RDPS was 158 nm (turbidity nmethod). SSG was 2.268 and W was

2.43 x 10[err] Pa.s. The remaining dispersion was concentrated to =

61. 5% sol i dswo 9703141and 3.5% Triton[err] X-100. 15 PCT/US96/11

Exanple 2 The procedure of Exanple 1 was essentially

r epeat ed except that 0.108 part of HFP was punped into the reactor

after first diguceirdc acidiperakide (BSP)dntd thefreactor | Mteruthet i at’ or

'42t ;Os\foc/t ' 03 EC[’):D 'Sﬁ&ym@ﬁzaﬁ&ﬂhSH‘beghntdQQnm&téd B}ﬂaﬁ @1@ %02 2 5 WaM?/
o-an was

was 1.8 x 10[err]r$§§t%r pre\glg&re, %af-‘%c‘ﬁﬂ%‘q"&%édggﬁ &r ﬁf&ﬁeter

pressure was 11, 9o@nsiant aigd00psig. After\d80 parts ef [ERwy ¢Chw> thesteactdron was

(I;?(R(I\:/I%EtEr gt ed t9 69.24 pdriéofana ué&issiﬂuﬂﬂéoi?%\k&%ﬁ%%aﬁidédi&ﬁi@o 25
repeat ed eFeasher ?trﬂﬁat??é Bflﬁg mlu 80 m#&m ggglogm%imped

f ol | owi ng - been pdded dothe tracken off (66min)the Tikifeedwas them The
solids 30 cont gifpped dritbtHeopol m@hﬂﬁaﬁwas\c@hm@uﬁﬁl wret % and
Werr) “ﬁioio néo‘c%lgi@ @gé*&f‘%“&’ﬁ%r &éﬁ%%ﬁ@? 0@&%&6 oS
6846 psi ( IgRCtonWas Ve The EISEAfispersion wasthent ed
tE§><A VPLE 4 59.9 wt %s%hhr froth ﬁ1e7r9dbﬁfw'5!i1dsuﬂédr lehds tOftent wids 45.0% and

PCT/ US96/ 11637 2158 hm (Mb’dfg' Lmethod), 50 wis 22684 ;; ?V was 243

essentially repeaf‘élg Jaat% The remainjpg J?Peﬁlpwqmwmga seligs 103

part of hexafl uor and GBH% &réton® X-100.( HFP) was repl aced by addition of 0.072
part of perflg‘épl_ro(propyl vi nyl ether) (PPVE). The solids content of
the nodified FE raw di spersion 5 wag;, 5. 4 % and RDPS was 121 nm
(turbidity method). SSG was_2. 243, 5.4 x 10[err] Pa. s PPVE
content was 0.10 wt% and r%mcedureofl‘lxamp&tu\r@m howspestad ( 76. 4
MPa) . The remaini egeeptithélt 6.068 aﬁrquEPwaspun@edciﬁm&&t&dcﬁo@a&Qrfusﬁ%

solids and 5.9 wt '
EYAVPLE B 10 ﬁ%gishEQﬁbwgide fore lﬁus%lmtlatg(anp e Gtion, SOIE
with water and® contenhgf th 3#@%%% I ly

as in Exanple 1. was125 rilihe(turbmdnhyrmembd)a 898G ovasr2.260; Mﬁsﬁam%.édc 168 Pa-sw i n

a solution of 0. TE{; content w%@rdlér)ivt% &n '}ﬂegmgfyrgar@%tﬁe%aé‘ﬁ i 8971 S0

arts of water. en sea |t un at
26 rpm and the r JorThe remanung raw chspersmn was concenitrated fo 601 Wit 0

solids and 5.8 wt% Triton® X- 100.
25
EXAMPLE 3
The procedure of Example 2 was essentially repeated
except that the freshly prepared initiator solution pumped following
HFP introduction contained 0.1 wt% APS and 4 wt% DSP. The solids
30 content of the modified PTFE raw dispersion was 45.5 wt% and the
RDPS was 122 nm (turbidity method). SSG was 2.265, MV was 6.6 x 107
Pa-s, HFP content was 0.20 wt%, and rheometer pressure was 6846 psi
(47.2 MPa). The remaining raw dispersion was concentrated to
59.9 wt% solids and 5.7 wt% Triton® X-100. -

35 EXAMPLE 4
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15 tenperature was raised to 90[err]C. After the tenperature had becone
steady at 90[err]C, TFE was added to the reactor to achieve a final

pressure of 400 psig (2.86 MPa). Then 0.115 part of PPVE was punped
to the reactor. This was followed by punping 2.205 part of freshly
pr epar ed WO 97AG1sg0US i nitiator solution containing 0.06 Wﬂgﬁ% and 4
wt % of 20 DSP into the reactor. After the polynerization ha

i ndi cat ed by a 10 pSI (0.07 MPa) drop in reactor pressure,

addi ti onal TFE was rasedure o Example 8 was essentiallyt repeat@Dwithi g.

