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SPRAYABLE POANDER OF NON- FI BRI LLATABLE ELUORCPOLYMER FI ELD OF THE | NVENTI ON
This invention relates to non-fibrill aﬂlﬂiﬂm“ﬂwm\ ol yners and nore
particul arl wo §oRsfpr ayabe powders ther ; ND OF TRt ! ON

Fl uor opol ymer resin having properties such*®@®igood chem cal 18 resi st ance,
excel l ent rel ease, good heat resistance and electrical insulation are
desirabl e in a nunber of applications.TRLIBropol ymer powders which are

el ¢f1 ouabl e havepbeefial BYORBEEUINGIARIIG SANMNIRIFSL BUBR Such 2

fry pans, sauce pans, rice cookers, gri akewar e as
nunmerous i ndustrial applications such as fuser rolls or belts for copiers
and printers, and chem cal t5 PBIELROX INMENGION One of the advant ages

for appl yi ng powder Co iR hiebhoon b AtsbiCARHRYnd Sl BrbeNCE of

vol atil e organi c sol] vents thgltp Brgsent envi ronnent a ncerns an
necessitate exFeHCHREY 1o sReebleiPBYdess Betur es. Canadi an patent 1,248, 292
(Bucknmaster et al.) discloses a conventional process for preparation of the
dry powder, in which the agRgoKRs: pl i i 1@nsper sion of the
fluoropolynmer is chemeally treated, w.th a gelling agent whi,le being
agi tated and then trea?glar%oltyﬂle%re%{‘%vfnqQfﬂ?egtéﬁsﬁ'llcé’%ﬁﬁ‘gogrfﬁ’ﬁnﬂc?lqui d (usually a
hal ocar bon) 10 THesstance.exertlant release €god brat sspistance ynd ¢leptricspiobulatiop asar t i cl es,
general | y of avReiedk ipahimbdref spplieatiohs. (Fldorbpdlyoned poivdetOWEitIere melto coagul at e
(aggl onerate) i f i v, icle size of
ARl h@&%&éf&ﬁ&‘ﬁ%ﬂ:‘l l:%?%}égp e LRI SEALAgh ‘ ¢

200 to 3000 mcroneters over a | engt 0 agitatio I'S process is
general |y knowrSa3& Pary Figesseokess, gabls: aphRpkeware giwell apgumenqpeipdysiigl gr anul es
essenti al | y norepblicatibiisesncht dsdyseamolls drdwelts foacapsneshdatinesnpdch¢micds cl ose to
the mel ting;4 enpedeadiny Backirs. [On€ of the! QdvaRakes T&'appl YL bwddr Sodtigsuh Lidhés gr anul es
are val uable fat ucﬁe L. N Sl.{gh RLAcesses, as 30 rpt O¢ S{I n% tand rot ol i ni ng,
they are |ess éqé"f foapnss 1585 |s?‘f§e§tgs)‘fﬂﬁ%ea?r?%‘h?ss.° vﬁ"iéa'@ Rftifes are too Iarge
to make uni f or rn¥iseRmentph confynyamd neeessifate exprasiyg rymadiationprecedwedri nut ed to

amal I ﬁr 8artijcl e sizes, Chiadfin pitert@29830TBUtknR3@r EraMYigisdieredd brillate the
eat hardene . Ip?g! - ; equi prrent
used for apgl y%ﬂpﬁg&éﬁ%ﬁslﬁgﬁﬁﬁﬁﬁ??‘g% 0 r?g%"ﬁ&%?pﬁgﬁjéggd granul es 35

produces ex

& s spohemerization dispersion ef thg fiporapolymes js chemicallyirated Mth@hi ch have poor
handl i ng and cogdlingggat shiebeing agitatedandAlenttizated with h ectef Dumiggiblduci ng

f1 uor opol yner p&ﬁ\ﬂﬁd’li%&d (@Luiﬁ} QEﬁQcaiH&nPTﬁis teAeRtlcae RS pdday(Sai to) . This
ref erence di scltises at 389 Pgﬁ%&g / 08361
Ltob.
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di spersi on of teY¥HPITB Hor 8Hs B’()f’gﬁr@?g?% Hewrers 3 a gas at a

t enper at ur e aboWiSTamEEriEG ¢oagiHaty (sizglomerate) g granules generally hayieg Fol yner, wher eby
the di spersesl sgltagspaticde SeadfeoCRB0aMhicorndtas etr b enpthpgerad ofi ntered

ni cr o- powder Wécg}ikaﬁd?x. Fhfs ?&gsszgée%rﬁﬁkaﬁ%%seiolv%&-' &b %g&{". hgss. Sintered

spherical parti s of the 0 I'nyention are desgcri as useful as
| ubricants and ¥Bier thsiemnplgs “a%‘?ﬁ’l“?liya‘l"i“tfﬂgbqe’ﬁ%% heatadierdyned o EPPEANTSSar t i ¢l es
are suited for ¢owmdietsimelingyenmpetabmodithafjucsopotyart.i ng. But because t hese

particles have been si nygfeqsk feduliad: ptadulReat viiadbiteraske i sutle pldgdsak s es cl ose
to the msltwg to.further tailor the

int. of the.polyner) it i fficult
bar il ors 259 BRcring aad ORRE A ok ks uichy bl lonfid appifudndl TREL | 24107 )
sprayi ng appl i cerepugsare tge laggedo pake ynifors cogtingse J'o bp psehil) the grapulesiareab| e.
Attenpts have bamimide®tolsthaliér@atticle sizbs wiliRb irctedses ogpoindretds pofiitiatecoat i ngs

with multiple c g i | ymer bi nder
di scussed in U. 9’%‘.] %E’g%}g%}’cd gﬁﬁ‘gﬁw%&ggﬁ% Mg&} Mfﬁﬁq ﬁg é\i,uqﬁogpparti cle

di mensi ons of t ped fo5,2pRlyiag the soatiapberamingtion of ngaheat Irdegd 8PS ndi ng or
mlling 15 capajwoliicks @sesaivel fihesrfpartididsdess tap d siicrproeten) mihfch havetpporof coat i ngs
fabricated fro%&mﬁﬁnfinﬂﬁ&tin?%c@i@tﬁg.s al so exhibit segregation in

shi ppi ng, processing and recovery. of Esed owdglr. V\hera ushig"q a F)owder
mxture for el ectrostatﬁ”@ﬁ?b’?‘ﬁtg‘?%@fprf’ A Jﬁ’ﬁ%’ﬁ Hgr ROPvAer R disHoPR e tend to
segregate. The YdéypaeBidshsaSaip).odhisaetarencegdisglopes thao emiaqueasat i ng
conposition when the powder is sprayed on a substrate. 20 Anot her notable
probl em occurs in electrostatic spray coating in conjunction with the
sprayed powder that does not adhere to the target substrate, known as
"overspray". Segregation in the overspray prevents direct rec to the
sprayi ng operation. There remains a need for a uniform corrpojmalﬂmlwmmwﬂw
sprayabl e 25 powder of non-fibrillatable fluoropolyner optio

with ot her conponents that can be produced, in the absence of a pt®Gessi ng
step invol ving hal ocarbon sol vents and/or w thout the necessity of
sintering the particles. SUVWARY OF THE I NVENTION 30 In a first enbodi nent,
this invention provides for sprayabl e powder conprising friable granul es of

o o, o o - o I . o o o



The objects of the present invention nmay be obtained w thout sintering of
20 the particles or the use of hal ocarbon sol vents. BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a schematic of a spray drying system for producing
sprayabl e po\)(ﬂ@%é”@f this invention fromliquid di spersi oreCTgoodBsical |y an
aqueous 25 enbodinent. Fig. 2 is a schematic of a densification system
appl i ed to sSpr aypéikioR of ReIRBFoRthy Rnd ok & ARNiBNEARIR ROWAREMpepdurtNiS

i nvention. Fig. 5 i,S a ﬁchem%to&,&u%u a &Optl nyous sgr%tﬁr# rggécfenm fication
system for pr o&B%‘feﬁ%‘g?} BB SOREFEE AT ET PR RATIYOR® TGS i qui d

di spersion. 3o selidgare coplesgpdjangsiniared to Praducasintercdmicropowdee Wlyatphs at 500X
and 1000X n'agniaf/érgg'ttﬂaﬁi&le siz8 Bp Eilkrhiv@hy or 1655, SiERY sflefica b@l&pﬂw@; ‘E of this
i nventi on. : . OF

| NVENTI O i ity nvfGe o Ll ) aplublenfs S FR T gk S, ;g
li qui d di sper siloesedrartyomrbericalnarticles ansisuited forawressesing b rotamalding 9t i onal |y, at

| east one ot hercagtingyBunbevausedlpsse panddldsyhateiewyintdrel thatdglisdaf hardeged doe r esul t ant
granules of 5 L : i i Il granul es of
t he fl uoropol y?rg‘?‘le% %ﬁg gﬁghgﬂ%{ﬂlﬁﬁpﬁgdsﬂggj& 5)? pl%%{afg?ﬁtf%ﬁ?‘]ll‘%mc and an
aver age parti clt@logfhegatielesize, suchsg ?’ngE‘i“E?ﬁef educgpartiqles fgean; o ypant t hat

t he granul e® caprapieg appdicatiods, aothe pativlky aze espentinlilychon-feable (conmi nut ed) wit hout
fcaES! Ing apfr eg! abl ?‘Aﬁ@rﬁ%tirs]ﬁi@ bed RAdaed ﬂ:[)r_QdIl?é uﬁthea fﬂ?x%ﬁol x:ﬂé‘r Ho%él‘ﬁ]f ion ]91‘ hi
ibrils extending.fro . groun rti,c . e fria anul es o is
nvent s on have caftngt P MR QAR G aeRiorobiFmbl ified pilh BRSSO 1 o
are sonmetines ey digyssedindd Hatenhs 095403 dRav ergd). dn 4R%iIthespagiicle fri abl e
because t he t erdiménions & thesfatulatioh kempinenty aid idytegnai g prinding esillifgan t he

mel L1 g { enper bl il ht QRGN forHE LOCHARY tBlicak@Bbhn dhe S _25
degrees C belo e mﬁl i g tenperature.. If the te eratur(ﬁrgwere above the
f | uor opol yner \Lr%léq i A bi‘?i‘a 3130 GrpibIt sqateeationn shipRing, BIACEFSIHE B34 EENCHr s nt er ed
(that is heat wéinstdpewdet Whenysingatrawdsr miktyrsdorn electrpstativespriaying theoi nt of t he
EOl ymsrzj_ and t kegigsiéndiof fhe Giiktlre tedd tddepRBate.{ Pel sOgredalin RAprddaten Si ze, such as
y grinding, t rtlc . [ r. ons.
VPRl Jaﬁég%tﬁ@ Gh il PR PPl

Therefore, the p > ] Rlig: e characterized as
non- si nt er ¥ paVigtEEnotablsprablem aequpsgn plectrasiaticspraysagtingin proyusFtionWithyr ocesses
produces parti cheespraged/pavgleathatploerrocadherehathe targdn subeteste, khevrpswder gr anul es of
the present i Nvwgidspirh | ihf i carried
out sequenti al Iogﬁééfp?‘gr tgérggeg?yr"ggmﬁ?&?@é%@ﬁ"ﬁ?ﬁ%ﬁ?&?‘%ﬁéﬁ%&&?iﬁ?y of the
granul es to be AEM  as sprayabl e powder for sone 2s applications, such as
in a light bul b coating Ese rewaind aoneed for ahigdrmeempositiontaf sprayabled

f1 uoropol ynsr gR&HEr@hoRfiltillata8R Fubdpslybl JitieHa0{Blefded with®ttéesi r ed. By

densi Tying" | SolEaMlh WL BERRATE i uRUBEALRS fobelog WIS HRALAYL dried
powders. For sgne‘a p'i i catlons, such as coatli ng, |,gsn¥ bu ,bs, nsifying is
desirabl e i n orgloparben solvedts ane/os withaw dhenseassity g Bipiering the gartielehnt i nuous
coating. In particular, the exterior of 30 light bulbs are coated with a

thin filmof nelt-flowabl e fKyMINRRVOETHEANVENTEEN t he surroundi ngs from
shards of gl ass shoul d the as can in the use of heat

