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SPRAYABLE P m\m‘ml BRI LLATABLE FLUOROPOLYMER FI ELD OR lg%{)%&l)\/El\rrl ON
Thi s |nvent| 0 non-fibrillatable fluoropolyners aﬁ@ e
particul arly, to *swéayabl e powders thereof. BACKGRQUND OF THE | NVENTI ON

Fl uor opol ymer resin having properties such as good chemnical 10 resistance,
excel | ent Rehgaisige 900d heat resistance and electrical insulation are
~desirable in a nurr9ber of applications. Fluoropol yner pomdergqﬁrs&‘ﬁosé?‘e

mel t f | owabl e have been found useful in coating cookware articles such as
fry pans, sauce pans, rice cookers, grillllr and bakeware as well as

numer ous i ndustri al l.icati ons such - er rolls or belts for copiers
‘and printers, a§8M¥‘§$¥%PO@5¥%§%§E@&§M¢@LEHEUORQWWt ages
for applying powder coatings in lieu of Liquid coatlngs is the absence. of
vol atile organic sol vents that concerns and

necessi tate expensive renedi at Tof ; N di an patent 1,248, 292
(Bucknast ers et al .) d|MWwImrehmmnomﬁhillqmbm&moﬁam&&Wmﬁd on of the

dry powder, Mlgg. %%Kerl zation di spersion of the
f 1 uor opol yrrer S cherf‘1I ﬂ?ﬁq 9 trggt egrswl a gelling agent while being

agitated and then treated with a water inmniscible organic liquid (usually a -

hal ocarbon). This treat nenthaKmoUM) FTHEINVENTION ! Yrer
particles, . generally rticl cronmeters, to
coagul at &' (aggl omer at o) (E)l%glrg%'%gipi’g él'?écrpﬁﬁ Slﬁg\ﬁi ﬁ&%&‘% ver age

particle stke whistapee, P@eb@@mlm%rgonéhcﬁtsew and elexmdmynqsalaumda:ef
agi tation. Thi &esﬂaasﬁﬁasnmﬁbeaeﬂ phikAtionk NPIYr ogﬁgnéph %ﬂk qfcq}q]agul ati on”
ey are

To render the S _€ess II non-fri ar dened at
tépperat ur es cﬁ%‘g%lf‘?ﬁa Fﬁgeq#} qa }("tl %WC%@°$$% Bapfyponer . Wil e
t'He resul tant spuenpdAnegicaiceokesd, galﬁ andbakem&asIWeﬂuﬁlﬂum&ﬂﬁe&ﬁleanaIS 30 '

rotocasting ang, le%)&ln%%haghﬁ&ﬁ{(gml&ﬁ?or s E% f t| n(g lﬁE‘z‘fahcatl ons.

The granul es ar t arge Garn n s t he
granul es al® cUHFﬁSﬁBGFGC‘PE? Q%Pf@ﬁ%‘@ﬂﬁgéﬁ@prlﬁsgmdﬁmamaahwfcost and

.t](cands to fi brlluitﬂdeodhhgsBﬁ&tfabmweﬂﬁﬂatﬂéaﬁﬁdhne%l@&ﬂsiﬂa?%gﬁt cause p!c uggi ng
of spraying e S r the coatin i nution o

non- heat har dg%ﬂg gréntélcggmggmgggé%%% em@éveﬁm?gﬁté%“llrﬁw& es | ess than
1 micrometer) which havé:ap&banPMIh%QQQ&&Mmastngetmhhdmdbmnst| cs. Anot her

met hod for pr oghagéntibnill provessot y mm dvas! fo%s: at ent
3,953, 412 Sa%@ Thi.s referenc scl oses tph aqﬁ%glﬁgq&oug Qct ober

2004 - tB?bB‘é‘PB?léSﬂe’o‘Fa}t“'é'E‘Fﬁ I ¥siedVity? ene pol yner
is atomi zed i ngedling agest \dtllemhgmgwed andethen a&mdenmhewatwhﬁmmgnbnﬂl nt of

tetrafl uoroet Wx%%ﬁ@h&ﬁh&ﬁﬁﬁu MRS Son mﬁéﬁgé%gs%gg e coal esced and

sintered to pr uce . .sintered m cro-po an_ aver a rticle size of

100 microns or ﬁlfgggo lymer pagic %%“YE%@VCWFPMF@§‘ZGPWHG,‘°95Sa| to invention
are descri bed micremeténs) to 2sagulabr (aggloingrate) thtb graniies gl&d&&ugpa{,mgaﬁl ons. . These
‘nearl'y sphggic i f.orprocessi n ding or
€asting. B%{ b%)gaa%@gﬁx‘u E%E%e-gf Iﬁe)gd AT 5‘8&?"55%@%%&"?‘? i s heat
hardened at t e¥giation. um%prec@w aeeer@nneknmmasﬁ‘golmtmdedtoagwupmrmir) |t is
difficult to fihddiehe érﬁldlé%resieh&l%ohlﬁhﬂe Shéiare Rkt ﬂaﬂén&yat

produce particl.es f r.tain g appllcatlons as t e partlcles
are essentiall§° ’f?&ﬂ%?er'f""jﬁ?ge mﬂ?‘? fgﬁv‘ ﬂ Pl¥ACtade to produce bl ended

H uor opo: ymer powder c%ﬂcmgxmwmmhksa&e@mmmémsuwphmesas

uor opol yggr }Q,It&ggﬁlg ent

5, 093, 403 ?@I;{au et gwm{d%{g?lgyﬁﬁg Q{l fﬂ%??%ﬁggﬁ%ijhﬁ ornul ati on

‘conponent s areg'a%'f gmeﬁoqmm erseihthbgranglesare and | mit

':)lhe gorrploy ti ocbmminﬁmdﬁnﬂl{crﬁﬂﬁélbﬁﬂﬁs (vaRhiiscrdaSek &ﬁ%ﬁﬁ&ﬂs%ﬂﬁﬂﬂla@um f
ends also e at i S in .0cessi-ng and.recovery o

used powder . V@en uggﬁgmg%&i\ﬁgeé WB?MP'“EW!EP HJupying eaudmmensi ng - t he

‘conponents of usevéfqnapplumgthmaung; &ugnagabmofﬁbhdncsﬂglrdhgadgnnuleﬁn produce a

vari abl e p@yvdeﬁma&ﬁ&bmssmrqm Rt YAE Bhah | iBIOBEE) Wfic RavifSd: 01 2

substrate nqQt.her not ab em occurs 1 n e I'C spray .
coating in con@&ﬁ‘t}l‘ﬂ W‘!%W"tﬁmed powder that does not adhere to the

target substrate, knOVV&noﬁ‘erm%ﬂﬁﬂif&fp'Wducm‘éefllibﬂﬂﬂIylM bWddriedBMeseaih 2y

prevents direc I er at here remai ns a need for
a uni form corrp%’sslr %‘%3991‘5586? g&tgfe% r%%m ‘ﬁs sﬁsothatf"r“tﬁqf"?‘?“ét abl e
f 1 uor opol yrre[u!l” lu tm bl ended_ w th ot her corrponent s that can be

pr oduced, of a processing step involving hal ocarbon sol vents
and/ or witho sity of sintering the particles. SUMVARY OF THE
I NVENTI ON 30 In 5”@@?5; enbodinent, thls |nvent|on prOV|des for dry

o o,



The invention further provides for a process for preparing the sprayable
powder by spray drying a liquid dispersion of primary partg&:gﬁe 004
non-fibrillatable fluoropolynmer 5 and at | east one other conponén

obtain friable granules, conbining the fluoropolymer with the other
conponent . WKkhe/sgdsgper si on is preferably free of water inmmi sg-pARgddssed d and
nore preferably free of halocarhon liquid. In a preferred enbodi nent, the

process incluges i yable powder of non-fibrillatable
f1 uor opol yner MO%EE B?rfgqu"% Heng polyperdn @owized inte @ §36 ALHEMPEAM G ensi f yi ng
d he gr am[J)Ie es afovadglmettingpeidt ¢f tetwzfTuorquttiyléne lpoBmid, ﬁ.,ﬁa&b,r@s uispergdaombs pray

ryi ng nsi ica action or by
contacting t h;édfdggrﬁlr}?mep&d%ﬁ& g‘h gedﬁggar M‘ﬁ‘%@f%"g"’r‘r n’(? tb&"bed Opt i onal
steps of comwmﬂgemrt@lmmmftloﬂ mmderonson lem&m@eedappbmumdemﬁﬂxeve a |
desired buj k Qamhtem@ﬂdmc&@éﬁ&h%s B4t o AbriRARE dd for AU a%rgé@u Elitms. 15 ‘

Anot her enbodj pent O[}' g vention provjdes for, s ray er of

non-fibrill at aBfse Ao mﬂymdemrﬁrsvﬂérw%ﬁ% Mrotemwldingtegat abl e

m xture of friating Byt becahssthede pagitlesihavabee sintereti(that pokidat hdr@shedht t he

~ fl uoropol ymer . ers are

mel t - processi E@gm%%é (ggé 8%%QBF§EO&?@§W§%%§E'S mhteto t ai ned

wi t hout sint efd ﬂ@'—hﬁpa@életsﬂé- i%‘zhﬁbl’ﬁ%ﬂdlw, tq P@dmwicwaeﬂoomﬁabon sol vents. 3

9 Cct ober teoogpmylmﬁmtmeasw,smga a&saama&mm@@sm PTION OF THE

| NVENTI ON Spr ayabl Jole V\%cﬁ this inventi r epar.ed ray drying a

|i quid di spersion %F e ?Yeb F'E?&Eﬂ o ‘I‘Cﬁg’p"é} iR p%tmcrlé’ﬁ‘gbnal ly, at

| east one ot hevatig, tip @ptmpmahﬁs,ysuf:bhdﬂlmmboﬂ)ynddﬂmdfe&wﬁtg efesul t ant
iggaitin grtipl pblym

the 11 wonpol 3‘@?{?&%@%‘@ B SR TR SRS 2

a
““average parti “%‘P‘iseo é’“ﬂ‘Baﬂ%"?ﬁ‘%WéP@ te“B&“e dbyiesmdiag o milkiagint t hat /
the granuies e@abtheesraeﬂumadﬂmompsﬁﬁd,d axifopaity bcédauﬁgmbﬁmnmﬂed)_ wi t hout

causing appr egp R%r{..dgteogatﬂgegrtt%%?ﬂ%ﬂ? e Broc it s 3R

fibrils exten he gr sund ap u?esyof this
i nvention hav%f‘%ifafi P‘P‘f"&ju%ﬁn B%F&@B‘P‘é deg ipijtare fpbrleetrqmtic@ptaymg,tthe granul es
are sonet i Nescomyfonerits of the niikfued Bndif> REWERE.. m aﬁéﬂ&%;ﬁ’écﬁcéﬁl abl e

b h h
ol 11 mg t ool ERSle ot 38dk Lnidfiob MR o %rv@?a%fsﬁpagff?ms 825 degr ces
C bel ow t ¥ néhe rrglotaénlmephlmr@curs irf elpmmmm)amuegmc@rmnmewtthe :

f I uor opol yr nége dmvt&mmdc%aadha%t&ﬂe %&%u%@kﬂ@wﬁé&ged or sintered
(that is-heat,hardened.at te tures close the melting point of the

pol ymer) and t‘t’(ﬁﬁs@fﬁ? -(fPaBfeatie mt C?Yﬁ'iﬂﬁgrp@‘éﬁ“fsd’r"efh@cﬁaﬂor ¢ PiBH such as

by grindi ng, omrmtooduce particles for certain spraying applications.