After 3.00 parts ofhelddeep t10n that\ieCadiditiof 6fmdsepa&ea§hekaﬂ£o répjlene0f an

aqueous sol ution o eactor at a rate
of 0.112 parttm n. &ﬁ?gwaafFB?&Fdé’?a&é?%“W%”gPW?@ é(b‘&éld to
the reactor aRer kethienf (PRVE)R Thewyolids content Rﬁodmmmﬁerdlspeqsmﬂ
?gg ItO glegp?llygﬁrswéawasqswm%{d RIPS was mmw [gr agrsgx@ggg%gr
was vented and coo dv‘{ﬁr}%%fcgﬂg%és,ﬁ;mcontent (ﬁ @Qﬁ Jﬁg %N was
t hen di scharged frprassure waadl d180gpsi (76.4dPa)avihe renhaining rave disper ﬂnnwasthe

raw di spersion msc&éeaﬁ&e/ae@dowt% soREPan¥#®:9 wad m&i‘@&mt hod) . SSG
was 2.227, MW was 1.8 x 108 Pa. s, PPVE content was 0.21 wt% and

rheonet er pressure was 9751 psi (EXAMPEES The renmining raw

di spersi on was d;oncent rat ed R RActdr usede%aﬂiﬁQ'l‘ §§ fwith%ater and
Triton[err] X- 100 g 8
12 VO 97/ oWaxqheated, purged, and evacuated, all essentially as in Example 1.

PCT/ US96/ 11637 The vacuum in the readtor wassthienruseddd drawﬁmamﬂahbniuiﬂ.m
charged with wat er%xéf;%f C-8.and 80618 Bgﬁt&%emhaﬁﬁu 1 ggf,aaw !

essentially as in acuum act or en used
to draw in a sol uﬁ%ﬁr%fwﬁs msealed ag1 ‘G’FSE" B‘iérme% ¢ reagtor

met hanol in 1.2 pemperaturemves raised to 909 r Affer the temsperaturedeal hd:ome
agi tation was beg L%‘te@?v 4@90@'1’@%&1%%&&%&% reactor to AGIBFE & HinhP

ot orr) & Tre vab Sl 5hs (Uhe WERE Théh B 1ISRelt 4PV E e BP%@D?&

of 380 psig (2.72 1Rsior. ﬂ%shmlfgnomdbppumpmg@amm fneghlmaepared

reactor. Thlt s was gk é&mwofsammeo omg.mmﬁawmgf 10
aqueous initiator OR. con ni e re

A]gter t he poI;;/l£ ?gkl%'hoﬂé %ﬂ‘g@eﬁ %%ﬁ?%ﬁ ﬁ % %‘“tﬁs’b"%: cated
MPa) drop in react A0apsig (@07 mmem& ditignahTEE was

pr GSfure goggt anttaddé’cseoﬁmﬁtanﬁ\ su&e@oﬁﬁthhﬁamom B0 paits of TPE

r eact or ar

15 the react olro at&’e?é a?&e&? 8819#3%&9%#?12 rk?] ?ﬁ aﬁﬁ?@% ﬁ%@g&g ? q)(::‘QF%TFE
had been addetiwiese ?ér@eﬂéacﬂ‘éi'e%ﬁt?"e?t w@g

was 25 33 parts of TFE had been added to the reactor aRer k1ckoff (133 mm),

the TFE feed was then stopped and the polymerization was continued
until the pressure dropped to 175 psig (1.31 MPa). Then the agitator
was stopped, and the reactor was vented and cooled to 80°C. The
modified PTFE dispersion was then discharged from the reactor and

30 saved. The solids content of the raw dispersion was 45.5 wt% and
RDPS was 253 nm (PCS method). SSG was 2.227, MV was 1.8 x 108 Pa
s, PPVE content was 0.21 wt%, and rheometer pressure was 9751 psi
(67.2 MPa). The remaining raw dispersion was concentrated to 59.9
wt% solids and 5.7 wt% Triton® X- 100.

35 | EXAMPLE6
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st.opped and the polynerization was continued until the pressure

dropped to 175 psig (1.31 MPa). Then the agitator was stopped and the
reactor was vented. The nodi fied PTPE di spersion was then 20 discharged
fromthe reactor and saved. The solids content of the raw di sper si on
was 45.5 WM Se@aoefestiiPS was 249 nm (PCS net hod). SSG was P %S&Z‘g W was
2.0 x 108 Pa.s, PPVE content was 0.23 w% and rheorre%r p g‘?ure
was 7905 psi (54.5 MPa). The remaining raw di spersi on was
concentrated to 60.2 w % scolhe seachar Gsel int Bxampleivas chadged with wafig.and

EXAVPLE 7 wax, heated, purf8d 3P v sctbited H1PésRBnRAlIVAs &F | lﬂﬂ;ﬂ@é! ymer

of 96 W % tyl nethacgyl at e Q@%@A)
,

hg [ BIVA d 4 wt % net
was pr epar zﬁ‘eé?%lmlﬁ T%&@Fo‘f’?%ﬁ%buﬁﬁqiq %ﬁe%f'ﬁ g rs?s tgf’rhgt
equi-pped 30 wi t jpaat ¢fG+8 anxl POBP8S partofimathanol imdl.22 parts-ofewater. The

13 WO 97/ @ededdr was then sealed, agitation was begun at 46 rpm, and the reactor
PCT/ US96/ 11637 _ : 5’%@89@ | rgg nt ab
W Parts temperature yas raised i 78°C, AHer e femperature had become 5540

Sodi um | auryl sul steady(@BFGIIED we3s ddded to the reactor to achieve final presuiry
met hacryl at e of 380 Ea:gﬂ(%ma‘} Then 0.111 part of PPVE was _p;ggia lﬂé‘gﬁé’l ic

a%6 > reactor. “This was follgyyed by PHIPPING 22 PAES 0l (heehly, PERAra0. 5

4 Deni ndpal agedoumirdtiator solution contadning 0.10 wt% of into the reactor.

Ammoni um persul fa T indi ‘o (O
Deni neral i zed wat Utiter the polymerizationthadl béglm as indicated by £10 psig (0.07

persul fat e WPa) drop inyrepctor pr%ésxﬁ-e, additional TFE was added to main
Vat er pressmre constant at 380 psig. After 3.0 parts of THE were added tp the

