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relates to tabl e fluoropolymers and nore particularly, to
sprayable p s ereof . BACKGROUND OF THE | NVENTI ON FI uor opol ynmer resin
havi ng -pr such as good chem cal 1 o resistance, | ease,
good heat‘grag'é’%*ss'?gnce and electrical insulation are desi rabl ef+ }ndﬁgnber of
applications. Fluoropolynmer powders which are neltfl owabl e have been found
useful in coating cookware articles spgfq@s fry pans, sauce pans, rice
cookers, grills, and bakeware as_wel |7as nunerous industrial | i cations
such as fuser SP&A¥ABLEE’QWQEWFM'@ﬂgwmhﬁéjwoﬁﬂaoe iRal 15
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wat er imm sci bl e organic BMJK@RDWBK)E/W@MNMON) Thi s treat ment
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non-friabl e, fopable g’laéea]i’f‘éﬁ[‘l°‘ﬁ‘§r“3“e({+§'&°3?m%ge‘i?ﬁg afedrtirde %@%Pi“ﬁe nel ting
t enper at ur e ghuck!pand, kivotaheds ygritls, andfbakewirs as wel ub hanérogs mdustdsl are val uabl e
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particle size, sucgﬁ r|n|n é*' articles for certain to
sprayi ng appl 9159 gnetgggtqugerbtgfe[q %gu%l'f”é(’ ntially non-friable.
Attenpts have been neWhild the pasoltint grantiles e drafubbie fanse ynwich poovesses apat i ngs
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conposition e powder sprayed on a substr 20 Anhot her not abl e
pr obl em occurkandlingandcopteng chatagted ity coating in conjunction with the
sprayed powder that doefhdiatettddfor srolingd Ruoréioltheroaer Ridscldsedin as

pray g oper ST BRERAR 1P (Galhs TRl BERbe RIS R RBbaBEC) i on o

sprayabl e 25 powder of non-fibrillatable fluoropolynmer opti onal |y bl ended
w th ot her conpone w“\mmmube produced, in the absence of a processing
step invol ving hal mm “u n ts and/or wi thout the necessity of
sintering the particles, (3JdWARY OF THE | NVENTI ON




30 In a first enbodinment, this invention provides for sprayable powder
conprising friable granul es of agglonerated prinmary particl esgm‘, 2003
non-fibrillatable fluoropolymer and at | east one ot her conponent %

powder havwiixpossisel k density of at | east 20g/ 100cc and aver age/ugmdggﬁl e

size of 5 to 100 m cromnet ers The sprayabl e powder is preferably free of

wat er imrusciphle Liq re 35 preferably free of hal ocarbon |iquid.

| ncl uded am)rfg F?éo‘b‘?‘lﬁ@ FiRespalyTger if ato é“‘Plalﬂaér“%“eBﬁpﬁﬁgﬁ‘r"ts hi gh
tenperature rabpvsthameliing yoint oftetmalhrosocthylerepolynesr, whérebl the dispersdde i nvention

provi des for r aggl oner at ed
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f 1 uor opol yneravgrage perticlesize of 180 sriprons Apless: Pistared spheticad partiglss ebbe y ner
conponent .5 Th@axtorimihhbﬁarefdegéﬁtea a@h@éﬂudmutfr%n@aﬁd aﬁmdiﬁ phpplic@itns] Ng t he

bl ticl f
none 11 br 11 oSy Rearpsahaial bivdres e i Gk 3BCtRedy rgro?r@lﬂﬁ%s) oht to obtain
fri abl e gr anutasting. Buebehanseethesequarticlesphagé bcmtxmyeréd ethatoi hewhadenedat sci bl e ‘
liquid and m’%ﬂx pRlafh& &5’4ch el% gainPSPthP ngdbﬂg %@Ke?r red

enbodi nent, e process_ 1 ncl u parrng
non-fibril | at @lprthe p@r@@'@mﬂey%haa ¥ gringin gdﬁarq yce aamr lesfor cw ot her
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conpaaction or by BR OP Y TTREAEF ShBTo nded fiarapalymer BOWdeT s o m a

fl ui di zed bedcoatipgs mﬁlaml@l;épsompor@ommhtas fworapalymenblendedatithepolyomay be

enpl oyed to a&HB&W?scﬁss@&%iU@P‘QééH%@'ﬁﬁ'@J méu@mbp%wog'aeﬁmaefor specific
applications. 15 Anot(gtteé%? PI nent’ the inventio rovr des f. r spr ayabl e

powder of nond¥MERTPPS atigp GB‘BPWF@FS AR g I‘H‘
non- segr egat abﬂpebxhtxea amddingit tHerdoatplositign anifidresity @f ceagiylige rﬁ:&maatedifrpmltlmr y

particles of f ¢ - . (%u&ra erein the
powders are m% $d§§e’2§f&%w *ﬁggo%méﬁ%m el%?)g‘gscg%? nvgﬁgtolv %\ﬂ may be
obt ai ned wit h (gp‘h‘{v@?ﬁ Wiea psing appwdermixture fog ptaticspEayine, 8| ocar bon

sol vents. nﬁn@@@ﬁxe\i’ﬁ}xﬁ@é PRA Y sdgeeldatdSThe Gs?g?@éanDE'E&l proBudeaSCRI PTI ON OF

THE INVENTIC]\I er of this ntio repar.ed ray
drying a i qU| ﬂpéﬁ 8?‘? P°ﬂ‘8ﬁ°§‘%‘%’%‘."r’ tﬁ%B?‘e&l ! %ﬂ? 1% asug%a?fp
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the resul tant y@rph %‘é&ﬁovﬂfcr&a@ﬂ%%ﬁéﬂe@@toﬁﬁé ﬁPgreVsdb@&&tb%&ntaQ obt ai n
friable granules o g | uor opol whi of at |east

20g1 100cc and SRR o Seaeaion by e dveisby PavERs Y i s e ik hyig

"friable" is opaationt hat the granul es can be reduced to a smal | er partlcle

size (comm nuted) w thogf rgmlgg}dg&gr dﬁﬂoﬁn'@%@ ?{YFRE' on such to
par

as the formation of fibr] The
friable gRanupe¥depf m—&brlmtewte ﬂaﬁromalyewaﬁptrqnﬁkhgmeariedpwr PP shape. For
sinplicity, tbangrnaﬂuslu@caraep@ﬂ&éddmahéafsarceedamdaﬁ@ste;aavcnomger The

granules are {nia e ratur he spray drying step,
is less than [1 ﬁ%ﬂ"ts ven ear?rd)leorr(?1"[1{111 gptg?mfcﬁ;wf)g%l%eﬁlg tu?fa‘rsFrml?rl)(raseferabI y at

| east 15 25 degrees C beI ow the nmelting tenperature. If the tenperature

were above the fluoropol ymrersRiMARY O "HEE INVENTIQN 9r anul es woul d be

fused or sintered (that is_héat, hardeneq at te era;ures close to,th

mel ting pdPnt of the polt st e h%‘ﬁ{nﬁ@rgwnmnf‘f’ir‘rg{ﬂ"l‘ &s don pFavR Fp?‘éﬁl?ror t he

particle sizecomprisingfiable granubes ofggglbmepteiduiteary particles eSndrefibrdlatable n

sprayi ng appl ention
'ﬂﬁ@fo?&gﬁxer ANELGEARY er&%@ cB&gﬂr?eBE tlfﬁp £\ﬁ§ m,%lgq

may be characteri as_ non-sin er| g Fus ng used

in prior art pf¥d %&&/H}%amngmam%smﬁﬁﬁgIQOwﬁeW@a‘r shape, whereas
t he powder gr anekmayddie d,ﬁdweptsq&erafabwﬁ‘mmmmhauﬁsoimé figuidpandsheapes. The

densifying.ste r S ra dr step
enhances gﬁ %’fﬁriﬂfl?/'ﬁ(ﬁ ﬂé‘xblge({fg'é‘f BU Rt §‘p MF‘QQESV\UGI’ for
sone 25 appli m&wmﬁll@&@ﬁgmw,mal temperatuia reistantaqrolymerdpplerscat i on i n whi ch
only a thin fused fI uoropol )érrer coating, e.g. less than SO m croneters, is
desired. By "densi anegher embpadiment, thednyension frovides foy g sprayablgippydesf t he spray
dried powders mﬁms@%ﬁﬁbwtﬂeﬂdﬁggwnﬁm piindtP phitias bf g fitst het-bs,
densifying is desi le in order to provide a fused thin, bubble- free
continuous coating. In particular, the exterior of 30 Ilght bul bs are
coated with a thin f Imof melt-flowabl efl uoropol ynmer to protect the
surroundi ngs from shards of glass should the bulb break, such as can occur
in the use of heat |anps to keep cooked food hot in food serving
facilities. A fluoropolynmer powder is sprayed onto the exterior surface of
a bul b, foIIowed by heatlng t he resultant povvder coatlng to fuse it into a
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4 9 July 2003 - WO 001 58389 PCT/ US00/ 0836t Thus, the present invention
provi des an advantageous short-cut to sprayable powder of nanjdlybood | atable
fl uoropol yner, without the need for solvent aided coagul ati on as descri bed
i n Canadi an patent 1,248,292, and w thout heat hardening at tenperatures
near the nelting. point_of the polynmer and sybsequent. 5 conm nution of the
heat har dened f&r”d&%@l"@sﬂ“‘%%%ﬁ??ﬁ%é@? Kgstme @esE nap-didallaghlsdluerorehymemer e i s
no need to enpbaipod@t! i Ng agents and water imm scible |iquids including

hal ocar bon, and thus there is also no need for expensive hal ocarbon
recovery schenes to pThé estntidhefustbeti providesfor a baressfonpicpatingomeof t he powder
obt ai ned by the present .invention..however,. my. be.desirable., e.g. to 1l o
produce pOV\derSpf)aT%'a@ﬁ ngélFr;b eSpf)aé'r l@ﬁé"vi&"i({edl eréo? 8f gﬂmﬁ{yc‘?%%fse?%onbut this
is nmuch | ess deudlambteoiiumropalyoer andah leastopme odutr fompbeent thebtaiedaeblgr anul es

q  hout : ! ! . petnbivie
?inbr ?ffg[ ;so\r/]\n #%k{%%é g&grﬁg{pg};} fngg%l%frqegra%ﬁﬁg&%gy g{re.E §}gﬁ?&r I %%%‘P%{at‘%%‘e sprayed
coating from torefepbltieee girhalacaden ligpidoJed Pqum@ig?\,en% HErREesEss npr ovi ng

both the appeagapngs ﬁ?épa?iﬂ?_fsﬁﬂya]b'i’e BoWi loefofBeh1IASbR fluosdfolRiernand its
il lum nation/ heati function. The sprayabl e powders, of Hﬂls nvention al so

surprisingly pIRSePdE,ahlsasigne pther osonaent, and depsidying the $aeules ¢t hi gher

bui I ds t hap C(Hg‘gﬁi’iﬁérﬂe@griﬁlﬁfy%éﬁm@ tRavegiltsfrord Berap ideyitig! Dehsifyires Pagsent

i nvention can be.des %I ed, as ra a%le Pgmder conprisin friable granul es
of - aggl omer at G i Py MsEhetncal Baniactinh of By fmaqtingihs Eretles piBaRalYmer

and, optional | gas taformeaftidaedbat Heptoamhpepaficomitisugpovatierhehtivéangesn aver age
particle size 1.GI: f : i ers, and
Bhul k. dens £ yasF Oblpibot BsEhR0EH Qe BUE REAR, dod ek e B IHBHRL S U, 2
preferably at dppheatiog8sg/ 100cc and nost preferably at |east 75gl 100cc. In

anot her ~enfodi ment , A4 iRerlcMEB BP0 PHE YR8 Bod Hovities RoraYAableRRWAEE of ,
aggl operated_primary particles of a first

conprising friabl 5 grapul es of
nort-fibrill atwfgbrﬁlﬁ%ﬁwmym%%m%%mm’ BORTETEISRSHAES WA PICat abl e
f1 uoropol yner (ﬁﬁﬁ@lﬂ@@fﬁnule?hﬁag@mwaﬁéﬂ@riaﬁyjpdniﬁ%s bhihs fludydpolyedt and at
preferably fr efgf mq%er innis%ine.ll%ui S, incl%%ing %&bgg free of
hal ocar bon andS#¥ OPSOHFIPIROBERt SYheEap te RO VASE A'S MOFHRISESRA: nay al so be
unconmi nut ed i f confhecibjeets dfithd presesp imvgntdm may bogbtdewed ivithoat $ioteripg ofess to
achi eve t p LGh:er.Si i 1 this invention, sprayable
powder ofhﬁbna#%E%+¢Fg?§gfggfﬁﬁ%§§€§*§#§bgﬂgving friable granul es of
aggl onerated primary particles of fluoropolynmer conbined with other
conponents are easily produced. Sprayable powders having nmultiple
conponents are prepared by addi ng conponents such as 35 fillers, pignents
and other additives to the liquid dispersion of fluoropolynmer and spray
drying, with optional steps of densification, heat treatnent and
commi nution as descri bed above. Sprayable powders of this invention forned
with multiple conmponents produce nore uniformy bl ended products which
conponents tend 5 9 July 2003 - WO 00/58389 PCTI US00108361 not to
segregat e upon application as conpared to products forned fromdry bl endi ng
processes or conventional coagul ation of nulticonponent dispersions (e.g.,
mechani cal coagul ati on and sol vent - ai ded coagul ation). The conponents of
the sprayabl e powder are intinmately enneshed and the tendency of the
conponents not to separate upon application as a coating is referred to as
nonsegr egat abl e. The uniformy bl ended sprayabl e powder of this invention
al so tends not to segregate in shipping, processing and recovery of scrap
powder and provides a nore uniform coating upon el ectrostatic spraying.
Li kewi se the sprayabl e powder may be conposed of friable granules 10 of a
plurality of fluoropolyners wherein additional fluoropolynmers are added to
the liquid fluoropol ymer dispersion or nmultiple dispersions of different
fluoropol ynmers are m xed prior to spraying. Alternately, multiple feeds of
a plurality of fluoropol yner dispersions may be punped to the drying
chanber and spray dried such that friable granules of a plurality of
fluoropol yners are fornmed 15 as the particles agglonerate in the drying
chanber. Bl ends of polyners and conponents formed by using this invention
are nore uni formthan those formed by conventional nechani cal nethods of
bl endi ng powders of individual conponenjis after powder formation. One
especially useful blend that may be prgiared by using the 20 teachings of
this invention is a uniformblend of fluoropolymer and high tenperature
resi stant pol ymer binder. The sprayable powder forned fromthis conbination
. copponant.s.ASs useful as a prinmer |ayer on nmetal substrates, primng the &
gﬂrﬁﬂgg°9@f‘@%% application of additional |ayers of fluoropolyner coatings. ¢
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6 9 July 2003 have an SSA of from10 -12 m-/g. As the particles

coal esce, the SSA decreases. The SSA of the sprayabl e powder gQlytdtos
invention is an indication that upon further processing, such as grinding,
t he partj ove9ossigd neither nmelt nor produce undesirable fi %sl,,ug'dgﬁ, A of
conventional heat hardened or sintered particles (those heat hardened at
tenperatures near the nelting point of t he poI ymer) such as those produced
according to U. S. pat ®ETAIJD DESCHR N OF R INd such particles

tend to fibrillate angeamioNddost i itfenBB R - tstgela}ymggl ability of -
n €

the inventive, granul es can be vL n sc nn| crograghs (at
500x and 100859)" *SH%%O%E%SP&%‘P‘& V%Omylflﬂeaﬂ %'QH#PM e3h0Bt ron.  The