Therefore, the powders E‘cré@ﬁla%ﬁ%%mfo%?uhﬁ&ﬂmd%sm tfgprgm[ acterized as

non- si nt er ed interin prior: art processes
produces %Sart ‘@’Eﬁt@‘r“?‘%ﬂly@ﬂa’@@"“ﬂnﬂéﬂ piE othefider granul es of
_the present wmqmemutaam berpreduickd lin ﬂtaabsmce &ffh@rd&sﬁhﬁﬁﬁeﬁﬁlg&fvﬁg ca][ ri ﬁd
()ut 'sequent i r nces,the.ability of the
granules to %ﬁ%@h%ﬁg&ﬁ@ﬁ&ﬁ%tﬁod%& groe%gg'g%'%h S%itr ons, such -a)s
in alight bulb coating applrcatron in which only a thln fused

f1 uoropol yner coating, e.g. SUMSIARPOISPHE INVEIRTFON, | S desired. By

"densi fyi is nmeant the increase In bulk density of the spray dried
powder s. E‘gr sore Iapfirst ekedinens thissonention groxidestordry spraighie pindetrompritesi f yi ng i s

desr[ r abl eI in fﬁawa@tanﬁlés dﬂﬁg%lﬂnﬂﬂte?prfortkiaé T noPfikidefote ffuSBp olﬁﬂé%ﬂd?ljgus oh
coating. In 3 ar,. the exter re coated with a
thin filmof Iq%\:‘L‘@tl il Lﬁfe d"BPf i u%?'bl%*%?E"&b‘geﬂgiﬁ?feaé’té“ﬁ‘?é?g%’ MJundi ngs from
shards of gl #%%agspastidlapizehES o UPdomibpmelds, the ishombymen pre@aduseidipowdene use of heat
lanps to keepla\ﬁmkﬁ‘éﬂ vfsQQﬂiy &Q*lO’ﬂst@Q&qosi’gEVTh@gpﬁygb%bA kw%ér?s prﬁff%%abflnyel%lfg £ pol ymer

powder |s pra ed onto the exterior surface o heating .

t he resul t‘ ant afsHiRTcibledigyid.apd mese prefpradly freciofbalpearbondiguid. rlogeisd andng he

transpar ent 3BefdompmeOdryiner sani2 Gitlér] gigients, nugm&dﬂ@ératarawsisrﬁxabblﬁﬂé bin§edCh as when
sprayabl e powders iLer..coats ting very small
contai ners or @r thggng?‘%?ﬁﬁome gp\‘%l’ ?nlu%n "2 e{“s %ﬁ{fy"g”’wrig"' Ffﬁ‘g’"ﬂ’ég not be
needed. 4 th?B‘éTSOQWlﬂ?mfaW@r@@mgﬁﬂfﬁmU@@OI 08361 Thus, the present
i nvention provides an advant ageous short-cut to sprayable powder of
non-fibrillatable fluoropolynmer, w thout the need for solventaided
coagul.ati on as described in Canadi an paent 1,248,292, and w thout. heat
“hardening at tenperatures near the nmelting point of t he pol ymer and
~ subsequent 5 comm nution of the heat _hardened granules. By elimnating
solvent arded coagulatron there |s no need to enploy gellrng agents and

. e o o o o o
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hal ocar bon recovery schenes to protect the environment. Sonme conmm nution of
t he powder obtained by the present invention, however, bl e,
e.g. to 0 produce powder of an average partlcle si ze of 5$%B§g@8§ﬂkﬁ

m croneters, but this is nmuch | ess severe conmm nution than required for

heat - hardened granul es and occurs without the formation of excessive fines
and wi t hout fi bfibrillatdbileofudtbpdl e st Jreloid? urpri singly,
the sprayed coa fron1tﬁgi%§mder prOV|deéﬁgn%?%ggﬁR@Tan§%5¥%mﬁ¥mﬁﬁhereby
_inproving bot h ¢ %$§5 ﬁﬁearance of coated 15 articles such as a light bulb
and its illuninati onfkGatdnigh fHRAG bR Res TRE ers of thi

i nvention al so sur r|S|ngI OV|?e th% abpﬁ?%?ﬁ?%kﬁm%? %“%%%WGB% %?ngs
with higher bui eI EyinoR Mt dipmppian of primyapriclspoftenibrilliteblpfladoelynas t he
.present |nvéht|@ﬁacaﬁtaﬁuﬁm§6&h 6ht3SotRRh AYvBR! rlable
_granul es of agqﬁ]ghmla1 é}ed pri marlhﬂ articles o%gﬁ%nﬁ%wg&b%fn%%‘? (8’8 ymer
“fluoropol ymer a BfTgREppRent. é'fheldéa@@ml@)ﬁ@rfé@rﬂéy fretmfbmﬂ@mhuust:xb& ljpeiader

havi ng an averaﬁﬂnméﬁrbﬁ}aﬁl Stet 8f Rflocarbb?] rabI 10 to
80 microneters, %Wg’ls bul k densi t Ooﬁ‘ atl&@%a]g;a%%efﬁalc d'&ﬁ 8?5’6

| east 359/ 100cdne Brepirg sprgpble dePreﬁgon-ﬁErglaldb&dhxompdlymséndpcsm‘bﬁdl@bdty at
|' east 75g/100CQamt&ﬂoﬁﬁpé &N@ﬂ@ﬁ&ﬁ i des for a
sprayabl e gﬁwd # r| S|dr;1&gﬁo?r| abl e n &lggﬁaglggso&a%%g[ﬁ@ya’?@ﬂy ﬁf“i“ﬁlﬁ?y
particl es tpatres ﬁ&‘ﬁ SPerFWgaP&mlfe'mglnwrbepvhymw bpmdchahichleaspadtibg Ot her
non-fibrillat abireyédm&flﬁ)g)tﬁéwﬁﬁl SRIPPRGRE f oyder of this
invention is preferably free ofevvater i mg%sgpﬁqrﬁ%tfuécﬁfeg%eg ﬁqfoﬂﬁllsff’@s i ng
free of hal ocarBBEHEN f1d heat teeptamentmayebesiplpekd forghiaxgertesired Btk densis§@nd May
al so..be unconmipaticedizt foregiificabpiRehiddy. the spray 30 . drying/densification
. process to achieve the particle size desired. By using this invention,
sprayabl e qgmder of nogﬁflb |IIatabIe . fluoropolyner having friable
granul es of~aggl ome\3P Iﬂ!f-'l iaveniogfprovides fopspryyabie powderngéd Wit h

ot her corrponenhen-ﬁbﬂﬂﬁsbléﬂ Ot (dllyﬁeel AR LRIfHNIS Mldip! e
conponents are nggﬁredlﬁ%uegglq% cgﬁgggeﬁfshggch ashgfggﬁ?ﬂgfs plgnents
and ot her addif of pgglprreriieduimary pagicles|of ghefiegrgpalymanandsasr ay
drying, wth olsastomalthst eqmpanbuﬁehaelhlth@pdv@dbrs ﬂeaﬁeli-f)@:%&m and

comm nuti on as desc t.hi s i nventj on forned
with multi gl e onp %@S}ge@&V égrr%n?é?‘%ﬁlﬁ? ?7 Wy Satestngf ¢ h

conponent s%¢ e? SGE?@H@?Oﬁhﬂﬂﬁﬂquﬁob@n68389 PC TIUSOO/08361 not to
segregat e upon application as conpared to products fornmed fromdry bl ending
processes or conventional coagul ation of nulticonponent dispersions (e.g.,
mechani cal coagul ati on and sol vent - ai ded coagul ati on). The conponents of
the sprayabl e powder are intinmately enneshed and the tendency of the 5
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 add recovery of scrap
powder and provides a nore uniform coating upon el ectrostatic spraying.

Li kewt se the sprayabl e powder may be conposed of friable granules of a :
plurality of fluoropolyners wherein additional fluoropolynmers are added to
the liquid fluoropolynei .dispersion or nultiple dispersions of different

- fluoropolynmers are mixed prior to spraying. Alternately, multiple feeds of
a plurality of fluoropolynmer dispersions nmay be punped to the drying
.chanber and spray dried such that friable granules of a plurality of
“fluoropolyners are forned 15 as the particles agglonerate in the drying
chanmber. Bl ends of polynmers and conponents formed by using this invention
~are nore uniformthan those formed by conventional nechani cal nethods of

bl endi ng powders of individual conmponents after powder formation. One.
especi ally useful blend that may be prepared by using the 20 teachings of
‘this invention is a uniformblend of fluoropolyner and hi-gh tenperature
resi stant pol ymer binder. The sprayabl e powder formed fromthis conbination
- of .conponents. is useful as a prinmer |ayer on netal substrates, primng the
surface for the application of additional |ayers of fluoropolyner coatings.
25 The present invention also facilitates the step of fusing the powder
sprayed coating onto the substrate, such as a light bulb, by enabling the
nelt flow characteristic needed for particular substrates to be custom zed.
For - exanpl e, comercially available |ogy nelt-flow, mediumnelt-flow and
“high-nelt flow fl uoropolyners can be conbined as |iquid dispersions with
apgllcatlon of the 30 spray dryingl densifying operation of this invention

» o gi.ayabl e powder of a plurality of nelt-flowable fluocopolyners
tnelt flow desired. In thls ‘case, the granules of agglonerate o
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20 particles. Specifically, in this first embodinent, an aqueous dispersion
of primary particles of non-fibrillatable fluoropolyner dlgs@&héé% and,
optionally, at |east one other conmponent is punped by a | ow shear eed punp
froma feed tank through a pipe to a rotating centrifugal atom zer (cool ed

by a cool i.nyd ewgs3geocat ed at the top of the spray dryer chanp@{ &%&j air
for spray drying is supplied to the drying 25 chanber. The heating o he

air can be acconplished by transportl ng air through a pipe with the aid of.
a supply fan through a IOF THRINVENTEONai r serves as a

~drying gas creating a il mately the
~upper tenth) o&q&lagldr;sphaﬂlﬁﬁa&&% llnQ‘eﬂ?rr‘ggal(r?sgtrgre *O#ﬁ?&acﬁgiggéd air.
i ntroduced int ispREAn! npa-fibrllatakle ﬂ'@éo lymex andnomsiepally, aulemt one 860F
Ejggcfo 'CI':)heagtg]]k“h ek o lpmog“bﬁae@ gﬂce e l&efomfsgglr: into
t he hot alr en ope%&%@”ﬂagﬁ b&“’?ﬁ'ﬁgpﬁ E{hfedi' gﬁ&' primary
particl es begi whtcbbaggﬂbn&mwflﬂablewﬂ@g@eoccpadanasicmgspmcle/%aetdfé

particles descmocigmg&g,lsy through the drying chamber, they grow and are
exposed to decreasing 35 e,ratures mving wth a gas stream of

evaporating water and &dr 1 SB’GO\!H@P Hhe,granuies sanche redyagd tomsmaller where t he
t enper at ur e i sparticlelsizer(eomyminded) wulmﬁ%&Elng@ﬂﬁbwble &tiofe defrtfdbtion S4hi Ng this
process, p | e rature for a
period of P‘?ne&{s%??(%rg&eﬁhgtfgg@gggtggs g?zé'r?llérl\ég]&(’ ‘?ﬂ?&“‘?“ trh(i'ft%@’(j"'?)ber 2004

. pol yners. Li kegfagules pfhis iaygntion haveay iregularpartisleshapsor t i ons of t he
spray-dryi ng appar at USFafﬁmBacuy,ﬂﬁgﬁiﬁwbefes%Q{éﬂxnbﬂ%fé%u%E&Emfa@ cause

From he gas 25&%?# @?ﬁaﬂf S TG by Yo A b sk e

col l ected in astppisdess thamthaimelting tatperafure of thecfuorapblyaier, plcfdrahtytaerleasapor
passes threughos h@gr&%@ws&m@mémhém\iﬁmﬁﬁctmman % @|e9h a
stack pipe wt of . an exhaust Becaus ya ovvder of

t he .ai
this inventi onHtl °B?1m5§ﬁl““ﬁnt‘twm§o‘il granulgs H@\El %Q{jﬁ‘l‘ a‘t ﬁ"éfﬁ'eéf(ﬂtahe
primary parti cisdeatdurdbned at tomgemtureSetvael icathe pritg poiht 32tBe B&?m(?ﬁlﬁﬂcmis't er et

al.), the powdgg %tmt.ﬁ%o %&ﬁa&fpahfé@ R%ﬂatt@g%gmﬁgg? o%§

-gel ling agent. er nat e spersion lgrl nmar

non-fibril | at apArticles qflcamﬁmxﬁﬁeﬁpnl@ﬂl% There reyﬂnngowﬁméﬂwm,esenhcl ude a
WSZ. er ni scedl einvegivn maybé staricterized ziselolhlsﬂiﬂéréd p‘@mal ANERY snhteﬁﬁ@aldﬁ:@i‘n Olr 11 n

o a Ition to wa sol vent 1.NCl U Yy rr0| one
and methyl iso aﬁl &(‘6{ él%g%‘%‘%g’%{ es‘rpamcﬁt B‘P%ﬁf‘ﬁq'f"%%twp

hal ocar bon ||qthed>owr11=r ann'dﬁﬁfﬁh@rsm&ﬂemmms haeedttegudartshapek. qui d, hot
nitrogen gas in the ramuedetsnfﬁagstcpc&awomé&uen@ﬂlgaﬁtﬁﬁésﬁ.ﬁ;Gryt&g §@hi o of

nitrogen to organic | vie spers nt'roduced into
t he chamber asg'i‘aﬂ?eﬁiﬁ ﬁ%’(’? °é t‘ég‘h'&"tﬂp‘g&%ﬂ’%ﬁ'@f%‘ﬁ@ derfor same
t enper at ur @5 of a}ipll@amﬁsmctlzgm@)hglmbﬁw 2éating@pljcatiddoinenidich orilye tidi fasedr e ti me

of the.particl [ mt to
Gause s nter| npapPolyls Al 19 '%gtﬂ“"‘*ﬁé‘?@é é‘i§§§s§e§e‘3 e
“gas streamin $Megh G‘Gé@“%eﬁb e density, Brsasedricdpardess. QFrﬁ?mﬁ trogen gas
~and the orgamap;ﬁmhm;s@hesaﬁﬁﬁgﬁgmumgﬁnﬁ BREABle (N6desBOWN) Wher e