Hbul b, by eak,  such ogcur X

| anps to ke&p cooked fool? ‘6?”5“305{"88&%‘é?'\)’?‘i’ﬂf“fpﬁ’é’ﬂef or guayaRjle PPeF o pol yner
powder is spr ayenpusingitiable gunulesdf ogglemeratad primdry particlesnf npwfibilatabldry heat i ng
the resul tant FReERblyfmeRdnd AfledsbodewdRr édmponénd, the foNdkr HAVRAY S bullcieRki
transparent 35 off'atLlQJsPﬂ%'/%g&ranSQ\?eH Q?ani'd@ {98 0510 IRl GRS, such as when
sprayabl e powders ‘are_used as prl reF - coat’s or  used fpr_coatl ng very snmal |
contai ners or paeeRrayepleowder igpisiaplyifieg ofyaterimmiscible inuid, sid YUY be not be
needed. 4 35\O podiér&3 P 88e 6TMRILISHGIRBRIO Incliled ambrgahqsths @bihpdname adei on pr ovi des
an advant ageoug,gRmsd fifed pig&mﬁpm%xm&rmm%m}fpomf hilhfed | | atable
fluoropol ymer, w thout the need for solvent aided coagulation as described
i n Canadi an patent IndétedMihodiareot, thie idveuntionlpeavidel for d eprayahleabwti@nper at ur es
near the melti 'EGmBHéiﬁgﬁﬁ@le‘gﬁﬁul&%fxggéméﬁgdWB&G&E ot 2GRS bAUL I on of the
heat hardened granul es. By elim naftilng sol vent-ai deds coagul ation) there is
no need to enploy gelling agents and water inraiscible |iquids including
hal ocar bon, and thus there is also no néed for expensi ve hal ocar bon
recovery schenes to protect the environnent. Sonme comm nution of the powder
obtai ned by the present invention, however, may be desirable, e.g. to 10
produce powder of an average particle size of 5 to SO mcroneters, but this
is much | ess severe comm nution than required for heat-hardened granul es
and occurs wthout the formation of excessive fines and w thout
fibrillation of the granules form ng the powder. Surprisingly, the sprayed
coating fromthe powder provides inproved transparency, thereby inproving
~both the appearance of coated 15 articles such as a light bulb and its

o, = e T o - Y o ' o o - I



PCT/ USO0/ 08361 not to segregate upon application as conpared to products
formed from'dry bl endi ng processes or conventional coagul ation of

mul ti conponent di spersions (e.g., mechanical coagul ati on and sol vent - ai ded
coagul at i onWO &8 onponent s of the sprayabl e powder are PRTIUSEN0836)
enneshed and the tendency of the conponents not to separate upon

appl i cation aSﬁ%lﬁ%k'ﬂhﬁrdpSlyb@F &fafRadt BnAGthd? AR AT IBRAIERIofopoifher uni formy
bl ended sprayabl e er of "this invention also tends not tpo segregate in
shi ppi ng) pr ocEEY° ﬁﬁ‘ ‘and recovery of scrap powder and provides a nore

uni for m Coat | ng UPON Feifibcn filthés pRRARY FiG prdok i RGalifiepoPr ayabl e pouder

may be conposed of, fria ran J of .flu oI ymers
wher ei n addi t i Siaeble Pﬁ‘ﬁ&%%ﬁ mﬁra ‘qgraéé*aef 8“?’?35‘ %ﬁ?ﬂr%f’hfsp 8? 5pol yner
di spersion &r ﬁ’miltatarbleeﬂuarcmple'nsr adsit Iséist dirdf dther eompdnlentdo oipaih fmables ar e ni xed
prior to spr ay%@ﬂuewmeafaﬁérﬁ&ym pmferamprr@e Jrones u@rﬁnséibié'h'dﬁxﬁ'ah& dhofef

f 1 uor opol yner r anber and spray

dried such thaPrefe%%&b{f Spga%‘fbé’g 1‘5 HDF 3@F%F?qe?n%8¥‘qﬁgh%@b%wners are

formed 15 as tWelué@rpmpetl%Spsﬁjgbl@m@E rion-fibhdatable flgyopstemdnend, Bl ends of

pol ymers and ceptjpiaBitdedsOsndBtheDdompdhdig ah@d&rsifﬁﬂgl\ggﬁﬂuléﬁ&' nore uni form
e

than thoselsor%gomatgwﬁr Bﬁ‘&vﬁ HREAAREER o : DBhsRg sy POVEST S Of

i ndi vi dual com or rra I on tsef ul bl end
that may be pr 8% By mechapigal fﬁ@v%onc @é’dwpﬁgméfhetgrﬂngler Yﬂﬂéﬁ beatsd i s a

uni form bl end egdsté fuumracfbnmgertéed d0ptionzlgleps efivpermdiution anddshtgteatntenpol ymer

bi nder. The sppy 8dLfpIBRWES ichies E'Béixr@cf QIR Gdrkisy &Qfﬁ%eﬁtsizefor%ecmrmonent SIS
useful as a priner layer on nmetal substrates,” primng the surface for the
appl i cation of aé{’ﬁﬁar’tof‘ nal |ayers of fluor opolyrrer coatings. 25 The present
i nvention dfso faciAtother embadiraens pithe inverftion preyideshifor sroawdble pewdasped coati ng
onto the subst héi BbrilBtabl fRBrogollyneYompHbiRg a Biifoen a{ahlsegega&@lermkﬁua‘ | ow

a6 comueiraF Grahls AREHURHAEA iy bhaLESod AbrBURANAGE, (!
hi gh-nelt fl owP#gBs &P %rr%e?rsemc‘&wr%‘ét & BaMsieRe melt-progessililedi sper si ons wi t h

appl i cation of the Be dbpraypf tie piesyt deagivh yianbe dpenaitwidoutsintérmgof i nvent i on

to provide ;5pr g RhiclePOMEESse B halocRibYh divdnts. Of mel t-fl owabl e fl uoropol ymers
providing the nelt flow desired. In this case, the granul es of aggl onerated

primary particles are a mixture of primary particles of different

mel t - flowablefIuoropolyEB!E_Hﬁﬁﬂﬁu‘!hl_ﬂ}éﬂF B DRAWINGSe plurality of

f1 uoropol yners neki ng Rig 1tlb@sdhan@tﬁrofaama>b@yﬁlgmeynﬁrgroﬁmrgeapfa@aum 35 nelt
flow and/or a ﬁb\me?sr (&%? Hklé}lti%p ?rgqnciﬁeld dgss%gloﬁysg%:lrﬁcgl F?Iok\?r\}:jaf@f Lo nt nononers are

used to nmake o this invention
has a charazéteP‘F‘E‘idi“Bc’gpecr fic surface area (SSA) of from 1 - 6 ne/g. As
pol ynmeri zed, raw di spdiigi2dna ghematiclof 8 densifichonGPdtons e kpld@died8361 have

an SSA of fronbg@ders]{g féf@{l&sp%aglg@“g@rstof&gsq&ew@}} esce, the SSA decreases.

The SSA of the spraya A % of. i nvention y #ndrcatron t hat
upon further processing® “Std 888G ﬁ&?’ﬁ' um{sﬁ%ra’bgrrylnlgéif'ésé“\ﬂl?q nei t her nelt
nor produce unéstn Rppredydingsprayabieposders of thisgpxeatinn fnma liqddispasdgedened or
sinter eg pﬁaotl cles 5 (Rifp3LaddedlardieielRpRitc@dn hRARRPRY 41 560X ﬂﬁ&gooxe mel ting
point of the p t U pat ent
3,953,412, is ?1%%3%1 %gﬁﬁ?gyﬁﬁgagﬁgLqggﬁﬁggﬁgggfﬂhggmh Tibrillate and
cause pluggi ng of spraying equipnent. Friability of the inventive granul es
is best illustrated by Figures 4a and 4b that are scanning el ectron

m crogr aphs show ng sprayabl e powders of the to present invention. The
particles appear nore porous than conventional heat hardened particles and
are nore easily densified without producing fibrils or excessive fines.
Powders of this invention have | ess than 10% fines. Referring to Fig.l,
there is schematically shown a system for producing sprayabl e powders of
this invention fromliquid dispersion. The liquid 15 di spersion has a total
solids content of at least 5 weight % preferably fromb5 - 70 wei ght %
nore preferably from 10 -50 wei ght % and nost preferably from 15 45 wei ght
% Spray drying is acconplished by atonPzing liquid feed into a drying
chanber breaking the liquid into a nultiplicity of droplets by centrifuga
ef fect and subjecting the droplets to stream of heated gas to produce
powder 20 particles. Specifically, in this first enbodi nent, an aqueous

di spersion of primary particles of non-fibrillatable fluoropol yner

di spersion and, optionally, at |east one other conponent is punped by a | ow
shear feed punp 1 fromfeed tank 2 through pipe 3 to rotating centrifugal
atom zer 4 (cooled by cooling fan 13) located at the top of the spray dryer
chanber 5 Arr |s supplred to_ chanber S by transportrng arr 25 through pi pe

4



WO 00/58389 PCT/ US00/ 08361 cutter blade 28 and passed through sizing mll
screen 29 to nmechanically separate sprayabl e powder of non-fibril'l atable
pol ymer of friable granules of agglonerated primary particles of a desired
size. DependYPf0/WM% he sel ection of cutter blade and nil| PEEUISEIMN83Ghe

pol ymer particles may require an additional grinding step to achieve a

particle size suitabl epg@FsiRdD bESCRIPEADN OF FHEOVESTIM! be descri bed
bel ow. In another enbo |ma@., The Eﬁ@( dryrng step and the densifying step
RAPYY" 2 ¥

are carried out in cortR¥p "Ht“}d/‘r’é Lepaed YR 9BME Hn with one
anot her, wher eliguitl dspessiomgf nonifibrllgiahl¢ flodrerwlyimer hnd, optinslhygatdessintyi ng zone

for 10 densifi gaki Qhpbhenf opHhallyi6AbRePRELAlifyHE thSrebliEnt$RMmals 6 Yi ng is being