particles app?twiﬂcgenpenwmsnﬂlyabllmd@ndm@mhg the aésultadit@eamtes pfir t :c cl es and
are nore egasi r r i nes.
Powders o ! | n\?%l:‘” aw:ﬁ éesstg ?‘% uieggf& gﬁsfgrgwﬁnor? pr oduci ng
sprayabl e poVdeﬁls haye a !mlb dﬂmﬁ]é nf atdeast ZQB'H Qch amdjamhvspgc parggle sizeof§
conventi onal (§Qb&¥nictoufkers. The i quid di sper5| on has a 1 ~ tot al solids
content of at |east ~ % preferabl om5 - ﬁZO wei % nore
preferably from 10 5%%@?‘8@? ‘gﬂ"?& @F%"r"e c6rtoy sm wei ght %
S]E)r ?K dryi ng pa:;turicr.:nm’r(liomrhlﬂttegywmtlé cmtrcmsmg abpxm:mtileim%ndleld&forx)mamch(“j s,dchlg ;:hart;ber
0 e spy,ay [ ropiets by
lo Bgft%ct {)ﬂwﬁ Ext dd?r r&'ie] géﬁusr{li‘ﬂt ! GI'hE¥

centri fugal ecting ream o1 heat ed gas to
produce powdegramye sem‘egtlorstwéfaawre%auia;pamletshm first embodi nent, an

gqueous di Sper si ont ochwlrsiuﬂplicxtypmérgn?hlesa@fstoﬁeﬂmés refeiriet @6 Rérkifi ab | uogogol erFr

i spersion an na one .ot her conpon y a | ow
shear feed pdify ‘fr% om? %‘83?‘%’&3%?% eSﬁ'&ﬁﬂaetﬁmga%@ °§b‘1'§FF yrégﬂ?gl fugal .
at omi zer ( cooitepds kgss ﬁla@dbft inalging temperatars iof theftuordpelymep, pyéfetahly atpeasty dryer

chanber. Heatﬁﬂde%wes @Eel&p'i&\&mﬂﬁflg eglpbanﬁypﬂltm@mbaam@w&ubm the chamber.
The heating o

e alr can be acco rans air, through a
T e b clugropabingr SEIBE frriberoi, the arnuey vpig be PP o gaered ity e
heat ed air seishea hasleaediattempergtares closatol thg neltingtpoimt of thapelyaes) and a t op
fraction (a rfﬁrthdeq
tenperatugepo h’nﬁlﬁg‘%ﬁeﬁ alr ?ﬁorgﬁ[pgg(ﬂé}&%& gﬁ!}%%gﬂ% Q@an t%e range
of from 840F r(am@e) of gertpgm FpravisRappbications, fherpfore; e pawdeem&edﬁesenhs an

aver age tmpahaémroﬁ iy B&&ﬁae&ﬁﬁéa)as nl;heu@aaepwdeeb Tﬁ@ﬁxﬁteﬁﬂg Bﬁﬁﬁﬁ@ t hr ough
water is

the centrifu t zZe nve R

rapidly vapogr;l'lﬁzeg1 gr%cf ropes'er’ngmdlms aﬁ&cllees atﬂ'@é ﬁﬁi"é‘%gﬁ? wpgﬁegsl nto a
| arger parti cthe peivder. gmmll@smﬁpamseoﬂ igyention devrdmdganshaplisy t hrough the
dryi ng chanber, they %0&%t@ﬁﬁn§§t@p%ﬁg§8ﬂsb®eﬂﬁﬂf Hlﬁs gueymggebur es

noving with a s stream.of t|n r an owder
particles exi ?“%f"ﬁcé %B‘é‘?/ O\t;vﬁ‘grgg ét‘? gﬁb%?‘gtaﬁ%ayagiem ﬁ‘e OF 3%8% of from
220F (ljot423) t t appBCeng.1st@lths inuighnbulb koatingrappkstion mhetnpl?omlyelthas fased n;)tt
exposed to [ Lent to
catse si nteri T ofiyht Glagh TREIEL i b BiicrBblely, flefited Y BMkityif .
pol yners. Li kiSypeagt the mcr%webufﬂf Gﬁﬂé%)' phthe geray drigd poders; (ﬁ% sqsve t he

spray-dryi ng aphisdtiingSsudh @s Jo'auEgrn tbﬁlbs dansxfymgrsaeﬁfable ifi ordetltoy Zoos

insufficient to u i [ meL s n th e ticles owde
particles ar eP" Sé@gf‘;ﬁ%é IEJPO?Hbt%%e %eagor'g'f’ﬁg"gy * S F§§/tcﬂ?§/°t§hanber
by a bagh¥uselighidulbsiareeqated with athpofildeef mdhﬂawmkr ﬂucirheolgrasr totpretach of air
and wat er Vapﬂ:@sﬁ@&ﬁﬁﬁn fH‘dPrPﬂBrdsfb? Hﬁﬂhe &ﬂﬂb&eﬁk \SGeH &Qah%c&i}%n

at nosphere throu h t he, ali an exhaust Because the
sprayabl e powH§ F’g"o?fatf @%ﬁ@%fﬁ%ﬂ oked f%?"o‘%ﬂié’b%"q\ﬁr}%ﬁ “g]&?%e'gt ai ded
coagul ation oﬂmbrbpolmuerrpmydqnasrsipratybéemashecbmrror berthce of O doHowpdbent

, 248, 292 (Bug r Iocar bon
I i quid and freéeaﬁg hféreﬁhng gen{ ?é)m? ?’“‘?5%&‘%& pthfugl onggaf primary
particl es3bf ﬂmromlmer roatias| tn othes applicationsosughes wheuswabh@owdymge chamber

may include aywata®p nﬁié%a@&l@écgﬁﬂbé‘atx%@'vlé@%ﬁnaﬁ%oﬁtﬁi‘ﬂeﬂs'oﬂ?h{é agfieenent
i nstead of or,in. ddlagtﬁon t o, wat er Swf oy gani ¢ sol vents include

| e
N et hyl pyrrg?ris BRI Sy ne My RS0t D4Reedete "anong ot hers. The organi ¢
solvent is not a halocarbon liquid. If an organic solvent is used as the

|l iquid, hot nitrogen gas in the range of 900 to 1000 kgl hr at a feed rate
15.ratio ofnitrogen to organi c sol vent dispersion of about 1~-3~:1is
introduced into the chanmber as a drying4as to create a hot gas envel ope
havi ng a tenperature of from 5~4F (290C) to Q72F (300C). However, the
exposure time of the particles to the.high drying gas tenperatures is

i nsu~cient to cause sintering of the polyners. Powler particles are

separ at ed fromthe gas stream | n a baghouse 20 as descrl bed above However,

o o o N | re o I




- psig (6.9 - 7.6 MPa} causing the powder to pelletize. Polyner

i~riritr:~l~ . = ; ? -"%~ful 9 July 2003 nechanical pressure in the

ranges of 650 -1 Q00 psig (~.5 - 10.3 MPa), preferably from Jgpﬂm[ 00sL00
pe 17'ets

exiting t action rolls are subjected to a rotary 8a ~k~

f~~ir~r ~d%0%%n£g92 ~0(~ 9 July 2003 cutter blade and pa¥SBUSIE¢igh a

sizing mll screen to nechanically separate sprayabl e powder of

non-fibrillatable po H?'iheg)fres;eﬁi ﬁb&ﬁl&rﬁg‘ﬂ“? QbR %Q%gttgrl mary

particles of a desired sigz sel ectl on of cutter blade and
m 1 screen, SPER@blepayaer obugne guw@qalwwr afithagtche nesAder ghveRdi ng st ep
to achieve aax&étl’éda@bﬁtn&h aﬁdesuhﬂseﬂbhe:ah@dlmppitémqw,JJmma,mﬂhlwaﬂnbum& as wll be

d bed b t th dth
descr 1 bed Dol e AR SRR T god AP My s e
comuni cad i mormntm!tlon@f &ndleatéxardmtﬁgnnuhe Bplehlylmahwolvanhended n the spray
dried parti C&o%guﬂ‘aabh thé@R dd el @S et lo@lgeuﬁ@\agérﬁp&d%t&mrﬂx&b@%@f the drying

. chanber into a-.dens g, zone at ';E otto dryl ng. chanber for
densi fi cati ohayids H’CL}{S‘?‘/ﬂ& adop %‘?f@rsgs %?Pfé“%meé YOIFPFRYSi s bei ng

carried out. halbearsdn ryovkiy aﬁemey\d;emoqaarme endonfest. $eficoinftin@ivnl

i ntegrated |H1tern% étgxggdﬁf%&?geﬁttm\tf qht%%%of tp%g rxwﬁq:néhanber

Densi fication it Carri & ed gas to
agitate 1% amdumwreﬁwp@magpmeﬂgim @fSS tpéamlcroms@)s, butihistieat ed gas can

be air whi chyhes 1§ ssvehe@h@siniorha ke uﬂ@&?&'heétﬁuaﬁl‘éﬂéﬂ gr%lwa&,ti the aid of a
supply fan to the

suppl 1 ed to P‘FFE‘%‘V{}*‘%}H%%’%HE?}E}?‘S&Q%%%KG P B O B ges $UB8 ) t o CBaF
(,295C), depegrinulgs Crntimethrpbwder Sugwisinglyfthd speayed oaatiop dioymhe pawder
par i cul ar |y Rl QWi BB ks, &[?raiﬁeg@?og%% {ch B SPRHES o323 NOL 10

cause sinterfng o e part| as acts orm a i di zed
bed of the gadRlgs such WWEWbPHé‘EHFW@PW%E"&@BW%n Thesmaebiharti cl es
causes the dpowddrs ofithiDimvenidn alsodugpeisingly pravide theabilitycloefsrmd thicker

Conmponent - hasoitings, MMt HARS bR b BRI B\ Bsie Blud 0. 10 G Nore
Al ternately the fTI'bf3 oroduef théhﬁ presenbavergiangen be desesibedras sprayable W@pray dry
chanber and agfpridihg Hrilablegt &smemtagglamerae&ﬁm&yw@ﬁk apﬂbrpﬁtsrmafdbﬁe si ze

ol o SS0S! Blekiohe? Sabsiogl ket S o B R

densificatioan a?dnagspaepcloﬁnzheﬁaﬁ tot 09aniceometers, préferablydp toB0 overminatgts, on or
both may be peedn,iehsi cﬁ%l Eﬁﬂbogﬁo@&t B@férﬁblgaﬁﬁéﬁs fodcl:”xﬁé}@r 30

densification. Conventional tra usin ther a forced
convect i on obEerabl Y@éﬂ?ﬁ?‘rﬁ&’do?‘i‘i@é‘éd“%ﬁvgﬁtﬂbﬁt Ieast o 996 In appther
]Slconguctl OB) eftbydimeat, @hSinvéntioh @raddestds a sayable pu%exabnipe:aihglcﬂngﬁs to form

ui di zed_ be Y Lcul ar
fl uor opo%rregﬁnﬁgegt%lfﬁ%lg@ggte?%gm oﬁ%ﬁctggeiépgﬁgpn Rlph}‘r'abcgﬁﬁ{r?iatj ely 5 hours at
t enper at ur es flypropelymez@od at lesoeme othey non',fgmlj)atablg ofopolygieapgmpanept at ti nes
and{ordtenpermw,sﬁ aBl@ﬁbWédr%fﬁNm’i/&ltﬁ)hrl fefér 89@&5@04&3%181513%%6? r, L
~r ~t ~~ particles
Cermi n 111 abliguideg e bERE fiet af ﬁ@a?fgb% et phelna s i bo | 1
desired and Jbepewticomay alsebdatsmmdinged lfchongollaad@ysha@edyl e. Sprayabl e
powders bt Biyind/BUSHaAEn BRYesR o ARV Tk ik 3l dlrg by convent i onal

el ectrostatic 'sprayl ng techniques such as tr| rrc spraying or 5
corona spraying. %y@iﬁgsmgﬁ%nu&b@pﬂaswebsws&otmrsﬁbmmct on have i nproved

fluidit d bl f filmbuild bstr at
using theao. SORTREPAIBHAE SRR RIS S AMBBMSrCARRASY BRURR B < 1 nvent i on
do not segr edbmpdlymergombined mithtothier comppriantsare aasily prodeded. Sprayatde ng nor e
uni f orm coat '88918 a§ %Jlﬁﬂl@éomﬁ%ﬁeﬁ@a?e ﬁxfegdréd%}‘?ﬁic‘lng ﬁag)ohéh‘?s &RRLs NI

" produced by rayl ng nt al ns
substant|3éll 'éﬁuPKE&Feé‘Fﬁanéeﬂ’Gé?ﬁq‘%‘qué?lg‘e 1auid dispetsing of Mueropelypisnast  and

ot her conpo nep;tay dryifig Osomwmadaltsnepts D€ dénsificatipn, ayalu’camsdwgﬂrconﬁhmﬁbnf f ﬁr ence
i n conmponent qncent b at | n SRi@ylng the
powder and tﬁe %SSPE é%‘? P’g%"\fﬁﬁ%r‘ﬁ’f@m %8%% ﬁhflputhi'ﬁ;e to the
conponent comgomponetts mduwfmqrh@ntfmémnée%mn whiehicqmpientakdnd | ess t han
15 10% Further, the multiconponent products of this invention which do not
adhere to a target substrate during elegtrostatic application, e.g., the
overspray, are also directly recycl abl e"because the conponents do not
segregate during the spraying application. Sprayable powders of this
invention may be used as a single coating, or in 20 a multilayer

fl uoropol yner coating system Such coatings have application to cookware




Fl uor opol yners Non-fibrillatable fluoropolyners used to make sprayabl e
powders of the present invention include those fl uoropol yrrergﬂlfy'fdmhave
melt viscosities 30 within the range of 1 x 102 Pas to 1 x 106 Pa-s

det er m nedwatooisesgper at ures which are standard for the pol yngdruEb/0s361
non-fibrillatable is nmeant that the polymer does not tend to devel op
fibrils nor agglonerate when it is subjected to shear forces and that the
pol ynmer cannohotte segreg®e apan dpplieationasl ecnpreedtopeodues fgmsehfrahrdengt h i s t oo

low. Melt vi jid ' . f 1 f t ,
55 accor dagintinHodthEs SECEMRA Dol RGN aisBRldons, OF TRLE,
Canadi an pat efg-8-1medsnigbeosgelatiornang solveat-aifed qoagulptiomt The rempensaisiodt e t o

mel t viscosit yheiprdyaBleGawwder ¢ inditnatily eneshb®arld thOteRBGIcy BEtife | NCl ude those
which are nelt-processi ble, as defi ng@j.ln the 292 pat n;‘bgg% t hose which

have melt ?I o§PHRAPNENE Notép Sepprate 1HGR apRcalinsasRrga r P8t e not nelt
processi bl e. Aegregatahbt. eTlef unifotthiyf blendad bprayable pootderef thispnventies alsb e

fl uor opol yner i t n [ | scosity
descr | bed® abousits 8Ot phe HRARIIA RS ofif il Becrlbdlierad L0001
wher eby, nel t Proyidasd merejupifern egatiog upon deqtiostatic Praydngt rengt h, i.e. will
break upon 5 handl i ng.Lik#¥isd e kpraydbhd fowidepfaf bé Sdripdskd f fableygimiulésesi ns

ful i hi s i i h I i & h 0.5-50
155 Pas t HBugt opLERLyAF alsSe Rt WheraR pdidorMilerhibiy s 8RR o oy
M/ is in the rhmiiguidfludropglymendispapsign orSuultipleldispersipnb pfidifferdnac| ude
copol yner s of fliGkeptyrlerORE nitke &rwgﬁaﬁego)au&ﬁwf-n?ﬁhhﬁigi@qge fa chosen from

ertlugro(al ky

per fl uorool efi ns havi 3-8 carhon atons a p vi nyl et hers)
(PAVE) in whi @kl qf itiesepolymen disprrions mave PugiRSd g0 thskving Eharmter and b o
atons, W th cceprycdmed spahabaiffiable gables of apluraliymffluciopolygitbis eretfbigneadel t i ng

poi nt substantall 0 ) t t] ojnt no greater
t han 3150% Pre Zdrer%aé&%éesragﬁ%gr% %“;5%[" ‘E%EES“}%‘@EB%" %ég_]éig‘égP {)/lgg‘regs A(?P TFE wi th at
| east one of fewppnenss pmehby wieg thisipyentinn apmgre umiferisthae those Fsmeter s

i ncl ude PAVE iby cohbvéitiohdl@nchiital gictiods 6DBIERiiNSpovdrLoriRdIvidablons, especial |y

