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TETRAFLUOROETHYLENE CCPCLYNER CQATI NG '
COVPCSI TI ON 5 This Application clainms the benefit of
U.S. Provision R Application No. 60/001, 128, ﬁ?ﬂ“ﬁk&* uly
13, 1995 in thgﬁﬁgﬁggﬂ%f Huesmann et al. and entitle s
Tet rafl uoroet hyl ene Copol yner Coati ng Conposi tion"; the

di scl osure of which is hereby incorporated by 10 reference.

FI ELD* OF THE | NVENTI ON This invention is in the
field of fluoropolyner dispersion conposi tions. These
conpositions can be used to apply coating to various substrat es,
particularly cookware. 15 ' BACKGROUND OF THE

| NVENTI'ON FI uor opol ymerIEEaEi ng conpositions that
can achi eve gr eat eTETRARIIIGOR OBTHIYEENE COPOL YWIER CHATINGNd can
be baked at | ower t enperature dur, application are
desired for assorted reasons. 20 nghékﬁgwﬁﬁﬁ&qgglobV|ous benefits
with'respect to coaking thickness or in reduci ng the nunber of

passes required to achieve C|f|ed 1|ck ess ating on cast
al um num presents probl ens &@ésp‘g r‘hﬁkﬁ?@ﬁ £of UrS. Provmonallgqt
al um num t hat can expappicatidmNan 6&’00[,&28 filed @atiulygl 3,895 dwthechantes of

baked at |ower tenper at E»“%H a "
Vary & Vassiliou in U atentefj H‘&& e‘a hé'ﬂﬂéﬁa ?EneCOpo%ﬁnerC?anngl
coating conposition, %H’%"’F‘F@ fﬁﬁcﬂ*ﬁﬁi ﬁ%her&hﬂlrgorporatedby
pol ymer of nonoet hm)enlre&i-dmeunsaturat ed nononmers that deconposes in
a tenperature range of- from about 150[err]C beI ow the fu5| on tenperature of
the fluorocarbon polyner to about theFlELD ) 30 .

deconposition tenperature. This ﬁﬂﬁ%ﬂﬁﬁrisi Qlﬁfd eﬁﬁgm{,gowdls ersion

coatings denser and |ess orous than preV| o.us g_? avl 9 .

i nproved appear ance an&® ﬁﬁ) gPoating to various
ref erence does not tea@hbmpaﬂﬁcuhrlwmwhwam:t how to achi eve such
coatings at |ower RQhaking tenperature.

Fluoropolymer coating compositions that can achieve
greater coating thickness in each application and can be baked at lower
temperature during coating application are desired for assorted reasons.

20 Higher build has obvious benefits with respect to coating thickness or in
reducing the number of passes required to achieve a specified thickness.
Coating on cast aluminum presents problems due to voids (air pockets) in
the aluminum that can expand and form bubbles. A coating that could be
baked at lower temperature would alleviate this problem.

25 Vary & Vassiliou in U.S. Patent No. 4,118,537 disclose a
liquid coating composition, comprising fluorocarbon polymer and a
polymer of monoethylenically unsaturated monomers that decomposes in
a temperature range of from about 150°C below the fusion temperature of
the fluorocarbon polymer to about the fluorocarbon polymer's

. 30 decomposition temperature. This composition is disclosed to make
coatings denser and less porous than previously possible, and having
. - improved appearance and cleaning characteristics. However, the

reference does not teach one skilled in the art how to achieve such
coatings at lower baking temperature.



REPLACEMENT SHEET 2

Japanese Patent Publication Nos HO1-016855 (1989) and HO1- 025506 (1989)
~di scl ose aqueoqus di spersion tonpositigRs—based._on resin particles of
copol ymers of tetrafl uoroethyl ene and |fHIGSHEET HASeRE the particles

“having average di aneter of 0.3-1 [erd]m arRERLAgEpESI N pavi ngl’ﬂ?%M
- 0.3-5 x 10[err‘]v°[%’f’§‘é”or 0.3-10 x 10[ err]porse; ."DC““’-" I vel y. es’éﬂit"5

references teach that MV in excess of the recited upper limts results in

greater surface roughness, a tendency toward nud cracking, and resultant

diffisculty in achieving the desired filmthickgess. Wile large resin

particle size is intended to facilitate coati ng of thicker filnms, the

Vi Z_CO;SI :yt 10 of thet f” sgersi on d@@p;msé PatensPublichtiéreNos £104 016855 ¢1983) and

' sedi mentation a I - RS 143 t

.i1s desirable to be abIeI[eI fgbﬁgé.éﬁ Q ﬂ} sglr%?re&ﬂéoﬁsc gzsxton comp9 monskggse_dod in
uch- coatings to extermsmmna QYP% gt of tetyafipo ?@,and% ¥i&ﬁﬁ’

s

coatings woul d have | ethe particlesayingaverageatiameter 0£0.8- bpmsanddheé yeskrbhaving i ned

surfaces at high sQr vimapérgg)qt . 4 i . U%&Y o -

THE 1 NVENTI ON LeRsli §°’|sﬁ\‘/’_£9t3i' 10 x 10 poise, respectively,” Thest™

composi ti on conpr i refergneey deash thatddViimexpessof theascited upner limitsresultsis 20

tetrafl uoroethyl ene copehiéRirfaceReugiitield, &l t@depty fswatinfudcraekivgrindrexilfet

- deconposi tion tenper at@ﬁ?ﬁﬁ'ﬁ? . %%gf%gﬁg%eggy%ﬁﬁ%&saggﬁﬁ%%é%g%ﬁ by

 t her nogravi netric anal ; v "C ved

fromthis dispersion cparelsisizeds intended to facilitate coatingoé thiekes films, the yiscpsity

provides a prime Cl@at,oﬁnédﬁp&sﬁm&&mlﬁsmmme&i&é&edwﬂmheﬁmﬂdﬁer,

conprising nelt-fabri Cﬁ?elnﬁanttotﬁeefa{‘grpgﬁjlciﬁhyl ene copol ymer havi ng hi gh

vi scosity. i ED DESCRI PTI ON
It has been discovered that a dilhsdlisplosure ofthe eforementioned patents andpatent

el t I— fabri ﬁ abl e f Iduor ORlicaBéns 8 hiiebl dhcorperated by referencef acrylic
copol ymer havi ng deconposition t [ | L2rr] C
can be enployed to make coati ngéﬁﬁ%ﬁ%@é ?oegé %‘ﬂ? ?%F‘F‘?@e‘?gg%ﬁ’??lé‘éfgégé&r '
15 (MV)resins in such coatings to extend the range of utility. For example,
higher MV coatings would have less tendency to sag on vertical or steeply
inclined surfaces at high service temperature.

SUMMARY OF THE INVEINITON
20 This invention provides a dispersion composition
comprising aqueous medium, particles of melt-fabricable
tetrafluoroethylene copolymer, and particles of acrylic copolymer having
decomposition temperature of less than about 340°C as determined by
thermogravimetric analysis. The invention also provides coatings derived
25 from this dispersion composition.
The invention further provides a prime coat, and a
dispersion composition useful as a primer, comprising melt-fabricable
tetrafluoroethylene copolymer having high viscosity.

30 DETAILED DESCRIPTION
It has been discovered that a dispersion composition
comprising melt-fabricable fluoropolymer particles and particles of
acrylic copolymer having decomposition temperature of less than about
340°C can be employed to make coatings that are essentially defect-free,

. This Sheet Has Been Reililced :
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with shorter baking tinme at |ower baking tenperature. Surprisingly, the
presence of the acrylic copolynmer in the dispersion conposition of this

i nvention perpg he use of fluoropolymer having MW subst antplrgldsdsrniess
i hi gher than c&égmiﬁ@w ously be used to obtain snooth, crackrPFree :

. coatings. Additionally, it has been discovered that mel t-fabricable

| fluoropol yner having relatively high M/ can be used in conjunction with

. adhesi on pronoters in prinme coats and in dispérsion conpositions useful

| as priners. Coated articles of this invention
~conprise a substrate e stibrter baking@imettlower baking tempiesatireg Surptisingly, theo

. layers, conprising a 2,6},5[5}? %8{3&13 a@ryhc ic copolymer ﬁ%ccfﬁmlaﬂ‘goﬁg&lﬂ&%f thiPne

' or nor'e internediate ween sal opcoat .
| At |l.east one of said iByRbien permits f ?éksﬁﬂflﬂé’P@POIYm avmgMgpflgbs Pﬁ}‘

| from di spersion conpo&ngnemmwm mﬁslwwmdltwbtamsmooth crack-fvee acryl i

pol yrrer Fl uor opol mar S t _
conposi tions of t h é‘?ﬁ% dﬁ@gﬁgﬂwgﬂ%opo rrer s ﬁ’hpﬂ%lt fabmai’ﬁ’
perfl uori nat ed rmnorrerfhlorqptdymérha‘ﬂbg lrhﬁqrgumtlonwﬂh

those in the group Corhﬂh&ilbﬁ'ﬁrdﬁotﬂﬁrlﬁ'wﬂi@&iaﬁaﬂiﬁnhﬁspefﬁmﬂc(&npﬁimuséﬁrhs
and perfluorinated vinyl ethers (FVE) of the formula CF[err] CFO? or

CF[ err] =CFOR OR wher eifiPPR*nd -R - are i ndependent|y
compl etel y-fluorinated |inear oCoptedrastieles of this mgﬁmmqgmma@ubﬂgﬁecoated

contai ning 1-8 cargon ﬁ&l@ﬂ%mtﬂigeﬁﬁfﬁgdt le&t@wems;eﬁinpmngaébrmbm,a

atons, while preferre ng,

FI uor opol ymers used i & opefia &ﬂgﬂ\%’%}"% 8“2‘014&0&?&& glaﬁ% bet\{veec}xsfaé t he
group of nelt-fabri camr@@(ﬂ;@wmt xtrleast one ofksaid mﬁ@a@m dntermpediate
25 sufficient concentdugtsii®femudd Rbml digtetsion Copdnitioineomprisihg fluoropolymedro

reduce the nelting poi nt Si nlflcantl

pol ytetraf !l uor oet hyl eri’él ( @Bg%?gw rﬁ‘.’é@. n beuﬁeti wﬂ)sec‘%)l%l ? jon
(M) in the range 1&f fmpcmijm;lsocb' snvegtien cpmpiis ]GP%FWP Pa.s
as det er mﬂ&ﬂu@ﬁnﬁ@@ﬁﬁhﬁhﬁrscam ﬁ@ﬁaat@ﬁﬁhgmm&mbmtmew in

t he range 30 abaout 1. x,10[err .1 [ !ﬁnF
preferred. Copol yners thos m)iheg{-o Jé’\?%ﬁ gﬁfﬁerh%e ganggla§ %g qigx’b% err]
to about 80 x 10[err] mmrﬂnmnatedvmylethers&? theformttay Obf at

| east 20, 000 cycles ar@FmF@RionmaﬂeR,and-R' arexndep@ndnﬂtlyners t hat

exhibit this flex fe rf 11
have a | onger |Ii feétd IE'% ﬂﬁl}éﬁﬁﬁgg lggéﬁ’fhH@Resgﬂ(@r acdkalk%len% a‘t)rlll%wI
35 Conononers wth T@mlngnbﬂmdmpmm% R groups ggatain 1-4

atoms, while preferred —R'- groups contain 2-4 carbon atoms.