: i )

carried out. A neans for.acco i shi ng. ificatli i1 a _gontinuous
operation is iP# %‘P‘?‘%‘F‘g&‘“{‘?{y : cle _ooﬁ%ad{ﬁégﬁgq@estoﬁBw;@\glrtogﬁywr' ustrated in
Figure 1 with Mhichhevsradniiedensitydhd ot lgra2edl (ec qod inmreveraga parti¢le bie¢ ¢fi St abl e
fl u](c)ropg: ymer ¢4 ﬁm%digﬂogﬁte@pd, optional | é al';l | east one ot her comﬁoxnt , :
preferably aqueous di L s chanber :
but prior to exiting fﬁ%fﬁ%@%g@?ﬁﬁg}&é& g%grfgl%{'g%;eglr’%ﬁ)gfgss! |¥red on an
i ntegrat ed i nt ATiSlE Sigf (fomminged) wythaps causiag apmrecishie particledleforpatioaqudut by
cont act i ng 1bhe agitha furmetsonvdf fibrils estetingfiem the gaghd pdrticlésn@hgfrimblel es. In this
il lustration, .aﬁmlg]& hRentRR BB 2 &Rl1PY: rﬁéést%ﬁ‘é‘t er 31 is supplied with
the aid of supgjfy an 32 10 ,t,ﬁe f1uidjzed %eé, 30 thrqugh pi pe 33. The
tenperature of the air ?6‘“?19&‘&1’?}15&“’(“8{‘:?%S?W?ﬁﬁ“ﬁ??@ﬂ*ﬂé‘ﬂ&“@“ the range of
]tlrom 428:: (220@))\;6@- %ﬁamé@@igzdmﬁdtmgek;?lgwrMeummft;Zméﬁifg of tlhe

uoropol ymer gfag idleys tHah thedhelih Qf 1B Ahdrbyshl ! bl 3€least UOI OpOI yImer
so a5 Mot 'tg calse S plerig ol bDep rraiuiﬁec'Iﬁé,;?i%h’gfﬁgiigga@m%ct s to form
a fluidized bed’ 6t Te grarjufes, i PChe the® Corrsi on ILnteracti on between
particles causd&&orpdypeaslinedampasiusibe prathscroyldibeifugsd ar smerpdthatc| s of
non-fi bri || at alid leaf Haxdenaiod teyperatuan dlosotptthamelidgpoira bf the pslymemendot her

conponent havi mghdy dGRSIIEY i@ihethildr SRTartiefddiz: MGCasty orihdlhS 1SHBQRE MENT .
Alternately the fl uigdized. bed ma¥ pge loca.Q%d ext](;:r nalcl tof he sepfay dry
chanber and ac@BWHIE OF CHRRSPRY WA FPRITHORS Rt Ahopendrag %’gpfefél e size
andl or densi0t y ifivgntion mayrbeicharactgrizgDasmopisintssadipowders. e sidigring esrfsingopt i onal
3 t elesf _mayt be am@éﬁu iﬁgdémtﬂ?&ﬁ@@s/ﬁwucwamcrek ﬂ&ing/éfsbﬁ’d’ricﬂﬁh?))é, dma¢aegt and/ or

ensi fication, e ] conmmi nution or
both may be usécf.p%l‘—’@gartgg?n(r{%% ﬁeﬁ%{)gelgegﬂgg%gg? ﬁ@egﬁg%l?nsz‘g%' further

densi fication. Convent TRsfigpsifyingyteq e3rripthouteqamentially afien e spray,ding stegy ced
convecti on overniancadindnbilitnef thogramiks cobaneefl arpraydble pwidetfopdoaiee

(conducti on)s dry@fca@ing, sdch &% & At BulBSodtfal hppisatiol ¢ WHiEh &ly Hadd Rdeagas to form
fluidized beds fﬁs dllscussed abO\Sfe. Deggn |nr? on.t%e %a tlugul z%lrg »

f1 uor opol yner , "WERPOYRELAES = F eségﬁﬁ PUEOTPLST ™ B BT et 7Y 5 hour s at

t enper at ur es ofis meaghthg O@reasesnbwtk dansity of theoay dripdipowdsrsafigr wp8nt at ti nes

and/ or terrpelr atapplRatidn8 SuEH dsebing ligkt b'ﬁl'bB,tdaifisifEri’xig iRkitdblel iR Srderltbe 9 - WO f
001 58389 PCTI U A I i ri ] 1.ON: .S @ NMeans o
reduci ng the p?g&%ﬁ?ﬁ%{@@(l kﬁd&%gﬁ,gﬁﬁgﬁo Sg%ﬁ%z?{)a%{ﬂgr’ﬁg%%xg%g}gﬁ gri ndi ng
are suitabl¥. Sshthpthsee ouatiwitsa tin fmofimpltdomabla fnerprelemer soProtegt t o
substrates by dorsuaotridomgs from/skards i gtast shouls fredyibhbeeak esottrdsgarescestioh as
triboelectric S a¥bfitaOhmps t6 REPRBoIER FEIHAGin f@d%&ﬁzinﬁ'f&ﬂltbés.& he powders of

this invention have . nproved .fl uidit nd ar.e capabl e, of hi eyi ng hi gher
£1m bui I ds on TUQREHYEPENIE ‘F]Wg;eyfﬁgg%m T G SR R BT SO Y ormonent
powder s of t hi dieatipgahetresuliard povidsr centing ofusedt intgricpgfinapesething yangparentappl i cat i on
thereby prossi diffigropBlyRetbdhd @l M SBEappIBSHE, sGEHAS Whad §Fayably pblidess dré 1S neant
that the coating @JsﬁﬂHx%Fc%at?\ér ?s%?(%'c%n%b% Bﬁéﬁf’c%htaf?lf rs'P !éml[xé}ve““ on

cont ai ns substan?ta_ y “equival'ent concentrat] ons orf 5oropo yner conponent
and ot her conpdisesifying afer seghfainednaydenpidepEidkd-spr ayabl e powder. The
difference in conponent concentrations between a coating produced by
sprayi ng the powder and the bul k sprayable powder is | ess than 20 %
relative to the conponent concentrations of the sprayable powder, and
preferably |l ess than 15 10% Further, tHe nulticonponent products of this

i nvention which do not adhere to a target substrate during electrostatic
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

mul tilayer fl uoropolyner coating system Such coatings have application to
cookware articles such as fry pans, sauce pans, rice cookers, grills, and
bakeware as well as to nunerous industrial applications such as fuser rolls
or belts for copiers and printers, |ight bul bs or heating | anps, chem cal
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25 produce m cropowders. These fluoropolyners also generally have a nelt
viscosity Ix 10l Pas to 1 x 106 Pas at 3?2C. Melt viscosities are

determ ned by the nmeasurenent of nelt flowrata in accordance with the
procedur e oV XYPRID1238 nodified as set forth in Canadi an PFA{UEMN08361248 292
and converting the resultant nmelt flowrate to nelt viscosity by the

cal cul ation given bel opys, Bkhes3f iPRhNEpravildieh déanibdoudéBrgitol imted to
t hose based on t hewgr ou%éo; @o)é#msgaf) ?{lovvn as tetra Lhuor oft h&yLeng (TFE)
pol ymers. The FOPYREPEMIAY! BE-GTITE Ie u_ﬁ%’??}??@?ri’% WS PegEEed” S egr adat i on
of hi gher nol egidé¢caoagwitiphias geperibed insCanadiam patens d12¢$292% andgithgdeherbmopol yrer s
of TFE (PTFE) Rd8enti2®texipRiairddinedritie méliifly Soietldf HERblymeOMd 8iiseqlentons of
copol yneri z%tél e m)ldl {.%gr}gl?e%%wgds 5‘%&0 }3§u‘lﬁpate pglgvgrﬁ_ntd)edt hat the resins
remai n non- frel FOPPEERTST 51 T B F & B RSP s fonomer can be,
far exanpl e, heoagplptiasn Bsredpya resd to emioy, eelinerpenyand patepimiseiblo| ) et her
( E:DVE) , pfe:’f | unguid iholhding hytdcarben, ahd thus iHEreQOAIBSRARPOT £pBAiN08361 .
chlorotrifluor ﬁmqég t S roups into
t he nol ecul e. gﬁé%ﬁg&%s %@glggt? 'S ?ﬁ,\%g{}l‘{?lﬁgﬁklﬁhé ug‘g&g%ltﬁﬁtﬁ%f%se deri ved
from suspensi ofepeV§sTebtangg by the Rregent yRRtOR K B! BRAssiablet 6840 Hi gh
_m)l gac_ul ar wel gh;odﬁbﬂ%ﬁwd& ofi srealvefage particle sip@(_vﬂetp 50 mig&uab$,>bu§thbjiect ed_ t o~
and enhances. 1 [y opcpeietae iRkl Bibea Rt gahlibd diao Bt nl no
ol yrror | 2at 1 on Bl b uign R Se R SR 8 oSSR e
deaggl omer at i ograptles fommipg the ppwdesy Sumdsinglpythe speayedesatipoiom depawddrzat i on
proc e; IS I't i spiviies RYEeich ensharent] tieresy iﬁ@ro}ﬁﬁ bath'tRedppyaringe &D:O_E’EEH:EhOf
sui t abl e vi,scosj: - : . [ t he
emul si on pol yrregllr“itcpzé% |ggpg{1%gé{§l§ta§%ﬁﬁ%§%§/&tﬂﬁg% &ﬁ%@?gﬁﬁéﬂ%ﬂé@ in US.
patent 3, 956, 0PPW{sKEHfitals tyventjon alsesuprisnely rovifeihe abiy hFMARIERer | | at abl e
f1 uor opol yner s codtiags witlyhipleer bsibid than cotviestidnabsprayabdepawidetsude per f | uor oal koxy
Dol y1 et raf | uor get ny | Sk SREEUR phtsaibiiniiifor b ) destibet BpoRGHIaDowRt O1

y u i | uor | . .
et hyl ene/ t et raf?ﬂﬁsgﬁr‘lﬁ%lgﬁéx‘gﬁp%%ﬁﬂ%?erf Ejay B CI%st%g']?%ﬁtérfuafable
chl orot ri f 1200r deetapoluner andOptieally@plshsy aeg other sempdnawsy e poWdeehavinghponent i s
\g,;ﬁ_neL ally ﬁommﬁ s-ieadgb;sm?walsihabﬂﬂoaeo MiclbIBQEE, Prefetalily 10 tdB0MikipRters, N w?t er,
vhi ch is the pr [ ention for
ease of appli cht?clI %%Jlggﬁlsﬁ]{)}:a& %%sgﬁﬁg@%%gﬁﬁ%%tll%?t yﬁbé&!j}?’dﬂ&@\é rsion" is
meant that t heProfRiglvpdeashise/| Pescrand megt paterably afeast THed Becs Bamoles he aqueous
medi um so t hatem_bedimb@tnm bﬂvemihapmidbs: fokgsprntab]g poeder oaoprisingi ftidhle t_he time
when the digpershoRs ¥ debloRErattd SHmatyPaficles oLk RSibENatiHE smal | size of the
fl uoropol ynmer parti ‘gl esrélgl t(s)lo [ ef e ed t@ﬂ_@s @r |ﬂmarg far tcl cl ense}“f typically
on 25 the or defNBPPYYBeARE RSt die Sthenpp-ortlatahls TyerotqR R SPRRYMY 1 he
aqueous di sper Shesprigpblelpewdsr opsinventionsin arfefeably izge of Baehimmisgble si ons can be
obt ai ne;:lI di ][eﬂlih&idb)fnddlﬁmgﬂfeih@@l‘&soﬂﬂ[ﬁéﬂb&ﬁaxﬂiiﬁpﬂ&&ﬁéﬂ’bfl@ﬂ!iyg@eh@?ti on],c
optionally fo ition of surfactant.