62.4 15 reactor, 2.13 parts of an aqueous solutiohcsfe8.46 wt% C-8 were ad@€d t8
Portion 1 was g hai}?@?eéc%x"a&‘fat& SF0I0R patEARE). AN2R' 46393 parts of TFE had
been added to the reactor after kickoff (90 min), the TFE feed was
stopped and the polymerization was continued until the pressure
dropped to 175 psig (1.31 MPa). Then the agitator was stopped and the
reactor was vented. The modified PTFE dispersion was then
20 discharged from the reactor and saved. The solids content of the raw
dispersion was 45.5 wt% and RDPS was 249 nm (PCS method). SSG was
2.175, MV was 2.0 x 108 Pa-s, PPVE content was 0.23 wt%, and
rtheometer pressure was 7905 psi (54.5 MP’a). The remaining raw
dispersion was concentrated to 60.2 wt% solids and 5.6 wt% Triton® X-
25 100.

qoNi UM

EXAMPLE 7
An aqueous dispersion of an acrylic polymer of 96 wt%
butyl methacrylate (BMA) and 4 wt% methacrylic acid (MAA) was
prepared by charging the following constituents into a reactor equipped
30 with a heat source, a thermometer and a stirrer.

13



W t.h nitrogen and heated to 80[err]C W|th continued stirring. Portion 4 was
added and then Portions 2 and 3 .’Lﬁ:é mn. Portion 5

was added and then after 90 m n thEHiCoS Tt SASBEENG vessel were cooled 20
to’30[err]C. Portion 6 was added fover BEPHMEMth dontinued stirring. The
resul ting aqyg@ypesdisper si on had asottds tontent—of 40.7 wtom%

average particle size of 148 nm a Tg of 28.6[err]C and a naX SAARE of
deconposition at 325[err] C as neasured by TGA.

Contral A 25 PorBbhdh eﬁppcoat coati ng for nUARPLRES
sunmmari zed in Tablg 1 an £pared 1ollo 0 EXAMPLE
1 of Tannenbaumin U. S. Pg ] %ﬁ‘ﬁeﬁfé\é I nc W%t ed by
ref erence, using bl ending techniqu

therein. For those ingredieds int rBﬂiW lateous di sper SI 03326.4 30

(e.g., colloida$ silica, PTFE), theMaﬁmmyhcathdvm are the soli di38.7
fractions. The amounts of waer | nt]pgﬁm@dhﬂydw#{& di sperS| ons gFo2

consol idated in a single entry for a4 aﬁg ﬁgsd%

dem neralized water. The polyam de g@@% was t

di scl osed by Vassiliou in U’S. Pat d t he uItran]e?rqz‘ue 35
bl ue was that disclosed by Concann t®) S. Patent 98

4,425, 448: bot e of whi ch herdeby |ndae1pmemhued)wartef erence. The HFHER2
fluoropol ymer was a TFE/ HFP copol y kmrheniung pefsuilfaté 3. 80 and 11

14 WO 97/ 03141 6 Demineralized Water 2712

PCT/ US96/ 11637 W of 3.5 %1 W .S, prepared as adh gqueous

di spersion generally accordin ro & Sandt (U. S. Patent No.
2,946, 763; hereby i ncor por at ed by reference) having ROPS 0T 185 nm
and concentr at %l to 55.5 w % solids ad®tal 6 wt % Trito¥j6k8] X- 100.

The hi gh ‘nol ecul ar > \Pﬁrﬁbh 1RVBE chaggetMned Hitbfdattidn gedétl OblBAKStedn d

SSG of about 2. 23,
di sper i on havi ng. ¥afh Bitroger 4 ﬂg%tsﬁ?@%@éwﬁg@ OSARMALBAE B ot ¢ s,
Triton[err] X- 100added pod[thenPortions 2 andd-were added ovend60 mini Poxtiopdr si on

grade 30, DuPont).was added and then after 90 mirl #i €oriteRB B the vess¥] Wide cooled

Formul ation o
6. 90 . 20 1930 gﬁa%ﬂg {is Yaded over 15 ﬂlﬂg&ﬁ'@') %g{unued stirring. The

Afflair[err] pig rre?ﬂs“%m pAveaYs dgyprsmn had a solids conten of 40.7 wt%, an
Zinc oxide 15  average parficle3ize of 148 nm, a Ty di@8.6>Cliinid a haxitnrhdexofA\M

DuPont ) decompozm%Zl at 325°C as measujfgcgﬁy esgcul ar weight PTFE

Control A

25 Primer and topcoat coating forrnulations summarized in
Table 1 and Table 2 were prepared following EXAMPLE 1 of
Tannenbaum in U.S. Patent 5,230,961, hereby incorporated by
reference, using blending techniques normal in the art as disclosed
therein. For those ingredients introduced as aqueous dispersions

30 (e.g., colloidal silica, PTFE), the amounts shown are the solids
fractions. The amounts of water introduced by such dispersions are
consolidated in a single entry for water which includes any added
demineralized water. The polyamide imide dispersion was that
disclosed by Vassiliou in U.S. Pat. No. 4,049,863 and the ultramarine