Fluoropolymers used in this invention include but are not limited to the
group of melt-fabricable copolymers of tetrafluoroethylene (TFE) with
25 sufficient concentrations of at least one copolymerizable monomer to
reduce the melting point significantly below that of
polytetrafluoroethylene (PTFE). Such copolymers having melt viscosity
(MV) in the range of from about 0.5 x 103 to about 200 x 103 Pa-s as
determined at 372°C can be used. Copolymers having MV in the range
30 about 1 x 103 to 100 x 103 Pa.s are normally preferred. Copolymers
having MV in the range about 10 x 103 to about 80 x 103 Pa.s and
exhibiting MIT flex life of at least 20,000 cycles are normally employed.
Copolymers that exhibit this flex life performance are more durable and
will have a longer lifetime in service due to high stress crack resistance.
35 Comonomers with TFE can include perfluoroolefins having at least 3
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. carbon atons and FVE, for exanple. Preferred FVE are perfluoro(al kyl

- vinyl ethers) (PAVE, CF[err]=CFOR) with al kyl group containing 1-3 carbon
. atons. The conbi nati ons TFE/ HFP, TFE/ PAVE, and TFE/ HFP/ PAVE are
. nost preferred o(%éjé?qlled I n the art vaI recogni ze that thl('ac'rzgurrsr)yglrl];t‘is5

5 of conononer used in TFE copolynmers will vary with the properties
 desired and the conononer or conononers chosen. Generally, the

~amount of comononer is in the range about 2 togabout 20 wt % based on

~the total weight of copolymer. Higher concentrations can be used if |ower
nmel ting point is desi r@dbo:F@ﬂbniEliﬁﬁlﬂ!\Fchopakamﬁe Préferred RVEare peifinoro(atkyl
10 typrcallyrnther t -

di pol yner, PAVE conce | on gEVQFF? ;ﬁi%&‘t%&g Elgﬁl(filcarbon
group. When PAVE is peatﬂmaor'HQW AVE
concentration is typi catnyost préfeieed. aOﬁesl&lledlinﬂletaﬁWilmmgumﬂfattheamount

Fl uor opol yner resin i s resent eﬂﬁ%@&y sp@aﬁﬂﬂgﬁpa ﬁ’?mﬂ{)ﬂﬂgﬁéﬁ&ﬁ&s of

this invention as smal?
typi cal ly having avera@@redandﬂtrcqmmqmroaﬁgma%&ts chosen. Genssally. tho nm

gor_mal Ibly 230- 330 nm Aaxﬁéﬁﬁtldﬂcanﬁmﬁwgoismtthé? &aﬁﬁ@to%ﬁ?ﬂﬂgﬁ%hasedon
esirable to mininize

f e dpeal Bistenk S Sotioiytie. HisBercdng San b pSkd if lowger
Pl i £ b S
prteIFrred Eob_ . Waﬂ?qﬁﬁl&@ﬁé?lﬁ&)\ftQOﬂ?lhﬁéutqthoﬂEMe
settling stabili u

pol yrrergcorrp05| ti )c/)ns a&’ Bry%ﬁsgéﬁmcmomqp% ‘%@d‘&gﬁa’ﬁh%&hgﬂ&céﬁpawpg
directly in di spersi ongloupmWhen P4 ViFeis perfipeso(propyl Vlﬂ}’leﬂlﬁﬂ%ﬁ BPVEer si on

pol ymeri zati on, soneti ghgehRhticifis hﬂl}oﬁitheran 35boaoiwmrwzawm
Fl uor opol ymer d| spersi on havi ng artic r?' ze can be

S
produced in an aqueous free radi 3? opﬂiyln?eé d‘ggscﬁre%gﬂnzthf:dlsﬁml by
controlling the nutﬂaercmhpmhon&ﬁféhlsmmamﬂl m@stanhﬂbarphgnag@a&wles,

pol Iylmerl z?t i on. fTh| sf c qialﬁmltﬁ?rmgelaabmommbago@mqo m?h :
smal | portion of surfa 0 | R0 on Wi
30 the large portion B‘me %#ﬁ Bﬁ&swﬂ&&i%?@ﬁﬁﬁ% |gn e.g.,
refer to déslrablntennme@lsbﬁraomgmd Hagilitatesdaft

Optionally, a seed formation apeédﬁﬁgrthiéﬁésﬁhfﬂﬁkhﬁdbﬁm ﬁﬁWﬂﬂMB(ﬁS-SO M

wherein a first di ersi
is used as a seed i‘g gc mcleslzeofnomo 'Fyh% |dzt§ |on S\9ar| jugl% ar%rcl e
wi

architectures can be apmdeoedoatmgtfnenubswns 3gcep§q
pol ynmeri zation or by sfifigropelynietiresiapafitlesyhevieg polymer composmonsas dlscussed

above, can be produced directly in dispersion form by the technique
known as dispersion polymerization, sometimes called emulsion

25 polymerization. Fluoropolymer dispersion having particles of desired
size can be produced in an aqueous free radical initiated polymerization
by controlling the number of particles nucleated in the initial stage of
polymerization. This can be achieved, for example, by introducing only a
small portion of surfactant prior to initiation of the polymerization with

30 the large portion of the surfactant being added after initiation, e.g., refer to
U. S. Patent No. 3,391,099 to Punderson (1968). Optionally, a seed .
polymerization method can be employed, wherein a first dispersion or
latex having small particle size is used as a seed for a second
polymerization. Various particle architectures can be achieved, either by

35 standard dispersion polymerization or by seed polymerization, wherein
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pol ymer conposition and/or nol ecul ar weight are varied within the
particle. Dispersion polynerization techniques are illustrated, for
‘exanple, in U ent Nos 2,946, 763 (TFE/ HFP) and 3, 635, 92

(TFE/ PAVE) , bt LT (TFE/ HFP/ PAVE) . The di scl osure of GHe o6 o
aforenentioned U S. Patents and patent publications is hereby _

i ncor porated by reference. An acrylic polyner,

whi ch- functions as a filmforner, is gused in one enbodi nent of
t he di spersion conpositions of this invention. As used herein

"filmformer" indicat epolyhm- cbinpoaﬁmyhné/opnio}emtarmwghtlape vaned vithinfthe ns a
filmat anbient terrper @Q‘g
di sper&i on evapor at es. | rsgpgﬁ'&%ymhbﬂﬁ& rrer acr t*l C g ’iyrrer to

have-| ow gl ass transi tP’éﬁmR erindd. 8 Batent Nes 2,946,763 QEF about
40[err}C even nore de¢IFEPAVEXasd idSIR BO16(TF EIHHPVPA Sl‘hemldsaﬁbéfthé

the fi f or t he

fl uor opol yner resi n Fer%ggn%oglfnﬁ egﬁg‘ftg?ﬁggét%?q%ﬁﬁ aéﬂ?%‘t@f’%oher ent
f1uoropol yner film Th@@@rporatedbymfﬂ%c%esses that is, liquid
evaporation, filmformng, filmApaslic olymer,whnchdﬁﬁ&m&shlmmfoﬁﬁér is

fl uoropol yner resin coal n ah. Lat es
in commercial coating P §e§l§ gg?m%gpﬁgﬁ@ﬁ%ﬁgpeﬁ F?lgposmonsoftﬂimﬂ i

deconposes at a terrperétsl!lsedbﬂellb §lm Fermezhingicatss a;rthq@ryhgpglymerrezggly
preferably |ess thgm Sﬁﬁ{xﬁrarﬁﬁmmmﬁemteﬁ@eﬁmreufhbmmn idlsA¥dium of the

deconposition tenperatyre of the a [
of norrﬁo?rlerl uni tsrThat E'F B IFE eﬁ’ﬁ???%%1 E‘Z‘S%}WWH‘ %ﬁn&%ﬁﬁ?pg&%‘%%e
groups having at | east Wﬁmmpmmﬁgg) smchias g, of dess

hydr ogen. Butyl acryl aygec, Bk nitie MesiFablyRSS mhasmct Biths alsg ddsired thaPihe film

met hacrylic acid (MAA) are xanpl es of rmnorre at

si de groups. Suitable %&’Vﬁﬁ’g VAR Oﬁ;%l?esﬂg?mgifyﬁerresm
BVA with MAA. I n sligh pmle;mrsto mglesmgedlmtﬁlm‘%mcreﬁhn These
so MAA content should ﬁ)cbgégltﬂatquﬁ{md N’%ﬂoﬁeﬁwmﬁg}m&kﬁxmfues of

be in the range BN NAATRREL aaLfbe %ﬁ%ﬁ%ﬁﬁﬁﬂ%%%‘%&%m

97/ 3. A noni nal corrposhxghdntegﬂn smpereial-cogting progesses- gNme ally, the.aerylic

found to be satisfact opylymkl dedsposes aCLtRiperdtirelessehitPalsoup $80°C, more -

conventi onal aqueoys PR KSRk i SA6VCS WcFhid o8 Bblsba VIR EW®

decomposition temperature of the acrylic polymer is favored by selection

of monomer units that provide bulky side groups in the polymer, i.e., side
groups having at least 2 atoms, preferably at least 4 atoms, other than
hydrogen. Butyl acrylate (BA), butyl methacrylate (BMA), and

25 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, T, increases with MAA content,
so MAA content should be low in order to realize the desirable values of
T, as recited above. For copolymers of BMA and MAA, composition can

30 be in the range BMA/MAA = 93/7 to 98/2 by weight, usually 95/5 to
97/3. A nominal composition of BMA/MAA = 96/4 by weight has been
found to be satisfactory. The acrylic copolymer can be made by
conventional aqueous polymerization procedures to obtain an aqueous
dispersion.