-the solvent is CHRUGLS ssed se arate and. t ol vent f ee
- nitrogen gas: |g‘r°r edgoaveredotﬁ'é‘hﬁ‘%tbg @%"I’ ‘P‘ts rIét)PaBH*r dg fj

cl osed | oopP sylightibulbisiare mtqdmﬂmthenﬁlsmfonblnﬁawwtn‘ﬂuommlyumrmprmt powder
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bi nder is well known for use in nonstick finishes for adhering
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G aphite dispersion, average particle size 0.4 mcroneters, available from
20 Acheson Col | oi ds. Titani um di oxi de, average particle suggc% %r

m cronmeters, available as TlI-PURE R-961 from The DuPont Cowpaﬁy. %%ygilicon
carbi de, average particle size up to 4.0 mcroneters (nmax.), available from
Fujim Corporation. Utramarine Blue pignent dispersion, particle size <44
m cronmeters, available from Akzo Nobel Chemicals, Inc. 30 35 Tin, particle
size <44 mcro ' PR e 2Bk ] palSe Mkﬁﬁgcoated
with iron oxid %'?Hec?ﬂ ﬁggﬁs%c gtefgimzae 10-%3%‘1’\??3?@‘?%?{%‘@?‘?% e.”from EM
| ndustri es. PoRBRAMEY¥ Y| f one available from BASF 15 9 Cctober 2004

Pol yanmide imde - a 36 wt% solution of PAl resin in an NMP-based sol vent
cont ai ni ng napt ha and butyl al cohol in rati o NMP/ naptha/al cohol =
40.5121.512. 0 (grade PD-10629, Phel ps-Dodge Magnet Wre Co.). Average _
particle size of powder particles was neasured by |laser light scattering on
dry particles, (using the Mcrotrac 10l1Laser Particle Counter, avail able
from Leeds & Northrop, a division of Honeywel|l Corporation). Bulls density
is determ ned by using a clean, pre-weighed 100 m glass graduated 10
cylinder. Dry powder is poured into the cylinder and | eveled at 100 m

| evel and wei ghed. Bul k density is reported in g per 100cc. Specific
surface area (SSA) is determ ned using the procedures described in ASTM D
4S67, - except a 20 m nute degas period at 200C is used instead of 60 1 s

- mnutes at 300C. Cenerally, higher SSA indicates smaller fundanental
particle size. Exanples 1-8 Preparation of Sprayable Powder from Agueous

Di spersion Sprayabl e powder is prepared by feeding, in accordance with the
-eight 20 different conpositions enunerated in Table 1, aqueous dispersion
;ofy fl uoropolynmer and as designated additional conponents to a spray dryer.
‘For Exanples 1-7, the spray dryer used is nodel 69, available from APV
Anericas, Ins., Tonawanda, NY. For Exanple 8, the spray dryer is a

| aboratory yodel, type PSD-52 also available from APV. The aqueous

di spersion passes through the 25 centrifugal atom zer at the top of chanber
into a hot air envel ope where the dispersion is rapidly vaporized into
primary.particles that begin to agglonerate and dry during their descent

t hrough the chanber. Specific process conditions are listed i.n Table 1
including air tenperature at the inlet to the chanber and at the outlet of
the chanber, rotating speed of the atom zer and air flow through the 30
chanber. Powder particles having bulls densities in the range of from 21 28
g/ 100cc are separated froma gas streamof water vapor and air in a -
baghouse and coll ected for further processing. Characteristics of the spray
dried powder for each of the eight conpositions are listed in Table 1.
Powder particles for Exanples 1-7 fromthe spray dryer are further
densified by nmechani cal conpaction. The particles are fed to a rol
conpactor, nodel IR 520 Chilsonator(B~, supplied by The Fitzpatrick
Conpany, El nmhurst IL. The roll conpactor is equipped with a rotary cutter
?bDade which acts to reduce the size of polynmer pellets exiting the 16 9
gﬁtober 2004 conpaction rolls produci ng powder particles having a density
in the range of 80 101g/ 100 cc which are passed through a sizing mll
screen. Characteristics of the densified powder for each of the seven
conpositions are listed in Table 2. Densified powder particles of Exanples
1-7 are further reduced in 5 size by grinding in a Air Classifier MII (ACM
30 or ACM 10 or ACM 2 as noted), avail able from Hosokawa M cron Powder
Systenms, Summi't, N3. The process of spray drying, densification and
grinding as described produces sprayabl e powder of non-fibrillatable
~fluoropol ynmer having friable granules of aggl onerated prinmary particles,
bei ng free of halocarbon liquid, having a bulk , 10 density of 54 - 88

g/ 100cc and an average particle size of 29 - 39 mcroneters.
Characteristics of the ground powder for each of the seven conpositions are
listed in Table 3. Exanples 1 -3 illustrate sprayable, clear fluoropolyner
powder. of a ' - _

Ta



singl e fluoropol ymer conponent. Exanple 4 illustrates sprayable
fluoropolynmer t 5 powder that is a uniformblend of two fl gwl r
guL er Zplqgt is a

conponents. Exanple 5 illustrates sprayabl e fluaropol yner po
uni form bl end of fluoropolyner with a Ti 02 pignment to produce a pignented
conposition. Exanple 6 illustrates sprayable fluoropolynmer powder that is a

uni form bl end of fluoropolynmer with an inorganic filler of silicon. carbide.

Exanple 7 illus : SRRk ' ro.powder that, is a uniform

bl end of fl uor o%% yrrgerngv&ﬁ‘?ﬁgan |ﬁ%é€ﬁ?é§%¥er %&%ﬁglﬁﬂ to&de%ﬁf)lp% 8

“illustrates spraipaBpasated fomdipe Egasiveameriting the spray dryechambénbyn bighodseof

fl uoropol yner watdicdifRetell e Riainkef €Thd &42 | ' fter

spray drying w thou S{)t_ Q;F&g?egtﬁgssi@3%%#%5“%&?&&%@%&%6§§%gr%issa? 100cc

and an average [&PYehdhe baghouse,andis vented imibe afraosphere througina sipekopipe pothder

grs zdu]g:eg '22 %ﬁ@laﬁ&fm@m?ﬁ?gflamntgeméep?'yéﬁleabmoiggsﬂfvieﬂédﬂg Ihave an
0 . 22. - abl e. ure sprayabl e, {1 uor.opal yrer

bl ends pr oduced_8 ﬁoﬁg@?ﬁ%{@g&&?ﬁab&gm#&ogghwﬁﬁﬂc ag deseribed -

st andar d mechanincGanagiapipetedet] 248292 @uskmaxtena izt ), ahe fRIvAlep puvticles Rdeee of

.according to thg,3o: =¥ | e, l.ati.on process of Canadi an patent
1,248, 292 using PFA—?L&JdHY@E%?% on afrcggﬁ%:éta%%%tt the fluorination step is

mechani cal |y m xed providegtelsothe dispepsiensof privary papiclesiofuomdibeillatable / Ti 02,
one sanpl e bavi AgGord % fo @ﬂﬁ AT = N ' 1844, | and one
sanpl e having 1 vlvt Yot ] ng,ﬁgi'@%tﬂarrec a%i,cal |€%@%@ﬁ%?&%@%§’%ﬁ3 e using
| arge nechani cafol¥inkas e lighigicomponent instesd\af or i additignio myaterpSnitablel t he added
conponent wi th érgenieiselverts fhelidsNirethyb gyrsblidons aha e mawtgw't&&J'

errrul ati on). 1Zther .9 1@%&9&%@02 ‘{Oﬁﬂﬁt V\DO?Ohgl?)BB ng I.HS 108361 E der s “made
iaécording to Exanple 5-8, Kot fA2PEHPOR A e ot 3RAT8AS & ucal ly
'-b:'_.‘end: ng are eawssdpsthediuidyhot mtrogd gak irgthadariead 909 kd lmiBrkgltl&at@fé&lQatéo m
.level. Eacks s ha b g j . .4ars where. 100

of “water 1 addagoprnieeied ARCHah GispEIRR B pSRTR B Bty i o
shaken vi gor ousthy chambar agp drsting:g3sde creste it gapenvaltape diavipg r sempertantofsanpl e
I s then poured f§hG53gP@00¢ u 'Er]g@E lLiowed to
stand. After 10 mrlat es@gtg,h(?tgglelz?v?gg é?%&n%vg%’/lstﬁar %’6‘2@?‘\?3’ %( 1) the
level of separ RaELe E%‘Hﬁ%’é‘ﬁ’f‘%‘?ﬁi_g%séimPﬁém&Sé&m@lw tocgagsasintedng of t he
SaDl o8 bt ogar Of § Lo anar b il 80 S ol e G R 2 ET et
I'n cont-rast%bat h%{%%inﬁfggf%%pgﬂﬁgiﬁ’ DELORAR B3 &?‘S‘g&?@aﬂiﬁﬁgg’%‘@éﬁaﬁéﬂ e,
i.e., there is thtqughe condenser{agtzhawinpwhat thenelwdtizdevodasdprocessed ,
pigment, fill ergegir ld 500 onent. The
pignent, fill erseﬁaﬁﬁlgggbt%llgigﬁ%ﬁnftar e gtggﬁ" %ﬁgé%tg ?%/ré{irgﬂ%%gg%%({]uﬁpgﬁ%ﬁm?% (or
inti mately ennég'ﬁ’é'ésﬁtffﬁ)mﬁﬁ@sﬁq'GBPél{’ﬁEﬁWﬂer particles and do not tend to
separate. 15 The aqueous IphiaSgtefirefsMBBdiREnbohisaRtkhibR, fotvdel Sficles ardab! € 1

L o adepra 1 Ben BRI Sy o oS iebou b sk us Riionyy desipble e
Con ditions- | nlmtwdér parfielepexifing G 8{1@'9 dbsey &B&I\Z;I(aﬁléé))sﬁ% Q{gﬁﬁg%w%ag%%% 82_(e gg) :
' Et' facn? gg?( éﬁ%ﬁ’%&%ﬁ@%&?ﬁ%&%ﬁ%ﬂf gﬁ&@%@ﬁ’& s 852728 18 9
Cctober 2004 - mShewirghasmmpmatshe pawder pattisleshfotlosicd bp catting yid sgediog td58cy |
050 S i 31 BB ey
, which is used in Examples 1-7, 9 and 10. Powder patticles that
have been formed by the spray drying process described above are plac_éd in the -
feed hopper of the Chilsonator® and are fed by a horizontal feed screw to a
mechanical compaction process. Powder particles pass from the horizontal feed
screw to a vertical feed screw which, with the aid of a vacuum deaeration system,

35 feedsthe powder between a péir of compaction rollers. The deaeration system
consists of a vacuum pump and suction hose having two receiving secﬁons
communicating with the vertical screw. The compaction rolls are equipped with
interlocking grooves or fingers (not shown) which subject the powder to
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(Filter)PFA-2 + 8~e graphite (Filler)PFA-3 + 1% Sn (Stabilizer)Conponent ||
11 00 g PFA-3100 g PFA-1100 g . PFA-1100 g PFA-21 00 g PFA- 3 opBe&Sitos! | 2
..97 g FEP-11.05 g Ti02 '3.04 g SiC30.4 g G aphite . D 'on0.30 g So%
Wi ght Total Solids35.5i G35. TY36.9'/0Z9: 2X30. 2GSpray Dryer Process -
Conditions- Inlet Air Tem, F (C) 850(454)850(434)850(4%4)
. 850(454) 850(454)- Qutlet Air Tenp, F~ (O _ ) _
TR T T I el )