35 blue was that disclosed by Concannon and Rummel in U.S. Patent

' 4,425,448; both of which hereby incorporated by reference. The FEP
fluoropolymer was a TFE/HFP copolymer having HFPI of 3.80 and

14 heet Has Been Replaced
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4.53 FEP f 1 uor opol yner 4.98
Pol yam de i mde (Al-10, Anpco) 0.70
Triton[err] X-100 (Union Carbide) - 150
0. 70 Di et hyl et hanol nThh|§ S;gp:A‘éég BEEN 1.39 .
Triethyl am ™o 97403141 3.84 rfuryl apgeph
3.23 N- et hyl - 2- pyrrofidone 25 P §H6,11537

Table 2 Control A To t r Anmount
| ngr edi ent NV ot 38 X 197 Pa:s, prepared as almqll%ﬂqs ﬁ!ﬁpﬁrsmrgmrallm end)
0.15- Chancmid:hgao BroiégBSandt (U.S0Patent No. 2,946(7687here bé%

R B Ehp et

élTllérIQ numsilicate  jncorporated by fefefehce) 2a RDPS of kg

0
39/57/ 4 nol ar to 35.5 Wik sofidgand 4.6 wit thnpw rgolecgl;;r
1.19 5 OweeightPTEE had MV of about 1 x 102@Pa-s and SSG of abovﬂﬂi%;m

pol ynapt hal ene sul fo
X- 100 %ng%% used as a concentra%:]a%;nuﬁou Tgﬁ ersmln hn%{lo%up 1% et her
15 VWO 97/ 031 5¢ntent of about 60 wt% and about 6 wt X-100 (T eﬂon‘

PCT/ US96/ 11637 TFE fluoropolyfier ¥6sin dispersion grade 30ADeiPont).

4. 47 “ Triethanol am ne 2.88

Aromati c hydrocarbon 5 L, ere applied to al um num
substrates and ¥est ed as opirol i ximen kormulations nassed t he

Wt er

PWA test Average s utfep | agredie ed _cooking test was 76
cooks/ml to a rati Qgg(pf 5. . Ultramar Blue Exanmpl e 8

Formul ation w Ex 1 Pol yner, bﬁ? o]

were essentially repeated 005 - pt th%fif % Irﬁé}l%iml ation
described in Table 1, the 77169 parts of rml ecul ar ht PTFE
and the 4.532 parts of FEP I e repl aced C°u°1diﬂ§$ ont)

pol ymer prepared in Exanpl .17 and (2) thel'ﬁghmecularwelghtPfFEf hi gh
nol ecul ar wei ght PTFE in t 53 op-coat for nFERtfhwsropolymer

498 Polyamide imide (AI-10, Amoco)
0.70 Triton® X-100 (Union Carbide)
20 65.50 Water
0.70 Diethylethanol amine
139 * Triethyl arnine
3.84 Furfuryl alcohol
3.23 N-methyl-2-pyrrolidone
25
Table 2 Control A Topcoat Form
Amount (wt%) Ingredient
131 Afflair® pigrnent (blend)
0.15 ' Channel black pigment
30 0.07 Aluminum silicate
41.89 High molecular weight PTFE
5.00 Acrylic polymer of MMA/EA/MAA =
39/57/4 molar
0.57 Cerium octoate
35 1.19 Oleic acid
- 0.02 Sodium polynapthalene sulfonate
' 312 Triton® X-100
X 235 Diethylene glycol monobutyl ether

This Sheet Has Been Replaced
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15, described in Table 2 were replaced by 41.887 parts of the PTFE prepared
in Exanple 1. Coatings were applied to alum num substrates and

tested as descri bed above. Al coatings passed the PWA test Average
performance in the accel erated cooking test was 106 cooks/m| to a
rating of 5, wgdmhafiti ally better than Control A These resu}ﬁfm? hat
20 coatings of this invention have excellent performnce wt end
of fluoropolynmers in the %riggir conpositiop, and thus in the prine

coat . 6. % anpl e 9 FormY&&fon w Ex 2 Pol ymer

Exanpl e 8 was repeated exc&#’ that the noditFiethprotaminers prepared in
Exanpl e 2 was used instead2d8 the PTFE frodremetishydrocarbon Al |l coatings

passed the PWA test. Average performance in the accel erat ed cooki ng
test was 112 copks/m | to a bet t han
Cont ol A CBleitgs Blerd appHBsp i Bimim sypsimpech Ui el
Exanpl e 8 was r epeas dasaribashaboveit Allicoatings passedtirePWA test. fvaraged in
Exanpl e 3 was used?éﬁamﬁceinH@a&%aw&&ﬁ&agubﬁﬂas 76 cooks//ihil t6@at i ngs
passed the PWA tes Aver 9e performance in the accel erated cooki ng

test was 101 cooks¥aHH a rating of 5, substantlally 35 better than
Control A. These results show Example §F omwAEx1 Polymért hout a bl end

of fluoropol yngss in the priThe fedtulas ofControlAwereessenuaﬂyrepeatedexcept

16 VO 97/ 0

PCT/ US96/ 11637 éjaﬁl) in the I;nme’ ft‘t’%}ﬁﬂ%“ fﬂﬁscﬁ‘&e&‘PaTabégéﬁﬂ‘e&lﬁ9 ﬁﬁft:lr?ér
Exanpl e 8 ighmolealar wieigh thed. Jpparts o rep