6 Di spersion conpositions of this invention conprising

melt - fabricable fluoropol yner and acrylic polyner as descri bed
above general ly contai n about o of fluoropol yner
resin and about 5 to about 25 V\IMH%ETrIjAS(BEENIyrrer resin, based on
conbined 5 Wﬂ&%@ow the two resijns. PREPBACED progortion ogal Iy
about 9 to ut 91 mﬂ@bfluoropolyner and apout— 9 to about mﬁ@b
acrylic ‘pol yner. The prine coat ofthis

i nvention generally contains an adhesi on pronoter and a

f1 uor-opol ymer. Adhesion promoters that can be ¥ used include at |east
one of polyan de imde, polyarylene sulfide and pol yet her sul fone

resins. Polyanide inide is pref dmspetsmalqohmmsniomefﬂns invention comprising melt- on

wi t h ot her adhesion prﬁgﬁhég gﬁu %rﬁﬁ&escnbedabove
commercially avail abl e esl’o Qfoﬁ é?

f1 uoropol yner coati ngsEHWT WI conjai & B‘F °§'£| ét luogepalymer resinand,
15 snooth netal, can ﬂmmﬁgoabomamw;%lmmmqmlymmnmw onlcbmbineduced

2 Goncent rat i on_gr a5 cRPEE ShmE shPRAEHY etRaThakidilhs *’E‘@@ﬁj@%ﬁmﬁ‘”h
( Tannenbaum) and the r@?%ﬁtéﬁé’@%ﬂp@@ﬂ(’m&ﬂa ey ﬁﬁpahnut:!’hlm

i ncorporated by referepslgmer0 Fl uor opol yrner that can be
used in the prime coat of this t
wei ght pol ytetrafl uoroethyl ene &QX&&&fg@swgfﬁ%%ﬁ@#aﬁt he
bl ends of PTFE and neladhesion mgempt@randaﬂuomnlﬁpgu yAdhesion promotess dhat s3n be
fUI S.P.N. I 5, 230f 9611}((%1 Taiediheluaa at least one o (gol yamide imide/pdly@yRne edlifide and

uor opol yrmer for e
non-nel t-fabricabl e TFEOIQ(E)%%C%PQ n%géfsﬁ’ gargﬁ%éﬁuaésgﬁa‘éﬁn%d m@&ﬁ%ﬁﬂm
containing at |east abenmbigaanwi y)ﬂml FSIGIPM%MCSIOBPIOM@IS@C
standard specific gravédmimeoBy Sfailablel el&ﬂadﬁbﬂ&ioﬁhl Fmélﬂdisééél t he

RN s e @@@Pg@«% S |

10[err] Pa.s. 30 l3vodimegothanetel,canh easnlﬁyenﬂyunpm edrthreughpelr mmga;!bomuwd

ﬁt hyl eng o (PFBE%) stﬁiﬁﬂéﬁt b bf foiRiatieh BY h @BRcenfrafibn gradidnt in/feqRingérl Such

aving 3- car bop Qw C groups

into the mol ecul &0 8 ?u%gg@%ﬁn%éﬁgﬁdn%qﬁge#%ﬁ%@gglii%(ﬁbggr oup

consi sting of fl (Bmma@m)\mdyhe referspees qitod thegeing ald of whigh age hereby

CFlerr] =CFOR or 35 ChHneoipbrdétéd by edfettieéci n -R, and -R - are independently
20 Fluoropolymer that can be used in the prime coat of this

invention includes high molecular weight polytetrafluoroethylene (PTFE)
as known in the art, and the blends of PTFE and melt-fabricable
fluoropolymer as disclosed by U.S.P.N. 5,230,961 (Tannenbaum).

A preferred fluoropolymer for the prime coat of this

25 invention is 2 non-melt-fabricable TFE copolymer (modified PTFE), said
copolymer containing at least about 0.001% by weight of comonomer and
having standard specific gravity (8SG) of at least about 2.165 and MV in
the range from about 1 x 107 to about 1 x 102 Pa-s. Typically, SSG is at
least about 2.180 and MV is from about 5 x 107 to about 3 x 108 Pa-s.

30 Modifying monomer can be, for example, perfluorobutyl ethylene
(PFBE), chlorotrifluorocthylene (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) of the formula CF>=CFOR or

35 CF2=CFOR'OR wherein —R, and —R’- are independently

““iﬁ*iiff liiilﬂiﬂ“li‘ﬂin
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conpl etely-fluorinated or partially-fluorinated |inear or branched al kyl
and al kyl ene groups containing 1-8 carbon atons, respectively. Preferred

- R groups conkgh éyebige carbon atons, while preferred -R - groppgypseHigasn
2-4 carbon atons. Perfluorinated nononers are preferred as nodi fying

5 nononers, and include hexafl uoropropyl ene (HFP) and perfl uoro(al kyl
vinyl ether) (PAVE) with al kyl group containing 1-3 carbon atons.

Mel t -fabricable fluoropol ymer can also be used#n the prine coat
of this invention. TFE cagol yners as described above and having

M/ in the range of freemplstely-fluerinated pe pattially-flussinateddmenr qxd{reml]edwékxd can
be 10 used. Pr e{umah héng/%f oupk lcbniaiiih @maﬁoﬁﬁp@syé&fvelys Préferdl ©

f1 uor dpol yner conponen. from 40 ey 1 p at |east
about 100 x 1?‘“1 ?%ecad'go Bﬁ QB%I?FE‘LU &'@m gontain
Nor mally, the 2-4 catbarnatoms. Perﬂuqrmamdmmrs aresprieferregrasupodifying

containing 2-3 cargonmenomers, andﬁfcﬁ{ﬂéheiﬂﬁu ﬁrdg [Ene QHFP Eﬁ’d‘ &tfuotcialkyP™

about 0.5 to about 5 W% os|t| rising
mel t-fabricable fluor %8 i?thﬁ?) (gé%E)WétPaﬁ(yi 8ROUR CP: ? ag #e®saph and
adhesi on pronoter as described Mblb«fabrmableﬂuoropolymennmﬂsmbaaa&binthéphhies

invention. coat 0 { this mventloﬂ:) v %b@%egs; é§9ﬁ an&ﬁﬁvmg
x 1

preferably in the ra
preferably in the ran%gvlﬁﬂ"&%’%ﬁe quo’{‘@ 9\5"0& °“tz %"110 Famagrb@

Di spersi on conposlQ i ousedofPreferably, ifmeltfabricable TBEtcapdymen is the sole

mor e addi t1ves Lo onhiagepafinef chiibn @'f‘*ﬂﬁ V3B 3R 403 R leal ol
characteristics, and/ géb rlgp AB; &8 BP %6& %P%ﬁ-bgﬁ’i'@?ﬂy’@ﬁch as
25  anti oxi dant S, pi comotamencdontprises PAVEIwithelly] group eontainingX-3 carbohs
flow contr Oétoﬁﬁeﬁiéme%ﬂgfopﬁiggf g&h@ﬂn 1@% gi'glgfﬁ% tb'&%ohi 5%,

EXAMPLES onfent o raw
i spersion (as 15 3ODISOFFIAR FORURBSIHIRRE CREIRTISHIED rirable SrpROlyIgRaS |

by wei ghing a sanpl e described in thisqugaplnm(hadlmsmdlp;omgter Baudesdribpd aboverare

particle size (RDPS) ¥gsh by photon correl ation
spectroscopy. er aspect of %a

es of nel t- fg%F qi@b' TFE
copol ymer resin were Prpportionsiof Hporgpolymes rapgR;of
(MV), conononer cont eshiout 8:1 to3bout ki gmbtrepreferably hy theaange of abuyt 6tictorabout:

di spersion by viggy ou§_5gg"5§ %iéﬁf‘.’

Dispersion compositions of this invention can contain, in
addition to fluoropolymer and either acrylic or adhesion promoter, one or
more additives to enhance shelf life of the composition, coating
characteristics, and/or properties of the coating on a substrate, such as

25 antioxidants, pigments, viscosity modifiers, fillers, surfactants, flow
control agents, anfi-microbial agents, and the like.

EXAMPLES
Solids content of TFE copolymer raw dispersion (as
30 polymerized) was measured gravimetrically, that is, by weighing a sample
* before and after drying. Raw dispersion particle size (RDPS) was
measured by photon correlation spectroscopy.
Samples of melt-fabricable TFE copolymer resin were
prepared for measurement of melt viscosity (MV), comonomer content,
35 and flex life by coagulating the raw dispersion by vigorous agitation,
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separating the liquid, and drying at 150[err]C for about 72 hr in a

circul ating air oven. W was neasured at 372[err]C by the nethod
di sclosed in U Patent No. 4,380, 618; hereby i ncoppgrmRéed
reference. PPV con'{sent of t he TFE copol yner resi nsi,\?vgs o
deternmined by Fourier transforminfrared 5 spectroscopy by the

‘met hod di scl osed in the same reference. Sanpl es of
‘nmodi fi ed PTFE resin were prepared for Beasur enent of standard
specific gravity (SSG, nelt viscosity and r heonet er

pressure by coagul ati rtg:patwnga‘.ha liqmpieamidnyntg/aMSQ%G&mbout72hrmaagmﬂmg)n
separating the |iquid, ;& rwg,a@}n ﬁ& ﬂlc?@dﬁélokéﬂﬁUS 10
r‘B%‘HPﬁ@f

circulating air oven. ﬁ@otﬁ&?gi_g ’Eﬁf%rE‘P‘i?sS% cqp@tof

W was neasured 380[er
Pat ent No. 4, 837, 267; ﬂheﬂWcop&mmesinedvabyleteeﬂmedMoﬁw&aﬁfem infrared

52??\3%2 \Qla\?vt %?:g:)a?[%\éc?g% ?Extb ﬂ@ﬁ'}%& % Cﬁ}%fl on rat I o of

15 1600: 1. amm@s% raﬁ mmﬂgpmdme tester
I(ilescr iL_bfed)i n mé&&é:ﬂex&ﬁf@tatﬁard@edﬁ‘ccgmdgt SS6)ninels visdcosity (M&')d ,]gddlcfr
ex Lite). 11 s
that were o ESEREE F&%ﬁﬁeﬁﬁ’%ﬁﬂﬁﬂ# ?ﬂe’}ﬁnfﬂ%%ﬁaﬁkg%%e
approxi mately 0.008 i rﬁgqtatlon, separatipg e Hayid, andgdryingst 1607 forabant T iaa or

_(I)_f t oughness and fmtesﬁnﬁilﬂﬁigauoven SSGmln@éasmdbyﬂaemethodofASTMD-%%
0 prepare concentra

di sgergl on was concen%ﬁﬁg@%h?%goémiw %ﬁﬁ!}smgéa;giggthgd@s&%‘ed%p%s
and |iquid by the met hRaterfiNe] 481267 hoesbyincorparatsd by . Rheometer

No. 3,037, 953f(hteret3y( reSsk® Was nfdsiéd by Itﬁéﬁﬁlﬂﬁxhdfs&sn\AleusmBecﬁdn%st
non-ioni ¢ surfactan ni o

was added to adj ust su?%?%%aw%ﬂ %’ﬁf% ?)Jﬁmgﬁ?géé?g%lqcﬁgé@foa ant -

concentration is ebdprekfl.in wt % based on wei ght of PTFE soli ds.