- - At gm zer eed, .
RPM 7425742574257%&@32'0%%@%6% @%ﬁ‘%"f‘?@ e omientogs oiigey PabmeseEx. 8
APV Lab Dryer Typletpepiting thegompacting wllamy snbjeettd fifa rolary 9 October 2004 - WO
.001 58389 PCT/ US00/ 08361 Table 2 - Water Based. Commacti onJDensification of
Surav Dried Powder Ex.|Ex.|Ei.3Powder -G ade ~ PFA-1 PFA-2
PFA- 3Conpacti onl Deasi ficati oa Process Conditions- Roll Pt~tne) Psig
{Moa) 1100 (7.6)650 (4.5)1000 (6.9)- Dcaeration Vacuum Prasurc, in of Hg.at
.roomtenpa~awclSI21S-M 1| Sc~dt Size, Mtsl156t25200G anul ar Bul k Dertsity
- . Grans/ 100cc9896101 5 Table 2 - Water Based. Comnaction/ Densification of
Spray Dried Powder ooat'd . Ex.4Ex.SEx.6.Ex. 7TEx. 8 Powder -Bl ends30/. PFA-3

-
S

8a




+ 30/v FEP-1PFA-! + 3Yo Ti02 . (Pigment)PFA-1 + '8'/. SiC (Filler)PFA-2 +

8Yo graphite (Filler)PFA-3 + 1% Sn (Stabilizer) Conpacti onlglghsidd fll on
Process Conditions--.Roll Pressure, Psig (Ma), |200 _
(8.3)650(4.3)630(43)630(4.5)---- Deaeration Vacuum Pressvrc) in of Hg at
roomtenperature 0 13 7 14-= MI|I Screen Size, M1 s200l187i 871 87G anul ar
8uf k DensityG ansl | 00cc80979991- 20 9 Cctober 2004 WO 001 58389

PCT/ C1S00/ 08361 ciitiérl tdads and Padsed tﬂm.lghdsiﬂgmﬂlfthamTtthﬁib%gr Mgmtd al to

N N T T T e
‘Powder Bul k | kngirmarypatticles oladesired sige. ddependiag on fzr selaction SF zatter blade and
M cronet er s293435i]1 screen, the polymer particles may require an additional grinding step to
- 5 achieve a particle size suitable for particular applications as will be described
below. _

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
B 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 ﬂuoropo'lymer and particularly below the melting point of the
20  fluoropolymer so as not to cause sintering of the particles. The he@ied 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 dcxisity of at
least 50g/100cc for this embodiment. Alternately the fluidized bed may be
25 located external to the spray dry chamber and accomplish densification.
Y | _— To achieve desired particle size and/or density for a particular
A application, two additional optional steps may be applied to the powder particles.
After spray drying and/or densification, the étep of heat treatment or the étep of
comminution or both may be used. Heat treatment is actually a means of further
30 d'cnsi:ﬁcﬁﬁon. Conventional tray drying methods using either a forced convection
oven or qoinbining' forced convection with a hot plate (conduction) dryerare
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 — S00°F (149 — 260°C), but in
35  any event at times and/or temperatures insufficient to sinter the particles. “The
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5 Table 3 - Water based, Gic~diag ~nf~Densified Material to Povvder
Particles cont'd _ _. E: . 4Ex: SEx. 6Ex. 9Ea. 8 Granul ar gEin{ PFA- 3
+ 50'i. FEP-1PFA-1 + 3'Y. T|Q2(P|grrent)PFAI + 8 /v SIiC (Filler PFA—2+
8 /. graphite (Filler)PFA-3 + 1° /0o Stt (Stabilizer)Ginding Parameter . -
Ai r Gl assifiwpobkssay ne Spoed, RPM | 150 950 1030 1800"" ---F?&*@Rﬁ&oggpdu_ct
Powder Bul k Density G ans/t00cc 54 80 88 70---Average Particle

" Mcrometers3637. 3939Water Separation---NoNoNoNo ' ACM30, ACM O ACWR
Exanpl es 9 and phﬁmlesuiauianrﬁmlﬂuré:umhimﬂﬁhummpmis‘oﬁmduﬁhgﬂﬂ@ah&ldmzémm

bl ends of spi ayabl & fddiQh Iﬁm pﬁﬁp,@nﬂz fcted to anal y5| S
t o~quantify the&non 'Isdegrega{&a nat ur e ese ﬁg{%nds Exanpl e is .

prepared using proceER eSPOI‘H prgof tbésmmna@y@mamlwdmsmw& 1-7, i.e.,
spray dried, nMRhaditionhl dleckd rtéc @H%&&é&ﬂe%ﬁaﬁ?gﬁra bl end.
va

S asprayablefluoro oL e r Vi bqut % AhQ .
Exanpl e i s 0~ €"PP %‘b’gﬁ?ﬁ lﬁ%p‘{ ﬁp‘?’%@ Hlﬁ'é"‘lf&?g?f‘ﬁ%’ ved: Exanpl e
8, i.e.; spray ﬁtndlgdand afnoanabkmfmtmvmgﬂlnghet filra biiibds m:mibstmnmmmgnhase

.Exanmpl e 10 is g, @gamg %@4 :
conbiiled wt h 0 Al M&iﬁwﬁ %—nﬁ ca ;alfggg HPW ng % ac o silane
based on the v ‘ﬁ!’l‘g FFé“"rﬁP@ Hsatiopthepby ipraviding mqee GPPPMFBEess

condi tions -for dﬁbmésesy&mamsﬁeamﬂatme%aﬁiglpm&%ﬂ pa@wder of

.Cct ober 200 0 r.e on qf the

.'.corrponents t%\g"g ,,%%g%? ﬁ%%"ﬁ?%%%@?ﬁ'h‘%f ﬁagcegﬁagtgmgﬁhmogimﬁ es 9 and
10 is dem)nstrmobynmdpﬁlerWM%,%MM@MWMHBDVMGBMM

Boagul at o?ﬁo”?ﬁﬁ‘?s‘ﬁﬁz‘%ﬁ&ﬁ“ﬁ?‘f%‘mﬁ?‘“?ﬁ&%g’“?% R li‘LS?S. on

EoaCw ¢ hout © neTER IR e AON 08 o RCPrYaRIS R ad s e an ‘ﬁ%m‘a&m
sanpl es: one saﬂlpbmlhmnngonedmﬁhemtof%e/kjrm&lamkvdmmndquplablyﬂm|tlm31 3 wt % *
. AL03 and 5, fori Parthed 5 }eeh@godﬂe rgaaccgkgofgf#.gmnmcﬁaoh&eﬂdﬁ@eght of

the m ca). The nechani-cal
to a target substrate during electrostatlc appllcatlon e.g., the overspray, are also

directly recyclable because the components do not segregate durmg the spraying
application.

Sprayable powders of this invention may be.used as 4 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 t6 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 powdérs of this
: 25 invention also have application in medical devices such as metered dose drug
: \ U inhalcrs | ' '

' Fluorogolm
' Non-ﬁbnllatable ﬂuoropolymets used to makc 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 devclop 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 ,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 -
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to made using | arge nechanical m xers/tunblers to physically mx the PFA
and the added conponents. Powders made according to Exanplgo&ogéthobd. as
wel |l as the two sanples nade by .nechanically blending are applied to

al um num panel s by use of a corona spray gun, nodel -Versa-Spray |11,

avai |l abl e son Corp., 15 Amherst, OH, with a spray gun vol tage of
40 kV.and a‘{lg%@gagf eed pressure of 15 psig. Powders are apgqléﬁoﬂ’@?i@rmoth
cl ean surfaces at a di stance of 12-14 |nches (30 -36 cm. Bulk powder,

powder fromthg R&%‘Ju sGMET ARcRAmME ut.ﬂlaqaukfwtﬁdtq&g O&%&(ﬁie' ected and

'subjected to 05| ti onal Anal ysi's T aV| met r accordi ng
to ASTM E1131 Fd?"r“‘ﬁ'@-f%ﬁ Mlvﬁﬂ shich b ﬂtei'rfﬂiﬁ?ﬂ

filler/pi grrenfd)ssdﬂbe&ab‘chre,sﬁml@vméllths&fsnt?ﬁlﬁhd‘ahﬂg)to@«pmbleﬁﬂhrw&ghhe powder

" apor ted i n T4edty? it forBid e RS BEAR EeoNeRF b hengbE TR i BB o ©

powders frém bandlinge 9 contains subst antial | y equi val ent conponent
~concentrations of t@&e(faily%&pﬂbmbleaﬁm l ré%ﬂﬂ%ge QeVefitige the bul k

onctntr at | on AL Ry M?@W@%mmeghfa@’gﬁfi’ylsﬁé e AR

sprayabl e povxdmtsndaﬂuswmbé?use& N{o%cmmmuly,eMVQshhhcmngebf conponent “
concentrations. g xtlbiapasyrg%ﬁlﬁh&og&y&bﬁgqﬁ%ﬂe Em mERWFS n*yy the process

‘described in Exanpl e uni t an be un| 30 applied
to a targel® pdpeieconglyraerizable maopomersichossh frogsperfivpreoleafinschay H’f&i g carhom| ended

Ef)wdgrg \Aherfelaaodxhaldpemuom( mmtsg/lespmt )rxaw\%htflé fl}{\@fr%ﬂﬁﬁn&i&l the d(rj y
enae sarrp a AR 0 ercen 0 u num oOoxl1 de
present in thgauga @ﬁ@g%ﬁ“z lago 0 Fg@glﬁ’é‘?eétpéeéeqtr‘%ﬁﬁ‘ﬁ'g t"

~ ¥ uor opol yner ammulh@\xeduchmesn@lm paintgubstantinlly bel@® khat ofiBTFE, e.g.j v a0bser ved-

that the diffqraasge ﬂfdﬂgmammnnwemfeau u@t%b .Pauaa/ersmay (as

represented by t for % I ve to the
ni nor conpSnerfPP g&ﬂf?@rﬁ’?&ﬁé ‘t%ﬁ"EE“r"gB%ﬂfP%mBﬂFRc Oﬁiéf‘& b‘?‘N@ over spray

poeder made b)PrefweqbcmnmmmethaaduddiUdVEmEhmhmm&lgmuplmenma@Iy recycl ed
“because the c g%;ngq d Eeng, t ober 2004 -
V\DOOI58389P 00 086 ectrostatlcs pl|gat|o This is in
direct contr as(P W&@NP&‘ Yigy Gﬂ@ﬁd@ﬁ 30%%&“95%0'0?{@% nor

conponent conabﬁttdaﬂbeﬂstddxhdhid%rcapmm&e(mdfbﬁyléuemm opfi¢hallpe sprayabl e

bul k powd f r oxi mat el % and which
'canno!to bee)(’gl rgé(flwﬁgq{lxoé% %gf?s H}?r %‘8 E’EP‘% co%?m %8‘?‘%\fat| ng the
sprayabl-e pommﬂuqf@bu!)l’l@ﬂwlqnﬁ (RFBE %miu@mgea-@ommﬁtﬂamfmlmm s of

Exanpl e 10 dOQ:%n'b@Hxséd%élﬁdb doBSlymbis (BCEFBES Ry Ihe WRA BTFEYAnd RRAIRRE Mately 2

wei ght % of tr}ﬁ J}ghganl |s a arentI?%evoI atized consistently with all
sampl es. This rs deconpose to very reactive

speci es such as. hydr ogdmﬁﬂlﬂuompdmnerbiytsom@watlhasacmdmonbdcmmb with 10
i nor gani ¢ jgat %rb@dc%’mlﬁ‘aﬁ&kd Sﬂieggﬂﬂoﬂgxo%cec}kc? Jnl:ﬁﬂ& %Qﬂﬁfta' ni ng