EXZ%' Z 4 ﬁz nggb y 11172p8rto bf t]k@p z&édlmlﬁitaﬁlplel andﬁzﬁgﬂr\é%mﬁgs

passed the PWA tes king test
was 98 cooks/m | t a%%@iﬁ%ﬁél%ﬁ@%&gﬁ??ﬁ?ﬁmtﬁe%&gg @%nﬂ}lﬁﬁﬁ Mcont r ol

A. Again, thesd redgsarip able were replaged hﬂﬁé@wPaﬂs ofi the FEFEprepased of
f1 uor opol ymers in irhExaipl® 1C Giatings were applied to aluminum substrates an8XAVPLE:

12 8 bé SAﬁ%@s oasidP Y PYWEA %&itAggx%%re' bed
10 table 1 of Bc%ﬁﬁs §i&§t§)d? ji

IC(r)]nt r ol g Tgpcogt performance in the ac af%%%@ilﬂ&&ﬁ%ﬁ%ﬂ@ﬁ%ﬁs/mt%ﬁom in

Tabl e 3 was matimpofh, substarstialhsbettemthancControlAaThese rdsalts showf that

subsequent 20 emg'sso%ﬁ\}e?ﬁﬁ?fﬁ% XA p¥tfbfmBRbY Withoti A lehd
Table 3 was an
of fluoropolymers in the primer composition, and thus in the prime
coat.

Example 9 Formulation w/ Ex 2 Pol
Example 8 was repeated except that the modified PTFE
25  prepared in Example 2 was used instead of the PTFE from Example 1.
' All coatings passed the PWA test. Average performance in the :
accelerated cooking test was 112 cooks/mil to a rating of 5, substantially

better than Control A.
30 Example 10 Formulation w/ Ex 3 Polymer

Example 8 was repeated except that the modified PTFE
prepared in Example 3 was used instead of the PTFE from Example 1.
All coatings passed the PWA test. Average performance in the
accelerated cooking test was 101 cooks/mil to a rating of 5, substantially
35  better than Control A. These results show excellent performance
without a blend of fluoropolymers in the prime coat.

16



15. acrylic polynmer conposed of 39 wt % net hyl nethacrylate, 57 w% et hyl
acrylate and 4 wt % net hacrylic acid and havi ng a nmaxi num
deconposition rate in the range of 380[err]-400[err]C as nmeasured by TGA

Tabl e 3 Control B Topcoat Fornul ation: Amount (wt %

| ngredi ent 2%0 97/03141 0. 80 Afflair[err] pi lLend)
0.17 U tramari ne bl ue pignent ﬁ@fs’&ﬂﬁ
Channel bl ack pi gment 0. 20 . Al umi num silicate
41. 30 Hi gh nol e ledi o Ex 4 Polymer 4. 90 _
Acrylic (MW EAVAA = 39/ 57/ Hixample 8 was repeated @xépt that the modified @TFEJ(T 07
octoate .- :
Sodi um pol ynapt hal gﬁ%:agsﬁ fﬁoﬁggggiple4was used gs%é&%ggi}'%PIFEfrom Example 1.

Triton[err] x- 100 Adkcoatings passed thesFWA test. Average performance én ghe col
monobutyl ethers accelerated cookiRg téft was 98 cooks/mil t&éirRfing of 5, substantially

.39 btk B! R Again, these resulis ¥ excelln pesformance

Aromati c hydrocarbon . f
Primer conpositi on¥Without arkjend of fluerepolymgys inthe prime goat. '
17 WO 97/ 03141

PCT/ US96/ 11637 The FEP fl uoropolﬂ&wﬁuﬁgsam as used in Control
A. Fpaiyeberends, thisexample isthegprime coat described in
Ampbunt  wt % 10 table 10f EXWMPLE 5 Cdstrol A. Ingredient 5

0.01 0.01 Zi nc oxi de 6. 81 6. 76 U tramarine
bl ue pi gnent .1.02 1. 0Control B Topicoatlal silica (Ludox[err]
AM DuPont)

- 4. 45 FEP f| 11}'%* ot|°PC°§t &%ﬁng Cdmﬂbgiﬁsgzsﬁ b ﬁa%%b was

Pol yari de i i de ( APTERATed IOt pseas Hebntzol) andygs a pefetetice foy subssquepy,

0.71 0. 64 exaplesifthe inventiopo Theracaylicpehimey shown in Table 3 gvaztan

0.25 Sur fiy nohéiglic jpolyfhet Sbinpdsed o€ B9)wt% methyl methaerfate, 57 W% éthyl

N-met hyl - 2- pyrr ol | dghfate and 4 wt% methacrylic acid and having a maximum
decomposition rate in the range of 380°-400-C as measured by TGA.

Table 3 Control B Topcoat Formulation

Amount (wt%) Ingredient
20 0.80 Afflair® pigment (blend)
‘ 0.17 Ultramarine blue pigment
0.40 . Channel black pigment
0.20 Aluminum silicate
41.30 High molecular weight PTFE
25 4.90 Acrylic MMA/EAMAA =39/57/4)
0.56 Cerium octoate
117 Oleic acid ,
0.07 Sodium polynapthalene sulfonate
3.07 Triton® X-100
30 231 Diethylene glycol monobutyl ether
37.86 Water
4.39 . Triethanol amine -
2.88 Aromatic hydrocarbon
35 Examples 12-13 Primers

Primer compositions were formulated as shown in Table 4.