2-3 carbon atons, i.e. 1gerfl oro( e .hxl vinyl ether) (PEVE) and

perfl uoro(proﬁ?f“p\%‘ i ﬁfﬁ%?’éler(#ﬂ?éﬁ‘ Addi ti onal fluoropolyners that can be
used include copol ynmer@nedspseiallyatsclst bigndthet mayt e prefaredpyt usingithey 20

i ncl udi ng 23 NQEachIHRYBE fhiChvadRBn N a dRfofm BRGToY NSHoRAYRBPARS highiCh as

per fl uorobutyl et hr%l ene ,gPFBE}. %he droggng cont ai RI ng f uorQEoI ymers
that can be udEBPTARFUEFESEHROIXMESDin E@f*li’é}’ fole poyfics eHIES and

vi nyl i dene f | worbiteation wbeumhpoments isasdfut aoprym&risyer bis afetdl sbhstrateopol yners al so
i ncl ude those - DI '

f 1 uor opol ymersp a s'g%%Sﬁgg%vﬁ&&%gé@l%&%gﬁa%swg%g&%wfﬁmi@?ﬁgg to 1 x 1 b

Pas at 372C. l\?@P‘tingﬁiscosifti es are deternmned by the neasurenent of nelt
flow rate 4sn accor danCpheWrésentlifeenBibn 6186 EicRitftés thSJivp P RBhgtRepéwdd- as set
a

forth in Canadian patent 1 8. 292 and .convertj t he suj).t an It flow
oo o ot PRl b onaTE  sbREuE AR TR WL S e i B B O
i ncl ude but archaraoteristicicededl foopartiodar substrates émbe dustognizadp Foir exarhpleer s known

as tetrafl uor %{H&rgﬁﬁyﬁﬂﬁ@leMMIM,HEQREPJIMQBQI Aﬁamié)mgnﬂitffﬁg&T'Fé Cesi ns

pol ynmeri zed or_based on degradation of, higher nolecul ar Wwel gh

TFE pol ymers ifﬂmrmfgyrnsrﬁﬁﬁgweﬁm@n_ %%ﬂeé%mﬁeynaw&ﬁeweﬂayﬁgpﬁmef TFE wi th
?rglcg srenraL |e3r?tc ;)rvzzxpezmttQl d@%ﬂgtﬂﬁﬁs@ing&ippﬁkxyﬂefihkab#mm ﬁrwdgspr@yahtmmg fc_&é ( <]F->;I'|2 E5°>5

p I - - A :

The nodi fying (;rrp c%lrlr%r gc%fﬁl?%{eﬁo‘?%f@%x5%%%&?2#@?%%‘?&% ené;; r(:{!_":% ,

per f 1 uor o pr oppls opse fhe granulrs of pggiemgrated primanaraginlesyare aprydueaRf primary 9 Jul y
2003 - WO 00! 5sapddesilditiemt/miktcRdwabi ﬂﬁ&&ﬁdlf:ﬁ&ﬁrmmg%%g& bé&we&t mfert Lmnorrer

resins o is

t hat introduces. si.de oups,into the nol.ecul e. -The

vent §on_ | nol DRG0 HBRLHES moBGe PP Uik Rey Sirsnt BE ARy 5 AT tbn and
from enul s35on melt fiverandéat a differddcg im chomaaliidantit, ivediffetenPiibRomsrsiased f or

m cropowder i jraCt Q0L zi ng radiation to reduce nol ecul ar
wei ght. This %%?F?ﬁs%‘%%@%ﬁ%ﬁ@#ﬁ%hames friability if the PTFE is
produced by the suspenSPrafrblscRopder piARlsiimentionhas @ sharggtedstiedifie s
fibrillation aftfaediuen(SSA)ME&OE DAEMRY. 0k pdlyrhdized, bk dispeichdpaetidledy t he
enul si on pol yneri zation process. It is also possible to polynerize TFE
directly to 1 o PTFE of suitable viscosity by appropriate control of

nol ecul ar weight in the enmul sion pol ynmerigzati on process such as by the

nmet hod described in U S. patent 3,956,000 (Kuhls et al). Specific exanples
of non-fibrillatable fluoropolynmers that may be used in this invention

i ncl ude perfluoroal koxy (PFA), fluorinated ethylene 15 propyl ene (FEP), |ow
nmol ecul ar wei ght pol ytetrafl uoroethyl ene, polyvinylidene fluoride (PVDF),

- v T g—— —"




The fluoropol ymer conmponent is generally conmercially available as a

di spersion of the polynmer in water, which is the preferred fqgﬂmj§@a§he 20
- conposition of the invention for ease of application and environnental
acceptability. By "dispersion” is neant that the fluoropolymer particles
are stably dispersed in the agqueous nmedium so that settling of the

fﬁ”'des ﬂoeﬁamnmufﬁwmltmmmhé twﬁn 3 1&&&%@@%&9@&?&@?9' used;

IS IS achnl e sna e uor opo ner | Cl es al so

ot orred Lo ad i eSS able R dex oh bt Srieplah R0 G iHBA Grong. o

mcroneters, dmthet hcessimgpfuchas frnding)ithd partities aijlissither die&pﬁf prdmc@y t he

di spersion m%ﬂé&;&ﬂ%?&essfh'bqﬂ TR %ﬁaﬁ%ﬁtlf de%%{i%%[c] r?d cﬂgg by the
o1 T oed

process known as di SPersi on mer i zat 10 I ona
concent r at 5 on (hast/ hﬂat haydenige lat Tamamtahlms nshr e meélmgapmnt oﬁﬁ]th@pqﬂamev)e bych t he

f1 uoropol yner ﬁﬂiﬁ?@ﬁ%ﬂ&ceﬁ%e&?éﬁn@uf DO LA y@ﬁf&@%sﬁ%’ﬁﬁﬁn $4eh %-ﬁi fulhE

m cropowder. In which case, typrcally an organl C Is used I n order to
achi eve an i niPritigles tend,te fibEllat and cayseplyesing ot Wg eqwﬁmﬁe@ hi gh

tenmperature resistant mRRbYHES tbé ihd@dnve%lﬂlis%ﬁlbéviemuhﬂ sézﬁnﬂ@tel@etron

hal ocarbon |iquid. The, or aﬂ% b@a ? may be chosg ﬁﬁtg:r desired

bi nder di ssol VHSOBRPRKGE 5@@% J4P%y) 9 ﬁ%’fu%gbayaﬁ’lf’ PPRECTSO er%‘mﬁot di ssol ved
wi thin thaoli qmrednort héﬁlet;hﬁm&!i abpeadﬁrore:pmomethﬁm mivymﬁlmnal teat hardénbd

di spersed with th or.op, [ n conposi ti on
can conpri se fpf“ﬁlg (?J Orﬁxw rdg% e|dr31cht)fr“91g gOdu g gﬁyord& sfswr’rewar bi nder,
ei t her di sper dimés. |1?Dwd1>es ¢ﬁthla|1myeohordlna§'scb¢svéwnlIIQ‘Voﬁni@r to achl eve the

intimate m xtwe desir e i d wil
depend 12 9 July 20 Sys%oggfbrgggggg%%%b%;%&?deg%&gflﬂasggg&?he fﬁg}éntl ty of
the pol ymer bilagdrdispsesiotiesene conyertinmat ssy derdi Bisdiadicdbdisperaipades ps desired.
boi 11ng. aromat o Susy ik BEIAR: P oeRbIG Eﬁéﬂllﬁi“@’ﬁ% TGO 20 e
amount of ¢ he p&faahhycﬁqnil o 8 S %éb@ﬁ’&s‘dﬁeéﬁé FoR i meieh %1 o5

de\?vld red ;or ht ISprayairying i fcomplished by apafizihg htjmd(fédglahto@dmﬁxigafﬂamf i b‘SpbﬁlyabI e
powder of t e I esen vent i q cqnt ai n.a o Ll uaropol yner, a
hi gh tenper at faé's(irg?a @%ﬁa‘}‘ﬂ ‘ﬁ&éf“‘ﬂw}é"“& g pQ%Sﬁ?ﬁ& nprises a
pol ynmer t hat |e§e¢t|ahmsﬂh;c¢nngghe.¢opleﬂaeammmgx oithehtgdigasjo prodacepavivier nal | y
stable. ang MsicsuShaiAGH | STREEA UiBoHRfne b Shud B8 alsBRo oy A

bi nder is nomn Oor use 1 n nonstic rin
f 1 uor opol yner p@ﬁw&a 19§ nerrfibgllaaiie flapropelymer disparsign aqth@psp%lkyr, af '§a§jé’ﬁér ally

non-fl uorine GeRt dbmpdtneidPunped ag&:gz@ﬁ;eh@fe&a pahp By H8ed tataiibih £f such

| | ud |
Doy ot st o i Rep Blng ik ol CHUERTT eopt i o hbuRlR R Bt 10sc

and a sust ai ned trespyakydrehpebeat Heated hir ddroptayl dPiGg iosuppbiedto th2)rying

| yet h | f P th
O ase tr aadi ¢ it it bl OF RieR AITRE QRABHAEY PR ARb el AR 27, " @
service of abddine wittotberisl ¢fgGepply $3n tbmugbraew;ecteﬁred gad burgers tedwptedwinl ch are
partially crystabd isneadnl )g'%?Er%atYﬂgtarhdi‘aﬂ%Hélﬂlgz x%%t&?ﬁﬁ@ﬂiéﬁ tbfroximapgut 280C

and a sust ai ned terrper atur service about 4) polyi m des,

pol yami de i mi d&suRpetenth) gk GFY%'FW{: H&tamgalatwﬁf@ﬁheetﬁ 8t s to

"t and which “ﬁ’m“"m"t‘ﬁfﬁ?&”"”???E‘;“{“%We'rﬁa‘?ﬁ?‘é‘”?qmm WF"‘S%” aong.

it an

othors. AP of Jeg R b RfelonkBY of St o Sirtb SR R FRE o TF 1, 55

st abl e at temqumdBBeMUMmesmmughMeamfegblammxz&ranuoahghomd bel ow, and

th Jret al
ey are vear deshal dfie mENERS PO kmy?@oﬁ&é@a&%@ 48] barliBeb8AR ! 2

surfaces. In addition to the conmpo ent raya ers my
contai n i nor gABglemeraq iatasa larger parkisle gAe s thepagticles de vnwasdly and ot her
addi tives. Suehoagfihtdvasg m&ﬁ tlitli}%%&wﬂhd s&telxyogee % hecréésmy 0pol yrrer

di spersion_30 prior to spra g gwd di spersi on of additive
can be m X&d T?Fr?tﬁ’@sﬂqilﬂ%%? ﬁ‘ie"‘rsua?%‘ﬁ FEAPGFALDR AT, BOH Sfi ng
chanber as a gpepialeatrit die&;hemsd:mﬁher&halmhmatmfe is ini tha bdrezefdfiffora 320%Fc| ude

i norgani ¢ oxi t4rind es and car s_of. [CO tal um
titani um tungf@)bcm odrooﬁfmg gﬂﬁf‘%gﬂ% %gc%éﬂﬁe%x% H%z!ﬁ%ge %tlégéoseg&ass bead,
gl ass fiber, éh&lnglnumtmlzarammrfnumpmddlocfam sufificient t@Salmtsaitelingaiféhe met al
fiber, fine cerami c powders) silicon dioxide, titaniumdioxide, barium
sulfate, talc, carbon black, etc. and gynthetic fibers of polyam des, -
pol yesters, and polyimdes. 13 9 July 2003 WD 001 58389 PCTI US00108361
EXAMPLES Unl ess otherwi se stated in the follow ng exanples, solution
concentrations are in w % based on the conmbined wei ghts of solute and
Bmhwdms-m?une sol | ds cont ent of fI uor opol ymer d| sper 5| ons were. det erm ned &

o Y 1 o I Y




ASTM D- 1238 nodi fied as described in Canadi an patent 1,248,292 MFR is 15
related to nelt viscosity (MV) by the relationship W = 53. 1FddM|:)Ezodgﬁen MFR
cisinunits of g/10 mn and W is in units of 103 Pas. PFA-2 dispéersion --
TFE/ PPVE fl uoropol yner resin dispersion in water with a solids content of
from33 - 37 wt. % and RDPS of from 150 - 250 manoneters, the 20 resin

havi ng a PPVE ty; . : 0 ; VaFAak of from
S.1- 6.6 maasB?@B{ egét? Iél%ygst%?mt %gﬂ) ﬁg{tﬁg%n‘g%e {&)‘S@'?EP%H%%@%%%#W ed a

descri bed i n eRp@EPaHCpat ent 1, 248, 292. PFA-3 di spersion -- TFE/ PPVE
fluoropol yner resin dispersion in water with a 25 solids content of from 33
- 37 wt. % and RDPS of from 150 - 250 manoneters, the resin having a PPVE
content of from2.9 - 3.6 wt. %and a nelt flowrate of from1.3 - 2.7
measured at 372C by the method of ASTM D-1238 nodified as described in
Canadi an patent 1,248,292 30 FEP -1 dispersion -- TFE/ HFP fl uoropol yner
resin dispersion in water with a solids content of from33 - 39 w. % and
RDPS of from 150 - 210 manoneters, the resin having an HFP content of from
10.4 -12.4 wt. %and a nelt flowrate of from0.3 - 1.2 neasured at 37ZC by
t he met hod of ASTM D-1238 nodi fi ed as described in Canadi an patent
1,248,292 35 FEP-2 dispersion -- TFE/ HFP fl uoropol yner resin dispersion in
water with a solids content of from33-39 wt. % and RDPS of from1 SO 210
manoneters, the resin having an HFP content of froml10.3 - 13.2 vv~ % and a
mnelt flowrate of 14 9 July 2003 WO 00l 58389 PCT/ US00/ 08361 from 2. 95 -

| 3.3 neasured at 372C by the nmethod of ASTM D- 1238 nodified as described in
Canadi an patent 1,248,292. PTFE dispersion -- TFE fl uoropol yner resin

di spersion in water with a solids 5 content of 30 - 60 wt% standard
specific gravity (SSG 2.2) measured according to ASTM D4895 and RDPS of
fromO0.17- 0.21 mcroneters. M cropowder dispersion -- TFE fl uoropol yner
resin dispersion in water with a solids content of 30 - 35 W% a nelt flow
rate of from9-24 and raw di spersion 10 particle size (RDPS) of fromO.I|7-
0.21 mcroneters. O her Conponents A 1 - Calcined al um num oxi de

di spersion, particle size 2.7-3.7 mcroneters, available from Baystate
Abrasives. 15 A2 - Al um num oxi de di spersion, particle size 0.3-0.5

m cronmeters, available from Al coa. G aphite di spersion, average particle
size 0.4 mcroneters, available from 2o Acheson Col |l oids. Titanium di oxi de,
average particle size < 2 mcroneters, available as Tl-PURE R-961 from The
DuPont Conpany. 25 Silicon carbide, average particle size up to 4.0

m croneters (mex.), available fromFujim Corporation. Utranmarine Bl ue

pi gment dispersion, particle size <44 mcroneters, available from Akzo

Nobel Chem cals, Inc) 30 Tin, particle size <44 mcroneters, available from
Reade Advance Materials. Mca coated with iron oxide (red), particle size
10-60 mcroneters, available fromEM Industries. 35 Polyether sulfone

avai |l abl e from BASF :

1

7a
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15 9 July 2003 Polyamde imde - a 36 wtio solution of PAl resin in an
NVP-based sol vent containing naptha and butyl al cohol in ratgquy 2003

NMVP/ napt ha/ al cohol = 40.5/21al12.0 (b ade PD 10629, Phel ps-Dodge I\/agnet Wre
Co.). Average parti cI e size of powder particles was neasured by | aser I|ight
scattering on dry particles, (using the Mcrotrac 101 Laser Particle

