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coatings are solid conp05|t|ons which are. usual Iy applied by an

el ectrostatic application process in which the powder coating particles -are
el ectrostatically charged and caused to adhere to a.substrate which is
usual | y nedwieRi aTame peOGESS WTH ERECEROSERTECATHE CHABFER FEUEPIERSHowder
coating particles is usually, to achieved by interaction of the particles
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Such post- heating may not be necessary in the case of thernoplastic powder

coating coipad WessbStras. F| ui di sed- bed processes elimnate the Faraday
cage eff ect, thgrpvanals ohtie compeshadinarocessds that titeee atddficalties nor kpi ece

to be coated and are attractive in.o her have
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evident in the case of the tribostatic charging process but that process has other

20 drawbacks
As an alternative to electrostatic spray processes, powder coating

compositions may be applied by processes in which the substrate is preheated
{typically to 200° C - 400° C) and dipped into a fluidised-bed of the powder coating
composition. The powder particles that come into contact with the preheated

25 substrate melt and adhere to the surface of the substrate. In the case of

 thermosetting powder coating compositions, the initially-coated substrate may be
subjected to further heating to complete the curing of the applied coating. Such post-
heating may not be necessary in the case of thermoplastic powder coating
. compositions.

30 Fluidised-bed processes eliminate the Faraday cage effect, thereby enabling
recessed portions in the substrate workpiece to_. be coatc_—zd, and are attractive in other
respects, but are known to have the disadvantage that the applied coatings are’
substantially thicker than those obtainable by etectrostatiq coating processes.
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coating conpositions is the so-called el ectrostatic flui %e(ﬁn e § 0CE€ss,
in which air is ionised by neans of charging el ectrodes arranged in a
f1ui AW ee98snber or, nore usually, in a plenum chanmbgerigtieng:Ag! ow a
porous air-distribution nmenbrane. The ionised air charges the 5 powder
particles, which acquire an overall upwards notion as a result of
el.ectrostatic repulsion of identically char ged particles. The effect is
that a cloud of charged powder particles is forned above the surface of
the fl uidi sedwbtier alféraativebspipliatiion techridgud foy powdet BemingRAnmpssitigdg i@duced into

the clo of which are . deposited on the substrate
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subst r adepasited oatheesubstatetsurtdoe b zlanttaytatiagitraefidre cllo ppeticatieg of dea certain
ext gnt r sition. of powder particles into recessed

I ocg,t [ ons g’ﬁ{eﬁﬁg%ggErﬁ&ereagé%sktdf?@gﬁseggbe\éd r°8$sst he present invention

provi des a p?b@;elsstrti&batidfbﬁdﬁ;e@bad pOBELENTF aspeaatl)csnﬁbletﬁovecahbﬁrraﬂt e,

i ncl Ud'{i]ﬂc]&g%e%%@ ?tteetj?td@ﬁl)&ﬁcm QQB olNH %rﬁgesp ?s regg?engs er coating

ébﬁth@
conposi tion,’ ther EPAYC argrrng fowder coating
conposiartiga is mheed ﬁi‘m)dff Ql@dhfbedffamdtfum nlgarged Sefll Alsdi as ngthe agdefthat | east a

part Oftré(micﬁl'élg mgﬂgggggg&beo%sss angngﬁ& idc .%Aeaqs 2hn %u,% an%t | Ve part - of

the fluidisin I MTer’si n strate V\:hO| or in. the
f1 UPdi JEnenstt W%@ﬂu'@mﬁlbfcfﬁ't’ tmr@esrdtpg 30d Cﬁh@gétﬂgpéWf—‘mmsy tﬁat tShe powder

coat i Ngdt @BPOSHHeliioAtn SNt OAb 'i}ﬁhéldﬁ% B%Q’CW&EQE’ Al eflfo tQ@& ng either