I-norgani cs. The coatin e’ sprayabl e povvders from

Exanpl es 10 (dﬂgcea@mﬁb?’%lﬁéousr@"‘%afww%uﬁglsyxs%m bR ol |y |
equi val ent corthe reasurénsne 6fvneleflow Rie infactdi@anct with rymmmd«sm pdded

t
cosential y nd BiaRigaR SR § ARty %%?nt&é%i%%ﬂa‘f’%&x%% 1 ons bet ween
a coati ng prodesdtantpeltflow yate tp maltivisdositybby the sqicldgtadnlglvq)mvdl@w fSech Exanpl e 10
relative tg thg m&@incﬁﬂ%mﬁot%@wﬁ%lﬁ%&qlhé%ﬁ&%@@meﬁs bul k

i T or m bl nd PRR S guobT PP ESrmES. The Bl g T &

ety This is in
di rect cont 1 agpolyaerided onbasbdion degradytidn afthijsher molZculmonéelghtPPieresing. t he mi nor

appr ox! mat 2?3@’5)’@@%‘9& ifbdeHoRpkls of Hn M MERaRUGRIGRIR R IFE, . o,
sprayabl e powdwiths mlsgnqemmmm@mlmm lermodifying oemamomiers(s1dhe target

panel . Furishermoletpetcén t?hﬁ%!?&mﬁEﬁaxﬁﬁ&fﬂel&%r&&%%du%dnﬁemff‘[%ence in
25 component con nt i ons bef ween the qve r sented by the
FToor Sampl c) TRORDAERERGRT aR b, T Crample JeRHBOMPHAY 6 B RNt

concentrati onspenﬂuarh@rq:ptayylbhtherl(ﬂPVEDpvﬂaombﬂ'thbetbﬂeﬁespray powder nmade by
t he process described in Exanple 10 can be directly recycl ed because the
conponent s have -not segregated during the el ectrostatic spraying
~application. This is i.n direct contrast to the 30 nmechanically bl ended
powders wherein the sanples undergo a sqparatlon related to the charging
process, with nuch of the inorganic conponents separated. The ni nor :
conponent concentration difference between the overspray and the sprayabl e
bulk pomder for the dry blended sanple |s apprOX|nater 66 %) Pomders
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(A1l)PFA-3 + 5% Mca + 3 6 A1203 (A2)Com neat P 1100 g PFA-3100 g

PFA- 3Conponent  1122.26 g Al 203t.63 g M caConponent ~30. 98¢ @gtilgépghght
Total Solids29.6x31.8. GSpray. Dryer Prod Cond|t|onst -- Inlet eiap) F
(©) g50(454)850(434)-Qutlet AirTenp,F (C)._.J..320(160). -

Z50(121) - Al v o889V CMV) 328l (93) 74( 2) - Atom' zer Speed, RPM PCT/US00/08361

.- 742548, 000Powda ,Bul k DensityG ans1100cc '282l F.x. 9 APV nodel 69, F.x. 10
APV Lab Drya Type PSD-52 . ..-:. f:." ~ ... 24 9 Cctober 2004 - WO
00158389 PCTI Usbibteteifedroathjicne, St oﬂﬁonpamncmmmmmme poupsiin®ghay Dri ed
Bl ended Powder jfsjeculd? Powder - Bl eedsPFA-3 + 7% A1203 (Al ) PFA-3 + 5X Mca +

3 X Al1203Conpacti onl Dc ion Pt ss Owiditjons- Roll Pr~essui~e, Psig
(Mpa) b50( 4. 5). Deaer at P‘i‘ﬁ?’@é fﬂg&sén"qnﬁ%fmll@e beththosadedygdipe 15- - - -
M. SCEI een S| Ztspehdion irﬁé’ﬁauouhﬁdﬁBuiéxﬁmaeﬂ blgrme&ﬁmﬂ ﬁ@ﬂ:cular 5 Table
6- Gindi ng Da I’II Es.
CopEn 3 PEA s, %n&s%ﬁ%%ﬁ?@ su {‘ﬁ"j‘ @eﬁ%‘%

Par anet er - - - - Aeducéthml@hlw weight cHhis fasisatgs mwwmcsﬁ&mbm&ubc

~- Powder Bul k e i prddusdd gigpe (ﬂg‘@( Macronet er s28-
10 ACM 2 . gt%%g”lﬁomobb?I 00l g'h? 'H,?,E ravirretric
Anaiysis of Bl '& meratronr e |sprod

emulsion polymerization proc&ss. It is also possible to polymcnze TFE directly to
10 PTFE of suitable viscosity by appropriate control of molecular weight in the
' emulsion polymerization process such as by the method described' in U.S. patent
3,956,000 (Kuhls et al).
: - ... Specific examples of non-ﬁbrrllatable ﬂuoropolymers that may be
| ' used in tlus invention mclude perfluoroalkoxy (PFA), fluorinated ethylene
15 propylene (FEP), low molecular ‘weight polytetraﬂuoroethylene polyvmyhdene .
fluoride (PVDF) ethylene/tetraﬂuoroethylene copolymer (ETF E), and ethylene/
'chlorotnﬂuoroethylene (ECTFE) copolymer. .
The ﬂuoropolymer component is generally commerclally available as
a dlsperswn of the polymer in water, which is the preferred form for the
20 composition of the mventron for ease of appllcatron and environmental
acceptability. By “drspersron is meant that the ﬂuoropolymer pamcles are stably
dispersed in the aqueous medium, so that settling of the pamCles does not occur
within the time when the dispersion will be used; this is achieved by the small size
of the fluoropolymer particles (also referred to as primary particles), typically on
_ 25 the order of 0. 2 mrcrometers, and the use of surfactant in the aqueous dispersion
' e ' . _ by the drspersron manufacturer. Such dlsperswns can be obtamed du'ectly by the
S process known as dispersion polymenzatlon, optlonally followed by concentratlon
and/or further addition of surfactant. ' :
_ Altematrvely, the ﬂuoropolymer component may be a ﬂuoropolymer
30 powder such as PTFE rmcropowder In whrch case, typically an organic liquid is
| used in order to aclueve an intimate mixture of fluoropolymer and if desrred, high
temperature resistant polymer binder. The organic liquid is not a halocarbon '
liquid. The organic liquid may be chosen because a desired bmder dissolves in
~ that particular liquid. If the binder is not. dlssolved within the quurd then the
35  binder can be finely divided and be dlspersed with the ﬂuoropolymer in the liquid.
_The resultant composition can compnse ﬂuoropolymer drspersed in orgamc liquid
and polymer binder, elther drspersed in the liquid or drssolved in order to achieve
the mtlmate mixture desired. The characteristics of the « organic llqurd will depend

12



PCT/ USO0/ 08361 Eu. 9BkndEx. | CkndPFA- 3PFA- 3PFA- 3PFA- 3++++7Ye M20310KSeK

M caS% M ca( Al ) A1203++( Al ) 3."' /. Al12033Y0A120; vvi / e%N ' YoOW @%}@Lﬂoba

Sanpl e6. 843%4.0. 24%6. 096. 0%anel Sanpl e6. 561. "' K2. 004Y. 6. 371?4 0T dor

Sanpl e6. 345/ v5: 081%5. 2Ye. ., 2. 0%Mter SeparationNo.YesNoYes 5 Exanple 11-
Powder App&YRﬁ“AI on Sprayabl e powder of non-filirillatable fluoropol yner
made subst accordl ng to the procedure described for PESF&WM/@?@ and
havi ng a bul k den5|ty of 759/10000 and an average particle size f 34

~mcroneters ig anOm idenatyedt ﬂ&ﬁﬂﬁ&&%@@ﬁ@ﬁ&rd&l Rincor fog the

%gg{l%r:;rgaw?ﬁ&'&ﬁéﬁ?’%mﬁeﬁq? ot gRcli N-methylparalidoney t w t b n
spray gun vol bagmlmio:ﬁZhlgNhaﬂdgmMeblvbmmlmiﬂ!ssuﬁﬂumé thkbeofisin®ng The | anps
are sprayed. ughlele ?kegglgg,waku{eg,ggﬂ‘ga @%&%n?&%%ﬁ&ﬁ{?&@%&c ctéddfilst | onal -

coating does no and cases lanps were
sprayed, b#kedesired forfhe patie M"@aﬂ%&m and baked. Lanps _ with coating

- thicknesses r @igdrW@niponéeat¢- 0 -7.5 mls (102 -191. m croneters) are produced.
Baking is at a tenperat ar 'from5.0 to.6.5 . mnutes to

fuse the powder into a SB'HY? ‘E;B%‘g‘ﬁ’f%’ﬁﬁ}? p’%*f"é‘dﬁﬁi‘f‘@ﬂfmy CARAIB o coat i ng.

The coat ed | atnpfuaropolyinen a dightpmgerhtuontesistant pptymerfbirdet.cEhe l@mdch meters) to

20 test th I d
3 v o ASESHAE e, e e M) Gl 0 3 2

according to t uce er ent ont ai ns
shar ds- of 'Bro&'&ﬁ"‘@‘b&%‘@‘%@ﬂl“ﬁsiﬁ@“’é‘%?&t‘?‘ﬁ@efé%‘ﬁﬁ“at cas Hpak ng the
heat | anp coabadenistvellimooa foraise ifhenstick finishes fort 44 amhgsmimro &doV\A th

comer ci al | at ent
1,248,292, 1 Eﬁ .? %f@%?ﬁ fﬁﬂﬂ‘"?ﬁﬂ@ .o*ﬁﬁ'%i?#%Qﬁﬁve*@n%@ogﬁ#‘%m&ﬂé| y nore
.tr)anspar ent agnd apof s liasamaew%mhpolvmqgm@lademqrterrs such
‘as prfepar ed h%or% oggpa:?@ufdneg vﬂﬁ?vaﬁamba{hswampl&ﬂ%m ﬁ@&hﬂiﬂ%{s for
exanple in st aur an S ective coating in case
of o8 © o'len: gt BaGpn e EGRE t%y%gej&qﬂg?%\fﬁwmaw teer i n
appl ication, tabmxtpé(mletoslwfc A((%)) polyahersnlfcnnsﬁ’.ﬁse, whiph areathofphousli t y and are

capabl e of ac | @Y?t??ﬂ Qratjn?: Heat
Tr eat ment - Tvvt)ti!ll[l)er‘f’t})ll gsfds& ogﬁgéérg&glal qaﬁser hon- |%ébp?t%3be¢gnd)£

f1 uor opol ymer SUTRINGS EMap@RC HrYine B‘r'c 106G 1 h°hy G0 eelyphenyle®gdi t i ons as
coutlined in TatlfidePPEY whictngre pamiﬂy c@stﬁlliuepalpﬂiewmth dhﬁ.nﬁigm on i s spray

d d, d fi o b
escr | bed 2n iapetal3T IRl 380 AIRAGHaREA ARl Mo RESTARII RO P
wi th however, 240%, &tiholyimides, mlwuétf lmiéea(PNband/wgnlYMlgngd@alawhwht eri al

after the den%bﬁ\ves@td ﬁﬁlyﬁﬁnﬂ@ irRide, \bﬁf:ﬁ)[xﬁ‘ndei ¢rBEkliNE updititlatihg 6FMEBGHtinkS Ccarried
out by placin oven

t f
appr oxi mat el yq%ﬁﬁ%! (62%0‘@ ??s't‘)s sFﬁVéce T‘P?rﬁtgrep%leﬁ‘?egpefﬁ?%es 0
f 1 uor opol yner Jamfoog others: i ofethese ypolynieos ars theGhallyostabde ast dimendiomallyhe non- heat
I'5 treat eC§5pO\§g,g[e a?ieuﬁi&?dmleﬁwﬂtl%n@ﬂgr élgél&g%WEE%‘#gans%r af¥ithdy’@Ppl e 13

~are listed in Tab 3 at t[eat gcﬂ\eow es |ncreaS| ng .the
density of spr%{‘}ﬁ'é‘aﬂb B POIMELY pmetal sukages-cat i ons and for

oBt ai ni ng powders that ﬁaaﬂdhmmuhﬂuomﬁﬂymérl aﬁupdncﬁthpragiblaﬁow@roper ation
to obtain a d v r a however is
‘conduct ed at ?ﬁr}{) '%O%%C% {shﬁinggarﬁ% 8‘&“‘%‘@ %&bﬁ“ﬂs Hz'ﬁ%ﬁ el ti ng
tenmperature s @détgvmtsqcb addivivasmeay heaaddeddieestly tpthe Suoropolymer digpassiomeat

hardened ajd Wio {bw&yl BPgﬁihfd%iﬁp@rsidﬁd?ﬁ{ctaﬁuﬁwé%ﬁﬂéﬂ&eﬁﬂﬁ&%& ons.
27 9 Cctober, 2004, Tabl e Ef fect toﬁl_ére tTre ﬁﬁ rrent on Bul k Density Er.