f&%’@&%ﬁ%ﬁ%ﬁ“ bh AT AR Sl DL ofif

Al ternatively, ynmer conp oropol ynmer 30 powder

such as PTRER nidBregidrpailiration piogass torpcigeethe pagtiglesiza dssited- or ganic” liquid is

used in order to achj 1Nt g ' fl ymer and if
desired, high tenperﬁgtﬁ%érg%igég‘{%etlgﬁ%p??g’%kg‘?g%?%%félr%wa%ga_g{ gapic liquid is
not a hal ocar bdWotopelymer haying frinbls-grnglep Pé‘iﬁgﬂ’“ﬁﬁ?d@é‘m@w&é‘@ﬁ ®88tause a desired
bi nder di ssol vdmoiopolyinai copined with athed dogupbukntslafe dakily poodudek:. Speayatde di ssol ved

within the |iqy i i - epfed by Haling Eonpiess aRA abe
di spersed wt h%&%ﬁ%%ﬁ%ﬁ?ﬁ%@#gg{mh%?ﬁ pﬁgﬁj.@h%g%ﬁs{%l tiint copposition
can conpris¥ f ITHSPoRBIEHRINd gihepafdiives to thedjoiddispersiop gF Huoropg yﬁbelr%fgf bi nder,
ei t her di sper setray dryitge with gptiogalstepsiofsisadification, heap repsment endhesiringipdionh e
idnti rrgt izm xt U{/a\%d%g?%erd%gove:rbﬁra%bw;ﬁm% ioﬁﬁlﬂs@ﬁveﬂtiontsz@)eﬁrv\gml’imﬁ?;bléﬂui d }NI N
epen - - e pol yner
bi nder and whethe oréemg f(%%l gﬁérggg%ngggoﬁédgﬁaﬁt%%{gg"é’#cqfcg&h%ﬁséf@éeiilrd Exanpl es of
such liquids include N nethylpyrrolidone, butyrolactone, high boiling
aromati c solvents, alcohols, mxtures tRereof, anmpng others. The anount of
the organic liquid wll depend on the flow characteristics desired for the
particul ar coating operation. O her Conponents Sprayable powder of the
present invention may contain in addition to fluoropolynmer, a high
tenperature resistant pol yner binder. The binder conponent conprises a
polymer that is filmform ng upon heating to fusion, is thermally stable,
and has a sustained tenperature use of at |east about 140C. A binder is
wel | known for use in nonstick finishes for adhering fluoropolymer to
substrates and for filmformng. The binder is generally non-fluorine

T ] B o o v o o o p—



30 prior to spray drying. O a liquid dispersion of the additive can be

m xed with the fluoropol ymer dispersion or punped to the drying chanber as
a separate dispersion. Exanples of suitable fillers include inorganic

oxi des, nitrw@ewssisdori des and carbi des of zirconium tant @crrgsodass@ni um
tungsten, boron, and alum numas well as glass fl ake, gI ass bead, gl ass
fiber, alumnumor zirconiumsilicate, 35 ne rretal fiber)
fine ceranic pdiRHEsEereeals ?@Bﬁpﬂicﬁ%n&éco‘?‘?aféﬁ? BWFIEﬁt%ga? °H‘a‘?‘i"um sul f at e,
tal c, carbon bldaRingereessena conventivmal coaguldtion gfmﬁltlptohgpathEBQmpul yesters,

and D0| yi m des.(g., ﬁx%chanma%@a@ﬁﬂtéﬁ&&ﬂsoﬁ@f lahéﬁ@%&ﬁﬁﬁénﬁ%ﬁé@n@&éé&' d2SS
oL Do oS 51 S bbb eh b R B S bR Lo e 1

wt % based on the
content of fi ucﬂowemeytmot@uswﬂn@mpme'at@naé@maﬂnz]@defgmwpmanca||y, and
are stated in Weggdise dhenniffitmlckledded §iayable gowder of thEohvetifonalid IquI d.

Fl uor opol yrer s r

di spersion in tle‘?l REAO% ?‘F%f%{%q{l ﬁlé@pn (?ORIOIJ:F"%@{E JOL&QQP&?A?YPIE\%er aﬁﬁ and raw
di spersi on par threyides @jmase pifopmcosting ppoyyplepsestatio syaYiRgnonet er s, the resin
havi ng a PPVE cont ent dikefvisethe3pfayablefhobrdet mayciedompased bfﬁxhlﬂu\/grraaila of from

9.7 -17.7 ngasyrq l\ﬁﬁht):‘)’ggfﬁo%f)ofy%r r@kﬁ%d@fno@éﬁ%&&fg g@q{k{eﬁ

described in at e 292 to melt VI scosity
(M) by the reltg?a’g ikl °H\$’?7m¢f§§PCI%9fl\ﬁfﬁ‘“R}m%‘:’fSH\?ﬁ?“P§ ffefﬁ Mits of g/10 nin

and MV is in urflutpolymeGIareaixed post@spiiyinge dtemnately, miFiplededEofd uor opol yner
resin di spersi Gilurality 6Bil6drophilyinier dispeddibrdinay®8 b@ipedd tHe'dByihgdchambet ndt . % and

ROPS of T om 1985 afied R IAIRERE BrandifCora Qi B AP fahe it SNt of

from3.0 - 3.8 asured at 372C

by the met hbd cﬂ”ﬁmciﬁﬂ%@“?fﬁawp%@y%dé@tbﬁ|Qi@&15|°ﬁp@ﬁﬁ§ﬁ“§n pat ent

1, 248, 292. PFA-@mgpspesisined by usiig-hisRR¢htidnl anomage ahiforer tharathose fekimggper si on i n

water with a 2%y%@h*quoxﬁpﬂEﬁﬁﬁlcQfmefh(:»%f%%naméBomers o{i’irﬁﬂqdﬁpps of from 150 -

250 nanoneters, the I‘ESI n a\él r}g a .PPVE content of from2.9 - 3.6 w. % and
a nelt flow rat@ BPIPRARFLPoyder Brmatigh oo\ \red at 372C by the net hod of ASTM

D1238 nmodi fi ed as des©ng pwdciplly uSeflhi¢éndthap mex be prepapetihy2sing 80 FEP - 1

di spersion 2o REaEhﬂdEPoffmluvaemhymnnfe@xsblenwam&rowmeﬂdﬁdﬂ@her with a solids

content of fro ters, the
resin having an%‘ﬁéﬁam s:{a%latm %@‘?’Fggﬁ Ong ngélgg? ﬁ?‘gde‘f/fom dﬁ% flowrate
of fromo0.3 - 10mb W’é‘é‘é‘lﬂ éama?neetwesw%Sﬁ@rlwalmo’e)mes&sﬂpm@qszss nmodi fi ed as
descri bed i n Comningithe pafaeefor heaABic28d. of 3dlitiemfl-12yeth f fleorspalymer- TFE/ HFP

fl uoropol yner r@ghasdi spersion in water with a solids content of from 33-39

w. % and S of r%r 210. n te resin. having an HFP cont ent
of from10.% - 13.2 thf%%’fg?%a‘ IgvERliph Ay %W“’f“&% {Be &6 fzf“s‘“g_ P 8380

PCTI USO0I 08361 Spragef gpatieg antojthe substaies sichds alighn bl lb'yen@bi@g thetrgdicfloyd  ASTM

D- 1238 nodi fi ectharacterisic hiddedifok parfiaila sibatatgab BééusibmiAS, ﬁ&?exad?ﬂ' [EE di spersion

-- TFE fluor ODOJomgﬁ;%J@sawmagiewm Abw! v el gklé\ﬁ'oamh@ﬁ ligon content of

30 - 60 W% sta ravi according to ASTM
D4895 and RDPS r"PPB’f‘HeU °i‘7b°%? 1“"%%:'#%‘!15&‘@%'0“%]? aRrbisaiiop ofthe per si on - -
TFE f 1 uor op#d y repray desngidedsifjivey cpemtion of thimineention totpravideadptagisblepovedent of 30 -
35 % a nelt drh %Maﬂﬁi @f[ﬁélt—ﬁ&»@dmeqrugl%pagqcﬁ ﬁ%@!vﬁh%ﬁﬁ‘éé&lpﬂo&%sﬁ@& tI'nC| e si ze
(RDPS) of f rom, me n% % %f

al um num oxi de "dF §5& 37 BRM'S orf?$ e ?‘Epém?rwag’c aFﬁ”c‘P'éH’é? rpélma%/al I abI e
from Baystate A&?Fttf Oéélffe@@ mgit-flowablg AuprgpelpmersieThei diffesense Setwegnethe i cl e si ze

0. 3-0.5 m cr ongil@slity offledr@binters hakilgAptiepowderai bdé S@mlyskff&teBin aver age

particle si i o) ids. Titanium
di oxi de, avgs)(raaéhe“é}t %Brvg%ﬁ(r{)gta?!f%éeng% Ciﬁl&?%agﬁ{gé‘e ¢ cg@gljl&ﬁ%gqhog%a | - PURE R-961
from The DuPontYS 'ﬁ]ﬁ%ﬁlf‘fz°“°2‘§ﬂ§q“i°f96?lly'é’5ﬁsbl de, average particle size up to
4.0 mcroneters (nmax. )pray@ld:wb/haaftmnﬁnpomasé:ohqnmmﬁnmcclﬁhtramari ne Bl ue
pi gnent  di sper sy@ibe 2R3 égs&?o@ﬁ%!nzle— A% ASHNBLBEE ravrdigletd dardcleem Akzo

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

avail abl e from BASF 1%




WD 00/ 58389 PCT/ US00/ 08361 Pol yanmide imde - a 36 w% solution of PAl resin
in an NWVP-based sol vent cont ai ni ng naptha and butyl alcohol in ratio

NVP/ napt ha/ al cohol = 40.5121.5/2.0 (grade PD-10629, Phel ps- Dodge Magnet
Wre Co.)  XPIHNa8 partl cle size of powder particles was %%E‘%@@“by | aser
| ight scattering on dry particles, (using the Mcrotrac 1 O 1 Laser

Particl e Countiive aR8BA lofRbM 10 -aMn?Re O tite peeticld3kotdesce} tiib SBASdeRases. Honeywel |

Cor por ation) .l ds/ 8L Lyt HSUEL B ARTnIASL BBhoBichl e pfle” We! aed 100

m gl ass gradu cyl i nder and
| evel ed at loof”ﬁ'f‘eflpé‘?Féfsmgnﬂwb\éi s;wéalg, tfaapazﬂdeﬁe lingithes mel perrlycs n g per
100cc. Speci fi endesifebledimesare SSA9Aronventibehldieai haridnddir sigtetedparticles edur es

descri bed '9 o GO, Rt Benc HIEREe neram%Qnat{tutqeug ﬂtﬁtmﬁ pgt:ﬂ@ér ), SRAC i s used

i nst ead of m nut.es a ner a tes small er
f undament al pa?sttf‘?,sFQI"QP‘ieQ ac?fﬁ?ﬁ)@ég A 't‘f lﬁFft Flb Powder
from Apueous Dpmtidessensito Sprillatapideamentigging gf spraypgrequipingntf eedi ng, in
accordance with the e'ﬂﬂﬁtll%f@leflfl%ﬁmgr%'l@@s%eh‘t%&at@@w{ @xre?@b in Table 1,

aqueous di spersi £ f flu nat e tio conponent s
to a spray dry®f ‘{%vffﬁ sc?n?ﬁdlﬁy‘ltr?n m'l‘—:foﬁmp_ﬁts Sﬂ&‘df"g fcé’é’wfer§’ °Pﬂ%ﬁe spray
dryer used !Ps preeeat lnﬁ@tlo’avaThea’Bllﬂélef ARPAYL ATDGE mmrsmea@on\fent;onal hghawanda, NY.
For Exanpl e 8, hdrlihes parfiylesinyl @fe mhdie SaslipiadgiditOwithdi® probucidgyteilRpD- 52 al so

avai | abl e fro”b:éﬁ’\éweﬁtg %%?&'&tﬂ%%ﬁ%ﬁtﬁ@%vgé%smﬁﬁ%ﬁlmtOth the

centrifugal atom zer alr envel ope where

the dispersion is rapitafrigggdis: &’éléf’? IS SEepAtiGHaY §}‘°i§’&ratsf’%f'%§°’t hat begin to
aggl oner at e anproducinghpraysatge pdvelers o ésciomdntidinfram djhuit dispasiemibBre.ligideci f i ¢

process congl tHi@ﬁb?mé’i{l%sla&&il%ghds'@odt@th|o?atleahtr!ﬁlvéi§1" ?efgraﬂtﬁﬁaersatwre at the
inlet to the c or;’é; atlﬁg speed of

the atonizer a?“t’gggﬁ P ’%%“Pf"&}‘tf?‘t’)hf’%'ﬂgh %Oh‘%"‘%}‘hé%‘ﬁrm 6v&§ré1¥’1y artixl es having
bul k densiti es4} weightdor §Pf‘gledlafngf19rWH?IMISh@@YgFOBO@@&hW‘éfCS‘e%%t ed froma gas
stream of wat edryigphimisen dreakifig the liguil aghomakiphdig o«faﬂobeetb@dcﬁtﬁﬁxgilurt her

pr ocessi ng. m%&f&ﬁrgﬁ@taﬁmﬁﬁmg& SFileitly ARWEhalhpsaen Of the e ght

conpositions are art c es les 1-7 from
the spray dfyeParfles Sppeifieellyant st g# > PREAGHERYS ¢ apertfemfa %Bh. The

particles are paticlesofaon-Gbtillaabiepfaotapolymrodisiersidr a6 ®p@nallz.atkagope suppl i ed