Counter, i l.able .t Leed Nor t d

Cor por at i on) . BRI Ry TR B B b P G RV gy ned 104
m gl ass graduagt m;baiatbdcfydmmtega.s seam prigithd sprgodiyedianbercbyt ikaghphsender and
| evel ed at 100anﬁ1coh§‘ca&i in v)ﬁ? %%L&tn gﬂﬂ%ﬂ@@&é otarar?ooﬁs{e?% of gl BET

100cc. Specrfr C surface area €f m ned using the pr ures
descri bed i n Abpyebthedwghousecangdtis yenter tol the aenesphers thyepgloe stagk rzrpg@ylths used

i nstead of 560 t&éaxmdtuﬁ%haagt 30 O8ecald@nBE Sprhyabld beREST cB8hs hﬁdht?&it@s smal | er

f undanent al part ~am-lgs 1-8 Pr erg ratlon of rav bl e Powder
from Acf ueous Hﬂ’ &?ﬂ%ﬂ“@ﬁfﬁaﬁ‘ﬂ opg %’HPB‘}" ?ﬁ‘}“ ¢
accordang_e wi tif Gﬁ%l?l?ftéﬂtﬁ@@LmqmahéWd&l )lﬂwprot mud ggnl?kedre:ﬂeewbl e It
aqueous di sper,sion.o or nd as designated additional components
to a spray drﬂ?:l E’S lﬁnggeefﬁellpﬁggg ray dryer used is nodel 69,
avai l abl e from APV Aneiltarastely| the. d;sp'émmvﬁr]ﬂmtaxbtl‘partiédm ofExanditeiliatablehe spray
Oy S o ANVl q 1 YRGBk HR AN b HRLE i BfpbcTh

t ‘he tap of

aqueous di spersi ot passes rough tr| ugal fom zer &t
chanber into okt aithe bWéIC%éomﬂﬁfqaﬁé’ GF gpaddifiaaroiveatsra Suablevapori zed

into primary RAEAdi€SAPentREILRE HI-Melh9] ﬁﬁ%mﬁa%@n@mtr %tsme}yrcéta& Ahsig
descent through t he _chanber . ng\@pufl c roceig@ﬁ ons ar.e Ilsted n

Tabl e 1 incl udithgS-ailhe CEABY Bisgpot ¢ galop HEANEFOIYB 15t ¢ he

outl et of the gbaade liqnids attlrm@og:‘emeg%duoﬂtetmeadfmnwnom/m dt affe@i¥atehr ough
the 30 cha ntheraneof from

o128 g 1 Boccuif 8t SERePEp TRy ALPe b Ah Bt oy L BapBPaleRA e i n' o
baghouse and cthé tlemled ad adrying gdseo cpuecelsaigag envebapedaymgiattinparanire dfie spray

dri ed powder !0im336t Obod)S, SO HITBOTIILANS (AL Eoklsakbthd drebl ¢ L

Powder partrcles rom‘t he spray dryer are er >>
densified by rpsciicies todhe mghﬁa@mgmtemneramwmmse@ca@é tq eapse @mgt:nrnahtf

conpactor, nodgk br'?m'é?so P@Wde? E1RS arcSEPRhie@ $roRy thEN@s SirdafPAld baghotRmPany,
El mhu. rst 1L. The

ped wi arotary cutter blade
whi ch act s2% o 35¢l8 efl ﬁ’é°"§r wSY“p@‘F;P&ﬁ‘?gCB&aF é’t“i&@ﬂrganfgs YR 3% Pofsed ~c:
~5-~ ~-2~J ~~ through&ubudeae&in@tcsﬁpaﬁ) whérerthd kcﬁvmwmcmgem&qﬁbceswdtl cles

having a densit 00 cc ssed_t hrough
Rl 20ng m i1 chralh e STl Fef Mutteln S e B Rl SR o
the seven conpbyingispsisman e closed ledpispstdimbl e 2. Densi fied powder particles of
V1T (ACM 30 of -ACM 10 oF BRCHES®: 52’3%%@%‘?&%3?{ *“B?‘“‘”% e el BT 1 on
Powder Sys#ensiurtterdepsifiedglitersprayshpiags Sueh fusthengensification isfispigatle Hat i on and
grinding as dqaﬁﬁdebgatlaeaauaﬁ&th%&wamb&a mowdelrengty tAfs fovidr ithanadegidde
fl uoropol yner havin f| - a cglr ul es of a%%(nprlpéﬁgt ed é)rlomasrty particles,
being free of RaR8 aqpi FRpsde B Bt - 88
g1100cc and annec.tﬁmamy m;taccthe p%lwzler pHrticles, fom@mfd by mtmt@mi screning to
char act e ot Bl bl RUABRNSER, o oF 5 Ul pRINBRLER RS L on v
]Lolov\der o:‘ 30 si Qlyisonatbr®rwipch y;rttscd toxeoreen 1- 7E5tan¢)ll% ﬂowd&rwaﬂwéﬁsébatslor ayabl e

uor opol y~rn mer

POl Y~ NKayk beerRAES by {1 spie} il ok U8 BsEAtL ool 48 Hiddd@T:Pe! Y

conmponent s. strates [o]0) yrrer po at is a

uni f or m bl end t@gghrmr ebibe (hilsonatar® andrangfed by, abanzanial feestfeeed 10 Bi gnent ed
conposi tion. Eﬁé@éﬂ&bﬁaﬁboﬁt auaéﬂﬂb@s%swbﬁaatﬂa?uétb 9 ROEB hoRMMR feddhat s a
uni form blend of fluoro W|tha 0 ancfrller f si.l i con car bi de.
Exanpl e 7 il | uSTFaOAY %ﬁg’gﬁﬁﬁl‘” ‘P”glb geyqﬁ‘éPf 39&31‘8}“ UPR SYSIY; f or m
bl end of fworfeauhithﬂpﬁwwrtbbwmnlanﬁhgﬁmbmpuﬁdnabuafs gl?'ta:rﬂmémtxorEsgatmt e 8
illustrates sp th nd of

f | uor opol yner ém%ﬁ%Btog nﬁ‘?‘“ﬁg&% ch?ggr eha%v%ﬁ%‘tatmggkmgg%&gé% after
spray drying vﬁqnhnwczf@gtmdrthpweﬁ@wcr@ hal¢ epmpacion kollsene equippst vith g/ 100cc

and an aver agem&é‘!o&lhﬁé o%'vé@oxqinf%{-:s (BbESHIWRD Which ﬁrijethaegaaambl e powder
produced in Exanple 2 y spray drying, denSification and grinding have an
SSA of S.22. The non-segregatabl e naturg of the sprayabl e fluoropol yner

bl ends produced in Exanples 5-8 is denpfistrated by conparing their to
standard mechani cally bl ended pol yners. Commerci al PFA powder nade
according to the
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30 sol vent aided coagul ation process of Canadian patent 1,248,292 using
PFA-1 di spersion and without the fluorination step is rrechargwmogn xed
provi di ng four sanples, one sanple having 2.5 wt % Ti 02, one sanpl e having
8 WM %SiC, one sanple having 8 w % graphite, and one sarrple having 1 wt %
tin. The nmechanically bl ended products are nade using | arge nmechani cal

[ tunbl | P _ th
The aid of 0 &S g Foac il hofllet o 60 'T@"""?‘ﬁ S ST PR PRy, 2

Prir:fa; ~ ~ 19tom 100 54100 psig (GHH/- @bﬂ)@ Ca“‘?Bg %@Egtqq@ﬁew@d’mm@l

Powders nade apRefk@kithetihe Eragaetion Rl ardsubibelell tag rdthhe four sanpl es nade by
mechani cal 'y bl ending are each poured into a 100 nt graduated cylinder up

to the 50 nlL | evel. Each sanple is then poured into separate sanple jars
where 100 m of water is added to each one. Each sanple jar is sealed and
each jar is 5 shaken vigorously until all the particle clunps are

di spersed. Each sanple is then poured into separate 250 ml graduated
cylinders and allowed to stand. After 10 mnutes, the foll ow ng paraneters
are observed: (1 ) the |level of separated conmponents and (2) the cl earness
or cloudi ness of the agqueous phase. Fromthis test it is observed that
conponents fromthe sanples prepared fromcomercial 10 powders separate
into distinct layers. In contrast, the sprayable powlers of Exanple 5-8 are
non-segregatable, i.e., there is little or no separation of the added
conponent (e.g., pignment, filler or stabilizer) fromthe fl uoropoiyner
conponent. The pignent, filler, and stabilizer are each respectively
encapsulated in (or intimtely enmeshed with) the fluoropolynmer particles
and do not tend to separate. 15 The aqueot.ts phase of Exanples 5-8 tends
to be clear. Table 1 - Water based, spra-~r drying Ex.|Ex.2Ex. 3D spersion

- G adePFA- 1PFA- 2PFA- 3- % Wi ght Total Sol i ds353535Spray Dryer Process
Conditions- Inlet Air Tenp, F (C) 850(454)850(454)850(454)-CQutlet Air Tenp,
F (O 320(160)320(160) 320(160)- Air Flow, CFM (CvM 3281(93y3281{93)3281(93) -
At om zer Speed, RPMI42574237425Powder Bul fc DensityG ans/ 100cc -~ 2627~
28 18 9 July 2003 - WD 00/58389 Table 1 - Water based, sprad-~rying,
cont'd PCTI USO0/ 08361 Ez. 4Ex. SEx. 6Ex. 7Ez. 8 Di spersi on -Bl ends50% PFA-3 +
50% FEP- 1PFA-1 + 3% Ti 02 (Pignment)PFA-1 + 8% Si C (Filter)PFA-2

8a
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+ 8% graphite (Filler)PFA-3 + 1% Sn (Stabilizer)Conponent il 1100 g
PFA-31 00 g PFA-1100 g PFA-1100 g PFA-2100 g PFA-3Conponent i 29 %03
FEP-11.05 g Ti023.04 g Si C30.4 g Graphite Dispersion0.30 g SnVerght Tot al
Sol i ds35. 5%85. 7986. 9929. 29380. 2%5pray Dryer Process Conditions- Inlet Ar
Tenp) F (C)850(454)850(454)850(454) 850(454) 850(454)- CQutl et A| r Terrp) F

(O 323(2 8%68%)33%@151@&8&2’:@( pad&d)isd % 4 66nd Il st2tn ko m%bha:ﬁéé!g
(Rm2574(257212§’?%%§% 8’%6‘&9}%8 @%&?@X‘%‘V@%ﬁg‘%er & a§g1°2%?ﬁte%724~

%OEEX V\% é(l;l\ISﬂ:mbax@rpyﬂrcle'fy);ﬁe dextiled 5i2¢. flepernlifeso:s théR¥leptoie bf G8tet Blade And ul y
Conpacti onl Denlgllﬁi3 ?C(r:ggr on\}jgg’ %Qgéﬁglﬁggag??@mﬁé%g{qoggﬁ%&dl%gvﬁ -G ade
PFA-1 PFA- 25 PRxhBEe mpamclecmze[s@ﬁ@w fas pertishlapeppl et oGorsdwill bmcéescrﬂaﬁd

Pressure, Psi gl?e(hl)\(pa) 1100 (7.6)650 (4.5)1000 (6.9)- Deaeration Vacuum

Pressure) in
In another embodiment, the spray drying step and the densifying

step are carried out in corresponding zones in gravity communication with one
another within the spray dryer, wherein the spray dried particles fall from the hot

10 air envelope at the top of the drying chamber into a densifying zone at the bottom
of the drying chamber for densification in a continuous operation as the spray
drying is being carried out. The spray dried powder particles are densified on an
integrated internal fluidized bed at the bottom of the drying chamber.
Densification is carried out by contacting the granules with heated gas to agitate

15 and thereby compact the granules (particles). The heated gas can be air which has
been heated by an air heater is supplied with the aid of a supply fan to the
fluidized bed through a pipe. The temperature of the air supplied to the fluidized
bed is in the range of from 428°F (220°C) to 563°F (295°C), depending on the
melt viscosity of the fluoropolymer and particularly below the melting point of the

20 fluoropolymer so as not to cause sintering of the particles. The heated gas acts to
form a fluidized bed of the granules, in which the collision interaction between
particles causes the densification and produces friable particles of non-fibrillatable
fluoropolymer and, optionally, at least one other component having a density of at
least 50g/100cc for this embodiment. Alternately the fluidized bed may be

25  located exteral to the spray dry chamber and accomplish densification.

To achieve desired particle size and/or density for a particular
application, two additional optional steps may be applied to the powder particles.
After spray drying and/or densification, the step of heat treatment or the step of
comminution or both may be used. Heat treatment is actually a means of further

30  densification. Conventional tray drying methods using either a forced convection
oven or combining forced convection with a hot plate (conduction) dryer are
suitable as well as the use of heated gas to form fluidized beds as discussed above.
Depending on the particular fluoropolymer, heat treatment is conducted for
approximately 5 hours at temperatures of from 300 — 500°F (149 - 260°C), but in

35  any event at times and/or temperatures insufficient to sinter the particles. The
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at roomtenperaturel S121 S- MII| Screen Size, MIs156125200G anul ar Bul k
Density-9896i 01 Table 2 - Water Based, Conpaction/Densificati %ngogry
Dri ed Powder eont'd Ex.4Ex. SEx. 6Ex. 7Ex. B Powder - Bl ends50% PFA- 3" + 50%

FEP- 1PFA- 1 wo 80RsksP2 (Pignent) PFA-1 + 8% Si C (Fill er)PFA-2 ;&%&mmi]t e
(Filler)PFA-3 + 1% Sn (Stabilizer) Conpaction/ Densificanon Process
Conditions- Roll Pressure, Psig (Mda)1200 (8.3)650(4.5)630(45)650(4.5)----

Deaer ati on Vagutitlesremainrfiiable.nCommiigutioh is DmeaisesfReduding itke purliclSsize if4- - M| |
Serezn 2. 7e) BRI A R P T I
based, Gi ndi nE of keipowdeng oé thisinversioramayche applied tolsubstr@ies by Ex.  ZEx.
3G anul ar - G g@fventional electrostatic spraying techniques such as triboelectric spraying or
5 corona spraying. Surprisingly, the powders of this invention have improved
fluidity and are capable of achieving higher film builds on substrates using these
standard techniques. Multicomponent powders of this invention do not segregate
during electrostatic application thereby providing more uniform coatings on
substrates. By this it is meant that the coating produced by spraying the powder of
10 this invention contains substantially equivalent concentrations of fluoropolymer
component and other components, as compared to the bulk sprayable powder.
The difference in component concentrations between a coating produced by
spraying the powder and the bulk sprayable powder is less than 20 %, relative to
the component concentrations of the sprayable powder, and preferably less than
15 10%. Further, the multicomponent products of this invention which do not adhere
to a target substrate during electrostatic application, e.g., the overspray, are also
directly recyclable because the components do not segregate during the spraying
application.

Sprayable powders of this invention may be used as a single coating, or in
20 amultilayer fluoropolymer coating system. Such coatings have application to
cookware articles such as fry pans, sauce pans, rice cookers, grills, and bakeware
as well as to numerous industrial applications such as fuser rolls or belts for
copiers and printers, light bulbs or heating lamps, chemical processing reactors
including, tanks, impellers, pipes, valves and chutes. Sprayable powders of this
25  invention also have application in medical devices such as metered dose drug
\ inhalers.