17



15 . 0. 69 0. 68 Di et hyl et hanol am ne 1.37
1.36 Triethyl am ne _ 3.79 3.76 Furfuryl al cohol

Exanpl e 14 Pri nmer THIBES Kl P8k |B%FNconposition of Exanple 12
was prepared 20 except that the m)dlfR‘ ﬁ‘ JE’L Bxanple 5 was replaced in
li ke anowoter/o3a4i he nodi fi ed ‘PHE-6 le 2 U
Exanpl e 15 Primer The di sperS| on conposition o}l g@%ﬁ e 13
was prepar ed except that the nodified PTFE of Exanple 5 was repl aced
inlike 25 annuntTltbngEHélumapbl)eUEﬁEREesanE)asmﬂed1ﬁControlA

Exanpl e 16 Topcoat L on conposition of Control B
was prepared except that the H¥% HREONSPTEE was repl aced

by the nodi fied PTFE ofArEQanbm%B andt he acryl i c pol yner was
replaced by 30 the acrgy 19 pol yrme Qaw ng | ow dj%ft_'on t enper at ure of

Exampl e 7, both in BExanpl e
17 Topcoat 3 The di%BLr si onZEB?rB%S’sqetlon of Exanple 16 was
pr epar ed except tha@sghe mod®¢ed PTEHtraMatingblue pigmentr epl aced in

| i ke 35 anount by the nobilRied P'I‘l:E'l of Ex&inhlodddl silica (Ludox® AM, DuPont)
Exanpl es 18-24 and Cont1bR3 C D R3é6®- Modified PTFE (F58) | ngs were

prepared as outlined abowe using 4)45mer FEP fi 1
18 VO 97/ 03141 El UOTOpOyIner

PCT/ US96/ 11637 ' E% opcoa rrp03| (ynasrméiselln}%geéégég W‘;ﬁ%l e 5, and
ti l%s

using the cure and t ratur al so given therein. Coatings
were tested for i on b efln é&‘-’%ﬂ“‘m&éme arbide)ef ore

exposure to boiling 2Rat er (Q@&l gnat drﬁymol'aMOE(PﬁrByodﬁts)) by the
PWA test, and by the sBlﬁross IB1Zh t esN-nigthyl one<- hatch" are the

nunber. of squages of 0.69 coat i Nggg enovehibin S4mirfes shown by the

adhesion test results, va 1.840wWn | rfe it coatings of this

i nvention can be prepar eéi7§1t \/\g %I,l,'ya[ rature and/ or | ower
curing tine. T 5 AdhEUFERYHaIS for Exanples 18-24
and Contr ol 10 : Example(dPriffiefur e t Adhesi on
gesul :[A\ 2@ C Primer TThe dij:ﬁerélbﬁrdohfﬁoéﬁbﬂbf Eléashple 12 mPa\éﬁ'nreBEr&fit ch
B 4002 SgeP thég ﬁ?e modifigd P”%?f?&%@mpﬂﬁaigeﬁa%é iplikep, 14

400 10 pagount )bggmodlﬁged PTFE of Example 2

Example 15 ane
The dispersion composition of Example 13 was prepared

except that the modified PTFE of Example 5 was replaced i in like
25 amount by the modified PTFE of Example 2.
Example 16 Topcoat
The dispersion composition of Control B was prepared
except that the high molecular weight PTFE was replaced by the
modified PTFE of Example 5, and the acrylic polymer was replaced by
30 the acrylic polymer having low decomposition temperature of Example
7, both in like amounts.

Example 17 Topcoat
The dispersion composition of Example 16 was prepared
except that the modified PTFE of Example 5 was replaced in like
35 amount by the modified PTFE of Example 2.
Examples 18-24 and Controls C-D PW~jD~
Coatings were prepared as outlined above using primer

T i




15 19 Ex 12 Ex 16 400 3 pass pass 0 20 Ex

13 Ex 16 = 400 3 pass ‘pass 0 21 Ex 14 Ex 17
426 3 pass pass 0 22 Ex 15 Ex 17 426

3 pass pass 0. 23 Ex 15 Ex 17 400 3 pass
pass 0 3Xo9mxaét Ex 15 Ex 17 380 10 PasSper/usRA 0
Control E Shear Stability A di spersion conp05|t|02éhas
prepared as summanzed in the follow ng table. The high nolecular

wei ght PTFE was tansl topegabeompositionsaas indicated in Table h, andstsing theeuneni s
Corrplos ition }Nats Sites ahditenipeearured as ki o5giVen ithéreBh.eQatingd :vkﬂe Ridted 0B the
Sa e coagul at e

np gt dadﬂés?o%? the %.n%en?jl agfhesion test beforg, exﬁg%é %W&el ght

I di ent
p-?grge en water (designatedyin Table 5 by "Dry"kbwﬂ'pecl’%
(g]. 59 4 5 dress-harchaesiEntriesinder "x-hatch” are the nuhﬁék of sgxares of

eic a
5 ok htnﬁyrFmove@ in ﬂ}% tgt f?\s s shpwn by the' ddHMicH fekt feshitd also
37.33 thesta 18, coatmgs of this inventipn can be prepared atiwehanm
am ne curmlﬁtemperatuﬁe #9d/ or lower curingtifii@t i ¢ hydr ocar bon

I%’?ZT / US96/ 11\2?797/ 031 Table 5 Adhesion Results for Exam%sg g&gg % Control
The di spersi o conposition of Control ECHEaTplapsgted . AdhesionResult pat
t he hi gh nol ecul arExei ¢htimé¥ FETopcoatepe@ed | @h_:’_\)(eDrv PWQ’Dunbc-Mhe
PTFE of Exanpl e 1.aV;he§th| s fgrml a wgge subJ