IlglygThg FITL 2 p?g Hh@tkco BRANN pu mglra%w lsteaaﬁe@,ﬁtamagarxﬁ flelt ﬁnléb'tl%ﬁghgt \e;ﬁi LE

acts to r educep’tpﬁg?g?gagm%’?mb%f %?ﬂﬁtf"%%&?@f’%le%@ ‘toPt\ %ﬂgﬂf%ca{ed & 001 58389

PCT/ US00/ 08361 tapefihespiap dryethhmbey So dvitcis siepplieshicl elrambar § b transpditiRd sy a density

inther gd@ Othréifgh bipt 69%id0Re aﬁ@oﬂtﬂﬁbﬂ? fahl anf A&biag! the Alr Oy dlted fisddglaig M | |

SCreen. ar ac i | seven
L@r’ﬁ{er%t ﬁxg hQJted.Ia;fgs[:ggyag &)ﬁ)q% ?ag \éggt{ng vagfot Sﬁ&ﬂeBEﬁ $ Dxed

conpositions are Jiste f Exanpl es

artl
1-7 are f urt hefoPfEatRNd@pPrexigately fhe ‘t??ergj?‘}ﬂﬁ(?lf e[ﬁierte‘@eé"é‘gf’ f’f M I I ( ACM
30 or ACM 10 oheat@Mirdntasiuerdtiatd Yhe charaber &bh ShefrangernfHosw RE0RE (MILE)In Povxder

Systems, Summ ‘860°N%460¢@Fan§ rttiéch%ﬁaﬁr é?vaeIS 1Y a@ﬁ%fa@&tcnﬂ&@ﬁﬂref df%@OqFQRSLﬁn d

grlndlng as, des non-f.i bri |\l at.abl e

1 Lor opal yiBr R THE SR ESioR R 8f‘gh0°gg\,\t?§ﬁ%loaa‘t'%‘der4mtr‘faﬂfeyh(’gart| cles,
bei ng free of RavelopaP Hdare|thegyatet is qqadfngp«alz g the nslr@enmrtlg}es&pgmo - 88 g/l
OQcc and an avegdgiferta o @laﬁgespamct@ftzezsaxﬁh&{ﬁnrae@aaaatderosmwﬁi!ﬂwr acteristics

of the ground 0 ) A8 din TabI e
3. Exanpl es 1 %mﬁ s 6 ol bl R ff%%%%ép@f‘g B0 heRhE o
singl e fl uor op8iithRers %ﬁ'ﬁ@ﬁ%‘fﬁ""mm@a‘fﬁ%féﬂ‘hﬁ‘f \pritif, BQ vy dgF pagti 'b“*reéyg*tﬂ

f 1 uor opol yresr thangevwibere tha &dmpemtuge ism the rangbéfdroch 220°F (W64T0) @3 @3B| yner

conponents. Exgib®). SDhdd lﬂ%&f)ﬁE&«.§ twaambbent,faaas@mt}{m@hmder that is a

uni form bl end f fI or roduce a pignented
conposi ti on. g“f%%?ff’t/fg%ﬁéfmg‘% '%fﬁflﬁri}%‘fa S"?ﬁ%%ﬁﬁ’@ lg'megv\der that is a
uni f orm bl end bfkefwsadhetgmwmresmthhloanr wqﬁtyfngaﬁtflesmn-qi@mg@ﬁpasqt\tﬁ &dn car bi de.
Exanple 7 illustrates 20 sprayabl e fluoropol ymer powder that is a uniform
bl end of fluoropolymer with an inorgani¢ filler of graphite. Exanple 8
illustrates sprayable fluoropolynmer powder that is a uniform bl end of
fluoropolynmer with the thermal stabilizer tin, which can be used after
spray drying w thout further processing having a bulk density of 21 g/100cc
and an average particle size of 25 mcroneters. 25 Mcrographs, Figs. 4a
and 4b are provided for the sprayabl e powder produced in Exanple 2. The
particles are shown after spray drying, densification and grinding. The
powder has a SSA of 5.22. The non-segregatable nature of the sprayable

fl uoropol yner bl ends produced in Exanples 5-8 is denonstrated by conparing
them to standard 30 rrechanl caI I 'y bI ended poI yners. Cormer Ci aI PFA pOV\der

o o o b o o o o Y ~ o - ..



18 WO 00/58389 Table 1 - Water based, spray drvins cont'd PCTNS00108361
Ex. 4Ex. SEY. 6Ex. 7Ex ~. 8 Dispersion -Bl endsSO% PFA-3 + SO% FEP-1 PFA-I" +
3% Ti02 (Pigment)PFA-1 + 8% SiC (Filler)PFA-2 + 8% graphite (Filler)PFA-3 +
1% Sn ( St abi Mozeis38Nponent # 1100 g PFA-3100 g PFA-11 00 gr®EFscbbé¥e: g

PFA- 2100 g PFA- 3Conponent #297 g FEP-11.0S g T023.04 g SiC30.4 g G aphite
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Dried Powder Exi 348092 @ucRRANEICE aF)Fhe géwdeF ParliclEdaft fee of halocarbon liquid
and free of gelling agent.
Alternately, the dispersion of primary particles of non—fibrillatable
10 fluoropolymer fed to the drying chamber may include a water miscible organic
solvent as the liquid component instead of or in addition to water, Suitable
organic solvents include N-methyl pyrrolidone and methyl isobuty! ketone among
others. The organic solvent is not a halocarbon liquid. If an organic solvent is
used as the liquid, hot nitrogen gas in the range of 900 to 1000 kg/hr at a feed rate
15 ratio of nitrogen to organic solvent dispersion of about 15-35:1 is introduced into
the chamber as a drying gas to create a hot gas envelope having a temperature of
from 554°F (290°C) to 572°F (300°C). However, the exposure time of the
particles to the high drying gas temperatures is insufficient to cause sintering of
the polymers. Powder particles are separated from the gas stream in a baghouse
20  asdescribed above. However, the nitrogen gas and the organic solvent are passed
through a condenser (not shown) where the solvent is recovered and processed
separately and the solvent free nitrogen gas is recovered and recycled in the spray
drying system in a closed loop system.
In the preferred embodiment of this invention, powder particles are
25  further densified after spray drying. Such further densification is desirable if
powder particles exiting the spray dryer have a density that is lower than desired
for a particular application. One means to accomplish densification is
schematically shown in Figure 2. Powder particles that have been formed by the
spray drying process described above are placed in feed hopper 20 and are fed by
30  horizontal feed screw 21 to a mechanical compaction process. Powder particles
pass from horizontal feed screw 21 to vertical feed screw 22 which, with the aid of
a vacuum deaeration system, feeds the powder between compaction rollers 23, 24.
The deaeration system is illustrated by vacuum pump 25 and suction hose 26
having two receiving sections 27, 27a from vertical screw 22. The compaction
35  rolls are equipped with interlocking grooves or fingers (not shown) which subject
the powder to mechanical pressure in the ranges of 650 — 1500 psig (4.5 - 10.3
MPa), preferably from 1000 — 1100 psig (6.9 — 7.6 MPa) causing the powder to
pelletize. Polymer pellets exiting the compaction rolls are subjected to a rotary
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step are carried out in corresponding zones in gravity communication with one
another, wherein the spray dried particles fall into the densifying zone for

10  densification in a continuous operation as the spray drying is being carried out. A
means for accomplishing densification in a continuous operation is illustrated in
Fig. 3. Analogous to the system illustrated in Figure 1 with like components
designated as primes, non-fibrillatable fluoropolymer dispersion and, optionally,
at least one other component, preferably aqueous dispersion, is introduced into

15  spray dry chamber 5, but prior to exiting the chamber, powder particles are
densified on an integrated internal fluidized bed 30. Densification is carried out

WO

by contacting the granules with heated gas to agitate the granules. In this
illustration, air which has been heated by air heater 31 is supplied with the aid of
supply fan 32 to the fluidized bed 30 through pipe 33. The temperature of the air

20 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 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

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

To achieve desired particle size and/or density for a particular

30  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
densification. Conventional tray drying methods using either a forced convection
oven or combining forced convection with a hot plate (conduction) dryer are

35  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
any event at times and/or temperatures insufficient to sinter the particles. The
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Sprayable powders of this invention may be used as a single coating, or in

20 a multilayer 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° Pa's 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
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Alternatively, the fluoropolymer component may be a fluoropolymer

30 powder such as PTFE micropowder. In which case, typically an organic liquid is
used in order to achieve an intimate mixture of fluoropolymer and if desired, high
temperature resistant polymer binder. The organic liquid is not a halocarbon
liquid. The organic liquid may be chosen because a desired binder dissolves in
that particular liquid. If the binder is not dissolved within the liquid, then 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
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Exanple 12. 13 - Effect of Heat Treatnment Two products of sprayabl e powder
of non-fibri'llatable fluoropolyner are prepared, with properties and
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in certain sprigyddd s BN vh BtSise ﬁhonstlmwé%a&cm@hﬁm&ayzﬁrt@ct of Heat

Treat ment on 13Pk Heat

Trcat nent -l E A b St orbsfe e S i chi A iRl SBTER [on
Tenperat ure, Iﬁﬁyelﬁ‘ gres§ 3 flupippaly mein Expiples ofiehepolisnrss imeladexsopr 5Gr anul ar
After Heat Tr embreil) polyshlfdoeddehich e amGephoed théihoplalid pdtersiwithiang Par anctcr -

Air dassifi er%ttéaq.*ahmonﬁaﬁﬁé#am@%%b%ﬁpl 830 E\dY S%Ltsiﬂefsreﬂt%'&é%m;&%%d%f Bul k
Density G ans/