12E7.  13PFA- 2PlRTOPelymes dispergion OF Buriped: %, Graars/100cc
0g g8Heat Tr ealispersionC@Bxdinples nfsuitable filersdnclude inddganic Exndéi;)utnd&ubm‘tdc@n Hour s

None None 500(:3§ QG0 bt Afcotbbt tanbifidh, dthrilh Mungst ! biroRSRd Aidminfadys! | 00CC

well as glass flake, glass bead, glass ﬁbelf, aluminum or zirconium silicate, mica,

35 metal ﬂak'e,'gnetal fiber, fine ceramic powders, silicon dioxide,_ titanium dioxide,
barium sulfate, talc, carbon black, etc. and syathetic fibers of polyamides,
polyesters, and polyimides.
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98 t00Ginding Paraneter - Air Cassifier Machi ne SPA RPM 750 800Fi ni shed
Product Powder Bul k Density G ansl| OQcc 63 74Aver age Part'gcévﬁob%’r

M cronmeters23 5 Exanple 14 15 - Preparation of Sprayable

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

w th the twwgighbsagent corrp05|t|ons enunerated in Table 9, apéﬂmwﬁb@p of
- fluoropolyner, water mscible organic solvent (including water in Exanple

15) and, as desi ghat ed; - addi ti onal conponents to a spray dryer, equipped as
described above 10 _(vvithout fluidized bed conpaction) with the exception
~ that hot nitrogen gas is used in pl aqexgmmgg air and that a closed |oop .

system for recycling-n and sol vent / .vapor is

“enpl oyed The sol vent- d%@ggﬁ'ﬁﬁwﬁ% %‘iﬁ?ﬁ’ﬂgwmﬂﬁéﬂ%ﬁa M&%I atoni zer at

the top of chammentatiomsamgm%basei;m1hgemnlamdelwglasuﬁmmeambsodivmper sion is
rapidly vaperized 'ntomewﬁeﬁadfﬁhﬁ%ﬁgngakrmsﬁera | Werk QetBrdh@i™er at e and

dry during their descent the c peC| . process_conditions
are listed in ®mayigetycyl (':P‘aﬂﬁ"ﬁ gtateddn yhéabagedo Q‘Eﬁﬁ@?ﬁ'ﬂ%ﬁ%’ﬂz&l‘“f’ﬁ@ {dslet to

t he chanber andndliqiile outl et of the chanmber, rotating speed of the

. atom zer and nitrogen flow through the c-hanber_. Powder particles having

bul k densities in the range of 38 -40g/104cc are separated froma gas
‘stream of sol vé‘}!ﬂ_m_lmﬁ!ér and gas in-a baghouse and collected for further

processi ng.1o ChPFACH 8isp&ibion S-- IFEMPVEMictdpolirhd SestOddsibPln wasiwif a t he two

- conpositions are.listed i T ria ovvder art fromthe
spray dryer do SPis 45"-‘?5{?&”@&?1'{}9%53?‘”&2@?4 éﬁ? "I%‘é"am%% for
conmmi nuti on toﬂ:mmuiib-fZﬂOmometprsLﬁmresﬁ&avu@a(ﬂ?ﬁlﬂamnte&ﬂﬁﬂ&mﬁﬁoﬁﬁwﬁn for a

3 o e B A e MR

@aunlformble eﬁ
b ndei (pol yet M@Gp’%m°@fﬁ4rﬁ @%‘@dﬂ%ﬁaﬂ?é@% Rd# of

~ sprayabl e hkue rélhtua twmeltyimbs@c(mrbyttmtelawnsaxpmwmﬁmiled whkn MFR

f I uor opol yner, L@ !9 d i'nsi de). The sprayabl e
powder of Exarrp?e o?Eﬁ ﬁr 05W| ca\"?y g%ﬁ?e‘g to 5 cl eaned and -

grit-blasted carbon steel substrate as .a pri-ner layer. A standard

- fluoropol ymer tpgpcoais Et%loﬁpp'tFmPVEdlub aﬁﬁédinmﬁsi@tlﬁwa&r&maect ed to

a1 adnesi on aAscERieet Ao 38 Yﬁ"v&dﬁu‘:“@?&eﬁim%ﬁid PR rarS Bhi b i

nai | adhesi on 'af’ﬂ
accept abl e zadhesﬂlmmvmg)a PENE@ogtent dbfiomeh — Biswtd “Sprdaaymédt flowgatEaf fnbﬁx

15Whi-t eBl uePri ey~ ﬁ%rx&aiﬁfcﬁﬁi m@n hd &f‘of&é‘lﬁ@@%ﬁﬂ&@f&d gone il
“PFA-1 Fl uor ocaﬁf Bﬂi - Polyethersultone, -

Sodi um Al uni nu ‘en%l? 82 m neraliud Water, ~oW. - Am de
| m de Pol yner, %W\ 80. 00 19 00 1. 0078. 00 18.30 2 06 '

PFA-3 dispersion -- TFE/PPVE fluoropolymer resin dispersion in water with a
25  solids c_.onte;it of from 33 - 37 wt. % and RDPS of from 150 - 250 nanometers, the
, : resin having aPPVE content of from 2.9 - 3.6 wt. % and a melt flow rate of from
- 13-27 measured at 372°C by the method of ASTM D-1238 modified as
' dcscnbed in Canadlan 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. % énd amelt flow rate of
from 0.3 — 1_,2_'mcasux"ed at 372°C by the method of ASTM D-1238 modified as
~ described in Canadian patent 1,248,292.
35 | -
" FEP-2 dlspcrsmn TFE/HFP ﬂuoropolymcr resin dispersion in water with a
sohds content of from 33-39 wt. % and RDPS of from 150-210 nanometers, the
resm havmg an HFP content of from 10.3 - 13 2wt. %and a melt flow ratc of

14



0.70 0.64Spray Dryer Process Conditions- Inlet Ntrogen Tenp) F(C) - CQutlet
Nitrogen Tenp, F (C) - Ntrogen Flow, CFM (CMvi) - Tenperg@absbser oogr
Condenser) F(C) - Feed Product Tenperature, F(C) Atom zer \Weel Spced,
RPMBT2(189) 297(147) 500(14) 75(23) 61(16) 2p000331(;166) 271(133) 500(I 4)
77(25) 19(15) 25000Fi ni shed Product- Powder Prima BuI k Density, G ans/100cc
40 38Aver agWOd9583%| e Size, M crometers3116Col or of Powder FRGFESONMSIEAB! ue
Ezanple 16 - Corrpar ative Ezanple 1 S An aqueous di spersion (60% solids) of

PTFE is fed tgﬁ&n%gfsu 3 MisuredRf§T2° Scrlmgal a'otaémbr&@tat’o\étm' cas,

Inc., Tonawan st antt al In¥ aa i h-Exa except that
t he d| spersio rieseribed through t he si de of the chanber
t hrough a 29 9 Cbtober 2004 two-fluid nozzle instead of through a

centt 1l ottt Bl o e i DR il LA YR
Tenper at ur & 1@@!\1’)011% 60 wi%, standandspenific gravity (3561 2.2p0cgsyred apgardingdev. 74

CFM (2.1 CVM AZHiRr DASTHURYE RISEHEFGA 01170021 RficoReys dryer”is a dry, soft,
fibrous . product having fiber strands of ‘about twel:ve:inches or:|onger.

The PTFE 10 di spersion.fed to the spray dryer in this exanple has a nelt
vi-scosi ty excepficropovider dispérsioas- 'H?mﬂuctmpdymeaemddpm::m wdicvithhat s

flbrlllatable 0

i nvention. Wﬂ:@gﬁ}e&t'&gw gﬁgéﬂhg@@l&&%ﬂ%ﬁﬂ gdf %90 dlé}:gfsténd from
Aqueous 1510 sm@ieéﬁeb@&wm %momem% PFA— 1 plus 34% FEP- 2
plus 36% of M cropowder is fed to a spray:dryer, nodel PSD-52, avail able

.from APV Aneri S, | nc. onawanda, . NY substantially as descrl bed in
Exanpl e 1, excégt%mﬂ%%zﬁ he dlmg)ery on and conpressed air enter through
the side of t hal etCCaléined aliminugoxadet digpersion, pamticle size 21737 erdcrontetersir ough a

céntrifugal atmlgﬁgﬁ%;ngmmté)&b@;lvéshe chanber. The followi ng are the
process conditions used: I'nlet Air Tenperature: 308C Qutlet Air

Temperatur® 131 C z~ Two Fluid Nozzle Pressure: 22 prig . Air Flow 78
CFM (2.2 CWM A2 - Aluminum oxide dispersion, particle size 0.3-0.5 micrometers, available

from Alc.oa.' .

Graphite dispersion, average pértic:le size 0.4 micrometers, available from
20 Acheson Colloids.

Titanitimdi(;)_xidc, average particle size <2 micrometers, available as TI;PURE®
R-961 from The DuPont Company.

25  Silicon carbide, average particle size up to 4.0 micrometers (max.), available from
__;:;:‘:-'.»-‘_;-;2 . _ Fujimi Corporation.

Ultxamanne Blue pigment dtspetsnon, partlcle size <44 micrometers, available
from Akzo Nobel Chemicals, Inc.

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

35

Polyether sulfone available from BASF

15



Powder particles having a bulk density of 48 g/100cc and a particle size of
22 mcroneters are collected for application to substrategqﬂ&a&h@b§4 30 The
exanpl e shows in direct contrast to Conparative Exanple 10

melt-fl owabl e, | ow nol ecul ar wei ght PTFE m cropowder resins have
applicability in the spray drying process of this invention. The invention
being thus described,-it will be obvious that the-sane 35 nay be varied in

MBny vays. Suchpyghiniifite A S6 W% sbix biRBe of PARKLAn 38 N BSAGL el TOM N

spirit and scope 0Of; the i1 nvention uld be

“obvious to one $95Q3iniag maptha H@h“@lﬁwam@ﬁééﬂ‘?@wmhddﬁéﬂ Hi20 1510 t he
scope of the fO(WP[g.[QGE Phelps-Dfdge L&gggttwgngQZ)004 WHAT IS CLAIMED I S: 1.
Dry sprayabl e povvder conprising friable granul es ‘of aggl onerated prinmary
~particles of non-fibrillatable fluoropolyner and at | east one ot her

conponent, sai dAgempeipaticls stva\if pgwdertpatticlabonsi thastred b ldseisiht 20ateHRPCC and

aver age partrcl he ,f J.uor opol esent I n
sai d powder havr&rlglly;&r&{l?s S&S%c%tggw&bgc{{? ﬁfsafaﬁ‘él%bf’ %éﬁn
Dry ‘sprayabl e pbegsls ﬁbmpsadgﬂmnaﬁﬁ@eg’w&ﬂlﬂoqmrwonmgl orrer ated pri rrary

particles of a frrst non-fibrillatable fluoropolynmer and at | east one other
non-fibrillatable 10 fluoropol ymer, said granul es havi ng a bul k density of

at |east 20g/ 1088k ‘Eﬁﬂtyaﬁé‘reﬁgémﬁﬁbf“ém&a§% we-vwighed 100 mbiglaso graduated t he
- f1 uoropol yngy peyiiuet D gowdér RPoRRE ﬁ@%@&ylﬁd@ﬁnhl&e?é&oﬁ'lbynﬁfl% e Pa-s
e

to 1x106 Pas. e,s bI e - powder of claiml or 2 wherernt sprayabl e
powder is free WFIg Sd\/\g'flgrda @&Pﬁﬂ@d%w 00cc. The sprayabl e powder of
claim1l or 2 wherein the sprayabl e povvder S free of haI ocar bon liquid. 20
5. The sprayabl nsj ty. of at
igast 35g/ 106&0&% Iﬁ ray ]158 4 c"ll% i°°8 S&ﬁf s an
“average particl ASTMD 4(557,f%mt@(20tm1n8@ d%wmmd@t 200°C5s dsedhetesisfopabl e
powder of clai bas, from

T I A e R L
~unconmi nut ed. 3¥%%8. The sprayabl e powder of claim 1 wherein sai d granul es
“conprise a plurality of fluoropolyners.. 31 9 Cctober 2004 10. The
sprayabl e powdeg_of cl aign,1 vvhe .er n.sai d 0 nt |s pol ymer bi nder.
11. The sprayabr2PBHa R ¢ Lowaer Lram sous Ilispersiop
pignent. 5 12. The spraS;abyd)lqamm:qBrepd:edhyhedhgrmlaacrﬁdmﬂe&hﬂﬁheeigﬁponent

f bl wd
compr sty 1 LAiGlen: A by ROEARREN PTARRY AR RGN G POV
non-fi bri || at abfiworepelpmepaidassesigratedadditinget campononts & a2 smrapdryent Faro obt ai n
friable granul %xanﬁﬂ@@l mtﬂesﬁayqr;elru&aqpmousm M ?bréﬂo%m:%&meﬂ@&o“e“t

14. A process f ar yabl e powd ormng a mxture’of a
liquid di spersrlgﬁ ‘gﬂ?ﬁ’ i %B‘égm e ﬁB‘B&SIdW?EFS aalﬁboratonr woiel, type
di spersion of d?SDéaalsomvaldﬂl&ﬁbm APV. The aqueous dispersion passes through the

25  centrifugal atomizer at the top of chamber into a hot air envelope where the

2 S dispersion is rapidly vaporized into primary particles that begin to agglomerate
A 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 cliambcr. Powder particles having bulk densities in the _rangé of from 21 28

2/100cc are separated from a gas stream of water vapor and air in a-Bag_héuse and

collected for further processing. Characteristics of the spray dri-ed'poWder for -

each of the eight compositions are listed in Table 1.