4,5

g a
Wari ng Bl ender at rpm in Con %T fall @g@at ed
the shar stab ty a anta of si on
0

in 21 mn, 8 s, sh

conposi tions of th18s i ed2i onEx 16 400 pass

Exanple 26 45 Ex12 E,'[Ii progg@lure og Exa @ 6 vapagssenyy jal |y
repeated to Obgéf ngg; edl\/ﬁgé:\g ersi haV| ng RDPS of 260 nm
(PCS rreth 3as X 1@3 as, PBR® cont’ent was
0. 24 wt % 2hd rEveMeteEXQVessué%QO% Psi (pass I\/Pa)pass por 0i on of
'El_hgatra\[/v D x dlzpersg,@mswasmqa;:ﬁntmw t(360 7 %EOHES%;anﬂ B8 W%
riton[err - S sper ubj ec she in a
commerci al \Varing 15Ex ggen\é%‘a;rrodeﬁaé‘ﬁ ) at %ettl n %u

speed, the saiple &kl dixlh pass

Control E Shear Stablllg

A dispersion composition was prepared as summanzed in
the following table. The high molecular weight PTFE was the same as
used in other formulations. When this composition was subject to shear

25  in a Waring Blender at 14,500 rpm, the sample coagulated in 6 min, 56 s.

Amount (wi%) Ingredient
4231 High molecular weight PTFE
5.24 Acrylic polymer (Ex. 7)
0.59 Cerium octoate
30 1.24 Oleic acid
317 Triton® X-100 -
245 Diethylene glycol monobutyl
ether '
) 37.33 " Water
35 | 4.65. Triethanol amine
i 3.00 "~ Aromatic hydrocarbon

19



18-20 mn. In conparison, when the high nol ecul ar wei ght PTFE used
i'n controls herein is subjected to the same test, gellation occurs in 6-8

m n. Exanpl e 27 20

The nodi fied PTFE di spersion of Exanple 26 was used to formul ate
the di sper 89407 0si tion shown in the follow ng table. pcrwsosrileen this
conposition Was subjected to high shear as in Exanple 25, it did

not coagulate in 30 mn. Asimlar forrmulation using a |ike anount

of the high nol ecul ar wei ght PTFE used h@h@hiphle®s control gelled in 25
10-12 mn. The conparison s . 11 V:..adV age di spersi o
conposi tions containing t he%é%ﬁ‘ﬁp = 8{&’,{;@ SO%{&IER}g‘ﬁ?ﬁémas prepared

20 WO 97/ ®Xcept that the high molecular weight PTFE was replaced in like

PCT/ US96/ 11637 amount b)%he PTFE of Bxasiple'lt ‘When this formhila sl sii‘Bjected to

0. 82 fflairterr. nt . .19
Channel bl ack fi g/fBfprma aﬂg%&r@erat14,5000rp6%asmControlE,tﬁgpml@ri ne

bl ue pignent 5 coagulated in 21 min)8 spshowing the shear Madiilitycativartage 6£. 26)

gbgigum pol ynapt hal é élJssl’{JBI ona?gﬁﬁons of this invention. 10681
Di et hyl ene gl ycol nonobutyl | . Examplegb, .. 19
1.23 A ei ¢ aci The procedure of Example 6 wag essentially repeated to

Tri ethanol amjge obtaina modified PTFE dispéfbidi¥ having RDPS of 260A@/ (PCS
9 izfon[ err] X Loo THethbd)! S5E Was'£ 871, MV was 2.6 x 108 Pas, PPVE crttent was 0.24
wt%, and rheometer pressure 9036 psi (62.3 MPa). A portion of the raw
dispersion was concentrated to 60.7 wt% solids and 5.8 wt% Triton®) X-
100. When this dispersion was subjected shear in a commercial Waring
15  Blender (model 35BL.33) at a setting of high speed, the sample gelled in
18-20 min. In comparison, when the high molecular weight PTFE used
in'controls herein is subjected to the same test, gellation occurs in 6-8
min.
Example 27
20 The modified PTFE dispersion of Example 26 was used to
forrnulate the dispersion composition shown in the following table.
When this composition was subjected to high shear as in Example 25, it
did not coagulate in 30 min. A similar formulation using a like amount
of the high molecular weight PTFE used herein for control gelled in
25 10-12min. The comparison shows the stability advantage of dispersion
compositions containing the modified PTFE of this invention.

20



15, 5.21 Acrylic polynmer (Ex. 7)

21 WO 97/ 03141

PCT/ US96/ 11637 ' THE FOLLOW NG | S CLAI MED: 1. A
coated article conprising a substrate coated with a 5 coating having at

| east two | y@P¥P318bNPri sing a prine coat,
one or
t opcoat,

-

NN

0.19
0.08
5 41.76
0.59
0.01
1.60
ether
10 1.23
2.64
39.79
0.24
347
15 5.21

082

a topcoat,
nore internedi ate coats between said prinme coat
wherein at | east said prlt

goat conprise
tetrafl uoroethyl ene polyner 4 2} om :

21

PCEUSbéapsa7onal | y
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tetrafl uoro sai d pol ymer having standard 10 -
specific grmnmmnrluﬁ)ﬂﬂﬂgm 2. 250 and nelt viscosity in the range from
about 3 x 108 tb abolt 3 x*10[err] Pa.s, and (b) a non-nelt-fabricable
t et'raf |l uor oet hyl ene copol yner, sai iﬁ@@%p{h {Fﬁ§r§$€§l\ln! ng at | east