7 P romet er s2337
PCT/ US00/ 08361“"%%%&4&‘25" ‘%A\y‘i@g’ BF@H&?‘E"&%@ 204 wéﬁﬁéffa?m"@’hﬁtﬁ/\der from
Sol vent Di sperﬁpmpeptncaanémees witwelglassitengitiendemestatirg of abodi 23¢°C and aaccor dance
with the two didfapeetinpeRiROSHide@R SRR 2 Brd°d,113) ﬂ?’ pBernYlend di spersion of

fLuor opol yrrer o leloh S5l . QLAY Ay Ellmbr BEh gt e 11 Bxaml e

15) and, as deS| 8 one 0 a spra i/ a schematic
of which i201 G@ﬁéﬁﬂﬁ qfigbauit §80°€ andhp §‘h‘tatfﬁé tegyperapire %quet?zﬁﬁb% 003¢ to ogen gas
i's used in pl azA9°0f (4ypdlyimides,polyaintiaimidec(PAl)shd/od pplyayis taeitsdlowhitlecycl i ng

nitrogen and rgmoyalth B&yéﬁ’ihé’ fald, WlcR mn‘&@?&&ssluﬁg @HPB&Yxﬁ?oftﬁ@@oaﬁﬂ’éf Vgﬂanber

di spersi on pas thr e centrl a at om

into a hot ni ttogstf@ aé’a‘éﬁ]‘f\%‘é st % Wéerali’cé ‘é‘Fé‘t%‘ﬁesfgfe?rsg?p dly vaporized
into primary pmﬂtngcﬁlﬂlaﬂ&s tﬂia@fﬂhﬁégpqtym@s arg theomallystable 6d dimgnsienalliur i ng t hei r
descent theoughabldi@ iéhmpddats withie e bistaitcd 686iSe LAFnH ibOIBF, Adehdylatd €d in

rabl e 9 1 1ol udl0g AEPIR0 IaTmESTRERILIFh bliCali Slrudp (e chanber and

at the outlet o I'ng s om Zer and nitrogen
f1ow t hrough the chambefn add§igaé the Spqrppal Ségertfavmw&nbww‘d@ﬁ%wcter-“es in the
range of 38 40phjéieain morzasie filiers fidd hﬁxﬂamsapxgmsntstsfaBIamroindsmtevent vapor and

gas in a baghoysg 329 SR o e8P B ik wca BthMRFED gd,smrficteri sti cs
of the sprﬁé drie I ons ,ar isted in

OSI
Sol o PR hactin BRnt Des By Slperiaar Vtﬁégfgbt E‘f e F5B B equire
further densufﬂw@nf)émnerldaa«trsmrr@rantmmtomhﬂdrmmmpmnscmrabﬁe useful as a
primer conposi aﬂsmldrpmxamﬁatmsumt&ﬁlreasttacluﬁxmﬁna okftleb, Inktti8ds] Wiridss spr ayabl e

PCT! USo010836140 daiespdf e jﬁhﬁﬁrt&@ b olen o 10 SRERED )

Exanmpl e 15 i | | WeY psgless flakeesinis beade elatsifi srfalgaﬂamﬂecommm i%atfo F¥ig0! v mer
powder thatsi smtamukémmlmmﬂnmerdrdnummmt silicon didaldgetitpiigidivikidand bi nder
(polyam de im ]"‘ 3&5%@,%?‘ Ehnd Atk A BB, 012% a§m&lsect rostatically
applledtOSCeane Tt asted carbon steel substrate as a priner

| ayer. A standﬁ??ﬁestefsu imiet topcoat is applied and the coated substrate
is subjected to standard adhesion tests for cookware such as post boiling
wat er adhesi on, nail adhesion and cross-hatch tape adhesi on. The coated

substrate exhibits acceptabl e adhesi on. .
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10 Table 9 - Sol vent Based Spray Drying Ex 14Ex.

| SWdi t eBl uePri mer Pri mer Di spersion Conposition- N Methyl Pyrrolidohe, 9%W. -
PFA-1 Fl uorocarbon Rcsin, 9N . (%Solids) - Polyethersul fone, %N - Sodium
Al uni num Sul PRIV cate, 9N . -Denineralized Water, %N . PGHERPHHe

Pol ymer, %A 80.00 19.00 1.0078.00 18.30 2.06 O 70 0.64Spray Dryer
Process Conditions- Inlet Nitrogen Tenp, F(C) -Qutlet N trogen Tenp, F(C) -

Nitrogen Flow) CFM (CMM - Tenperat e, fpi g Condenser, F(C) - Feed Product
Tenmperature, F(C) - Atom zer \Weel VMB720B9) 297(147) 300(14)

73(23) 61(16) 23000331PnisEs)othemyisestalg is@zﬁ’(fzmwi?gifxzslp?eagelmn 23000Fi ni shed
Product - PowdercokentionBart in idgiissddyon the combinkd Oeights off bld8Mdesolvge. Parti cl e

Si ze, M_crorzeter831166@119;011@&01?&}{%@&1&'&%Mhsgsﬁbhgewgé db -
Conuar ati ve Exanple IS An g ueous . di S%%FS' on 0% _SO(;I ds o{fel?&l'FE is fed to
a spray dryer, BFoiRgigstly, ang drestated|in i % baged,op Hjs\go (h’é‘F WEI8HtS PAR1ISS Tonawanda,
NY (a schemat i @ndliquhi ch is shown in Fig. 1 ) substantially as described in
Exanpl e 1, except that the dispersion and conpressed air enter through the
side of the ch er o %e(r)ugh a 29 WO 00/ 58389 PCTI US00/ 08361 two-fl uid
nozzl e instead ] a centrifugal atom zer at the top of the chanber.
The fol | owi By &FA-1 dispopiiene eJSEFTYE fuosmpslymsegsin dispeassiopjnywars wifBpat ur e:  250C
Qutl et Air Tenpelidstcoiitent of fedir 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 Pa-s.

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 -1 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 10.4 — 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

14



5 Two- Fl uid Nozzle Pressure: 20 - 30 psig Alr Flow: 74 CFM (2.1 CW The
product recovered fromthe spray dryer is a dry, soft, fibrous product

havi ng fi be?voéﬁorsg:ﬂgs of about twelve inches or longer. The PTFE |0

di spersi on 1ol %6t he spray dryer in this exanpl e has a nBCE/USI0OEHS; ¢ y
exceeding 1 x 106 Pas and therefore produces product that is fibrillatable
and not the nofidrh BO6 - 138 aizhewraint 37220 by tixanetiiod «dfASTM B-1288 mondifiedas Exanpl e 17
- Preparation &Ecr?ﬁ@&f&’@ﬁhcﬁax&’b&é&?@%%l Bl end from Agueous 15 Dispersion An
aqueous di spersion of 30% PFA-1 plus 34% FEP-2 plus 36% of M cropowder is
fed to a spray dryer, nodel PSD-52, available from APV Anericas, Inc.,
Tonawanda, NY BIEtdispersidne- OFE fihoropolymergbsivdispersiomiig water Rith gsdbids anti al |y as
described i§ Examg & 30.- 66%&%PtardBdispédie HivileSs 01) ARAuEPIRbRAERS air enter
t hrough the Sl‘gﬁﬁf ‘{SBS CWE rféhrﬁgg_kb two-fluid nozzle instead of

t hrough a cent JAET2RERDEY oLfrorp B 7 ! BETPISE ™ hamber . The fol | owi ng are
the process conditions used: Inlet Air Tenperature: 308C 25 Qutlet Air
Tenperature: 18fcrépowder diépdistbnNOZRE fudtb@bfibi €5sindiZspBSiol ifWaterlitix 78 CFM
(2.2 OM)_Powdgs Parihele A3Yida el Hbl el dnto-2h oitfral/ahlS, and @
particle 30 size of | 2 Micropeters. are c,cﬂ?ecfed or "applicatron to
substrate nt epartiglesizeBOPE) e 04 Frfhd! misromelegct contrast to Conparative
Exanpl e 10 how nelt-fl owabl e, | ow nol ecul ar wei ght PTFE m cr opowder resins
have appli cabi bijeycbdipdnB@s SPray drying process of this invention. 35 The

i nvention being,t .descri.bed, .it.wll be obvio at._ the sanme may be
varied in nanyg‘\]/\é%fm%ﬁé %‘ﬁlif’oq‘\ipcﬁfoé" H?Btfcetsbzeéz'{"gaﬁ?rﬂ'@?fﬂé’s a departure
from the spiriavagahde GoPaysdte Abhrasivesvent i on, and all such nodifications as
woul d be ohyious to one skilled in the art are intended to be included

wi thin the sco f the faollaow.n lains.. 3 - MO 00] 5 VWHAT | S
CLAIMED | S: ch ? C%%‘BBV‘S@@%TC fSpgg?lgfgﬁlfgs%%g' é)rS %‘SWSF’?‘? ik %‘ga%??lf abl e granul es
of aggl oner at efoBAlépdry particles of non-fibrillatable fluoropol yner and at

| east one other conponent, said powder having a bulk density of at |east
209/ 100cc and @%Bi@&ﬁsp’érs%[&deﬁhi@pﬂiafgsiﬁg O.iﬁmﬁc‘{’onjté?egs NGBl RloR S- 2. Sprayable

powder conpri si fr leg grantles of agglomerated primary particles of a
first non-fzf’brﬁf?l%é‘f”a%‘ﬁg’“% uor opol ymer and at |east one ot her

non-fibrillatable fluoropolymer, said powder having a bul k density of at
ITﬁast 209/ é?OCWit@lﬁlﬁn aMﬁ‘iﬁél,Qegr@g%rﬁahﬁle%iz\%}]@n@fontﬁtheﬁ?aﬁhﬁﬁ’olé%s?frlmm?S- i Of |3

e sprayabl e r | or erein e sprayabl e powder is ee
of water imm sgi%é'?jgmiﬁé‘ﬁﬁid‘%?&“?}?é“’sz‘prayab| e powder of claiml1l or 2 wherein
t he sprayabl e powder is free of hal ocarbon Iiquid. 5. The sprayabl e powder
of claim 120r Silisdn clbideqsvetaghphrkicldeinsud tp 40 mitfomaterd (@AKY, 34QbEGFIC. 6. The
sprayabl e powdpgiffcdidth]l of 2 which has an average particle size of from
10 to 80 mcroneters. 7. The sprayable powder of claimL or 2 which has a
specific surface area (SSA) of from1-6 ni/g. 20 8. The sprayabl e powder of
claim1 or 2 wHbragiarinsBlud pgmentdispersiancpattistesrmri<Adimedomeers, piveilablsr ayabl e
powder of cl ai fiorh AMBENBbe) Chaidalgadiul es conprise a plurality of
f Il uor opol yngrs. 10. The sprayabl e powder of claim 1l wherein said other
conponent i'S 25 polyner. binder. 11. The sprayabl e powder of claim 1l wherein
sai d ot her conpineasticls Hze5744rigtometers, aveilablestsom Beade AdpairaMategiplsc ai m 1
wherein said other conponent is inorganic filler. 30 13. A process for
preparing a spyayalhed RRKSSE ofilRL) ol SBE .60 ideiMferts | dufitibfd i per sion of
primary parti Chﬁé‘i"af non-fibrillatable fluoropolynmer and at | east one other
conponent to o ust

Tfabl e granul es. 14. A process for preparing a
sprayabl e péwder by formng a m xture of a |iquid dispersion of

non-fibrill at aphgethdrdrsiealiRBE rBRBASH | qui d di spersion of 31 WO 00/ 58389
PCT/ US00108361 at | east one ot her conponent, and spray drying said mxture
of liquid dispersions to obtain friable granules.

15



15. A process for preparing a sprayable powder by formng a mxture of a
liquid dispersion of a first non-fibrillatable fluoropolyner and a liquid 5
di spersion of at |east one other non-fibrillatable fluoropolynmer, and spray
drying said WPS¥ER® of 1iquid dispersions to obtain friablRCTSEBEs. 16.
The process of claim 13 wherein said |liquid dispersion has a total solids

f:pnt ?3t de at !P%@%ahid%h’ﬁﬁ'bg?%%{%Hlutliéﬁ(}ﬁl’m%fﬁﬁfarpﬁl\?hﬁké@séﬁeﬂy‘ere, Sﬁit d(y

i qui i spersion .has a to soljds ¢ 0 om S - ig 0
18 The pr bcesconpinas anmtensd gpsRucpbngi BuP Rrareh SR B Al Ot e o
wat er i mmi sci bi(grade Rl 06291 Rhelpsitodgy Meget Witk Col)ai m 13 or 15 wherein said
l'iquid dispersion is free of halocarbon liquid. ~s 20. The process of claim
13 or 15 wherein the lj.qui.d of at |east one of said di rsp.ons conprises a
wat or msor 81 o Ayetasfpart et o hes biEes PR R L R AOLERR T ene o
of at |east 20ogMADUmetclesr(@sing/be Nierotrer (0l kyser Rarticke Gruntsr, appilable figincr onet er s.