For the acrylic copol yrrer T[errﬂ'hdmﬁﬁlmmmﬁﬁi@éhdumnﬁ@eﬂrfﬁeml@
s "Ca o etT) S S ALY i Pl

t her mogr avi metri ¢ anal Mghspirements weremadeumngcommessmuapmgﬁlmthqﬁgveae prime
coat and a topcoat vver@dﬁ&ﬂﬁifdﬁﬁlwater Fﬂmﬂmywﬁub;mﬁﬁmélybmosuhﬁilons

based on concent e @ ANGLY HWibe e it it e o oughnbdien G Gk ©

follow An alum num su ace
resistance.

25

_)

To prepare concentrated and stabilized dispersions, raw
dispersion was concentrated to about 60 wt% solids based on total solids
and liquid by the method disclosed by Marks & Whipple in U.S. Patent

25 No. 3,037,953 (hereby incorporated by reference) using Triton® X-100
non-ionic surfactant (Union Carbide). Optionally, additional surfactant
was added to adjust surfactant concentration to desired level. Surfactant
concentration is expressed in wt% based on weight of PTFE solids.

For the acrylic copolymer, T was determined by

30 differential scanning calorimetry at a heating rate of 10°C/min.
Decomposition of the acrylic copolymer was characterized by
thermogravimetric analysis.

Coatings having a prime coat and a topcoat were made from
primer and topcoat formulations based on concentrated dispersions as

35 detailed in the examples to follow. An aluminum substrate surface was
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prepared by washing with acetone to renove oil and.dirt, and air dried or
-dried at 150[err]F (66[err]C) for 10 m n. The prime coat was applied by
‘spraying to ob{gai ry fil'mthickness (DFT) of 510[err]m at
-was then sprayg‘gﬂ]’(’)«% tain a topcoat thickness of 15-25 [err] E@ﬁﬁ%ﬂﬁg

5 films were then baked for 10 min at 300[err]F (149[err]C) followed by a

hi gh tenperature bake for 10 mn at a tenperature of 750[err]F
(399G or 15 mn at a tenperature of 716[err]F (380[err]C). For
tests reported bel ow, total DFT. val ue9 were in the range 0.9-1.2

ml (22.9-30.5 pnm). prepared by washing with acetoneSo bethovd eid and dirt, dind airadriedor

were subj ected to a p%fed"é@é?ﬁ?%ﬁ(i%}ﬁ)r lmﬁﬁnmﬂlﬁ%}:? F‘v%#s r@ggég | ows.

The coated substrate i S sea n. The

coati-ng was cut down t%r%wmﬁ@yﬁémh drhertapgpat
attenpts to pull back Wiﬂhaoapmy@iwdﬁnamﬂtbp@mﬂﬂchesd 6f13125 um DFT, The

coating can be IIed t o h
coat: ng S conngered fal F%ﬁw?&sfsq%r#%eﬂégatl é&@é‘ﬁ%ﬁyg I I ed
15 |oose for a di staﬁé@P@mﬁEebﬂk@- ford Ogaimat ademperebine pEESEF (3897)s0r &

test. at a temperatuf 657 [62F3 80 Fbr dstRPuRed BEIBWALSIA DFT

subj ected to a cross- atch ( or ,adhesi on. The
coated sanple is scri B'@H"e\ﬁn“ﬁeg’ﬁ' rgnged(g_hla% *)'(zgegsﬁj% "'é’?)ded by a stainless
steel tenplate, to make 11 par aSub,qtraMt@atedaszbovewsmsuejmadtnapqsgwatm
apart through the 1pil f&dh@sﬂnli' ftést,sasrfbﬂﬁﬁs ThE eoated substrate i8s68&dYAe | S

repeated at right an ro ri

o e as. | The. cons Bl é@??%?é’s@n#s% iy 68 %P?M@%@d

for 20 minutes, and tmmpemtmhgwenempf@rwvnﬂbadmee@mngmimdﬁmm

tenperature w thout que ﬁ{%ﬁ fr&ih&ﬂeé\ﬂﬁ&hteﬁ‘o@iciﬂ@fﬁﬁﬁﬂ{bt
i é%f

25 tape (3M Brand No. glg[ﬂqén I?ﬁxecoggﬁg}:m §B$ ﬁ@?‘?

firmy over the scrlbe°8

to t he §cr|mfpmézstanpﬂefﬂmthecmgupmnsedmﬁtomssﬂwﬂwmgl e
rapi dly but testd thout jerking. This step is repeated at a 90[err]

angle to the first step with a r

repeated two times nore again a? %raﬁqoggedﬁ%ﬁg@é@?ﬁzﬁ%oé@?%@@da%%;
each tine with a fresthapshdzchateh)itessfor w&gspngmﬁéoateésamme is scribedvéigud r es
that no squares be: rerfmdalideoaidwbyk%ﬁmu@éteelgémﬁmw to make 11 parallel cuts

Coatin alit 0
magn: f?cg;J i oln ?‘/o Sﬁ@ﬁﬁéﬁ%gﬂ"m T %ﬁah%ﬁé@i;gﬁ giét%h%ﬂtgs mtal Sgﬁ%f Tﬁ"ﬁ
bake and again after tpRecedugghisTepqatad:s epgotad-at sight pagles tothe st gutsie Produce

35 judged visually Irlot)eqm.efThaeoaiagms@fbed@mpmmﬁﬁierseaﬁﬁeaﬂmgwer

for 20 minutes, and then is removed from the water and cooled to room
temperature without quenching the sample. Then a strip of transparent

25 tape (3M Brand No. 898), 0.75 by 2.16 inch (1.9 by 5.5 cm), is pressed
firmly over the scribed area with the tape oriented in a parallel direction to
the scribed lines. The tape is then pulled off at a 90° angle rapidly but
without jerking. This step is repeated at a 90° angle to the first step with a
fresh piece of tape, and then repeated two times more again at 90° angles

30 tothe previous step, each time with a fresh piece of tape. Passing the test
requires that no squares be removed from the 100-square grid.

Coating quality was assessed microscopically at 30x
magnification for mud cracking and other defects both after the 300°F
bake and again after the high temperature bake. Coating smoothness was

35 judged visually in terms of the degree of "orange peel" appearance.
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10 Exanple 1 Synthesis of Acrylic
An aqueous di spersion of an acrylic polynmer of 96 wt% " butyl
nmet hacryl ate (BMA) and 4 wt % net hacrylic acid (MAA) was pr epar ed
by charging the follow ng constituents into a reactor equipp W th
a heat source W& '¥W % oneter and a stirrer. E%Fmsﬁlléss
| ngr edi ent W Parts ' 1
Dem neral i zed wat er 3888.0
Sodi um | auryl sulfate (30% aqueous) 11.1 10 2 But yl
. met hacryl ate 3326. 4
' Methacrylic acid Exampl&R Synthesis of Acrylic 3
Dem neral i zed wat er : : : )
Sodi um | auryl sulfate (30% aquéﬁéﬂueog%fl}asgé%& ofanacryhf:pol'ymer4of96 W%
Demineral i zed wat er butyl methacrylate (BMA) apd4 wt% methacrylic acid (MAA) was

Ammoni um persul fate prepared by charging the followin constituents into a reactor equipped

Dem neral i zed wat . :
Armroni um per sul fafsre with a heat sourcc,aﬂlennome‘lléi'le&dastmer.

Demi neral i zed Water Portion Ingredient 271 2

triethanol am ne 1 Deminerafized'water 3888.0

Tot al 9 rii was ged
into the reaction vessel, bl anket g%ﬁﬁﬁhawltspgat&pg%édug and hg fafed to
80[err]C with continued stir® ng. Butykmethacrylgie added and t hen 3326.4
Portions 2 and 3 were added over Mé&haérplic Bsiti on 5 was added andgihen

10 after 90 mn the contents of e vessel . were cooled to 30[er

Portion 6 was added%ver%‘ﬂ?ﬁﬁﬁﬂw ntinued stirri ngs.'7]9%1e
resul ti ng aqueous di sper Sodiunh lanryl sulfate(30%agueens) of. 40.60.5u¢ % an
average particle size of 4 -  DehSneilized wheerr] of 28.6[err] Grgm a

6

maxi num rate of deconposition at 325[err]C te as neasured b§ 8'I'GA
15 Exanpl e 2 | 00 _T\B?ris‘él;?, hori zontal |y di 8posed,
wat er - j acket ed, paddl e- 5 Demineraligedwateess st eel reactor Mding a

length to dianeter ratio of about Amfmonium persulffted a wat er capaci iyl of 79
parts by weight, was charged wth, 52 .part.s dem neraly wat er .
The reactor was evacuat ed, pérged%’ﬁwﬁéﬁ 20 then evggﬁged

agai n. The reactor was then pressitiethangliaming hane to gi ve —624 6-inch
mercury (152 nmHg) pressure rise. The T&aRi ni ng vacuum in 866480
97/ 03140

PCT/ US96/ 11635 . ) .
Portion 1 was charged into the reaction vessel, blanketed with nitrogen

and heated to 80°C with continued stirring. Portion 4 was added and then
Portions 2 and 3 were added over 160 min. Portion 5 was added and then

10  after 90 min the contents of the vessel were cooled to 30°C. Portion 6 -
was added over 15 min with continued stirring. The resulting aqueous
dispersion had a solids content of 40.7 wt%, an average patrticle size of
148 nm, a T, 0f 28.6°C and a maximum rate of decomposition at 325°C
as measured by TGA.

15 Example 2
A cylindrical, horizontally disposed, water-jacketed, paddie-
stirred stainless steel reactor having a length to diameter ratio of about 1.5
and a water capacity of 79 parts by weight, was charged with 52 parts of
demineralized water. The reactor was evacuated, purged with TFE, and
20 then evacuated again. The reactor was then pressured with ethane to give
a 6-inch mercury (152 mmHg) pressure rise. The remaining vacuum in



11 the reactor was then used to draw in 0.67 part of PPVE

foll owed by a solution of 0.002 part of ammoni um

per fl uorooct anoate (C-8) surfactant and 0.022 part concentrated
ammoni um hydroxide in 0.56 part water. The reactor was then

seal ed, agitatiyyy begun at 50 rpm and the reactor PCTENSERI638 Ur €
was raised to 7b[err]C. After the tenperature had becone steady

at 75[err]C, TFE was added to the reactor to achieve a pressure of 300 psig
(2.17 MPa). This was foll owed by punping 0.88 part freshly prepared
aqueous initiator solution containing 0.20 w %4pf amoni um persul fate
(APS). Wen this was conplete, addition of a second initiator solution

10 containing 0.2 w theﬂlﬁ&tanwa&thm%sed)tmélawmtw pmﬁoﬁPBVEH?Howad tiza

(K ok 8T1) aq i ndi cat 3‘9“‘“9“9“092?““ O proain, cailie
addi ti onal TFE was ad8® %83M3F%Mmﬂﬁ%§¥§ﬁﬂ%§tm§ ﬁ'a e‘i’h
PPVE was punped to theeactmoﬁasrthm saledahgtﬂion@mﬁ]ﬁ'glmat 50 rpm, amirthe téaetor 15

“agi tator speed vva:sr%adwﬁl; @Q%Tﬂlﬁégﬁqﬁz tlﬁieg?d%@goﬂéﬁfeé n.