Fluoropolymers
Non-fibrillatable fluoropolymers used to make sprayable powders
of the present invention include those fluoropolymers which have melt viscosities
30 within the range of 1 x 10? Pa's to 1 x 10° Pas determined at temperatures which
are standard for the polymer. By non-fibrillatable is meant that the polymer does
not tend to develop fibrils nor agglomerate when it is subjected to shear forces and
that the polymer cannot be successfully extruded because the green strength is too
low. Melt viscosities are determined by the measurement of melt flow rate in
35 accordance with the procedure of ASTM D-1238 modified as set forth in
Canadian patent 1,248,292 and converting the resultant melt flow rate to melt
viscosity by the calculation given. The fluoropolymers include those which are
melt-processible, as defined in the ‘292 patent and those which have melt flow but

10



PFA-1 PFA-2 PFA-3Ginding Paranmeter - Air Classifier Machine Speed, RPM 700
750 700Fi ni shed Product Powder Bul k Density G ans/100cc 77 7 dﬁ'(r?y ﬁaage
Particle Size Mcrometers293435 5 Table 3 - Water based, Gin g 0
Densified Material to Powder Particles cont'd Ex. 4Ex. 5Ex. 6Ex. ?Ex. 8

G anul ar W8 433809 PFA-3 + 50% FEP- 1 PFA-1 + 3% Ti 02 ( Pi gmear)usboesser 8%

SiC (Flller)PFA-Z + 8%graph|te (Flller)PFA-3 + 1% Sn (Stabilizer)Ginding

- N
Par amet er are not meft%rgcleseglble IeQaemp F melt- owal:yll:L ggt r?oSt (x)nelt progeBs.lele

fluoropolymer is polytetrafiuoroethylene which has the low melt viscosity

described above, such low melt viscosity indicating low molecular weight,

whereby, melt formed articles of such resin have no strength, i.e. will break upon
5 handling.

Generally, melt-processible fluoropolymer resins useful in this invention
have melt viscosity (MV) in the range of 0.5-50 x 10° Pas though viscosities
outside this range can be used. More commonly, MV is in the range of
1-40 x 10° Pa's. Such fluoropolymers include copolymers of TFE with one or

" 10 more copolymerizable monomers chosen from perfluoroolefins having 3-8 carbon
atoms and perfluoro(alkyl viny! ethers) (PAVE) in which the linear or branched
alkyl group contains 1-5 carbon atoms, with comonomer present in sufficient
amount to reduce the melting point substantially below that of PTFE, e.g., to a
melting point no greater than 315°C. Preferred perfluoropolymers include

15 copolymers of TFE with at least one of hexafluoropropylene (HFP) and PAVE.
Preferred comonomers include PAVE in which the alkyl group contains 1-3
carbon atoms, especially 2-3 carbon atoms, i.e. perfluoro(ethy! vinyl ether)
(PEVE) and perfluoro(propyl vinyl ether) (PPVE). Additional fluoropolymers
that can be used include copolymers (ETFE) of ethylene with TFE, optionally

20  including minor amounts of one or more modifying comonomer such as
perfluorobutyl ethylene (PFBE). Other hydrogen-containing fluoropolymers that
can be used include copolymers (ECTFE) of ethylene and CTFE, and vinylidene
fluoride homopolymers and copolymers.

Useful fluoropolymers also include those commonly known to
25  produce micropowders. These fluoropolymers also generally have a melt
~ viscosity 1x 10? Pa's to 1 x 10° Pa's at 372°C. Melt viscosities are determined by

the measurement of melt flow rate in accordance with the procedure of ASTM D-
1238 modified as set forth in Canadian patent 1,248,292 and converting the
resultant melt flow rate to melt viscosity by the calculation given below. Such

30  polymers include but are not limited to those based on the group of polymers
known as tetrafluoroethylene (TFE) polymers. The polymers may be directly
polymerized or based on degradation of higher molecular weight PTFE resins.
TFE polymers include homopolymers of TFE (PTFE) and copolymers of TFE
with such small concentrations of copolymerizable modifying comonomers (<1.0

35  mole percent) that the resins remain non-melt-processible (modified PTFE). The
modifying monomer can be, for example, hexafluoropropylene (HFP),
perfluoro(propy! vinyl) ether (PPVE), perfluorobutyl ethylene,

11



1800 * ---Finished Product Powder Bulk Density G anms/(0O0cc 54 80 88
70--Average Particle Site Mcroneters36373939--\Water Separ at igopy~gdaNoNo~
No *ACMBO, * *ACMLO, ***ACM2 Exanples 9 and 10 - Uniform Spravablle

FI uor opol. viygy ooBssgeds 10 Uni form bl ends of sprayabl e fl uor opelctiipe/adsg made
and subjected to analysis to quantify the non-segregatable nature of these
bl ends. Exanple 9 is prepared using procedures simlar to those described

i n Exanpl es 1cHlordtrifuorochylane, of dther, momsthértha ahtroduc&y BRGir6wpsdfth thonmi nut ed.
Exanple 9 is a @I eped is a sprayabl e fluoropol yner powder of PFA-3 having
about 7 wt % ~"Exanple 15 10 is prepared according to the procedure
descri bed for Exanpl eT8¢ PTFE resinsmfslyis smieatiomintiude boththash derivish&omi cat i on

and conmi nut i eﬁa{mlﬁné@mhsﬂ Mﬁsﬁﬁt{gﬁ%ﬁ W%@Hﬂk REHiACWeRculdf PFA-3

intimately conbined_ wit % Al ZO,, an mca_(a)l so. havipg | % am no
si | ane bas&d W&hﬁ@""ﬁ@iagmed%rmw&nﬁ%dgy is uspailysuplertsd Lo opkringradiafipR toy ocess
condi ti ons/ f okedus@iipleeslabweighit. Imiﬁfaeﬂﬂteigﬁldiﬂgaﬂeihh#casfrr}i%ﬂity ¥lthe 9 Ju:c y
2003 WO 00/ 58 R 6 . ' of the onents o
the spr ayabl o A EGY BSSTALY B mspaSisR IR AR A Ra bR o bR
dermonstrat ed iprillatigreandeghancesdengelomgration if the PRERiixprodyced bythed pol yners.
Commer ci al  PFAnmlspVbiyméBatodfodsd] Nds Ao bHQibF MR mediA TFECMagy & | on
process of Calil,gﬁtg)? at ent. 1,24%f 292 usi ng(gﬁP‘Fﬁ- 3 dllﬁ ersion and w t hout
the fluori'fati éﬁ“ SVIROERLRY BRATPRIAN GutFohplRplsF %Yﬂ&hts‘ﬁra‘rg‘l es: one
sanpl e havi ng eilsivn S6lyxhédjzaboripropess secipdsebytthe method dedcribedvidd3.Sapatedt Wt %
mca (al so ha\giggg(?éoo(km%l)si | ane based on the weight of the mca). The
mechani cal | y bl'ended ‘product’s are 1 o nmade using | arge mechani cal

mi xers/tunbi ers to physeals examplgs,ofinga-fibrilaable flueropalymens thatweybat s.
Powder s made as&bindhis gnventidndacindepdfiandalkOxy (F A)eflhoriatetiRthyletie sanpl es nade

by nmechani.cal | | I . Lum nim panel s by use.of a corona
b oy gun. 'S moditPREE LEg, Bm PRl Rk BB NGBS, ey yRfiqne R 00 O
OH, with a spilgridge KR etheens/teraflnoyoethylere ¢opaltyarer (BBEE)pandsethylendt 15
psig. Powders cffofotARRbro8fylkR GUIHE) c6pAFMesUr f aces at a distance of 12-14
i nches (30 -36 cn). B%kggowder, Eovvder from tegﬁ anel agﬂ ove([ﬁ% ray powder
fromthe floor are coll&fUeQPalymetEHPRNERLSEEn H&?gf‘?‘?ﬂc‘)‘ Y 2% E}salss by
Ther nogr avi nmetardyspedidnidbAhe podyoerdn mater OVIHIER M thd prefer@d form fbetler m ne t he
I Nor gani c ,gon : {ol! ' Lot ’%F}Elnfal All of the
f 1 uor opol fﬁertcigﬁlh?%g%o %ﬁfvg‘girfr%lfgééﬁgggv a%?dzogcfgg%g“on y.l.norganjc
material s rem@FFEPtabHyr BE (gisRersions 15 gisantthet the,fiyorepalymer pagticlesate sahlYon t he
panel producedidpyrstdin thpaquealn medioanpsy that sealindx@hppatifles dodsaion dccur
substantial ly 41 yal ent . 3 1 ns.of, . I . r 25
and t he added @%ﬁr‘%éﬁé‘n sw%gmﬁgg%ﬁ lﬁl?g'gl?g%/a é%&&g%t}léﬁﬁr?gttﬁgéagggﬁe, t he
di fference i nof e finomnolyrentpartisies (dlemuetanedde poprimurgparisiesh typigallyan produced
?K sprayi ng ange édagr é}td.%mﬁt%rﬁata@,l @dnﬁa\d@f : roffs&rfaéas@bimdhga fbﬁs éisfo’ér%@}ll_ﬁt' ve ij 0
e m nor conpongnt. concentrations 1e sprayabj e bu owder,. e powder
mde by t ho- pESdBeUSERSET PRRSS T St e Ko e e PSSP cah be
uni formy 30 gopesskhomm aa dispergioh pphymedrizatidu, sptianally fallomed by contentrstion 0 t he
mechani cal | y x@g} kL.t he mi nor conponent concentration
di fference fo%htgﬁgﬁg}mpb eno(?e ?g%tpa}lé' is approximtely 80 % Eighty percent
of the al unmi num oxi deBFaatLsty, the HuQErReiXMes|camperens Bax P& B ECFRAMETC S e par at es
from the filouorpopdeysueh anPTFE mictopdwdes. Imwhichegse] typieal®l an gigakiodighidis it i s
observed t hat - di ce in.c 0 C rati e
overspray (as ‘%Sg&;;'rngdsréérﬁ Se'gaﬁe?/ct e "“5‘69‘?@{%‘&2@ %ﬁ@?ﬁf@gé’?@;h{ﬁ%
relative to tHemp¢ratyre rogipiprimelymer dindent Fhetdrganic liquid isenos p halpasrben bul k
Eowg_er- Tlhe OWR{uﬁf?ﬂ'ﬂh’ofgﬁmfﬁﬁuiﬂﬁ% BaYchbbéh %&%@ﬁ%eﬂx%ﬁ%ﬁd@ﬁﬂ'isbdlv@‘ig”p! e 9 ﬁan
o 'gegglg i P B S bR OO RS Histol e Wthid i F G ABeS thed|r ' N9 the

35  binder can be finely divided and be dispersed with the fluoropolymer in the liquid.

The resultant composition can comprise fluoropolymer dispersed in organic liquid
and polymer binder, either dispersed in the liquid or dissolved in order to achieve
the intimate mixture desired. The characteristics of the organic liquid will depend

12



PCT/ C1S00/ 08361 el ectrostatic spraying application. This is in direct
contrast to the nechanically bl ended powders wherein the m ngry, nent
concentration difference between the overspray and the sprayabl € bul k
powder fo dry bl ended sanple is approximately 50 % and whi ch cannot
be dlrect%§”B§§V3Ied due to the necessity of 5 refornul ati R§TR/Splayabl e
powders to their original concentration. The TGA anal ysis of Exanple 10

fhe i nor g;ﬁf““’?‘é“ﬂ@ﬁ% My oF e RAG bistihdlthettlr o W‘”"'““?ﬁ“s"ﬁnﬁf e Thi s
not unconmont ’FPﬁ‘éld y#é%%‘@ tﬂffg‘gguﬁg @v@b’a&%xw J588s-es such as
hydr ogen fl uhrtytdkactoﬁydngighmhﬁg odimatie sclants,edhols] nixtdi@s thetsofamoag mat eri al s,
sonet i mes fo oating on
t he panel pr{;) ucge;lc]}'\é &‘%‘%Q@a&bﬁq‘qﬁmiﬁs&?’?‘%ﬁ%@% Q‘%&]%raf-é;pl?tdp%scountl ng
t he consiSst edasirgd articiiar SPAINSANSEAtORL i al | y equi val ent conponent

concentrati ooghepto,tn @ﬂgnkgjoropol yrrer and the added conponents as the bul k
sprayabl e po ere is.essentia no 15 |fference in
t he ninor corrponent c% r‘i‘ﬁaﬁ?"ﬁﬁg %@F\Réeéﬁpténvfggwﬁ@yﬁ RARAR Ao by ayi ng
and t he bul ktosfhrosypabyneerpohugh terhparatbreaayibtentpolynsdrdindee Tloe bihderm nor
conponent cogﬁgg tJ \V; Wr r made by

t he process %clg%%s%xa‘; (hfméﬂ gtllghgﬁu%loggﬁ agngﬁefum}(gﬂ?be

uni f or m 0 apmemilyﬁ@bép fag basta ﬁb‘éﬁé‘led terppesatieg use ofjatrleast akoyh1456t A o t he

(rjre]cc:]tlam cal | ]ybiahaﬁgiexdll Rﬁomeﬁexm@mmﬁmﬂesmmm @;b‘dl méneentration
| erence 10

e dry. blended.sa a e third of

t he inorgani on bSSE%lEfeanldrfo{ tﬁn grwmt‘ﬁ rﬂge%n&ﬁtl 351 QYSSW%'P“ f)o é?%% fromthe
f I uor opol ymeandayetiadhevesito Auerspolymer.aExamplpsefetich polymirsrinclide ére oobser ved t hat
there is essgpfd: gh) polpulBhés Whﬁiﬂ(‘a?e hrﬂo &Qﬂaﬂﬂﬁ%tﬁﬁ&?ﬁn@}sﬂmﬂ@m bet ween
t he overspr g as represent ed % f) épcoﬂ% for. Exanple 10 rel ative
to the mhor %Wﬁéﬂﬁ? IRRTERC A AP d 8 g@%ﬂ&g?&ﬁﬁrawsa?rﬂpe&}m&f The
over spray pouastar 1408Ga0 H§01) €2 )ypobtiessulfenes (PES) w}ﬁclEmarxpioq)hbﬁs can be
directly rec ng the
el ect rogt ati ﬁ‘%ég‘g”gﬁggHQE‘e mltﬁgg& 99&%&1&%38&8&“@8@ gﬁ% rast %) '? he 30
nechani cal | ySlliFa@Wéé@“%%@r%%f@ibﬂ“tt HE°G PSS, (M pelyghenylengpar at i on

rel at efl to tT BAfi8RAPBSY) G/hivhGeepatially érpstmuﬁ@pa&gk]gewmﬂ@hﬁ&gigc corrponent S
separ at e e mnor ration difference
over spr a3 anti PR P REF B G SHAaE) Ihefrborg S E ar ARt aing €°
appr oxi mat el 346€, ¢4) pPlywides mb@mldp/mddgs (BAd) einddor padyamit atid selt wbish| y
recycl ed duecfRettd® Mfaﬂﬁ&é ﬁﬂid@fwlﬁél fxﬁﬁ@sr &Foishihk Bgod l'fﬂinﬁé’ﬁﬁffx@%ﬁm owders to
their original conc h n‘g es are al so, sub hgﬁhéo he wat er
separation t &S 5’3417"[3‘& Wa%?%‘ﬂ?aé TVEce temparatlre inexceys 9 show little
or no separ atmang othense Ajlhd thmse palymeed dry tHetmaltjedatdaang] dimeasipaallgt € i nt o
di stinct ,ka . ; ,

Dr i no 36 o5y aEmpprule il e iy F%ﬁéﬁﬁs.%%ﬁbela§pé%aey 06 A1203
(Al )PFA-3 + Bogayegigant. Bhese nplymgrs also adbassord etal guniecss.3100 g
gF{%—gngpg%lnt 893%2 26 maaaaﬁnlo&&mxomm@mmmd eﬁ%@r&?gﬂeﬁé\@@&y‘étght Tot al

ol I ds C nditions* ,
(0 850( 454) 850 40 ipgTalt Ao ERpRriRErS bEns, abiBecst bl B T 1 o
CFM ( CW) 328 addidyer4 Spgh additives may bedded) dirrpily Muo@@@lymmssmmn

[P)eSB-S '5'52y @b aMpidi8 Gprad AyingXOr HLARY dipeRion®Tinerditive cArde ke dNiMahe TY PE

fluoropolymer dispersion or pumped to the drying chamber as a separate
dispersion. Examples of suitable fillers include inorganic oxides, nitrides, borides
and carbides of zirconium, tantalum, titanium, tungsten, boron, and aluminum as
well as glass flake, glass bead, glass fiber, aluminum or zirconium silicate, mica,

35 metal flake, metal fiber, fine ceramic powders, silicon dioxide, titaninm dioxide,
barium sulfate, talc, carbon black, etc. and synthetic fibers of polyamides,
polyesters, and polyimides.
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PCTI US00108361 24 9 ~u~y Zoos - WO 00158389 PCT/USOO 08361 Table 5 -
Conpaction/ Densification of Spray Dried Bl ended Powder Ex. 9|§xJu'yl£b0|§ovxder
- Bl endsPFA-3 + 7% A1203 (Al )PFA-3 + 5% M ca + 3 % M203

(A2) Conpactw@pdidgagesi fication Process Conditions- Roll Pressyreldbobde
(Mpa) 650( 4. 5) - - Deaerati on Vacuum Pressure, in of Hg at roomtenperature 15- -
MIIl Screen Size) MIsl187--G anul ar Bul k DensityG ansl | 00cc99--- Table 6-
Ginding of Densified Material to Blended Powder Particles Ex. 9EX.
10PFA- 3PFA- 3G anul ar ++- Bl ends7% A1208%Xwvipiceé Al ) +3 % Al 203( G ndny

Paranmeter-- Air Cassjfier chi neSpee QO0OFi ni shed, Product - Powder
Bul k Density Gramsl | oﬁe@m P‘&@%ﬁt%ﬁ?tﬁ‘b?glgw%%aew Bligng. - . 10 ACM 2
25wd 9 Jul y/ 2&ﬂﬁ7mtmﬁé a3 WtFctiasad ofr thd banbinedweighisiof soldeahy sileentf Bl ended
Powders P US00/ 0836 e [ . . .