21. A process fleeds® BpakiipG divisq ednkwvglladwisorativh). non-fi bril | at abl e 20

fl uoropol yner conprising spray drying a liquid dispersion of primry
particles of ngn-fibrillatable fluaqropolynmer an ensi fyin he granul es
formed by spr a%“&?%“ﬂﬁ’ if getermiingf By p3ing F%%P’ﬁﬁ[ﬂgg‘gg fgml éﬁ%grﬁit“é?éféss of claim
13 wher ei n Whe cllingier. Dnyipspderss wuredsnta theeplirsierand leviled gr @Awll dvelfapd med by
spray drying ar‘,g\eighga';@@kdgg@isfrépﬂegedg%‘%gloowe process of claim2l or 22
wherein after densification,” the granul'es are conm nuted. 24. The process
of claim 23 wherein the friable granules have a bulk density of at |east 50
g/ 100cc and avépegific pufacy artadS8AYie dg¢rminedysing the prasedwmstdescibedds. The process
of gl gi m 13 or ASTNVDerse7,Rkxsept A205mRinal dega iptebdi 62008C id 136 BB 6Dy at omi z} ng
sai i spersion . e of : point o
said fluor o%ol 3{‘&%‘9?5%29@5Fh§%§%§%§‘§p%§ %gﬁﬁ%&ﬁﬁ%@&%@&\ﬂﬁ@ %nﬂagai d
densifying is é¥fried out by nechanical conpaction. 32 WO 00/583B9

PCT/ US00108361 27. The process of claim21 or 22, wherein said densifying

is carried out FoMwpRYH Pdpdraih df SHTEPSWES il ARAHUPDishbrslo8S W th
heated gas to forma ul hlze ed o S%Ibd %srtl.c"l eS . 1,28 i pracess of
claim2l or 22 wher ei no2aYaylePANEST A3 RTaRargd by fecdipgn achptdapcervin e Bt "oy of

sai d granul¥s alifferenycerapdsitignssaaigierpied in Fablenle apleeusalispersigh oheat ed gas. 29. In
the process f orflusfpalymepaidiaf@esignatetdsldltivhal compdheit® wikaspragidryegmhidhris | | at abl e
fluoropol ynmer agg{ fﬂ?i@q ¥t ﬁca&B}é@ﬁf% #h@s r%f & usdd'if b0 69 abdigleol said

g t he’ | npr ovenhen

fl uoropol ynmer on saj ubstrate t conprising ohtai ning said
to powder by pritan af @’%F"Ic?sq{E‘FﬂTﬁla%’éqas XnFB'fE’BF‘PM;TE‘eﬁ%fPX g’?f?'é%"‘of sai d
f1 uor opol yner daleradry hredelt typnSibihaso peiightmfzom APYpThyaqiegqusdigpesiod | i qui d
di spersion $0 Rt MroRgRine BEHHLSH 2O MBREA R 165 ofcRinfbeR itdRAM apar ti cl es, and

thereafter densifying,sai | oner at. articles to obtain.as a result
average partic ! : P s of claim
29 wherein sai Grodesponditdons peiisied in Tablef I idcudihg Mbfemperhtiivias i bl té thqui d.  31.
Sprayabl e po"‘dec'hari?lﬁerQPJ‘&tftﬂcQ}hPét!oi’%x?Qﬂ&bch H’cﬂ{uﬂxﬁ‘}#ééﬁﬁf?x@&mfieﬂéﬂ%a uni form
non-_segregatoabéf nr}l%(tg#@ of fri 3 g g};gné Es,o ﬁ%g onerated pripry 20
particles of® sdioy hroush Bpshamher Fawderdperticles baving hulksepsities iy b5 ;8oL having a
bul k density offrem 21 €28</1000xprd @puated frdmagas sirgam phwateraporgingeirsfa 5 t o 100

m croneters. 331a§l§f&§@éfﬁl%lfec@@‘fﬁ@&r§[h‘é{) rﬂ&lss}ing?r@ﬁ@@téﬂi%%@of[;ilmélﬁfﬁﬂﬁibélyTTEr f
conprising a unifar non- r.egat a m Xt ur e .o abl e granules o

aggl oner at ed prﬂo?“r@?&ﬁf&?ﬁ ?@ﬁ%ﬁ_@@ éﬁsﬁo?ﬁaﬁ%ﬁ%%dpir%?i‘and at | east one ot her
conmponent, said powder 2Bpwigtpartisles foslixrmplen Ly fipmdhe spray|dayes ere fgthen 00cc and
aver age paris cldnsfisdbyahechanical cbipadtios! Theepadtictes ardIed BSRKAY &dpactpowder of

~fibrillat | 5 i t abl
non-fibrilla at;h gﬂwogiqlgg&{lg@% ;gg‘gagdﬁ}!ﬁé 6?%?&%%&1&1&9%1 L¢gat abl e

m xture of fria gran ner-at e articl.es a first

non-fibril | at abF&hemaialpdiuytrid i i

0 0
& At ThewdonpRetopSTAKPRRIYI®S fi bri | | at abl e
f 1 uor opol yner, rs@anyctupgentdiee whist astgtoaednaé the diensi polymef paletsleritisg th20g/ 100cc and
average particle size of 5 to 100 microneters. 34. The sprayabl e powder
according to claim 31, wherein a coati ng produced by spraying said powder
contains substantially equival ent conpo @nt concentrations of said
fluoropol yner and said at | east one other conponent, as 35 conpared to said
sprayabl e powder. 33 - WO 001 58389



PCT/ USO0/ 08361 35. The sprayabl e powder according to claim 31, wherein the
di fference i'n conponent concentrations between a coating produced by
spraying said ﬁ)({)wder and sai d sprayable powder is less than,20 % relative
to the conpdte¥583¥ncentrations of said spr ayabl e powder. PETAR00/08b
sprayabl e powder according to claim31, wherein said particles of said at

| east one ot hegoRRRANSNE p ﬁ&lﬁ‘c%]ﬁ% a?eicfeghm{ £ @[Q |e)6f@(f- 37. The
sprayabl e powdfi0 l %H “gﬁﬂsﬂgs‘ 1 8ie % e ot her

el S fa el eaEseld
conponent is al Sict are pagse §“°“5 é‘sgkﬂgaﬂ’} 5FE Fe’é‘clﬁ%?d %g to claim
31, wherein at densifist! powderdorivach af dhppevearsompesitedng ate disted oxTalle 2and one ot her

;:omzngn%lt }S mfa 39. D%fﬁﬁ@b@&r?ﬂiﬂ%of@kﬁﬂﬁﬁé N9 ateFufthertdducdd in Cﬁb”p” tSl ng 1
o of _parii er on |n conbi nati on
with said f Pqu%eojf%rﬁ%&Jg 1B%‘A‘qrci@h’wsl feﬁ%]tl gw%\t‘ké’u GE@PW ‘f‘é}v{r Oﬁﬁl ymer and
sai d conponent nmf@ Bupilable fiym Aloaskawa Migron Rowder RystemsaSumpit, Mk

. AF! L AY. A3. A. Abprofkss Af ﬁs@yodrylﬁg/&lns@ﬁoﬁhmﬁand/gﬁhdlﬁg &defribbdprBdudeAFH y % v=

st e ohlap e sty lopl pleslgapl i o ol

SIRTU"™\ ##CE$$5@J@‘&“F\R° Pﬂ%@%ﬁ’é‘]“ b Osine feq fdp ?E%m}%] eavigechiay) ca) cal caj
ca] cal] caU]ioa] dendity af 26— 88 g/100ct ewd anay erajeqmitic] sizzlof 29 € aY oidroftadrea] ca
**. +e036* 69688bharactenstlcs of the ground /Powder for each of the seven compositions are listed

—D@ @AAAACH O0SS~xsnmhc”Y] ca] ] ca] ca] ca] caV] ca] caU] cal] ca] ca] cal ca]
ca] ca] cal] ca] cd} td] ca] ca] ca] ca] ca] ca] caU] ca] cal ca] ca] ca] caU]5
ST} XXX7ZwZ" $acddddQ \ i Kxadeoirsd o3 diustaty yargyablendiest fperapdloadr cajvéuo€a] ca] cal cal ¢
a]U] ca] ca] ca] cakinglembapalya] ealpoidnt Atampld4anltats shsabie Aheopsapheaal)] cal cal c
aJ ca
yZhZNC| | -} BL~ mpggdj at 1skafuntf]; Tlfrtc}] oftﬁvo ﬂ;or%;]o Cynier c?m%c]nentf Ca:jamgi Ca] ca] ca] cha] ¢
aU cal] ca] ca] cal]‘EE] Esaﬂpéaé(flﬂ%l porpRodyrecs pevsdeE Hiakis paniferm
A3Dpl hk} xsni d_ ZubopdlgatceilicaTiOapigmentad palloe heigneaied a]mpc]sn{ba.]Em]ma] c a] cal] ca
| ca] cal cal cal calial&al faaslk Biabathals kit Baliisohthdrar hal Ti d_2

Ul c”a] c”a

U] c”a] ca] ca] ca gfé& Lighandngreanic. ]e{: 8 %‘éﬁ&nﬁt@&f Expypplgy diysp Afta] ca] ca] ca

Ul c*a] ca] caPcabpre ogqpolymer powder that is a uni lend of fluoropolymer with an

'lI;]hy#Q\U]bd] fl | }Aqluicagamerﬂuccaﬂ g}aiujteaﬁﬁaiﬁlmhmhﬂemir@ﬁb&moxubamhc“
cral] ca] ca] ¢
Ul c*a] caU] ca] c%ﬁ"g‘g‘]{%ﬁ a unjforn lenjj mg(]]%m WIth]the ‘h?[mﬁ{/\ﬁt?b}ljz \ipj c] vQmJ ca

Ul cra] cha which can be used aﬁer spray rymg without further processing having ab

U] cral] cal] ca] dendjtg af Zlag/] elat arala]ncaa]ra@uﬂan&]esahl]oﬁzq nixkdnedre aU ca] caU] ca]call c

?J} CaU]U]C a] i:azlSl]U]C a] CaU] Ca“ﬁ ] ﬁg U]are provided for the s rayablc powder u ]
cMal] ca] ca cal ca C ca cMa] c™a
U c”a] ca] cra] c&H UTI?: 5]3]5 &5 Sg‘)&ﬁ[ &U%)%’I ¢ %%%atlglﬂb% [ VQm

Ul ca] ca] caU] cajas ;@rw}rtgau]h%qowé@]l@a] A of ¥24] cal] ca] caU] ca] caU] ca U] c*a]cra
U] c”a] ca] caU] cal cay] CaTH&ld}x&aﬂrS@table nature of the sprayable fluoropolymer blends