After 3 parts of arts an, a ueou

g\ﬂﬁg %a Qj react or .
solution of 5.11 w % & \s (s 9ﬂmeeqemac % arpressugs of 3
part/min. After 20 pa(2.37 MPa)FHhiswadfollowedbycpunping 6. 88qmtﬁeshlsoj>ﬂepmredg

ki ckof f (131 mi nut
b0 The Sartalor vac, SR e ) St AP il i
ith nit til t of arsecapebi EMe‘l

%s cglol reggéa 2 gg[lwr] eomﬂl?mglezdm@mm N\ws%:woﬁoéharamthmmommnydremeor

and saved. The raw di

was 251 nm MW of the%&%@épg%téﬁkbﬁlkawq i%@ W@gﬂ
PPVE content was 4. 12(%%@%&4‘?%?&5!aﬂﬁé’ﬂﬂa@%%@) dyopringeagtor pressure,
concentrated to 65.6 Mdﬁleﬁﬂlmmaadﬁw%ﬁﬁiﬂmém]:Oﬁétékﬂﬁt300ps1g Then

Exampl e 3

essentially repeated, PPVEwaSPUInBed{betPQ%%%f&%%gr@%l B%cﬁ’ar g'mb?mH;\?E was
0.79 part, the somuaattatorsmdwamaﬂmd,om@m ithe THE feediraie

-contai ned no C 8, theAtfwir'Bq:raaﬁswfﬂ'FEwereaddedmmeaﬂicﬁsrﬂ%paﬁeoﬁmawoas

ft TFE addi t

Sol ﬁ{l on s?ar It e:jogf ‘t"gsolﬁﬁgn B?Sqfl(%% md%ddgdtoﬁggrea&gphttdﬁ& &o. 5“2(?3
concentration ofthat eeqﬂmmoMﬁé pagis @Wﬁé‘@ been thereactorfol Wﬁ'ﬂl ng’
rate during pol yneri zhickoff (13% niin@e)g tha TFEinitiatenahd PRVE feddstwere stoppe®

speed was ad] ust egt 0gfaOfYitaflr itk RFtnb Habtcd ik vEAtoRMdvi§ b ST 2V

WO 97/ 03140
PCT/ US96/ 11635 with nitrogen until the pressure was below 5 psig (0.14 MPa). The reactor

was cooled to 50°C and the dispersion was discharged from the reactor
and saved. The raw dispersion had solids content of 28.7 wt% and RDPS
was 251 nm. MV of the TFE/PPVE copolymer was 6.2 x 103 Pa-s and
25 PPVE content was 4.12 wt%. A portion of the raw dispersion was
concentrated to 65.6 wi% solids and 3.5 wt% Triton® X-100.

Example 3
The procedure of Example 2 was essentially repeated,

except that the initial charge of PPVE was 0.79 part, the solution
30 following the initial charge of PPVE contained no C-8, the temperature
. : was 80°C, the pressure after TFE addition was 380 psig (2.72 MPa),
addition of C-8 solution started after 1 part of TFE was added to the
reactor, concentration of that solution was 5.28 wt% C-8, the PPVE
pumping rate during polymerization was 0.0048 part/min, and the agitator
35 speed was adjusted to control the TFE feed rate at 0.16 part min. The raw




12 di spersion had solids content of 27.7 wt % and RDPS was 295 nm
W of t he TFE/ PPVE copol ynmer was 5.0 x 10[err] Pa.s and PPVE
content was 3. 30 w % A portion of the raw dispersi on was
concentrated to 60.1 W% solids and 5.6 wt % Triton X-100. 5
Exanpl e 4 WO 97/03140 _ Exanpl e 3 was essentially r epgaissshiesscept
that the PPVE punpi ng rate during polynerization was 0.0057
part/mn. The raw di spersion had solids content of 29.3 wt % and
RDPS was 285 nm M of t he TFE/ PPVE copol yner was 5.7 x 10[err]
Pa.s-and PPVE content was 3. 15 10 W% A paetion of the raw dispersion

was concentrated to 60.1 wt % ) sol i ds_and g%g % Tri X-m

Exanple 5 dispersion had 501ﬂ$ec°pf»@é ef27.4 vaie ﬂﬁ&@‘g R MViof | y

.{ﬁpeat _efl, | sol ut hE TFE/PPVE cb taﬂaalsmhaogpﬁ@fan&mam?@aasfm,
e initia soumno anmmoni. um

0. 0005 part of C-8 in °5§Eﬂf?’fm° therawdls cxﬁ%eiﬁj?geﬁptgr@thbg"ms

70[err] C, the concentsohﬂsandﬁﬁw%m%&-lﬁf) on added to the

reactor during polynerization was 5.14 wt % C-8, and the PPVE
punpi ng rate duri gpolyrrerization was 0.0 mn. The tinme

to add 20 parts of TFE after ki e&msb&m:aﬂyre”ﬁbatedameptthamePPVE
di spersi on had solids lﬁg\/@hgg& (a[még Zl eﬁﬁﬂ gj

t he TFE/ PPVE | 5

e o L be 30k A s oo v o

(ﬂ)gper Si on WaS ConcerﬂléthWPPVE%pélyM%mﬁ 'ﬂﬁ 109 8a’s and PPVE cortentwas 3.1X-

- The pr ocedur e of ligxan]fﬁoé éﬂ%{’é‘%eﬁé‘hﬁﬁa&’ﬁ;‘g r epeat egogc):(eélga{edtom 1 wi% t hat
the initial charge ofsolidyEnd§s wt% Triten® ZzkP.t he PPVE punping rate

. during polynerization was 0.0019 part/mn. Jhe tj to add 20 parts of
. TFE after kickoff was-132 min. The raw dis ad solids content of
30 28.2 wt % and RDPS was 248 Theprosedufe Pwias essqndiallyaepeatad,

TT5 108 T, PP Gt 8 NV Wo 5 Ep th ion of

%S0l 1 ds and 5. é}%ﬁq pitph Badigpide conaiid (G st G .55 vt

PCT / US96/ 11635 of water, the temperaulre was 70°C, the concentration of the C48solution
added to the reactor during polymerization was 5.14 wt% C-8, and the
PPVE pumping rate during polymerization was 0.0040 part/min. The.
time to add 20 parts of TFE after kickoff was 145 min. The raw

20  dispersion had solids content of 28.7 wt% and RDPS was 259 nm. MV of

the TFE/PPVE copolymer was 6.3 x 104 Pa-s, PPVE content was 2.23
wi%, and MIT Flex Life was 66755 cycles. A portion of the raw
dispersion was concentrated to 62.1 wt% solids and 5.5 wt% Triton® X-
100.

25 Example 6
The procedure of Example 6 was essentially repeated except

that the initial charge of PPVE was 0.23 part and the PPVE pumping rate
during polymerization was 0.0019 part/min. The time to add 20 parts of
TFE after kickoff was 132 min. The raw dispersion had solids content.of

30 28.2 wt% and RDPS was 248 nm. MV of the TFE/PPVE copolymer was
8.7 x 104 Pa-s, PPVE content was 1.00 wt%, and MIT Flex Life was
16271 cycles. A portion of the raw dispersion was concentrated to 60.2
wit% solids and 5.6 wt% Triton® X-100. '




Exampl e The sanme reactor used in Exanple 2 was
charged with 50 parts of dem neralized water and 0.012 part of a
- 20% (W /wt) solution of C-8 in water. The reactor was seal ed and -
agitation was begun at 50 rpm 5—-ﬂje-peac1_m;_wa\st hen evacuat ed,
purged with TREeemRsleevacuat ed again. | THIC SHEZ [ HIS@EERICt O RARRBGIMGEE V@S
rai sed to 103[err]C and charged with [0.28 MPLACED of PPVE. Wth the
tenperature steady at 103[err]C, HFP was adted—to—the reactor to
achieve a pressure of 410 psig (2.93 MPa) foll owed by addi ng TFE
to bring the final pressure to 600 psig (4.24 M8). This was 10

foll owed by punping 0.3 86 part of freshly prepared aqueous initiator

sol ution containing 0.8 w% of APS and 0.8 \PEMLQKPS at arate of 0.110

gaggg? n. ;I'?en tpe r?';]e of addg&b%&]y@{reédi?&used‘iﬂEkﬂhpI&fﬂwhﬂéHhr ¥abwith®oed to
part/mn for e i nder.. o i.on

had -begun (ki ck- off) E’é’f ﬁlw %ﬁ%@gfﬁﬁaﬁ?%g? @%ﬁb ﬁf Bafor
15 pressure, addltlcﬁ-&lnmmwdrmsmmmdﬂmhgsmbemmﬁﬂm 600
psig (4.24 MPa). /Sfterhéfeaecbiwﬁﬁleﬁaﬁ&m

B At of 0. 237 par t/ TReFeaRbr Bmpireiira et éﬁﬁﬁge@ﬂ ‘&H&“é@wlmt bt e

reactor, the agitat orostIéQB, Mthéjtempemtln'esteady ab]OBf’ﬁeHFPEVdSEmhledm fheat

0.1 20 part/m n.rlﬁ#, 0 fzﬁlo(%; ‘\&E %\Qe
reactor after . e Fx g X re
st opped. Agitation to eé‘i’ig gg? 6t %B’Gﬁed to
90[err] C. Then tH® agﬁollaWedbwqmmpmgO386patt@;ﬁ;&edhl§tlpdepdmﬂaqmou9hnﬂﬁer vent ed
to a pressure of 1-2 ) | was
cooled to 50[err]C an%mtﬁ) g:’oosnwth:ép oﬁa&g/gﬁfﬁp ??rﬁéwm
react or and saved. Sd?mubo é}#e&tep\ggaqhgﬂpo elmtlator@p a5l %H@&PZ 2
W % and RDPS was 288 0.0068\part/iin for the remainder offie piioBéssP Wheropalymerizaties 6. 2

x 10[err] Pas, PPVE t@g{m g

neasured at 3. 35. HFSQI!a Yﬁék%ﬂéé}éncﬁlgatedbywtl%ps@@dmﬂ@ N ’
Patent No. 2, 946,1763; Pfﬁ%%ﬂa?dmes @aawdtom%mmﬁe@nsmaa 00"

i nfrared nmeasure of tgseg fmmﬁ).er\tfterrlpattérFEhnIbeanraddedtothereadw 227 -

rr i on of HFPI 2R %
glospg(r:tm gn \%as conce?a;get\g 736& Slut@?%gl ;[2 /?i ﬁtye_?itothe o]rag(
100. VO 97/ 0B part/mm er3partso had een adde
PCT/ US96/ 11635 reactor, the agitator speed was adjusted to control the TFE feed ratb at 0.1
VEV.XprIzé ;8)ar [ o 20 part/min. After a toid] 15RO THEEIhd Bbefr4888Y & the YRt itep €0
kickoff (190 min), the TFE and initiator feeds were stopped. Agitation
was continued and the reactor was cooled to 90°C. Then the agitator was
stopped and the reactor was vented to a pressure of 1-2 psig and swept
with nitrogen. The reactor was cooled to S0°C and the dispersion was
25  discharged from the reactor and saved. Solids content of the raw
dispersion was 32.2 wi% and RDPS was 288 nm. MV of the
TFE/HFP/PPVE copolymer was 6.2 x 103 Pa.s, PPVE content was 0.7
wt%, and HFP index was measured at 3.35. HFP index, introduced by
Bro & Sandt in U.S. Patent No. 2,946,763; hereby incorporated by
30 reference, is an infrared measure of the HFP content in the copolymer.
No correction of HFPI for PPVE was made. A portion of the raw
dispersion was concentrated to 61.0 wt% solids and 5.4 wt% Triton® X-
100.
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dem neralized water and 1.32 parts of hydrocarbon wax. The reactor was
heated to 65[err]C, evacuated, purged with TFE, and then evacuated again.