Powder particles for Examples 1-7 from the spray dryer are further
densified by mechanical compaction. The particles are fed to a roll compactor,
model IR 520 Chilsonator®, supplied by The Fitzpatrick Company, Elmhurst IL."
The roll compactor is equipped with a rotary cutter blade which acts to reduce the
size of polymer pcllets exiting the

[3]
L
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15 conponent, and spray drying said mxture of liquid dispersions to obtain
friable granules, conmbining said fluoropolynmer with said etb&bbs&Igoanent .
15. A process for preparing a sprayabl e powder by formng a m xture of a
liquid dispersion of a first non-fibrillatable fluoropolyner and a liquid
di spersion of at |east one other 20 non-fibrillatable fluoropolyner, and
spray drying said m xture of liquid dispersions to obtain friable granules,
- conbi ning sai d ddutak UsBroduting powilet paitietds taomcart&msuy irbthe Haggenyfgpess of
claim 13 wherel&lls’g 8 UI d di sgg |on has.a Itf@i soI ds content fﬁI at
| east 5 wei ght 40 £5 dHPYH oyigh asiging _
"di spersi on has dtnmsﬁbéhbowdﬂrlfdseachmf &msc\ach cbmpusﬁoﬁﬂam&ns@ﬂtm%‘abth& The
rocess of claim 13 or f wat er
P Béns)’lﬁ}% B’ cllf-é &f% Candp) e}pﬁiﬁ%ﬂn\#ﬁgr feldfi€e L

30 immiscible Iiquid. proc Fern sald liquid

di spersion i% f&@ebmﬂﬂdalmarﬁaoﬁlasﬁl&mmﬂ@@CM@QI:AGMENDOMM@ asThe

i Spor si ons. comds eé"“éﬂmzmﬁ‘r%%‘é%‘”@z"%‘?“gﬁfﬁ&s i Sughh e M.
granul es have apfﬁﬁqsﬁoﬁﬁi%ﬁ ng; depgify aﬂg@"{j‘fiﬁ@(j’éc‘kﬁﬂ’e PARFES particl e

si 5\3 of ? to 1f rdflablepaRid blexr@ffnlo'ﬁ-ﬂ:hUaAblermme@;ﬁnﬁﬁér_mwaiga&iabu:dga@néﬁmalb! e -
powder of non-fi e fluor Lisin ray, dryin i qui
~di spersion of p?ggifﬁ??atﬁ‘ipwmcﬁ&nhﬁ%ﬁ f%?%lp@ ﬁﬁﬂ@’r%ﬁ%@‘r‘&and
densi fyi ng tthe ¢msitybf +88 gﬁdoawﬂmayerdgqparg'cleglmbf%ns‘g miczdunetegs. anul es.
22. The process | &, rej nd
the 10 granul esC %@@i@%@#gﬁﬁg&%ﬂe Fﬁl ens?’??dsgn&g%? g‘#:]te@
process of clai m'l’@blc(ﬁ. 22 wherein after den5|f|cat|on the granules are

commnuted 15 24. " TheERRRAESE Pliucrad bw«ereﬁfﬂu&la fymea?b@def@fwfes

.:’h@ve a bul'k density of at I'east 50 g 10 cc anﬂ aver ag e sjze of 5
19 100 mi cr omet BRgle zmpﬁw@epﬁm%f xampie# @S'B?te&@ ‘*eﬂHoré’&P bymssr ay

drying is cgyrigsivdethabis saindfdid iblgd 28w fbcrapsist ﬂcdnﬁpérhwnsarmmesof

heat ed gas bel omth rreltl 0| ntlof sag 38? thé&e 26. The
process - of clai &y Sprayab P’f-ff’lpﬂ YOUT BOYRHSTIYT ﬁb‘"‘? PA98 out by
mechani cal corrpﬁmfopcﬂymé’ﬁvﬂﬂa Tidgigment ds prodiicecd pl,,memedcnom,sﬁmfiaamplsal d
densifying is c ry particles
wi th heat ed gas@ lfds orm a’?}g ffgiakg)gwg&ebgpégh r %lgg) 8JfaThe process
of claim21 or ﬂ@r@@mﬁmwglammamq@uengf $lbc%¢qrbléa Examplo 7illusiates 30 a
bed of sai dyfr agihyasledRdraBlyrkripddidsithat i98 Unifomt bR bsﬂaafo@ogfmé}wal gas.

29. In the process for cQat i a substrate with p

non-fibrillat ab%?%@%b%ﬁ%’?@“ ea%gwa@ﬁdg‘ ugtegtes ?SWSP t(tf‘H’rPB‘PW“&rum form
coating of sai dpdwdep tiapizl arifor blendiof flacdopbiyaice withithe tlmpmal/ﬂﬁmﬁteram;rprl si ng
obtaining said powder, BYuRiWbAURY Byink WindufheBE! Sb2lsR t%%mgabulk

density of 21 g/100cc and an average particle size of 25 micrometers.

_ _ 25 ~ The sprayable powder produced in Example 2 by spray drying,
[EE T _ densification and grinding have an SSA of 5.22.
S ' 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 % TiO2,one sample havmg 8 wt % SiC, one
- sample havmo 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).
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U] c”a] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] ca U] c*a] calca U c"a]c”a

U c”ra]caljcaljcaljcaljca Ucrar fuP & bhzuojd XRi ] U] ca 9 October 2004

Ul c~a] cal] ca] caU] ca] caU] ca] caU] ca] caU] ca] ca] c*a] ca Ul c*a]ca Ul cra]cra

U] cfal] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca$: d} 1E x-5CFJY_xsnid_zZUi ] U ]ca]calc

a] ca] ca] ca] weo bdiss3gy c"a PCT/US00/08361

Ul c”a] ca] c™a] cal] ca] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca cal
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ca] ca] ca] ca] Cr1 r‘a] [‘_a]_C.aR['L~ A10% h&' (\- 10% h&y () -1 I " 109 ()-!XL
"109%hh& ()-F"] G%*m%z“('?mfﬁ% h&' ()-F4X6! " {9a09d K K&[()-) ! %0%ss& ()-)!
%WOYhh& ()-)! REIE : 0UA—AE () )Y':lﬁo/nh}?" (O)- -, wal™ %[OuUsS&' ()-)
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h 10 h 10 h, >410% h& Z10% ol& ()-" 10% & ()-3 '@
10%z& () -3 ! (e (3361
10: Y-le%&'() . 2 2r& ()--10% =& ()- '6l (.
10%pé& () - Brranut
S Grams/100cc -
ey - _
5 Table2- Water Based, Comnactuon/Densnﬁcatlon of Spray Drled Powder
{cont’d)
Ex.4 Ex.S Ex.6 Ex.7 Ex.8
50% PFA-3 PFA-1 ' | PFA-1 PFA-2 PFA-3
Powder + + 1 .+ + +
-Blends SO%FEP-1 | 3%TiO; | 8%SiC | 8% graphitc 1% Sn
(Pigment) | (Filler) (Filler) (Stabilizer)
Compaction/Densification -
Pracess Conditions
- Roll Pressure, Psig (Mpa) 1200 |  650(4.5) | 650(45) . 650(4.5) -
- (8.3) - _
- Deacration Vacuum Pressure, ) -
in of Hg at room temperature 0 15 7 14
- Mill Screen Size, Mils 200 187 187 187 —-
vy Granular Bulk Deasity —
Grams/100cc 80 97 99 91 —
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2 & ()-16F'T

) -]

10 - 1,
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5

RPM

700

700

| Finished Product
Powder Bulk Density Grams/100cc

77

" 80

Avcrage Particlc Size Micrometers

29

34

'35

Table 3 - Water based, Gnndmg oﬂ)ensuﬁed Matenal to Powder Partlcles

(cont’d)

o
I
<

Ex. 8

| Granular

"] -Blends

50% FEP-1

50% PFA-3

PFA-1

3% TiOy
(Pigment)

PFA-1

8% SiC

‘(Filler)

PFA-2

+
8% graphite
(Filler)

PFA-3
+

1% San

(Stabilizer)

Grinding Parameter .
{ - Air Classifier Machine
Speed, RPM

1150+

9504+

1050+

1800¢**

Finished Product

) Powder Bulk Density Grams/100cc

54

70

Average Particle Size Micrometers

36

374

39

39

No

No

No

Water Separation

*ACM30,* *tACM10, ***ACM2

Examples ‘9 and 10_- Uniform Sprayable Fluomglolxmer' Blends |

Uniform blends of spr'ayaBlc 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 comininuted. Example 9 is a blend is-a

sprayable fluoropolymer powder of PFA-3 having about 7 wt % AL,O, Example
10'is prepared according to the procedure described for Example 8, i.¢., spray
dried without further densification and comminution. Example 10 is a sprayable
fluoropolymer powder of PFA-3 intimately combiied 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
Tables 4-6. '
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157 ALOYE () P %@@e@%é%%@%&&?@ Wy (Rl PEA. ) 100,
h& ()-!L' 1094 f powder mar_le aowdmg (O)the wl\imdeq copgulatign pt)ocesspti
2%0/% %[ \hl&_() abVVyﬁEﬁiL ! 6/ 2 gsi A-3 dis /r;s& ion and without the ﬂuorrnatron ste th&. ()-M
N, F! 109%n& () - WSB‘E?BEPB@X%B@ W‘&&&U)& pils ?Lé%/&“tl)(&hﬁ 51‘601 h, AL0%
h& () - —lp% h&' and ord safiledving - 3 m%e’dﬂ,]agd S @ ilicd\@Gilso Having -l% Arminb0 Y& O)-
- 10% () - silan%%@eh%n(tﬂe weight of the mrca) ‘The mechanically blended products are

- 10 made using large mechanical mixers/tumblers to physrcally mix the PFA and the

added components.

Powders made according to Example 9 and 10, as well as the two

e samples made by mechanically blending are applred to aluminum panels by use of
) a corona spray gun, model Versa-Spray IL, 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) | o
Bulk powder, powder from the panel and overspray powder from the

* floor are coltected and_ subjected to Composrtronal Analysis by 'I‘hermogravunetry

20 (T GA) according to ASTM El 131-98 to determine the inorganic content (amount
of ﬁller/prgment) in each sample All of the ﬂuoropolymer in the powder samples
is volatized and only inorganic materrals remain. The results are reported in Table
7. 'Ihe coatmg on the panel produced by the sprayable powders from Example 9
_contarns substantrally equivalent component concentrations of the fluoropolymer

25 and the added componcnts as the bulk sprayable powder. In this example the
drfference m the minor component concentrations between a coating produced by
spraying and the bulk sprayable powder for Example 9is4% relatrve 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 appliedto a target panel. Thisisin direct contrast to the mechamcally blended
' powders wherein the minor component concentration drﬂ'erence for the dry
blended sample is approximately 80 %. Eighty percent of the aluminum oxide
present in the dry blended sprayable powder separates from the ﬂuoropo tymer and
never hits the target panel. :

35  Further, itis observed that the dlfferenoe in component
concentratrons between the overspray (as represented by the floor samples) for '
Example 9 is 7 % relative to the rmnor component concentrations of the sprayable .
bulk powder The overspray powder made by the process descrrbed in Example 9
can be drreetly recycled because the com_ponents have not segregated during the

22



- 109%&' ()- #109% ()-]gehi GjjDkwxeb@1!!,- 10% ' & () -

,, 109 ()-'@& 109 ()-F '1° & 10%&' ()-F '& 10%&' ()-F !'L- 90ctober2004
109%&' ()-Dkl (mnnnn-nuj _@1'!,3"y10%&' ()- 10 10 10=10%&' ()-F 810%& () -
10% & ()- 16 - 10%& ()- -n; anogppan @1,

109%& () A -1 L@O%&' L@ 0% #10%&' 109& 39499 t WU3
11 F 10‘%&%’0"0%&%810%12& ()()|@3)10‘V(523 6& () - (?@93)100/5) %ql_rrd@){s% OOAJ)_@
& ()- '@B)10% e e& ()- tt}vvlexxx}"’74@1

10=109% () -, 8 1i%ostheicTs % idarioR) ANAIYAAGidl cdnn B LOUE hichanicaly

"109%& () - xxxx nN/ &ML 0% h& 10% h&'
h&' ( ) _ Y@ 10% powé% l'e’ﬂ nﬁzo 2ﬁereﬂce(%egween