0. 01% by wei giwo sfessqononmer and h ?—{@ ﬁ@‘é edi fic grapetsdghicsr
-at least 2.165 and nelt creep vi scosity angeiffrom1l x 10[err] to 1

X 15 10[err] Pa-s. 2. The coated article of daiml,
wherein at | east one ~additional |ayer of said coating conprises, said
tetrafl uoroet hyl ene - _ pol ynmer. . 3. The coating of

Claim2, wherein al.i.}iga#@j}i%oa?‘e(gﬂ ME 0 tetraf] uoroethyl ene

pol yrer . ¢re of Caiml, wherein said
prime coat further Sodproated azh qmppsl@ms;bstratecoatedmﬂ-la 5.
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conprising particl eambtsalekﬂoplcoat,wherem @Up&%@dpma@at@mmuat i on
tenperature of |essteh"2&lixo% 8lymer select€d (R RE gr consxstm of (a) a

t hernogravi netric arg i cI uQ | ene
pol ymer sel ected f?%%#@’)org%ll? g’ ﬁgldp@}y!ﬁ%%g FPéT‘i ai d
pol ymer havi ng ¥ argRecificgeavity ef @raastt and melyviscosity in graageamnrreu
viscosity in the raggsutt3 2108 bwabodt Xx 108 Pas, ahdyb) 'Snmﬂxﬁ[eh&abn;able Pa s,

copol yer Cont i ni Qfgﬁhﬁf‘ AResAfle Copdifhls *’#‘%? @‘*ﬂmnom° L

lJ

havi ng standard spe®P1ted bmhgp&&mamm&sm@ @n@r@s&e@@pgrawof
viscosity in the radtdeastrD165lard iﬁ&lecfe]egt\ﬁsdosxtyhﬁ[the tangiefrom 1 x 107 to 1 x

7. The di spersi Wasgt ion of Claim wherein the
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PCT/ US96/ 11637 anoéntThsrcoased artisle of Claimy Ly whersin aplgastane s from

75 to 95% by wei ghtaddmonalhyértolﬁsaﬁlmaﬁngafom ridessaid teteaflupestopenes from
5 to 25% by wei ghtCp ym r. based on conbined weights of tetrafl uoroethylene
pol ymer and acryli cQpol yney . ) . 8...The di spersion
conmposi tion of O aim 6, wh%-r gﬁwé&@s °fC1531ma%|Wll‘?r81’b%%§yﬁ%F° FFg’é’s

from93%to 98%wby tettajhtoroéthylene polymer. et hacrylate and from2%to 7% by

wei ght of methacrylic aci d4 The coated articl of@auf‘lcﬂﬁbf‘éin%id ; rising
a substrate coated %&a‘? é)h r%’ ﬁaw n | east two Tayers,
conprising a prine er comprisesadhesion promotetr.

3. e coated article of Claim 4, wherein said adhesion

promoter is at least one of polyamide imide, polyarylene sulfide and
25  polyethersulfone resins.

6. A dispersion composition comprising particles of aclylic
copolymer having decomposition temperature of less than 340°C as
determined by thermogravimetric analysis and particles of a
tetrafluoroethylene polymer selected from (a) a tetrafluoroethylene

30 homopolymer, said polymer having standard specific gravity of at least
2.250 and melt viscosity in the range from about 3 x 108 to about 3 x 109
Pa s, and (b) a non-melt-fabricable tetrafluoroethylene copolymer, said
copolymer containing at least 0.01 % by weight of comonomer and
having standard specific gravity of at least 2.165 and melt creep
35 viscosity in the range from 1 x 107 to 1 x 10° Pa-s.
7. The dispersion composition of Claim 6, wherein the
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12. The tetrafluo r I d

melt viscosity |s£c§)a(re&6'{rgh %}er%m sib ‘,‘P sl%_%agnme %%tﬁb@oita
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s, and rheometer pressur g% RATS {qpaqpr%pﬁlﬁgpé:omprggng es of a@beszgﬁ\
aqueous di sper si opramonter aidpatticles ef a tdtraftuareethyleme polymer seleqtedl fram of
daim13. 15 (a) a tetrafluoroethylene homopolymer, said poly#ier having standard
specific gravity of at least 2.250 and melt viscosity in the range from
about 3 x 108 to about 3 x 109 Pa-s, and (b) a non-melt-fabricable
tetrafluoroethylene copolymer, said copolymer containing at least 0.01
% by weight of comonomer and having standard specific gravity of at
20 least 2,165 and melt creep viscosity in the range from 1 x 107 to 1 x 109
Pa:s.
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10. The dispersion composition of Claim 9, wherein said
adhesion promoter is at least one of polyamide imide, polyarylene
sulfide and polyethersulfone resins.

25 11. A tetrafluoroethylene homopolymer, said polymer having
standard specific gravity of at least 2.250 and melt creep viscosity in the
range from about 3 x 108 to about 3 x 10% Pa:s.

12. The tetrafluoroethylene homopolymer of Claim 11,
wherein said melt viscosity is from 8 x 108 to 3 x 109 Pa-s.

30 13. A non-melt-fabricable tetrafluoroethylene copolymer, said
copolymer containing at least 0.01 % by weight of modifying
comonomer and having standard specific gravity of greater than 2,165,
melt creep viscosity in the range from about 1 x 107 to about 1 x 109 Pa-
s, and rheometer pressure greater than 24.1 MPa.

35 14. An aqueous dispersion comprising the tetrafluoroethylene
copolymer of Claim 13. -
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