5 The vacuumin the reactor was then used to draw in a solution of 0.0044
part of C-8 and 0.00 18 part of nethanol in 1.50 parts of water. The
reactor was thgnSgalsd agitation was begun at 46 rpm and t

tenperature was rai sed to 90[err]C. After the tenperature ha econme st eady
at 90[err]C, TFE was added to the reactor to achieve a final pressure of

400 10 psig (2.86 MPa). Then 0.115 part of PPVE was punped to the
reactor. This was followed by punping £,205 part of freshly

pr epared aqueous Initiator solution con? aining 0.06 w % of APS and
4 wt% of DSP into the reactor. AftExample$ol ynerization had begun
as indicated by a 10 psig Thereéﬁopaseuplﬁnxﬂ:hg&zﬁageﬁ& &d with of
addi tional TFE was added to ”ﬁ ain pr%y ur e .cons Si g.
After 3 parts of TFE e%&gquat and 1. i %6 %to’t') n

aqueous sol ution of bShdated ®65°€, ewacaated, purgedwaﬂ(ﬁE tandtthmwaatmeda@m

rate of 0.112 partg m f een
added to the reactdor a e&kd c@o T (gwnf tﬁvm%solutﬂfgfbﬂﬁb
then stopped and the Bt 9‘57@ &%@te @’o‘n Paffﬂ‘&f‘ﬁ?té’ésm% 20
dropped to 175 psig (rkaétﬂ)rmlhen'ﬂeeledlimgnmbe &ﬁmeﬂdtﬁmﬁaﬁbﬁ

\rlvggcz ﬁ;nmﬁ?s\éﬁgﬁ Sceidaf r o%%&%r eac‘?‘gg&gén%&(: Tﬁﬁef@g&éﬁ% con‘t’é&?{ S#%e

raw di spersion was 45t90kod EEwasaddedio; dina) pressues of 400

was 2.227, M waslOl. Spsig QZISGI\JBa)Pa'h&nOamG el t@thewkdbtor. 25
emwe%@?

Rheonet er pressure 9 |on
was concentrated to 5’31:15?&5(#)& ig%gfghﬁ‘l’ﬁ“g?? L tbvvg“/q,@fg)g?;i i
Exanpl e 9 initiator solu Oncgnéalmng Wive of AB&and athel | y
repeat ed except reactot. NAfei the polymiérizatiofl haddepuli & inlivateddRiOI0 ﬁl?er

final evacuation cont
Triton[err] X- 100 ana@dﬂgg[fg) dﬁ:?)tm%&)c?&]prg%h}e,%@ﬁoﬁ%ﬁﬁﬁww éha e was
0.108 part, and tlRe mpmsmyﬁcansweﬂ%ﬂpmg Atier3 parts,of TRE wexe addadnt o
the reactor during pabyth&fdactirj 206 pars of #h sfuikous solution of5.0 wiWE-Swereds

vas. 150 nm (trbi di 1A RSO e rﬁ%@&*&%@‘?}bwﬁn Adiga oY B B

Pa.s, and PPVE contenﬁ%hm@deﬂﬁemmm kofE(] 33 min), the TFiideed

%l 03140 - A was then stc;g;?ed and the polymerization was continued ﬁﬁfﬂﬁ&@ésl&%i% '
a
W % Paho A @8hbAD s Jshec AP ThaA R alfiof WS SUphaL, Seha'Be

reactor was vented and cooled to 80°C The modified PTFE dispersion
was then discharged from the reactor and 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, and PPVE content was 0.21 wt%

25 Rheometer pressure 9751 psi (67.2 MPa). A portion of the raw dispersion -
was concentrated to 59.9 wt% solids and 5.7 wt% Triton® X-100.

Exampled
The procedure of Example 8 was essentially repeated except

that the solution drawn into the reactor after final evacuation contained

30 0.0551 part of C-8, 0.00015 part of Triton® X-100 and 0.0014 part of
methanol, the PPVE charge was 0.108 part, and the concentration of the
C-8 solution pumped into the reactor during polymerization was 3.3 wt%
C-8. The solids content of the modified PTFE raw dispersion was 45.5
wt% and RDPS was 150 nm (turbidity method). SSG was 2219, MV was

35 8.0 x 108 Pa's, and PPVE content. Rheometer pressure 7827 psi (54.0



Exanpl e 10 The procedure of Exanple 2 was
essentially repeated, 5 except that the initial solution of CG8 and
anmoni um hydr oxi de cont ai ned 0.116 part of C8, and no C 8 was
punped during pol ynerization. The raw di spersion had solids

content of 28%%%041@nd RDPS was 180 nm W of theﬁ,@&%ﬁgﬁs
.3 X was 4.0 w

copol ynmer was O[err]  Pa.s, and PPVE content % A
portion of the raw dispersion was concentrated to 59.8 10 wt%solids
and 4.6 wt % Triton X-100. Exampl e 11
The procedure of Exanple 5 was essentially re eat ed. RDPS was 194
nm M ofthe TFE/ PPVE copol yner was 4.6 x 10[&rr] Pa.s, and PPVE
content was 3.89 wt %MPa). Aportion ofﬂlerawdlspersmnwﬁa(ammentra@dm bhbrwt%

For nul ati ons solids and 5.5 wt% Tritbh®®&-16®at i ng fornul ati ons were
prepared usi ng bl endi ng technlques normal in the art, and are

sunmari zed in Table 1. For those Exampleli@nt s |ntroduced as

aqueoys di spersions (e.g., qu t he .
anounts shown are the solids fractlo%s f&mplﬁawﬁ%ﬂéﬁaﬂgfr%@

i ntroduced by sucl® diexseptthatibe initialsolutio @@ndmmomumhydromdengmtsm@dtry
for water which incl L@Q% oﬂdﬁ@@nﬂ@i@@%ﬁ%ﬂ enzatlon The

No. 4045, 863 and © he® @F%%Y%?’P??@&%?‘S G §‘°ﬁ?ﬁ¥§@f 4805 v R i,

and Runmel in U.S. PaMéh@ YExppolymes wasdet ¥d0) é’aefmldcﬂmf:onmt:h
25 is hereby Incorpqrvadedvh%rAfmmafﬂﬁhswfdlspefman&ﬁﬁa@a%sﬂsas

FEP was a TFE/ HFR av. and W of 3.5 x

10[err] Pa.s, elpg)gr e@éﬁ?ﬁ%@@d@wfﬁ&ﬁ?‘?&%ener ally according to Bro
& Sandt (U . S. Patent No. 2,946, 7Eia.gﬁﬂ_ﬂ I ncor por ated by

ref erence) havi ng RDEfiﬁOf 185 nr¥ (iogcentrat ed..to 55 wt %
solids and 4.6 w % 30 Trit %%gxe l-?xmnpe Wwas essentially repeate

Table 1 Priner FormulRDPSveas 194 nm. MVofﬂregTE’PPMEmmlymel(ms%.éxl@Pa;s,

Ellt ramari nEZBI ue Pand ngéﬁ%gﬁﬂ%s 3.89 wt'h. . 341 > 89 6.73

PCT/ US96/ 11635 15

483 -~ . - Afflai @&&%ﬁ&né%hmﬁw&%ﬂﬁgmw%bﬁ )i ca

0.01 Zinc oxide
(Ludox( AM DuPont) techniques normalin the art, and are summarized miTsbled. Forthgseyx. g)

ingredients introduced as aqueous dispersions (e.g., fluoropolymer,
polyamide imide), the amounts shown are the solids fractions. The
20 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 blue was that disclosed by Concannon
and Rummel in U.S. Patent No. 4,425,448; the disclosure of both of which
25  is hereby incorporated by reference. The fluoropolymer designated as
FEP was a TFE/HFP copolymer having HFPI of 3.80 and MV of 3.5 x
103 Pa-s, prepared as an aqueous dispersion generally according to Bro &
Sandt (U.S. Patent No. 2,946,763 hereby incorporated by reference)
having RDPS of 185 nm and concentrated to 55.5 wi% solids and 4.6 wt%
30 Triton® X-100.