Uctraljcra ' # _egq {\ %g]t rﬁ S0 ﬂle?l%’% acda U c”a] c”a
Ul c™a] ca] ca] caJca ca ca a ca ca ca ca ]t %
. ATgl JOPVhn®t oif%fe é Bymersy e'awf@a %A Ppw }f@ according to the
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U c”a]cra U c"a&jjlpla}l@ax}g;&}vt% grfipbite prd\ene sample having 1 wt % tin. The
35  mechanically blended products are made using large mechanical mixers/tumblers
to physically mix the PFA and the added component with the aid of 0.4 wt%
fumed silica (added only with TiO7 formulation).
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Table 1 — Water based, spray drying
Exl Ex.2 Ex.3

Dispersion PFA-1 PFA-2 PFA-3
-Grade
- % Weight Totat Solids 35 35 35
Spray Dryer 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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1010%| ?| & ()-M__010% O 0% () - M46666* 69688uV7_10G , 10%&' () - nLO%& () - !
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10W 10W! (° m%wd&m@-l I 10 [ &9 }-1] 1B ( &3¢ |LVPOE QRE" <M@
10G | &MLOY& |() - ! &MLOY&! () | BBVHIOR TPz | 108 () - Grephite Sn
109&' () - F" Ff 1048 X R L 10 10 _JoiDisvespnog: |
vd0vg ()-f! opbla 100 TRY 1 3607 2 p0.2%
10! “s10% j & ( s HHIRE -3 B2 HOHEE )
Y109%2& () -\ @
101 +t 109%n&’ Chmol ALTHETE C R DS R sbalasd) | OaiHis () sbofasd [0 Fevmsw) [ ) - f ! 0s10%
s& () - f ccddddd@cRir Temp, F_(C) 320(160) |_320(160) | 320(160) 320(160) | 250(121)

- Air Flow, CFM (CMM) 3281(93) 3281(93) 3281(93) 3281(93) 74 (2)

- Atomizer Speed, RPM 7425 7425 7425 7425 48,000

Powder Bulk Density

Grams/100cc 28 28 27 24 21

*ExX. 8 APV Lab Dryer Type PSD-52, all others APV model 69
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gFC - Mill Screen Size, Mils 156 | 125 200
Granular Bulk Density
Grams/100cc 98 96 101

5  Table 2 — Water Based, Compaction/Densification of Spray Dried Powder

(cont’d)
Ex. 4 Ex. 5 Ex. 6 Ex. 7 Ex. 8
50% PFA-3 PFA-1 PFA-1 PFA-2 PFA-3
Powder + + + + +
-Blends 50% FEP-1 3% TiOy 8% SiC 8% graphite 1% Sn
(Pigment) (Filler) (Filler) (Stabilizer)
Compaction/Densification -
Process Conditions
- Roll Pressure, Psig (Mpa) 1200 650(4.5) 650(45) 650(4.5) -
(8.3)
- Deaeration Vacuum Pressure, ---
in of Hg at room temperature 0 15 7 14
- Mill Screen Size, Mils 200 187 187 187 -
Granular Bulk Density ---
Grams/100cc 80 97 99 91
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5 Table 3 - Water based, Grinding of Densified Material to Powder Particles

(cont’d)
Ex. 4 Ex. 5 Ex. 6 Ex.7 Ex. 8
50% PFA-3 PFA-1 PFA-] PFA-2 PFA-3
+
f:'Brla;)ut:ll:r 50% ;EP-I 3% TiO2 8%+SiC 8% g;phite l"/:Sn

(Pigment) | (Filler) (Filler) (Stabilizer)

Grinding Parameter

- Arr Classifier Machine

Speed, RPM 1150* 950** | 1050** 1800%*+*
Finished Product -
Powder Bulk Density Grams/100cc 54 80 88 70
Average Particle Size Micrometers 36 37 39 39 -
Water Separation < No No No No

*ACM30,* *ACMI10, ***ACM2

Examples 9 and 10 - Uniform Spravable Fluoropolymer Blends

10 Uniform blends of sprayable fluoropolymer are made and subjected to
analysis to quantify the non-segregatable nature of these blends. Example 9 is
prepared using procedures similar to those described in Examples 1-7, i.e., spray
dried, mechanically compacted and comminuted. Example 9 isablend isa
sprayable fluoropolymer powder of PFA-3 having about 7 wt % Al,O, 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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fluoropolymer blends produced in Examples 9 and 10 is demonstrated by
comparing them to standard mechanically blended polymers. Commercial PFA
5  powder made according to the solvent aided coagulation process of Canadian
patent 1,248,292 using PFA- 3 dispersion and without the fluorination step was
mechanically mixed providing two samples: one sample having 10 wt % AL, O,
and one sample having 3 wt % Al,O, and 5 wt % mica (also having 1% amino
silane based on the weight of the mica). The mechanically blended products are
10  made using large mechanical mixers/tumblers to physically mix the PFA and the
added components.
Powders made according to Example 9 and 10, as well as the two
samples made by mechanically blending are applied to aluminum panels by use of
a corona spray gun, model Versa-Spray II, available from Nordson Corp.,
15 Ambherst, OH, with a spray gun voltage of 40 kV and a powder feed pressure of 15
psig. Powders are applied to smooth clean surfaces at a distance of 12-14 inches
(30 -36 cm).
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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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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- Inlet Air Temp, F (C) 850(454) 850(454)
- Qutlet 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 ——

5
Table 6- Grinding of Densified Material to Blended Powder Particles
Ex. 9 Ex. 10
PFA-3 PFA-3
Granular + +
-Blends 1% AlL03 5% Mica
(A1) +
3% Alx03
(A2)
Grinding Parameter -
- Air Classifier Machine
Speed, RPM 2000*
Finished Product -
Powder Bulk Density Grams/100cc 73
Average Particle Size Micrometers 28 -
10 *ACM2
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Ex.9 Dry Blend Ex. 10 Dry Blend
PFA-3 PFA-3 PFA-3 PFA-3
+ + + +
7% Alp03 10% 5% Mica 5% Mica
(AD) AlpO3 + +
(A1) 3% Al03 3% AL03
(A2) (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 Scparation 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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Example 12, 13 — Effect of Heat Treatment

Two products of sprayable powder of non-fibrillatable fluoropolymer
are prepared, with properties and processing conditions as outlined in Table 8. In
Example 12, a fluoropolymer dispersion is spray dried, densified by mechanical
compaction and ground substantially as described in Example 2. In Example 13,

10 the same procedure is followed with however, the additional step of heat treating
the granular material after the densification step but before grinding. Heat
treatment is carried out by placing powder on an oven tray and heating at
temperatures of approximately S00°F (260°C) (well below the melting point of
the fluoropolymer) for approximately 5 hours. Characteristics for the non-heat

15 treated powder of Example 12 and the heat treated powder of Example 13 are
listed in Table 8. Heat treatment provides a means for increasing the density of
sprayable po‘wﬁers 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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designated, additional components to a spray dryer, a schematic of which is

10 shown in Fig. 1, 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

15 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

20  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 composition for a metal substrate. Example
14 illustrates sprayable fluoropolymer powder that is a uniform blend of
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the production of sprayable blue fluoropolymer powder that is a uniform blend of

fluoropolymer, blue pigment and binder (polyamide imide).
The sprayable powder of Example 15 is electrostatically applied to
5 cleaned and grit-blasted carbon steel substrate as a primer layer. A standard
fluoropolymer topcoat is applied and the coated substrate is subjected to standard
adhesion tests for cookware such as post boiling water adhesion, nail adhesion and
cross-hatch tape adhesion. The coated substrate exhibits acceptable adhesion.

10 Table 9 — Solvent Based Spray Drying

Ex 14 Ex. 15
White Blue
Primer Primer
Dispersion Composition
- N-Methyl Pyrrolidone, %W, 80.00 78.00
- PFA-1 Fluorocarbon Resin, %Wt 19.00 18.30
(%Solids)
- Polyethersulfone, %Wt. 1.00 -
- Sodium Aluminum Sulpho-Silicate, %Wt. - 2.06
- Demineralized Water, %Wt. - 070
- Amide Imide Poiymer, %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) 500014)
- Temperature After Condenser, F(C) 75(23) 77(25)
- Feed Product Temperature, F(C) 61(16) 59(15)
- Atomizer Wheel Speed, RPM 25000 25000
Finished Product
- Powder Primer Bulk Density,
Grams/100cc . 40 38
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 (a schematic
of which is shown in Fig. 1) substantially as described in Example 1, except that
the dispersion and compressed air enter through the side of the chamber through a
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two-fluid nozzle instead of through a centrifugal atomizer at the top of the
chamber. The following are the process conditions used:
Inlet Air Temperature: 250°C
Outlet Air Temperature: ~ 114°C
5  Two-Fluid Nozzle Pressure: 20 - 30 psig
Air Flow: 74 CFM, (2.1 CMM)

The product recovered from the spray dryer is a dry, soft, fibrous
product having fiber strands of about twelve inches or longer. The PTFE
10  dispersion fed to the spray dryer in this example has a melt viscosity exceeding 1
x 10° Pa's and therefore produces product that is fibrillatable and not the non-
fibrillatable sprayable powder of this invention.

Example 17 - Preparation of Sprayable Micropowder Blend from Aqueous
15  Dispersion

An aqueous dispersion of 30% PFA-1 plus 34% FEP-2 plus 36% of
Micropowder is fed to a spray dryer, model PSD-52, available from APV
Americas, Inc., Tonawanda, NY a schematic of which is shown in Fig. 1
20  substantially as described in Example 1, except that the dispersion and
compressed air enter through the side of the chamber through a two-fluid nozzle
instead of through a centrifugal atomizer at the top of the chamber. The following
are the process conditions used:

Inlet Air Temperature: 308°C
25  Outlet Air Temperature: 131°C
Two Fluid Nozzle Pressure: 22 psig
Air Flow: 78 CFM, (2.2 CMM)

Powder particles having a bulk density of 48 g/100cc and a particle
30  size of 22 micrometers are collected for application to substrate materials.
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.

35 The invention being thus described, it will be obvious that the same
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  particle siée 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.

io 3. The sprayable powder of claim 1 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 1 wherein said granules comprise a

plurality of fluoropolymers.

10.  The sprayable powder of claim | 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-fibrillatable fluoropolymer and a liquid dispersion of
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to obtain friable granules.

15. A process for preparing a sprayable powder by forming a mixture
of a liquid dispersion of a first non-fibrillatable fluoropolymer and a liquid
5  dispersion of at least one other non-fibrillatable fluoropolymer, and spray drying
said mixture of liquid dispersions to obtain friable granules.

16.  The process of claim 13 wherein said liquid dispersion has a total
solids content of at least 5 weight %.

17.  The process of claim 13 where said liquid dispersion has a total
10 solids content of from 5 - 70 weight %.

18.  The process of claim 13 or 15 wherein said liquid dispersion is free
of water immiscible 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 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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31.  Sprayable powder of non-fibrillatable fluoropolymer comprising a
uniform, non-segregatable mixture of friable granules of agglomerated primary
20  particles of said fluoropolymer and at least one other component, having a bulk
density of at least 20g/100cc and average particle size of 5 to 100 micrometers.

32.  Sprayable powder of melt-processible fluoropolymer comprising a
uniform, non-segregatable mixture of friable granules of agglomerated primary
particles of said fluoropolymer and at least one other component, said powder

25  having a bulk density of at least 20g/100cc and average particle size of 5 to 100
micrometers.

33.  Sprayable powder of non-fibrillatable fluoropolymer comprising a
uniform, non-segregatable mixture of friable granules of agglomerated primary
particles of a first non-fibrillatable fluoropolymer and at least one other non-

30 fibrillatable fluoropolymer, said powder having a bulk density of at least
20g/100cc and average particle size of 5 to 100 micrometers.

34. The sprayable powder according to claim 31, wherein a coating
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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