Bl endPFA- 3PFA- 3PFA- 3P %‘ﬁ‘%}ﬁﬁ‘ﬁh‘l_‘%@%’%% é‘asgﬁ)é*'ﬂ‘%‘é’f’ﬂldf‘ﬂ’é‘ﬁgd++( Al )3 %
A12033 % Al208rmetrpgalyandare stafedin it Yabasedon the Zombined y@ights®f golidsnel

Sanpl e6. 561%&5}{714(%@(1,3%. 0%-1 oor Sanpl e6. 345%5. 081%6. 292. 0%t er

Separ ati onNoYesNoYes Exanple 11 - Powder Application Sprayabl e powder of
non-fibrillatable fluoropolymer nmade substantially according to the
procedur e desEluotmpdlymers Exanpl e 2 and having a bul k density of 75g/ 1 OCcc

and an avgh agprReY 3i§ﬁér§oﬁ | Z§TRipPAE ﬂﬁ&&&ﬁﬁh&r résih dispersion in water with a
solids content of from 33 - 37 wt. % and raw dispersion particle size (RDPS) of
from 150 - 250 nanometers, the resin having a PPVE content of from 3.5 — 4.6 wt.
% and a melt flow rate of from 9.7 — 17.7 measured at 372°C by the method of
ASTM D-1238 modified as described in Canadian patent 1,248,292. MFR is

15  related to melt viscosity (MV) by the relationship MV = 53.15/MFR, when MFR
is in units of g/10 min and MV is in units of 103 Pas.

PFA-2 dispersion -- TFE/PPVE fluoropolymer resin dispersion in water with a
solids content of from 33 — 37 wt. % and RDPS of from 150 - 250 nanometers, the

20 resin having a PPVE content of from 3.0 — 3.8 wt. % and a melt flow rate of from
5.1 — 6.6 measured at 372°C by the method of ASTM D-1238 modified as
described in Canadian patent 1,248,292,

PFA-3 dispersion -- TFE/PPVE fluoropolymer resin dispersion in water with a

25  solids content of from 33 - 37 wt. % and RDPS of from 150 - 250 nanometers, the
resin having a PPVE content of from 2.9 — 3.6 wt. % and a melt flow rate of from
1.3 — 2.7 measured at 372°C by the method of ASTM D-1238 modified as
described in Canadian patent 1,248,292,

30 FEP-1dispersion -- TFE/HFP fluoropolymer resin dispersion in water with a
solids content of from 33 - 39 wt. % and RDPS of from 150 — 210 nanometers, the
resin having an HFP content of from 10.4 — 12.4 wt. % and a melt flow rate of
from 0.3 — 1.2 measured at 372°C by the method of ASTM D-1238 modified as
described in Canadian patent 1,248,292,

35
FEP-2 dispersion -- TFE/HFP fluoropolymer resin dispersion in water with a
solids content of from 33-39 wt. % and RDPS of from 150-210 nanometers, the
resin having an HFP content of from 10.3 - 13.2 wt. % and a melt flow rate of
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1 o prepared. The prepared powder is sprayed onto the exterior surface of a
series of heat |anps by use of a corona spray gun, nodel Versg @g&g@@ll,

- avail able from Nordson Corp., Amherst, OH, wth a spray gun vo]-,t ge of 62
kV and a powder feed pressure of 15 psig. The lanps are sprayed unti l

el ectri cal WPMFBW%n i s experienced (i.e., additional coatiPGI/HSWNSHO!
adhere) and then baked. In sone 15 cases | anps were sprayed, baked and
subsequent |y r ey ¢ addRdes - i tal N§ ngi ng
From 4.0 -7 S e B A D e 4 "

t enper at ur e dleserahpd ip £anadign patent 42482820 to 6.5 minutes to fuse the powder
into a continuous, thin, transparent fluoropolyner coating. The coated

| anps are th . fr i . f get 1.5 ters) §.0 20 test the
coherence of el?ﬂﬁé g%ﬁ%lg'ﬁh 'ﬁ)%ﬂpgﬂﬁg&&ﬁ%{ feglrni‘ﬁsg’.ersfog évag%gbéraesahgsccor ding to
this inverfi mnpnn@dﬁwe-gﬂw«t.%est@dardcapa@lﬁngrwhn(S&Iba.fzhmnesumdancdsdb@ tor oken

gl ass wi thin ASENMCDA8IIUhITAIPSBF frdi DN 7C QN GhikRdtheldde heat |anp coated with
powder of this invention to a |lanp coated with comrercially prepared

fl uoropol yner, as described in 25 Canadi an patent 1,248,292, the coating of
t hi s inventi oMidrepévedsrdispersion -sTFP flusiopglyynerfesian dispasisivndi eater avith 4 her eby
more ef feoti Va0 LS L8daheRinelid BTG5 LRI SRARSS NG T ood

awai ting serving to/consunpfion By cus oners, for exaine '"PPR Plest aur ant
whil e stil? ppasi¢laisizg (RDBSbefdeam 0d 7cB3l imigromgtessase of 26 9 July 2003 WO
001 58389 PCTI US00108361 breakage. Further in application, the powders of
this inventi OE !haée i grgved fluidity and are capabl e of achieving higher
filmbuilds. - - Effect of Heat Treatnment 5 Two products of
sprayabl e powdér Gdlcinedalfunbmin dxidedispersibn@acist syaeex 7-37eniproaptergd, Wit h
properties angf BIE G PystdAblb9Rs as outlined in Table 8. In Exanple 12,
a fluoropolyner dispersion 1s spray dried, densified by nechanical

conmpact i of® and ground substantially as described in Exanple 2. In Exanple
13, 10 the saAR-{Aloatahii exids dispérsiongshriidlé Sizh03@vEhicrdmi@ersdvailatdeal step of
heat treating ghe lgrgnul ar material after the densification step but before
gri ndi ng. Heafr lPr‘%a?ment is carried out by placing powder on an oven tray
and heating at tenperatures of approxinmately 500F (260C) (well bel ow the
nel ting poi n_tGfabtphhsaisﬁéﬁi@hpae}agérsmicx%@.ru@mh%xﬂ@ére,lawai%b&omsrﬁ-
Characterstics forct e. .non-heat 15 treated powder of Exanple 12 and the
heat treat®d %8%8? 8t'%%%¥anpl e 13 are listed in Table 8. Heat treatnent
provi des a neans for increasing the density of sprayable powders if so

desired for Cf 'arg&ﬁaé,am%msiwmmm ,ammﬁl@%ﬁi-'?@} n be

better controlle the grinding operation to obtain a desired average
particle sizeR-9fdremdpie DuBanttaMPapwever is conducted at tenperatures nore
than 20 25 degrees C below the nelting tenperature so as not to produce

particl es,t ha; W nie [ t. d i ch esirabl e
in certai r21g sp?%‘??ﬁé%%f%’t%?dggga&gg sd&gﬁ;?«g?? x@%@%%%ﬁ%axg?wag? @gcf#ﬁgf
Heat Tr eat nent F@ini Cgmoratiomensi | ~ Ex. | ZEx. | 3PFA- 2PFA- 2Granul ar Bef ore Heat
Treatnent - Bul k Density, G ansJ100cc 98 98Heat Treatnent Conditions

- Tenperature, UPt?a(}han@e éhc,% pi_gmlgr{tr(ﬁéplegs?dn, ;l;lz(:)rllll[:lse 51l\zkg Q$4 rl}xl?cr}gmetcrs, available
from Akzo Nobel Chemicals, Inc.

30
Tin, particle size <44 micrometers, available from Reade Advance Materials.
Mica coated with iron oxide (red), particle size 10-60 micrometers, available from
EM Industries.

35

Polyether sulfone available from BASF

15



5d0(260) 5Ganul ar After Heat Treatment - Bulk Density, Grans/1 OOcc 98
100G i nding Paranmeter - Air Cassier Machine Speed, RPM 750 §QQizabshed
Product Powder Bul k Density Gransl 100cc 63 74Average Particle Size

M cronet ers?337 Exanples 14,15 - Preparation of Sprayable Powder from

Sol vent Di spersion Sprayabl e powder is prepared by feeding, in accordance

¥M| tht heI t wo ®Jl§?flﬂ6tmwf%?% 128 36ludoN BIFPAI f4inlif aﬂmﬁ-b%sed?,oﬂ)eﬁtperlzi' On| of L
uor opol yrer, wat:er i ni.c.sol ve wat er 1 n Exanpl e
~) and, as des§opRIRIAgNA @!@ ‘fB Paa]'&%%@HP éﬂ?&?gﬂw‘g} 2b4F-dped as
descri bed abOV@éae@H.\M)MD:)lphelbé-ﬂ]odgéthhetdwgem@a)ct| on) with the exception
that hot nitrogen gas is used in place of hot air and that a cl osed | oop
system for recycling nitrogen and recovering sol vent/water vapor is

enpl oyed. Bhe Amd:ragmpardd:lsp'aesfpmw@aspaﬂh:ld;shmsug&asmfeébymmrlhghugaaltteﬁhg)m zer at
the top of chagb vfg!@g er5|on IS
rapidly vaporl zZe aPﬁc?es I(\Q'i} tﬂéé@?&c % If[ha‘:s‘%} %C%Efg$a§l§8ﬁ herate and
dry doting theL‘FedéésNé hﬁéwwqumﬂrcomnm c process conditions
are listed in Table 9 including nitrogen gas terrperature at the inlet to

t he chanber and at the outl et of the chapber, rotating speed of the
atoni zer and nBP&dt?@ﬂW‘P@WﬁflﬁPSﬁeﬁuﬁlﬁéame BO 2835 peagugiedi ng

bul k densi {g eScylﬁld&hQ)fyagMepfs p%m?ed ifitdGhe bylﬁﬁBﬁarﬁﬂ@veWﬂ@@ﬂﬂléJe@%cﬁ gas

streamof sol vent ch é@?od% B‘g’:@use and collected for further
processi ng. Ch¥FigbE ESIB'f‘S f@@i%f’ &-powder for each of the two
conpositions are listed in Table 9. The friable powler particles fromthe

spray dryer do%&%ﬁﬁé ﬁﬂﬁdb{ Grel kﬁé@% dgt%ﬂgfgfa& ﬁﬁhé &%Igr&%?&reé dgs%l;xg&i“ “Or

cont ni nution t

9 July 2003 coApdM D|4§|67;f@qcepst a@t@numﬁm@dﬂZQfﬁ’@ps@sWStbamwat es
spray abl ey | Uﬂﬁﬁﬁ&'d@@@@ PQuesyt hhel SSAR Mafté%rsfﬂah&eﬂﬁﬂd&ﬁen%ﬁgaaﬁmg' tGer
~:i-1"1-ei: July 2003 quoroponner conponent and ~6i n

(poI yet her sul f%?F‘e) Exanple 1 ~ illustrates the production of sprayable

bl ue fluoropol ymer powder that is a uniformblend of fluoropolymer, blue
pi gment and bipder (palyan ' _ owder of Exanple 1 ~
i s el ectrost at 78] ARG OO RREY OUs, PISDETSIQN
substrate as a priner Sp:ylgzableﬁowdexndpneﬂm&ﬁbwf@ﬂnigynmccmdpnmamm theajwht i ed

and the cogt ed n ests for
cookwar e s?}%:h (zia‘?ép‘a% &%g %‘éon%lég&xggra%gd%gg?ﬂgﬁ gﬂ{g@g‘%zésl&gn% and cross-hatch
t ape adhesi on. ﬂmrep@me@bdsubbslgmted edditional compansptsabh epratidaesi.ofier 1 o Tabl e

9 - Sol vent BaE@eHnﬁ% A !Hé‘ébﬂg d@%ﬂ}fh@ls dodeM&Y), &b ARbIES th PV AMERCA Sper si on

Conpos~uon- th Pvfr o]
P Inc T¥)nawanda, NY. %Q)r Example 8, the spray dryer is a laboratory model, type

PSD-52 also available from APV. The aqueous dispersion passes through the
25  centrifugal atomizer at the top of chamber into a hot air envelope where the
\ dispersion is rapidly vaporized into primary particles that begin to agglomerate
and dry during their descent through the chamber. Specific process conditions are
listed in Table 1 including air temperature at the inlet to the chamber and at the
outlet of the chamber, rotating speed of the atomizer and air flow through the
30 chamber. Powder particles having bulk densities in the range of from 21-28
2/100cc are separated from a gas stream of water vapor and air in a baohouse and
collected for further processing. Characteristics of the spray dried powder for
each of the eight compositions are listed in Table 1.
Powder particles for Examples 1-7 from the spray dryer are further

(3]
Lh

densified by mechanical compaction. The particles are fed to a roll compactor,
model IR 520 Chilsonator®, supplied by The Fitzpatrick Company, Elmhurst 1.
The roll compactor is equipped with a rotary cutter blade which acts to reduce the
size of polymer pellets exiting the

16
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- PFA-1 Fluorocarbon Resin, %N (,'oSolids) - Polyethersvlfone, %N\

Sodi um Al um num Sul pho-Silicate, %Y. - Dem neralized Water, 97‘8"sz m' de

| m de Pol yner, 9% 80 00 19.00 1 00 - -78 00 18.30 - 2.06 O %O Spr ay
Dryer Process Conditions- Inlet Nitrogen Tanp) F(C) - Qutlet N trogen Tcnp,
F (O - Ntrogen Flow, CFM (CMV) - Tenperance After Condenser, F(C) - Feed

Product Tenperg a@noxﬁ@@ rodﬁ&xﬁ éﬁﬂer?ﬁ.itg:'lessiﬁeﬁ% &%@7 %é@?ﬁnﬁ%@an

0(14) 75(23
%OgOFi)ni sged) 68398 ? ‘?§F‘? Ough A8 P?ﬁ@&%mﬁ@fﬁ'GAverage

Particl e Size.dehbified powesrSorldacloof tie séﬁen%wrﬂﬁﬁmBﬁs ﬁerllwedtl@ Blable 2.
Densified powder particles of Examples 1-7 are further reduced in

size by grinding in a Air Classifier Mill (ACM 30 or ACM 10 or ACM 2 as

noted), available from Hosokawa Micron Powder Systems, Summit, NJ. The

W

process of spray drving, densification and grinding as described produces
sprayable powder of non-fibrillatable fluoropolymer having friable granules of
agglomerated primary particles, being free of halocarbon liquid, having a bulk
10 density of 54 — 88 g/100cc and an average particle size of 29 — 39 micrometers.
Characteristics of the ground powder for each of the seven compositions are listed
in Table 3.
Examples 1 -3 illustrate sprayable, clear fluoropolymer powder of a
single fluoropolymer component. Example 4 illustrates sprayable fluoropolymer
powder that is a uniform blend of two fluoropolymer components. Example 5
illustrates sprayable fluoropolymer powder that is a uniform blend of
fluoropolymer with a TiO, pigment to produce a pigmented composition. Example
6 illustrates sprayable fluoropolymer powder that is a uniform blend of
fluoropolymer with an inorganic filler of silicon carbide. Example 7 illustrates
20  sprayable fluoropolymer powder that is a uniform blend of fluoropolymer with an
inorganic filler of graphite. Example 8 illustrates sprayable fluoropolymer
powder that is a uniform blend of fluoropolymer with the thermal stabilizer tin,
which can be used after spray drying without further processing having a bulk
density of 21 g/100cc and an average particle size of 25 micrometers.