- - 5.51 .-~ Modified PTFE (Ex. 9)

11. 08 TFE/ PPVE copol yner (Ex. 5) 3.53 SRR --- FEP

f I uor opol yner --- 3.76 --- TFE/ PPVE copol yner (Ex. 11)

5. 63 6. 00 4. 86 PoI yam de imde (Al -10, Anoco) 0.24

0. 25 0. 25 440 (A r Products) 0.73

0.70 Triton Wﬁgg’? hi on Car bi de) 67.57  68.52 C 0 4a

Wat er 0.71 0.76 0. 68 Di et hyl et hanol am ne

1.43 1.52 . 1.36 Triethyl am ne 3.94 4. 22 3.75
“Furfuryl al cohol 2.81 3.00 316.5 N- net hyl - 2- pyrrol i done

Exanpl e 13 Topcoat coatl ng fornmul ati ons were prepared
" usi ng bl endi ng 4.83hni ques normat- i n pigment (EMdndustries)i zed in

Table 2. The 5 presentatian of |@gled|gﬂlb%,dd¢troduced as aqueous

di spersions is as for the pri 10

Tabl.e 2 Topcoat Fornul afTons =~ "Tod | SEﬁ?}B&@I X?VQM@DUP(W)

T1 T2 T3 ™16 | ng-r-edl ent --- Modified PTEE (Ex.8)08 2.10

- Afflair[err] pignent 551 = M&di&?edpn%?@x 9) ~°-

U tramari ne bl ue pignent 0 Channel

bl ack pi gnent —_ .. —... 1108 _ Tpﬁ@?vdéi) Wmébpol ymer

(Ex. 2) 40.13 3.53--- eme--- aee - FEHﬂEbE?VE'mcrpol ymer (Ex. 3)

--- 41.42 -=-  THH&PVE cgpoly

DR T e Iyrrer Fi= lymer(EIZer) 5. 80

5.83  5.86 Acrylic poP¥ner 4.86  Po /IE%Q 0co)

PCT/ US96/ 11635 0.24 025 0.25  Surfynol® 440 (Air Prodiicts)

0.61 0.58  0.59 59 i um ogteAt ® . . 1 29
123 194 Qoo ac od93 ©253 um oglRR *Tritog® xmg_(gﬂi'on?éarbme}

Surfynol [err] 440 67.57 ___68.52 __66.44 - Wgter Sodi um
pol ynapt hal ene sul f onat@71 0.76 0.68 Diethylethanol amine

1.43 1.52 136  Triethyl amine
3.94 422 3.75  Furfuryl alcohol
2.81 3.00 3.15 N-methyl-2-pyrrolidone

Example 13
Topcoat coating formulations were prepared using biending
techniques normal in the art, and are summarized in Table 2. The
5 presentation of ingredients introduced as aqueous dispersions is as for the

primers in Example 10.
Table 2 Topcoat Formulations
—Ingredient Amount (wt%)
a1 120 13 T4  Ingredient
0.79 2.08 2.10 -~ Afflair® pigment
-— 0.17 0.08 ---  Ultramarine blue pigment
-~ 0.03 0.04 ---  Channel black pigment
— — - 41.01 TFE/PPVE copolymer (Ex. 2)
40.13 — - —  TFE/PPVE copolymer (Ex. 3)
-~ " 4142 -— - TFE/PPVE copolymer (Ex. 4)
- -— 41.71 -  TFE/PPVE copolymer (Ex. 5)

6.12 5.80 5.83 5.86 Acrylic polymer (Ex. 1)



3. 06 2.56 3.10 3.09 Triton[err] X- 100 2.54 1.58
1.60 2.44 Diethylene glycol nonobutyl ether 37.58 38. 90
38.52 38.16 Water 4 80 2.59 2. 4.63 Triethanol

63
am ne 3.10 : ¢ hydrocarbon
Exanple 14 wo 9703140 T?H &ﬁggg e Vas _@edjuRskrasss
outlined above, using 0.7-0 [err]m DFT of topcoat T2
from Exanple 13 over 0.3 m| 5 (7 [err]m DFT of primer P2 from
Exanpl e 12. .1 nspection ofthe coating at 30x magni fication detected
no mudcracking and a defect free film 47 Further curing of the film
at 380[err]C for 15 mn ave a snooth, gloss defect-free film
showi.ng the benefit of Odryli8.580 yr@®F9haviOatp | Werium octoate deconpositi on
tenperature. The coati negassedat he Py and 24 oVOrRiEdSEH 10 tests for

adhesi on. n A
Exanpl e 14 was repeated exceppzt?'hat Qﬁ‘é acrylic %Eg&?\‘eég%q t opcoat
T2 was replaced by an aerylic-pol yng0.0tonposed cSodﬁQn\pD%napthalenesulfmdiql

nmet hacryl ate, 57 w et Byjg acr ylsgt e afgp 4 vvt3%9”retﬂ.h§ﬁgl gcid 15 and

havi'ng a maxi num deco |t|o ate Lg?thezg@ S%O[E?lé%{l-lloo Stryr]e er

nmeasured by TGA. |nspe on o] he C I ng
reveal ed no nudcracki 3d.54nd asaef ec38.52 ee 38.16m \Mamever further curing
of the filmat 380[err}Qef or éggmnzgg;ultchgn filmwith a

eveal ed that ' 20 B0 conts t'°2%9iraw‘3e9§9°aquo%§‘tm A8 stop,

showi ng a deficiency of acrylic polyner having high deconposition
t enper at ur e. Exampl e 15

An al uni num substrate was coated as out|inE3ammelt4 using 0.7-0.9
ml (18-23 [err]m DFT of topcdaiallmidum shfssatdvaes doateday ofllineddbove, usn?g'5 (7

[err]m DFT of primery R} § b RS DFY of BRRSHE T Hork ExbBRIE PRSP Ahni

WO 97/ 03140
PCT/ US96/ 11635 5 (7 pm) DFT of primer P2 from Example 12. Inspection of thggcoating at

30x Eagnl ficati OP dﬁt&ﬂ&tlﬁd cﬁﬁtﬂpdaédttdnof findcAckibpeat af defiset fiek film.

Further curing of t ep}:ﬁﬁn ¥ 0 ossy,

defect-free film sh(?;‘v'\'/l&tnH %gp{h? f{ﬂn%tg'ggré?ﬂsnmﬁ?éé’ea% (r%ﬁrk]?)%k'

deconposi ti on tenper ﬁﬁa@ryhapplmmevmg ows,

f 1 uor opol yner havi ng d&b@iﬁpbﬁnoﬂ' an&mgfkmﬁﬂgbh&eﬂ"ﬂkMQﬁ@&%ss-hatch
10 tests for adhesion.

Control A
Example 14 was repeated except that the acrylic polymer of
topcoat T2 was replaced by an acrylic polymer composed of 39 wt%
methyl methacrylate, 57 w% ethyl acrylate and 4 wt% methacrylic acid
15  and having a maximum decomposition rate in the range.of 380°-400°C as
measured by TGA. Inspection of the coating at 30x magnification
revealed no mudcracking and a defect free film. However, further curing
of the film at 380°C for 15 min resulted in a very rough film with a dull
appearance. Inspection of the coating at 30x magnification revealed that
20  the coating had crawled during the curing step, showing a deficiency of
acrylic polymer having high decomposition temperature.
Example 15
An aluminum substrate was coated as outlined above, using

0.7-0.9 mil (18-23 um) DFT of topcoat T3 from Example 13 over 0.3 mil
25 (7 pm) DFT of primer P3 from Example 12. Inspection of the coating at
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hatch tests for adhesion. Exanmpl e 16

Exanpl e 15 was essentially repeated except that the TFE/ PPVE
copol ymer of Exanple 5 was replaced with the TFE PPVE 10 copol ynmer of
Exanple 6 in both of topcoat T3 and primer P3 formul ati ons.

| nspection of ing at 30x magnification reveal ed no

de(F:)racki ng an@B @%ct free film Further curing of the fil m é‘t’s%b‘ferr] C
for 10 m n gave a snooth, gl ossy, defect free coating, again show ng the
benefit of acrylic polynmer having | ow deconposition tenperature in 15
conjunction w th high-MW fluoropolymer. The coggi ng passed the PWA '

. and cross-hatch tests for ad_hesi.on. .
- Exanpl e 17 30x magnificatiopdeteeted homudcsadking @l adefestfigd Blm.2 was

repeated except Fm&fbﬁhngafmmfa\@meqaf Yﬁﬁg\%&v@éﬁﬁ? ﬁhgdﬁs
replaced in |ike amoupt. ﬁ_Zﬁ % bl nc}, ht dlfled
PTFE of Exanple 8 anddffighfree film, showing :Mfﬁéﬂ%@&n

Topcoat formul ation TdewinposMontemp&nhnpimcdxﬁunﬁmnmﬂfnteﬁcfabuc&me t hat t he

. TFE/ PPVE copol ynerg of ﬂumolmer%%&%W? gbdlmggv?gg%atcr&g the

TFE/'HFP/ PPVE copol y I ng these no primer
and topcoat formul atlmt‘?ﬁﬁ for 51°§I' um num substrate was coated as
outlined above with 0.7-0.9 m| (18-23 2 DFT of topcoat over 0.3
-ml| (7 [err]m DFT of primer. Inspection o coating at 30x
magni fication reveal ed no midcExample 15 mas gsseatially repeated except that thic | m

F:thher gu][m? ?f theri;fmpmc ﬁf&ﬁ-‘iﬁﬁtl&SWﬁs’} @dgntﬁfméﬁl‘PE/PP\é%
gl ossy, defec r&F #1 E’]l o(g hg#h‘?/ rica

f1 uoropol ymer ot her t 3&% Ifé%"iﬂ 8 SR

acrylic polynmer havi nf m»sletmmhspmtinmfthemauaex magdiftoation rexealed no
conpositions of this maa@a&mgana’a%fewﬁeamaﬁﬁﬁeﬂamn%mtﬁaﬁhﬁra%60°c
C\la; gg / Bgizg for adhesfo?% min gave asmooth, glossy, defect free coating, again showmgr%e
PCT/ US96/ 11635 benefit of acrylic polymer having low decomposition temperatgre in
Topcoat fornul ati® Torfindeeawitichikh- Mvsmﬁb epnmécoanngpassedtﬁe@ml
(25 [err]m DFT on alﬁﬁf&#ﬂ’]ﬁ)@gﬁ? i r. dri No prinme coat

was used. Exam natio e ﬁan ?‘ﬁ%th an optical mcroscope
reveal ed a snooth continuous filmwth no g =#mudcracking. Curing

5 ;oo the filmat "360(err1C {20 ih, GayCeg HINRL ] Sl rebesiRa skkdp

that the TFE/PPVE copolymer of Example S was replaced in like amount

20 by a 60:40 blend by weight of the modified PTFE of Example 8 and the
FEP fluoropolymer used in primer P1. Topcoat formulation T2 of
Example 13 was repeated except that the TFE/PPVE copolymer of
Example 4 was replaced in like amount by the TFE/HFP/PPVE copolymer
of Example 7. Using these modified primer and topcoat formulations, an

25  aluminum substrate was coated as outlined above with 0.7-0.9 mil (18-23
pm) DFT of topcoat over 0.3 mil (7 um) DFT of primer. Inspection of the
coating at 30x magnification revealed no mudcracking and a defect free
film. Further curing of the film at 380°C for 15 min gave a smooth,
glossy, defect-free film, showing the utility of melt-fabricable

30 fluoropolymer other than TFE/PPVE dipolymer in conjunction with
acrylic polymer having low decomposition temperature in dispersion
compositions of this invention. The coating passed the PWA and cross-
hatch tests for adhesion.