1 6¢ sf &109%/hVhiBé byerspirdy afdanmﬁ;@hl& h(u)kﬂiwdmﬁ&lww[blend@ sahple &10%
fg‘l ( ? @&%Ilg %? h igwﬁ%&& fg %WW recycled due to the necessity of
h& ()-!#0! @&1 lating theSp /m\( ders tO@alo%mmH&meqenmn 1 @109f 10%
h& () -, #10% h& () -f 10°’Q'M(§A anal)lﬁs%ﬂgxaﬂpie 10 does not return the fully expected 8
' welght % Approxnnately 2 weight % of the inorganic is. apparently volatized -
consrstcntly with all samples. This not uncommon. Fluoropolymers dccompose to
very reactive species such as hydrogen fluoride. Hydrogen fluoride can react with
" 10 inorganic materials, sometimes forming volatile ﬂuOrirrefcontaining 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

LY
[

components as the bulk sprayable powder. In this example, there is essentially no
15 drfference in the minor component concentrations between a coating produced by -
spraying and the bulk sprayable powder for Example 10 relatwe to the minor
componcnt concentrations of the' sprayable bulk powder. The powder made by
the process described in Example 10 is a uniform biend that can be uniformly
applied to a ‘target panel. This is in direct contrast to the mechanically blended .
20 powders wherein the minor c'omponent concentration difference for the dry
blended sample is approximately 33%. One third of the inorganic oxide in the dry
blended sprayable powder separaies 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
z_-‘f'-‘l} o 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 apphcatron This is in direct contrast to the
30  mechanically blended powders whercm the szrmples undergo a separation related
to the chargmg process, with much of the i morgamc componcnts separated The
mmor component concentration dlﬁ'erence between the overspray and the
sprayable bulk powder for the dry. blended sample is approxrmately.66 %.
Powders made by dry blending cannot be directly recycled due to the necessity of
35 refonnuldting the sprayable powde_rs to their original concentraﬁom |
The samples are also subjecicd to the water separation test described
for Examples 5 -8. Examples 9 and 10 show little or no scp_oration.where the
mecharrically blended samples separate into distinct layers. .

23



10 h 10 h 10 h=10% h& ()-w'<bC !,
L! 10987& ()-10% h& () -

k& ()-1°
109%€hCh& () -

| qS8YA0% | & (
& ()-
1 11 DOS 10% (
1096G& () - 10%
109& () - ! D&

10G 10GF=10%c&' () -

1 1S S&YA0%shshé& () -
)- !'D

)-1D * 109 () -
& O~\: 1

..........

| '710%3& ()

10%hdh&' ()

" 10%C8vb)oossdfaoh 10 h 10 h&=10% h& ()-!6 FF1 10%/NV&' ()

m ! 6 *10% } & ()-m
o

1 {p" S&YA0%E () -
11

-m #~\:

1@ 10%h h& ()-m!
9f 10% ! & () - s#WU3bC ! 1FF1 9 October 2004
I D S&Y40% h hé& () -

fY 100@7& ()-'L fY'10%

)-  FC 0800768361

109% ()- @3+ "109%& ()-SID & -

* 1098 () -

24

ys$10965& () S@ I0%;; & () - T 030 R U e 3 J0%& () -
&P), z[ <b@! ! qTORR () - & 109X (|- CoFa- =
, 10968 () - ! lys$10%bisgerfion- , / { -dYNC 4 100 106 .
10G=10%3&' () -|, 8f 10%GSBiéats- 310%E] ( 7% 303 1D Y63 Midar 11E
: . ' (Al) +
3% AlO3
(A2)
Componeat #1 100 g PFA-3 100 g PFA-3
Component #2 2.26 g AlyO3 1.63 g Mica
Component #3 - 0.98g Al203.
% Weight Total Solids - 29.6% 31.8%
Spray Dryer Process Conditions* .
- Inlet Air Temp, F(C) | 850(454) 850(454)
- Qutlet Air Temp, F (C).. . 320(160) 250(121)
’) 1 - Air Flow, CFM (CMM) 3281(93) '74Q2)
- Atomizer Speed, RPM 7425 48,000 _
i’owdcr Bulk Density
Grams/100cc 28 21
*Ex. 9 APV model 69, Ex. 10 APV Lab Dlyer Type PSD-52
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' ] Process Conditions
| - Roll Pressuic, Psig (Mpa) _ 650(4.5) -
e T | - Deaeration Vacuum Pressure, —
' N :1) in of Hg at raam temperature 15
¢ -Miusqunsw.-.'Mils - ' 187 | -
.| Granular Bulk Density.
. Grams/100cc 99 -
S
“Table 6- Grinding of Densified Material to Blended Powder Particles
Ex.9 Ex. 10
FA-3 " PFA-3
Granular + +
| -Blends 7% ‘Al03 5% Mica
3% Al03
(A2)
. Grinding Parameter -
,? ! _ 1 - Air Classifier Machine
Speed, RPM _ 2000*
'| Finished Product - + -
Powder Bulk Density Grams/100cc | -73 :
| Average Particle ch Micrometers | ' 28 -
10 *ACM2
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Table 7- Thermogravimetric Analysis of Blended Powders

Ex.9
PFA-3
+
7% AhO3
(Al)

Dry Blend
~ PFAS3
+
10%
Al03
(A1)

wt%

Ex. 10
PFA-3
+
5% Mica
+
3%A1L0;
(A2)
wt%

Dry Blend
PFA-3
+
5% Mica
+
3% AhO3
(A2)
wt%

Bulk Sample

6.843%

10.24%

6.0%

6.0%

| Panel Sample

6.561%

2.004%

63%

4.0%

Floor Sample

6.345%

5.081%

62% | -

20%

| Water Separation

No .

Yes

No

Yes

Example 11 — Powder Apphcatmn
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 mictometers is

L"y1099& () - BBW=

- _?W=98btdife¥804 ) -

__?V\ﬂ: 10 1098&/ ()-
7=_?W= 10 10%& ()-

10984&' () - =?ERSbhoS3\RETUSHUBEIE ) -

1090& () -

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.I, 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.c., additional coating does not adhere) and then baked. In some
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 isata 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

test the coherence of the coatmg upon lamp shattering. Lamps prepared according

to this mventlon produce a coherent coatmg that contaxns shards of broken glass
within the coatmg casing.

When comparing the heat lamp coated w1th powder of this invention
to a lamp coated with commerc:a]ly_ prepared ﬂuoropolymc._:r, as desc_nb_ed in
Canadian patent 1,248,292, the coating of this invention is found to be
surpnsmgly more transparent and thereby more effective in transmlttmg heat to
items such as prepared hot food awaiting servmg to/consumption by customers,

for t_:xample in a restaurant, while still providing a protective coating in case of
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‘breakage. Further in application, the powders of this invention have ithproved
ﬂuldlty and are capable of achlcvmg hlgher film bullds '

Example 12 13— ffect of Heat Treatmeént

Two products of sprayable powder of non-ﬁbnllatable ﬂuoropolymcr
are prcpa:ed, with properties and processing conditions as outlined in Table 8. In
Example 12,2 ﬂuoropolymcr 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
, | o temperatures of approximately S00°F (260°C) (well below the melting point of
. ? the ﬂuoropolyfner) 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 trealment provxdes 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 ﬁpweyer is conducted at temperatures more than
20 25 dégrecs C below the meltiﬁg temperature S0 as not to produce pai'ticlcs that are
sintered or heat hardened and which would be undesu‘able in certain spraying
operatlons
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Ex. 12 Ex. 13
_ PFA-2 PFA-2
Granular Before Heat Treatment
- Bulk Density, Grams/100cc 98 98
Heat Treatment Conditions
« Temperature, Deg. F, (C) None 5000260)
- Duration, Hours . None 5
|
Granular Aﬁcr Héat Treatment :
- Bulk Deasity, Grams/100cc 98 100
Grinding Parameter
| - Air Classifier Machine
Speed, RPM . . 750 800
Finished Product Powder
Bulk Density Grams/100cc 63 74
Average Particle Size Micrometcrs 23 37

Examples 14, 15 — Preparation of Sprayable Powder from Selvent 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
(w1thout 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

'begm to agglomerate and dry during their descent through the chamber. ‘Specific
process conditions are listed in Table 9 including nitrogen gas temperature at the
mlct to the chamber and at the outlet of the chamber, rotating speed of the
'atomlzer and nitrogen flow through the chamber. Powder particles havmg 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. Charactcnstms
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 3 two-fluid nozzle instead of thréugh & centrifiigal 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° Pas and therefore produces product that is fibrillatable and not the non-
fibrillatable sprayable powder of this invention. '

. ' . Example 17 - Preparation of Spravable Micropowder Blend from Aqueous
1s  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 substantially as described in Example 1, except
20  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
Outlet Air Temperature: 131°C
: 25 Two Fluid Nozzle Pressure: 22 psig
RS Air Flow: 78 CFM, (2.2 CMM)

Powder particles having a bulk density of 48 g/100cc and a particle
_ size'of 22 micrometers are collected for application to substrate materials. _
30 | The example shows in direct contrast to Comparative Example 10
how melt-flowable, low molecular weight PTFE micmpowder 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 Wlthl[l the
scope of the following claims.
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#& ()-3 10% #& () -3 10% #& ()-vU43 3f10% & ()- 0 38&10% & ()- # 3
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LI 109% & ()-!109% & ()-!10% & ()- 3&L10% & () -

3#10% & () -#*28: CH ?2,4'10% ! 10% & ()-'10% & ()-!'10% & ()-!'10% & ()-!10% & (
)-110% & () - HNPXZde Ik,y,ggnl powder comprising friable granules of agglomerated primary

'é 10%Ii fot(y Ey}ﬁ%@%&oﬁ)ﬁbﬁi&%ﬁl&hﬁ&oﬂom% &nd at 1dadt Qe &héncombatieht) MidbdRfids& () - ! 10%
O-! 5 avigl% i-l bulk density of at least 20g/100cc and average particle size of 5 to 100 micrometers, the

fluoropolymer present in said powder having a melt viscosity of 1x10? Pa-s to 1x10° Pa-s.

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

1x10% Pa-s to 1x10° Pa-s.

3. The sprayable powder of claim 1 or 2 wherein the sprayable powder is free of

15  water immiscible liquid.

4. The sprayable powder of claim 1 or 2 wherein the sprayable powder is free of
halocarbon liquid. '
20 5. The sprayable powder of claim 1 or 2 which has a bulk density of at least
35g/100cc.
6. The sprayable powder of claim 1 or 2 which has an average particle size of from

10 to 80 micrometers.

25
7. The sprayable powder of claim 1 or 2 which has a specific surface area (SSA) of
from 1-6m%/g.
8. The sprayable powder of claim 1 or 2 wherein said granules are uncomminuted.
30
9. The sprayable powder of claim 1 wherein said granules comprise a plurality of
fluoropolymers.
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10%!y& ()-V 7. The process of claim 13 where said liquid dispersion has a total solids content of

from 5-70 weight %.

18. - The process of claim 13 or 15 wherein said liquid dispersion is free of water

30  immiscible liquid.

19. The process of claim 13 or 15 wherein said liquid dispersion is free of

halocarbon liquid.
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density of at least 20 g/100cc and average particle size of 5 to 100 micrometers.

Vv
V

, Vv

5 21. A process for preparing a sprayable powder of non-fibrillatable 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

10  granules formed by spray drying are further densified.

23. The process of claim 21 or 22 wherein after densification, the granules are
comminuted.
15 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 out by
atomizing said dispersion in the presence of heated gas below the melting point of said

20  fluoropolymer.

26. The process of claim 21 or 22, wherein said densifying is carried out by

mechanical compaction.

25 27. The process of claim 21 or 22, wherein said densifying is carried out by
contacting said agglomerated primary particles with heated gas to form a fluidized bed of said
particles.

28. The process of claim 21 or 22 wherein said densifying is carried out by forming

30  abed of said granules and agitating said bed in the presence of heated gas.
29. In the process for spray coating a substrate with powder of non-fibrillatable

fluoropolymer and fusing said powder to form a uniform coating of said fluoropolymer on said

substrate, the improvement comprising obtaining said powder by providing a liquid dispersion of
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spraymg said powder contains substantially equivalent component concentrations of said

fluoropolymer and said at least one other component, as compared to said sprayable powder.
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component is aluminum oxide.

38. The sprayable powder according to claim 31, wherein at least one other
component is aluminum oxide and one other component is mica.
15
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.
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