25 The sprayable powder produced in Example 2 by spray drying,
densification and grinding have an SSA of 5.22.

The non-segregatable nature of the sprayable fluoropolymer blends
produced in Examples 5-8 is demonstrated by comparing them to standard
mechanically blended polymers. Commercial PFA powder made according to the

30  solvent aided coagulation process of Canadian patent 1,248,292 using PFA-1
dispersion and without the fluorination step is mechanically mixed providing four
samples, one sample having 2.5 wt % TiO9, one sample having 8 wt % SiC, one
sample having 8 wt % graphite, and one sample having 1 wt % tin. The
mechanically blended products are made using large mechanical mixers/tumblers

35  to physically mix the PFA and the added component with the aid of 0.4 wt%
fumed silica (added only with TiO) formulation).

17
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Exarrpl e Ifi - Conparative Exanple 15 An aqueous di spersion (60% solids) of
PTFE is fed to a spray dryer, nodel PSD-~2,-available from AB,pmRppzcas,
Inc., Tonawanda, NY substantially as described in Exanple |, excCept that

t he di spensooosgsggl conpressed air enter through the side ofpdesailagigher
through a 29 t'nn:cd:1 ~-71-at)G 9 July 2003 two-fluid nozzle instead of
t hrough a centti~ugal atorntzer at the top of the chanber. The foll ow ng
are the process condiRgwsigss madegaccording to Expmple ok e wel as thedoyur sagpleat A r

Tenper at ur e: mhid by doManicallyi BlehiAg bR eRélESsiédEinto20! 00 Gy rifla@d &y lindel ow. 74
CFM (2.1 T&g o?l ct, recovered.fromthe spray dryer is a ﬂr , soft,
fi brous prodﬁzifo \ﬁ%ﬂ Feivfﬁle aggf%fﬂ@? tﬁ‘e'éﬁ%?d lp%eqeégatlc;@nglgja&w f)’%ger. The
PTFE 10 di spé08irdof vedertipadded to pachyondr ¥ach sampleharsis soakatizing ehchgaris nel t

Vi scosi tycex i aPR : ef ar, e r t; t is
fibrillatabl gﬁ‘g‘g\g Q%f“’?ﬂ%gﬁgr??ﬁggpﬁ@? Sﬁﬁﬁgﬁrdgﬁgﬁég %%%39”%#3 ?‘Eﬁs

i nvention. Epawsdinteseparpte 250 mitgraduated cdindstr-a9d allawed tostapde Aftey Khd £ rom
Aﬂueog?wle Dil\,}lﬁﬁaegitnafdimuaﬁwf p&u?edimebﬁdcﬂgdﬂﬂ)ﬁg%v%d ls%%agdths 34% _F:EP;) I2

pl us 00 cropowder ed to a spr [ mode vai | abl e
P} om AV Arre PR (2] e Kot SoR Bh et ¥6ihe oGRS el FifmgB ™

Exanpl e 1, exesejstis gbservedithaticompongnss Epmthesamples ppipatsd dvma¢ommercigl  t hr ough
cont 1 Fugal d D e R T e the -
process condi "F‘B‘ﬁi"‘ &g “‘?qﬁ?e@fgwas’lefb?rp\g‘f"ét‘%lr‘@:e OBB‘B@PEi_E‘Ei?‘é‘Pﬂg? 'f“ided

gi&pez zzat ;r e: ca&goﬂéraxe@wp;g_ﬁidlnt,d‘nlmam_z:itﬂnli’xee)stsam ehie rfﬁl?itd@&lyg)er cdimpollggtg\ém azg .
particl e si ze 8 ?%&ﬁ% g?%h@eﬁ%‘ﬁ%ﬁ%%ﬁ%%%@%& g%%%ﬁu?afé%dﬁ?cgﬂj to substrate
materi al s. 30ntimatelyyemmasbedwishisthe fueropelymeepasti¢iessandidg nobiepdiioteparateExanpl e

10 how mglst - finewghddus phas JTHxRIplaR!S-9\Rh@ L bE TR, N cr opowder resins have
applicability in the spray drying process of this invention. The invention

being thus described, it will be obvious that the same 35 may be varied in
many ways. SKable hr+ XYitenhasedespray dryine regarded as a departure fiomthe
spirit and scope of the invention, and all such nodifications as would be
obvious to gne skilled in the|arExhrd i Bi2ndedExd bp included within the
scope of thg_follow ng clai 30 chil . a r-t+n-~ 5 ~uiy Zoos WD 001y389
VWHAT | S CLAI|VED§o8: PCTI US00/ p8384-11.| FFradyabl BFAdowter conprising friable
granul es of nf,ﬁﬂeormrar ed primhary partlicles =flbrillatable

f1 uor opol y e %eWsightlots] Solidst  ons ot heds lconpodbht -~ s3iH powder having a bul k

density of dt-least_20g1100ccland-avwgrage-5particle size of 5 to 100
m cronet ers. Spray. I?rycr Process

Conditions

- Inlet Air Temp, F (C) 850(454) 850(454) 850(454)

- Qutlet Air Temp, F (C) 320(160) 320(160) 320(160)

- Air Flow, CFM (CMM) 3281(93) 3281(93) 3281(93)

- Atomizer Speed, RPM 7425 7425 7425

Powder Bulk Density

Grams/100cc 26 27 28
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2. Sprayabl e powder conprising friable granules of agglonerated primary
particles of a first non-fibrillatable fluoropolymer and at begagtaoceBe ot her
non-fibrillatable fluoropolynmer, said powder having a bulk densi'ty of at

| east ZO%é G and average particle size of 5 to 100 microneters. t0 3.

The spray3 ¥ P¥der of claim 1 or 2 wherein the sprayabl ePPEHIMOBE 1 ce
of water imm scible liquid. 4. The sprayable powder of claim1l or 2 wherein
t he sprayabl EabRWeWaterfbaeal, epravalwigrdoattd! i qui d. 5. The sprayabl e powder
of claim1l1l or 2 which has a bulk density of 15 at |east 359g1100cc. 6. The
sprayabl e ppwder of clarm I or ZLWhi FheRas [aneayefageepart fcl g. 81 zZle of from
10 to 80 mgroneters. 7. The [sprayable powder of ¢laim1 o 2 which has a
specific sufface area (SSA) sofePEXD |L- BFARN-/[g.PFRD 8. PRe2spraymbbe jpowder of
claiml1l or P wher ®isperssai d grjlnul es afe wncgmmviut ¢d. % The sprayapl e
powder of cfaim 1l viketsei n sai([dP0YFERU| 6% TOaNPRKSE @ Pk ermpbilei fy 104Sn

fl uoropol yners. 10, The sprayiabl e poywufigme ibeDm| 1 \iliep e 1) (Sabitigenait her
conponent i fCaporsyner bi nder . 19E. Thd®spriayW¥de e | povdes off cl®8em| wherein
sai d other ¢aoponent is pi nmanf PFA1Y) | TPEA-Ig L_pﬁﬁé.L_cLi_ml_m |

wher ei n sai {ICHRSE € omponent | s 7 Bor gahfse i 13%8e. 303888 A|pr&iess| for
preparing ajsprayabl e powder coF%'(’p‘ri B i rT{fzsppr a;?'cdr)i n "9 i qui $ndi sjper si on

of primary pariieles—eof—nren—H-britt ble—fveropol- Y and—at—-ealst one

ot hgr corr%o R ?@’%‘@f"“f&sﬁ el és‘% Fu?%’:'lf". 14574 V?ecé:?‘g%.f;r 3‘02{{ aring a
sprayabl e ppwder GL“U‘g -t u-e—eF—a—H-gti-eH-e-Spersi-gn c‘

non-fibrill aE‘fﬂj" Déy° P"’c 5t opol yner and @ liquild di spg¢rsion of {31 9 Puly 2003
- WD 001 583 IIn tlfl'ﬁ}rﬁ(ﬁi .OOUJ. at 850&?&3 £3hsa Lﬁ)@jb IIPUI3%4 | &Fﬂjo(@ X dryl ng

sai d nuxt ur e gl U IF @S PCT BT Waded T B0ad) [T hdibar ] © S Cmodzn | A
process f or MOKEHAT tRY P 2V FU5% 3510k 3y | @) T9 2smeh s Jier] |1 auid
di spersi on “Atﬂ;m Spadd, RBNIT 11 2 II‘I‘E_f"il‘sl]‘(n4 ORRPk Y TTET —aryghsa T S

di spersi on ¢f eastone oter nong T Hatabttg—uor Upuyner, and spray
drying said %%Lrlﬂﬂféb%. AT Ui O o Sper$i ons tjoobtajm frrabi g gramufes. 16.
The process og;mg,y.aécgn J.d wneTe ) saizg‘ T Oubgd dr SIS onm hag [a totgy| sol ids
content of ¢ 'east o> Wel g Ihe process or Clalm 1s wnere sai d

liquid di sperFs’i 6‘?1"‘?1‘&5“&"?&65?[’ ?e"g‘bw*agmeda'r?fent of fromS - 70 weight %

18. The process of claim13 or 15 wherein said liquid dispersion is free of
water imm scible liquid. 19. The process of claim 13 or 15 wherein said
liquid dispersion is free of halocarbon liquid. 15 20. The process of claim
13 or 15 wherein the liquid of at |east one of said dispersions conprises a
wat er m scible organic solvent and the friable granules have a bul k density
of at least 20 g/100cc and average particle size of 5 to 100 m croneters.
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21. A process for preparing a sprayable powder of non-fibrillatable 2o
fl uoropol yner conprising spray drying a |iquid dispersion of gpjj
particles of non-fibrillatable fluoropolymer and densifying the granul es

formed by 9yoen/ssdsyi ng to obtain friable granules.

22. The mcansseengde1claim

13 wherein the |iquid dispersion is aqueous and the granul es forned by

spray drying are further densified. 25 23. The process of claim 21 or

wherein after
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produced by spraying said powder contains substantially equival ent
conponent concentrations of said fluoropolynmer and said at | easly Zpog ot her
conponent, as 35 conpared to said sprayabl e powder. 33 9 July 2003 - WO
001 58389 PCTI USO0I 08361 35. The sprayabl e powder according to claim 31,
wher ei n-t OQ0$838 ence i n conponent concentrations bet ween PETAHN8!
produced by spraying said powder and said sprayabl e powder is |ess than, 20
% relative to the conponent concentrations of said sprayable powder. . 5
36. The spra_ié . d particles of
said at | east—& i bpol yner.
37. The sprg rein said at |east one
ot her conpoﬂent i s al uni num oxi d. abl e powder according to
cl aim 31, mketcirgat St otth | al um num oxi de and one
ot her conpore '1's mica. 309. Sprang&P DQ%H?rAPﬁ& fding to claim3l)
conprising 1 s—or—s@tt—atiTeasf one ot her conponent in
. conbi nati on [v il T UOTOpoTyTeT —gsed-onthe—ot al wei ght of
quoroponnﬁﬁﬁg% s§@mﬂ3ﬁ9ﬂponent 15 34 . Ay2. A Anf JALT. A

FaVaVal
L vinrne Ul

.A9Y. A A A 5 d A 700 750 700
. AY. Au2. As. pﬁr;gr@,:gdl/f\ /-\Ny. A ATAALYZ ACETAS(T AR A3 (. A . AF. An. An. A A . A9(. A
SE Tk3 Powder Bulk Density Grams/100cc 77 75 30
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analysis to quantify the non-segregatable nature of these blends. Example 9 is

aj cajjca] cMa] c
B

prepared using procedures similar to those described in Examples 1-7, i.e., spray
dried, mechanically compacted and comminuted. Example 9 is a blend is a
sprayable fluoropolymer powder of PFA-3 having about 7 wt % Al,0, Example
15 10 is prepared according to the procedure described for Example 8, i.e., spray
dried without further densification and comminution. Example 10 is a sprayable
fluoropolymer powder of PFA-3 intimately combined with 5 wt % Al,O; and 3 wt
% mica (also having 1% amino silane based on the weight of the mica).
Compositions and specific process conditions for Examples 9 and 10 are listed in
20  Tables 4-6.
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109& () - 910%% ) ‘P'o“Mer]a d)?fl&ig‘t ofshidoth clean surfaces at a distance of 12-14 inches
"yZ"10%b& ( n}{‘y (O)-1 "()-3M?7@P10% ()-11z 109%&K ()- 'z 10‘V22&' ()- 3
109%& () - &100/& &' ()- zX6!S 010%gg& () - 9! 1 010%& ()-9Y .310%& ()-!1" & -

109& ()-3 Bulk powder, powder from the panel and overspray powder from the

floor are collected and subjected to Compositional Analysis by Thermogravimetry

20 (TGA) according to ASTM E1131-98 to determine the inorganic content (amount
of filler/pigment) in each sample. All of the fluoropolymer in the powder samples
is volatized and only inorganic materials remain. The results are reported in Table
7. The coating on the panel produced by the sprayable powders from Example 9
contains substantially equivalent component concentrations of the fluoropolymer

25  and the added components as the bulk sprayable powder. In this example, the
difference in the minor component concentrations between a coating produced by
spraying and the bulk sprayable powder for Example 9 is 4 % relative to the minor
component concentrations of the sprayable bulk powder. The powder made by
the process described in Example 9 is a uniform blend that can be uniformly

30 applied to a target panel. This is in direct contrast to the mechanically blended
powders wherein the minor component concentration difference for the dry
blended sample is approximately 80 %. Eighty percent of the aluminum oxide
present in the dry blended sprayable powder separates from the fluoropolymer and
never hits the target panel.

35 Further, it is observed that the difference in component
concentrations between the overspray (as represented by the floor samples) for
Example 9 is 7 % relative to the minor component concentrations of the sprayable
bulk powder. The overspray powder made by the process described in Example 9
can be directly recycled because the components have not segregated during the
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10 10<s10% (Fommlpting thosgrayably powdess to theiarigina oo tion: ()-1°

10%EKEKS () -1 f  10%@ @t KGA hnalydis d08%dnipi&l ¢ does nbErefurh t}ﬂ@%l?eﬁﬁec(eh“s '3 f

0 1
10%##& () - weight %. Approximately 2 weight % of the inorganic is apparently volatized

consistently with all samples. This not uncommon. Fluoropolymers decompose to
very reactive species such as hydrogen fluoride. Hydrogen fluoride can react with
10  inorganic materials, sometimes forming volatile fluorine-containing inorganics.
The coating on the panel produced by the sprayable powders from
Examples 10 (discounting the consistent 2% loss) contains substantially
equivalent component concentrations of the fluoropolymer and the added
components as the bulk sprayable powder. In this example, there is essentially no
15 difference in the minor component concentrations between a coating produced by
spraying and the bulk sprayable powder for Example 10 relative to the minor
component concentrations of the sprayable bulk powder. The powder made by
the process described in Example 10 is a uniform blend that can be uniformly
applied to a target panel. This is in direct contrast to the mechanically blended
20  powders wherein the minor component concentration difference for the dry
blended sample is approximately 33%. One third of the inorganic oxide in the dry
blended sprayable powder separates from the fluoropolymer and never hits the
target panel.
Further, it is observed that there is essentially no difference in
25  component concentrations between the overspray (as represented by the floor
\ sample) for Example 10 relative to the minor component concentrations of the
sprayable bulk powder. The overspray powder made by the process described in
Example 10 can be directly recycled because the components have not segregated
during the electrostatic spraying application. This is in direct contrast to the
30  mechanically blended powders wherein the samples undergo a separation related
to the charging process, with much of the inorganic components separated. The
minor component concentration difference between the overspray and the
sprayable bulk powder for the dry blended sample is approximately 66 %.
Powders made by dry blending cannot be directly recycled due to the necessity of
35 reformulating the sprayable powders to their original concentration.
The samples are also subjected to the water separation test described
for Examples 5 -8. Examples 9 and 10 show little or no separation where the
mechanically blended samples separate into distinct layers.
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 SBLO%! ()-! D FS)z 109 "FS)z 10%& () - >>@ AA] BBA?SH= 10" 0!