35 Example 18



procedure was repeated except that the TFE/ PPVE copol yner of Exanple
2 was replaced in |like amount in the topcoat formulation by the

TFE/ PPVE copol yner of Exanple 10. Exam nation of the coating at 30x
magni fi cati on reveal ed nudcracki ng throughout the film Curing of the

10 filmat 3QHp&slde fOor 20 mn gave a rough filmas a resuppry, ,?g
ef ul

nmudcr acki ng. Wil e the copol ymer of Exanple 10 is us
t hi nner coatings ofthis i nvention, this conparison shows the
benefit of the larger particle size of t he copol yner of Exanple 2
i n drspersion conpositions of this invention 49 to achieve greater

- coating thickness. 15 EXAMPLE 19

An al.um num substrate was coat éEDp&eakﬁbrmulahdnTé@fExanmlmw a3 spirapedion at
(18-25 [err]m DFT oflnemezasp@ ‘?]aﬁ 8 aft-ddi eﬁ"Ndétb:B@coat
I on t

DFT of primer P1 from Exa ns CQtln
magni fi cation detect ey HhEe Wp(gﬁhe 80551%‘5@6 3PH°¢H¥Q1'H§‘1"°P°
curing of the film atregmﬁdzmsmoﬂmomﬁuousﬁlmmthamsrgtmﬁmgdarmn Curing

defect-free 5 otfthéfﬂlm-gi 80‘*@ gfsf?&f() Fhist he
TFE/ PPVE copol yner tn(;;‘)illt e |1$‘R/ e armunt I n
the topcoat fornul at i FRegpre Wasrepea cepolymerofFxample)

Exani nation of the ccawasgeplaced in hksamoﬁﬁt(mrthgtoﬁcbmaﬁ)rmnlaneub |tm|
mudcr acki ng t hrougho amindiion’ r]C
UTFE)P? Etgﬂolﬁﬁ ple 10. Examitdtfon df k%ﬂcgéggég% 50

£ h f.Ll
or 20 mn gave a rogtﬁa ! qurfyeqlg mmmm tthe film. Curingefthegs

Wil e the copol ynmer
of this invention0 t Hiils a:h?ﬁiHﬂibnﬂOagnlgavshwwghtﬁlm wﬁsuhoﬁihdﬂiﬁdcrackmg

| arger particle size EW’M ﬂanﬁﬁ .

conpositions of this Wfrlll\l/lg?\’t?el 1o acén eve g?ggki?écog{‘%lgﬂg&gﬁﬁ%ssgmm
coating passed the PBVEHP neﬂﬁggornamwntsmg thedhengfihekthg darger particle size of

20 1. A di speheicopolymepofExampleoinplispision o6tiposifionist thitlinveitiohC! €5

conprising at |east qggchRVE: &perrlc g@yﬁ%&lﬁ opol ymer, and particles
av

conprising at |east one acry I C COpo 'ng a deconposition
tenperature of |less than 340[err] C as determ ned by thernogravinetric
anal ysis, wherein the dispersion contai nsSEXAMPLIS190 about 95 wt % of

f1 uor opol yner and aboAl <

fl uor ngd i, of L %nhﬂg Yhtrefte Wik é%&%ﬁ%b&y&g@gﬁéﬁﬂ@ﬁsmggsfgggﬁgl on

of daim1, wherein (?SfFFIG cﬂ{’ﬁﬁ@%gm%m*ql%gﬁfﬁai@daum

tetrafl uoroet hyl ene ddPblof primer P1 from Example 12. Inspection of the coating at 30x

20 magnification detected no mudcracking and a defect free film. Further
curing of the film at 380°C for 15 min gave a smooth, glossy, defect-free
film. This procedure was repeated except that the TFE/PPVE copolymer
of Example 3 was replaced in like amount in the topcoat formulation by
the TFE/PPVE copolymer of Example 11. Examination of the coating at

25  30x magnification revealed mudcracking throughout the film. Curing of
the film at 380°C for 20 min gave a rough film as a result of the
mudcracking. While the copolymer of Example 11 is useful in thinner
coatings of this invention, this comparison again shows the benefit of the
larger particie size of the copolymer of Example 3 in dispersion

30 compositions of this invention to achieve greater coating thickness. The
coating passed the PWA and cross-hatch tests for adhesion.




3. The di | on of Caim2, wherein said copolynmer conprises
a copol yrlmml "lﬂ“ﬂwmﬂg ethyl ene with at | east one conononer in the group
consi sting ofc perfhuoyod efi ns having at | east three carbon atons and
perfluoro(w nyl ethers) of the forrrul 1 CF[err] =CFOR OR
wher ei n % .)6};3 are independentl r% é H uoy i nat Eﬂci-/mfl‘jgr
branched aI kyl™ “an a'f)kyl ene groups c nt ain, arhon at ons.

The di spersion conposition of Caim 3, wher ei n sai d cononomer conpri ses at

| east one nmenber selected fromthe group consisting of hexafl uoropropyl ene,
per f-l uoro( et hyl vinyl ether), and perfl uoro(pﬁgpyl vi nyl ether). 5.
The di spersion conposition of Caiml, wherein“Said acrylic copol yner has

glass transition tenperature of |ess than about 40[err]C 6. The
di spersion conposition of Caimb5, wherein said acrylic copolyner conprises

a copol ymer of butyl lic acid. 7. The
di spersion conpositi %%m&m acrylic copol yner conprises
from about 93%.to about 98%Adispessisn conipdsition comirising squabas mediuhi,om about

7RE%P} 2\ about 2% by swe ngmclégf cJ{EﬂMé ¥ 1e&st3nk gnelt—fa%cable ﬂuoropglym%\r an at ed

article conprising aPattifdeswmprising aideast one acylis cppelymsy hayng decoraposition,o

| ayers, conprising at@npemaneeof lesstliaa3408C as dotirmiied byahénmoppsvitietrioor

I nternmedi ate coats b%&% A sai d primer and said topcoat, wherein at |east
one of said topcoat ‘and internediate coats is formed fromthe dlsper5|on
conposition of Caima1. 2. Thedispgrsiongempesitien oblaim lo wirerein saih g |

wherein said topgeat tmwo;&ﬂyﬂepéﬁm i pbfﬂlﬁftﬁﬂtﬁd&&@amﬂﬁbﬁhﬂ'éﬁeeﬁfdlyﬁ@f med

compr i singat | east one ?‘*}ecﬁ%aﬁ i iﬁwﬁ%ﬁ%ﬁfﬁdﬁg@m

conprising at |east Gﬁ@P&@P%/#P@ m9 east P
ten})eratura,hof Iethchﬁibnaﬂﬁi'ﬁ{ﬂlb% l"df eﬂlﬁo&&‘(ﬂéﬁi&i@m {1eAst
anal ysi s erein QO

f1 uoropol yner and ab?)hx;[1 %R{i{) %%M?’%I @?&EB&WM@S%& gﬁOR
conbi ned wei ghts 1§t s Chawb PR QRewherein R, andtR' dSPﬂldéHﬂ}art icle of

G aim8, wherein sai céonrpletelycmainnmmineaem bianched alkyl and alkylene groups
containing 1-8 carbon atoms.

4. The dispersion composition of Claim 3, wherein said
comonomer comprises at least one member selected from the group

20 consisting of hexafluoropropylene, perfluoro(methyl vinyl ether), or
perfluoro(propyl vinyl ether).

5. The dispersion composition of Claim 1, wherein said acrylic
copolymer has glass transition temperature of less than about 40°C.

6. The dispersion composition of Claim 5, wherein said acrylic

25 copolymer comprises a copolymer of butyl methacrylate and methacrylic
acid.

7. The dispersion composition of Claim 6, wherein said acrylic
copolymer comprises from about 93% to about 98% by weight of butyl
methacrylate and from about 7% to about 2% by weight of methacrylic

30 acid.

8. A dispersion composition comprising aqueous medium,
adhesion promoter, and particles comprising at least one melt-fabricable
fluoropolymer having melt viscosity of from about 15 x 103 to about 200
x 103 Pa-s.
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| east one adhes | east one nelt-fabricable fluoropolyner
havi ng nel t VI s "Mﬂuﬂ":m mﬁm’out 15 x 10[err] to about 200 x 10[err]
Pa-s. .*Thelco icle of _C aim8, vvhereln said prine coat
conpri ses adheS| on pronoter and non-nel [ THEbE Sgﬁg ]fl uor oet hyl ene

copol ymer, sawdemBfeyer containing at IeastRfE? éDa % b sddhies8f
nodi fyi ng conononer and havi ng st andar d—speci vityjof at |east about

2.165 and nelt viscosity in the range from about 1 x 10[err] to about 1 x
10[err] Pa-s. 12 . A coated article conprising a substrate coated
“with a coating having at least two |layers, conpriging a prinme coat, a
topcoat, and optionally one or nore internedi ate coats between sai d primer
and sai d topcoat, wherein <hibhedispersionzomposition of Clainhg;svlrereinrsaidanelt and

mel t-fabricabl e fl uorisedsityan »&d}ﬂaesdtuovmm@ Plod % 3 pheUt 15
about 10[err] to 200 x 10[@; %P S a.n ere.| n eas wlgeggp@ald
(ﬁap pE;’F!sér

22 < topcoat conprises ab
f1 uorepol yner and abdﬂmorspobrmoompﬁsewperﬂnérmatedpniymenne acrylic copol ymer

having a deconposigtion t enperpidy; ?Eloh%ﬁﬁlgggiggn%P@%%sﬁpLﬁfe&éﬁ:sﬁﬁs of the

det er ni ned bytherrmralrretrl on CO
two pol yners. ugginated p §emprises copalymegiof

di anmeter of the fl uorlemmlmpcrtbmro(ali{}émn}aeﬂres) from about 100 to about 500
ik i i
leuor opol yrréf ha:srhg Cr’ﬁs(zllr‘:?:\Slll2t ABGoétfed %tﬁ:‘#é%&ﬁ%ﬁﬁﬁh?gﬁsﬂaf%@r r ‘I’% §§8 g 200
x 10[err] Pa.s. g at ayers, comprising a prime coat, a topcoat, and
10  optionally one or more intermediate coats between said primer and said
- topcoat, wherein at least one of said topcoat and intermediate coats is
formed from the dispersion composition of Claim 1.

13. The coated article of Claim 8, wherein said topcoat and said

optional intermediate coats are formed from one or more of the dispersion
15  compositions of Claim 1.

14. The coated article of Claim 12, wherein said prime coat
comprises at least one adhesion promoter and at least one melt-fabricable
fluoropolymer having melt viscosity of from about 15 x 103 to about 200
x 103 Pas.

20 15. The coated article of Claim 12, wherein $aid prime coat
comprises adhesion promoter and non-melt-fabricable tetrafluoroethylene
~ copolymer, said copolymer containing at least about 0.001% by weight of
modifying comonomer and having standard specific gravity of at least
about 2.165 and melt viscosity in the range from about 1 x 107 to about 1
25 x10°Pas.

16. A coated article comprising a substrate coated with a coating
having at least two layers, comprising a prime coat, a topcoat, and
optionally one or more intermediate coats between said primer and said
topcoat, wherein said prime coat comprises adhesion promoter and melt-

30 fabricable fluoropolymer having melt viscosity of from about 15 x about
103 to 200 x 103 Pa-s.
17. The dispersion of Claim 1 or 8 wherein the average diameter
. of the fluoropolymer particles ranges from about 100 to about 500 nm.

——

This Sheet Has Been Rep

L i