@ 10%& () -! ropolymer Blends

3T10%& () - 9910%r& () #10%r& () BB} DFG5! | JWU3SH= 10! ;

* 1 109EE& () A — @) - | @ ! 10YNNE () - " ! DI 10%&
()-"]3~3III I3+ o T A, Tﬁ?%j—y#lof%z&' ()- 10m 10m
1omF@10%n&'()- g,@m'()-K <!|<"|§#|<o MVK 101 11Y 10% ()-Z
1098 ()-s109& ()- #yhieh@%& ()- 10%k Aldg! | 1028 m@ +10%! & () - kOPRZRSt UVzX6b@
1001171 ( 109& ()-3!'1°1( 109 ()-3!db( 1PY%& (+) - 3&|F10%& ()-!1# 1Y
1098 ()-Z! #]1'Y 10%& () - ZVWWMVYWD @ 10! | 13 boat@F+30% U U&' () - y<10%

U8 ()-Ls10% (A2)
Component #1 100 g PFA-3 100 g PFA-3
Component #2 2.26 g Al203 1.63 g Mica
Component #3 0.98g Al20O3
% Weight Total Solids 29.6% 31.8%
Spray Dryer Process Conditions*

- Inlet Air Temp, F (C) 850(454) 850(454)
- Outlet Air Temp, F (C) 320(160) 250(121)
- Air Flow, CFM (CMM) 3281(93) 74(2)
- Atomizer Speed, RPM 7425 48,000
Powder Bulk Density

Grams/100cc 28 21

*Ex. 9 APV model 69, Ex. 10 APV Lab Dryer Type PSD-52
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Compaction/Densification
Process Conditions

- Roll Pressure, Psig (Mpa) 650(4.5) -
- Deaeration Vacuum Pressure,
in of Hg at room temperature 15
- Mill Screen Size, Mils 187 -—
Granular Bulk Density

Grams/100cc 99 -—

#mL0Yg&' () - 10g 10g 109" <10%& ()-!# F.y 10%& ()-Z
Ex.9 Ex. 10
PFA-3 PFA-3
Powder + +
-Blends 7% AhO3 5% Mica
(Al +
3% Ah03
(A2)

Table 6- Grinding of Densified Material to Blended Powder Particles

Ex.9 Ex. 10
PFA-3 PFA-3
Granular + +
-Blends 7% AlyO3 5% Mica
(A1) +
3 % Alp0O3
(A2)
Grinding Parameter -
- Air Classifier Machine
Speed, RPM 2000*
Finished Product -—
Powder Bulk Density Grams/100cc 73
Average Particle Size Micrometers 28 —

*ACM2
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10%9& ()-!1 310%& ()-!,310% ()- s10%& ()-!'( 3f 10%0& ()-'4 3f

10%{& ()-\}}@4zX6PE: 10!!; " F. 10%& ()-!6F. 109& ()- s-nl0%& ()-'S
109 () -' N FQp ‘f-)l‘HeHno pa@lﬂ&r‘c).& skPbf Blended Povders

CRA110% & () g 109 10g9<10%& () - *|1[9bC
w0011 10n B8~ y—F-6"T— UG- B & O——— 10%@@E () - m
10% & ()- " f110%s& ()-<zorlszX9. 1_,0\y<1 ” -!%s R [)-F ' @s@S
109N T & ()-F 1:s@S 10%kCr& (§-F *z10A & ()} 10p4 \13& () - mst ur gHC '
10\ y<199109%&] () -9 - 10%& () - ! RuySALIIoXXE ().o,g$s'19,9/,&,4) #;x;ﬂ.,Q,%& )- 10\
10\, "@Z8HC 10\!l z 109%& |()-LOwPIK& (|) -MBo; |} 100&' ( 10%m®&. () -
LY, 109 ()- ., 109%& ()- @}~?HC 1C\!k,ay51p9/&A1303 Fwowz%& )-1;3.f
1098 ()- @) 109 ()-" f&@[OY% ()--! @fl&@ 10% | & (Ary - bC (A2)
wt% wt % wt%
wt %

Bulk Sample 6 843% 10.24% 6.0% 6.0%

Panel Sample 6.561% 2.004% 6.3% 4.0%

Floor Sample 6.345% 5.081% 6.2% 2.0%

Water Separation No Yes No Yes

Example 11 — Powder Application

Sprayable powder of non-fibrillatable fluoropolymer made

substantially according to the procedure described for Example 2 and having a
bulk density of 75g/100cc and an average particle size of 34 micrometers is

10 prepared. The prepared powder is sprayed onto the exterior surface of a series of
heat lamps by use of a corona spray gun, model Versa-Spray II, available from
Nordson Corp., Amherst, OH, with a spray gun voltage of 62 kV and a powder
feed pressure of 15 psig. The lamps are sprayed until electrical repulsion is
experienced (i.e., additional coating does not adhere) and then baked. In some

15 cases lamps were sprayed, baked and subsequently resprayed and baked. Lamps
with coating thicknesses ranging from 4.0 —7.5 mils (102 — 191 micrometers) are

\ produced. Baking is at a temperature of 800°F (425 °C) for from 5.0 to 6.5

minutes to fuse the powder into a continuous, thin, transparent fluoropolymer
coating. The coated lamps are then dropped from a height of 5 feet (1.5 meters) to

20  test the coherence of the coating upon lamp shattering. Lamps prepared according
to this invention produce a coherent coating that contains shards of broken glass
within the coating casing.

When comparing the heat lamp coated with powder of this invention

to a lamp coated with commercially prepared fluoropolymer, as described in

25  Canadian patent 1,248,292, the coating of this invention is found to be
surprisingly more transparent and thereby more effective in transmitting heat to
items such as prepared hot food awaiting serving to/consumption by customers,
for example in a restaurant, while still providing a protective coating in case of
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0% & ()-) 10% & () z-Two poducts of sprayable powder of non-fibrillatable fluoropolymer
10%000&' () - are p %{Q@ﬁ’fh b.)opéﬂinles aRPMme&estihp %&&%&& a&,-)ouﬂ&ﬁh 1‘9&1::8
10j ! F@3+10% | 10\! 109% 0& § %0 - DlO% 0& O)-
10% & ()-! (F x pO@‘[ECl‘I’@i&b&ﬁl(Bl&-S Qra gp%/ .densified by mec hanical
10\!! (y= 10% cxﬁm;(a):ﬂ&yaﬁkﬁ@bmﬂ supstaptiall Us d&sctipediiFxample 2. In Example 13,

{0%?:%2 3& % % %J?e/ %f})%i%%}a Qgglﬁw flbb/ow%:(e( th%}tlonal step of heat treating

y=10% o0& () - thy-eramuas saterialefter ification step but before grinding. Heat

)]/- 1200/6/0&&( ) - % Q’atﬁa@x%lé)é’mﬁ&d MBS«Q%CQ% ;(o)wd?r’ orl QYo R thaly drld heatinplfd %0 0&' () - Dt P1:

% o
yylo% 0& ()- Eymf@syrg%yf(afpm%@}g 089 CH)XDooudicbelgw Biemhefiing poiny ofy: +45MmveF1:
1y=10% oy=108edRiofopolPynet) O apr¢RimBreRy 5 hours. Characteristics for the non-heat

y=10% 0&) - PatdPpower bf EXMPIO Ve 2 thd nEM RhaeE bowder of Example 13 are

listed in Table 8. Heat treatment provides a means for increasing the density of

sprayable powders if so desired for certain applications and for obtaining powders
that can be better controlled in the grinding operation to obtain a desired average
particle size. The heat treatment however is conducted at temperatures more than

20 25 degrees C below the melting temperature so as not to produce particles that are
sintered or heat hardened and which would be undesirable in certain spraying
operations.
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Examples 14, 15 — Preparation of Sprayable Powder from Solvent Dispersion

Sprayable powder is prepared by feeding, in accordance with the two

different compositions enumerated in Table 9, a dispersion of fluoropolymer,

water miscible organic solvent (including water in Example 15) and, as

designated, additional components to a spray dryer, equipped as described above

(without fluidized bed compaction) with the exception that hot nitrogen gas is

used in place of hot air and that a closed loop system for recycling nitrogen and

recovering solvent/water vapor is employed. The solvent dispersion passes

through the centrifugal atomizer at the top of chamber into a hot nitrogen gas

envelope where the dispersion is rapidly vaporized into primary particles that
begin to agglomerate and dry during their descent through the chamber. Specific
process conditions are listed in Table 9 including nitrogen gas temperature at the
inlet to the chamber and at the outlet of the chamber, rotating speed of the
atomizer and nitrogen flow through the chamber. Powder particles having bulk
densities in the range of 38 ~40g/100cc are separated from a gas stream of solvent
vapor and gas in a baghouse and collected for further processing. Characteristics
of the spray dried powder for each of the two compositions are listed in Table 9.

The friable powder particles from the spray dryer do not require further

densification, heat treatment nor comminution to be useful as a primer
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1) 910%" &() 10% $", & () -/ K(Q#¥10% $", & ()-10% $", &() 10% $", & () - Rbcde|[N
A4 10$"10$" 1q3™ =109 & ()-# 0 C S 10P8 Bm) -1 BEeid IP%! 6& ()-] (G S
109%$" (& () -1 TFI0W & () - eqd[ [ NA 10 TGW"W(.‘HE‘T)_— 10% x! & () -
10%x! T& () - [TI0V& () - TTIOWIXT T& () - WameO%XT Téme()-#s |[:NA4 10 ; F

10%!' & ()- 6 T0WIXTT& ()-# Y Primer Primer

Dispersion Composttion

- N-Methy! Pyrrolidone. %Wt 80 00 78 00
- PFA-1 Fluorocarbon Resin, %Wt 19.00 18.30

(%%Solids)

- Polyethersulfone, %Wt. 100 -
- Sodium Aluminum Sulpho-Silicate, %W1. - 2.06
- Demineralized Water, %Wt - 0.70
- Amide Imide Polymer, %Wt - 0.64

Spray Dryer Process Conditions

- Inlet Nitrogen Temp, F(C) 372(189) 331(166)
- Outlet Nitrogen Temp, F (C) 297(147) 271(133)
- Nitrogen Flow, CFM {CMM) 500(14) 500(14)
- Temperature After Condenser, F(C) 75(23) 77(25)
- Feed Product Temperature, F(C) 61(16) 39(15)
- Atomizer Wheel Speed, RPM 25000 25000
Finished Product
- Powder Primer Bulk Density,

Grams/100cc 40 33
Average Particle Size. Micrometers 31 16
Color of Powder Primer White Blue

Example 16 — Comparative Example

15 An aqueous dispersion (60% solids) of PTFE is fed to a spray dryer,
model PSD-52, available from APV Americas, Inc., Tonawanda, NY substantially
as described in Example 1, except that the dispersion and compressed air enter
through the side of the chamber through a

29
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30 The example shows in direct contrast to Comparative Example 10
how melt-flowable, low molecular weight PTFE micropowder resins have

applicability in the spray drying process of this invention.

The invention being thus described, it will be obvious that the same
35 may be varied in many ways. Such variations are not to be regarded as a
departure from the spirit and scope of the invention, and all such modifications as
would be obvious to one skilled in the art are intended to be included within the
scope of the following claims.
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WHAT IS CLAIMED IS:

1. Sprayable powder comprising friable granules of agglomerated
primary particles of non-fibrillatable fluoropolymer and at least one other
component, said powder having a bulk density of at least 20g/100cc and average

5 patticle si'z_'e of 5 to 100 micrometers.

2. Sprayable powder comprising friable granules of agglomerated
primary particles of a first non-fibrillatable fluoropolymer and at least one other
non-fibrillatable fluoropolymer, said powder having a bulk density of at least
20g/100cc and average particle size of 5 to 100 micrometers.

10 3. The sprayable powder of claim | or 2 wherein the sprayable
powder is free of water immiscible liquid.

! 4. The sprayable powder of claim 1 or 2 wherein the sprayable
powder is free of halocarbon liquid.

5. The sprayable powder of claim 1 or 2 which has a bulk density of
15 atleast 35g/100cc.

6. The sprayable powder of claim | or 2 which has an average particle
size of from 10 to 80 micrometers.

7. The sprayable powder of claim 1 or 2 which has a specific surface
area (SSA) of from 1-6 m¥/g.

20 8. The sprayable powder of claim 1 or 2 wherein said granules are
uncomminuted.

9. The sprayable powder of claim | wherein said granules comprise a
plurality of fluoropolymers.

10.  The sprayable powder of claim 1 wherein said other component is
25  polymer binder.

11.  The sprayable powder of claim 1 wherein said other component is
pigment.

12.  The sprayable powder of claim 1 wherein said other component is
inorganic filler.

30 13. A process for preparing a sprayable powder comprising spray
drying a liquid dispersion of primary particles of non-fibrillatable fluoropolymer
and at least one other component to obtain friable granules.

14. A process for preparing a sprayable powder by forming a mixture
of a liquid dispersion of non-fibriliatable fluoropolymer and a liquid dispersion of
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of halocarbon liquid.

15 20.  The process of claim 13 or 15 wherein the liquid of at least one of
said dispersions comprises a water miscible organic solvent and the friable
granules have a bulk density of at least 20 g/100cc and average particle size of 5
to 100 micrometers.

21. A process for preparing a sprayable powder of non-fibrillatable
20  fluoropolymer comprising spray drying a liquid dispersion of primary particles of
non-fibrillatable fluoropolymer and densifying the granules formed by spray
drying to obtain friable granules.

22, The process of claim 13 wherein the liquid dispersion is aqueous
' and the granules formed by spray drying are further densified.

25 23.  The process of claim 21 or 22 wherein after densification, the
granules are comminuted.

24.  The process of claim 23 wherein the friable granules have a bulk
density of at least 50 g/100cc and average particle size of 5 to 100 micrometers.

25. The process of claim 13 or 15 wherein said spray drying is carried
30 out by atomizing said dispersion in the presence of heated gas below the melting
point of said fluoropolymer.

26:  The process of claim 21 or 22, wherein said densifying is carried
out by mechanical compaction.
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produced by spraying said powder contains substantially equivalent component

concentrations of said fluoropolymer and said at least one other component, as
35 compared to said sprayable powder.
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35.  The sprayable powder according to claim 31, wherein the
difference in component concentrations between a coating produced by spraying
said powder and said sprayable powder is less than 20 %, relative to the
component concentrations of said sprayable powder.

s 36. The sprayable powder according to claim 31, wherein said
particles of said at least one other component are encapsulated by said
fluoropolymer.

37.  The sprayable powder according to claim 31, wherein said at least
one other component is aluminum oxide.

10 38.  The sprayable powder according to claim 31, wherein at least one

other component is aluminum oxide and one other component is mica.

39.  Sprayable powder according to claim 31, comprising 1 to 20 wt %
of particles of said at least one other component in combination with said

fluoropolymer, based on the total weight of fluoropolymer and said component.
15

34