“electrically isolated or earthed draw n substrate Trom the

f1 ui di JERCEPShWRYCr. d'f‘ﬂ'ierlﬁ atﬂ*\'@“&@iﬁ?m{e"bﬁ?‘t"ﬁéﬂ&e charging efestrefdesiaad coati ng
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oni sat | %l eao s tg?)rogrn gepec;s];tief\)%tosf p&:u!d\telh Saratlzlgé l(lj'lltos Fe%egsed locations on the
20 - substrate.
' A first aspect of the present invention provides a process for forming a coating on a
conductive substrate, including the steps of:
establishing a ﬂUidised—bed of a powder coating composition, thereby effecting
tribostatic charging of the powder coating composition, the fluidised-bed including a
25 fluidising chamber at least a part of which is conductive,
épplying a voltage to the condui;;tive pact-of the fluidising chamber,
immersing the substrate whoily or partly in the fluidised bed, whereby tribostatically
charged partlcles of the powder coating composatlon adhere to the substrate the substrate
~ being either electncaliy rsolated or earthed,
30 WIthdrawlng the substrate from the fluidised-bed and
forming the adherent particles 'int;3 a continuous coating over at least part ‘of the
substrate, the process being conducted without ionisation’ or corona effects in‘ the fluidised -
bed. -
The subsfrate' may- comprise metat (for example, -alaminium or .steel) or another

" conductive material, and may in principle be of any desired shape and size.



The substrate may conprise netal (for 'exarrpl e, al urﬁ ni um,
anot her conductive material, and may in principle be of aﬁ{)/ecﬁﬁ"gb éa&ghape

and size. 1 December 2005 WO 021098577 PCT/ GB02/ 02790 3 Advant ageously, the
subst r ME0¥¥85He chemical ly or mechanical ly cl eaned priopctrazmppbisgat i on

of the conposition, and, in the case of nmetal substrates, is preferably
subjected to chem cal pre-treatnent, for exanple, with iron phosphate,

zi nc phosphate or chromate. In the process of the disclosed enbodi nents,

particles of the powder coating conposition can adhere to the substrate as

a resul Adwntagkeudiy, itfet substihte chalbgichgmicany boaba@hichiS, cledncl st t%tép‘bn@aru? R Lribo”
char gi ngy) l. as th b ai_nst_on nother in circulating
in t hg& 4 gh()ﬁ@gsdﬂ%e%h% i er P ¥'fel%%1 Ssﬁ%satt?safseprege %&f PiRagCtad torphemes! ¢ age
appl i edPredregineent. for @qaww bféhllrwha’mmhafeazmd:)m@ph:ﬁte@r ehirbmfataa cause t he

coating of tiewrsUBRIEal & We tdiidskl Céshﬂ’&ﬁ‘rhler%s g,g pden g qu;gng

-particles while- resulting in a maxi mum pot en gradl en?o‘f
i nsuf f i CMERTIV SR PHRIR . the helrate 2 sstit ofithe foctlooai charging {tfileetestricn t He

f1 ui di stebbsesid:or Alribo’adhagdifd) DP eI fftidR aSREY ﬁjlﬁ@gaﬁlﬂﬁoﬂ@%dtﬁer |n%|rélJAz§$Hng' Sed b ed
|

but ot 838 y be used, for exarrpl e, nitrogen or
wth tﬂgég é%%?atl c flui d| sed- bed :process in which a substanti al

electric f|eI ngr.at eIme harging el ectrodes and the substrate,
the process o?)%ﬁmgg}g%ﬁgﬁgﬁ’ nts can offer the possibility of

achi eving good coating of substrate areas which are rendered inaccessible
by tjye Faraday cage effect usually evident in conductive substrates. As
conpared with traditional fluidised-bed application processes, the process
of the d|scWmsema@nnmdxnenmsmm&edbédeﬁmﬁhem@nﬁsuﬁmbmmyaﬂﬁe&@plying t hi nner

coat i t h i b

o fect | vesnd of B St 88 pyIROREoBANCGA Se fho bRt FarleRr biency oo |
parti cl gesilfieg irsd makiedutpaestishocsiidnhthed istinasiciast tdprB&udd\ﬁit@ﬁM@,@t[&patl ng

Pr ocess dfhRAoblspBIuAEIfHe AN AMIELFOSILHE LAGHe RS a5 particle sizes

are reduc e uniform e coating may be |rrproved by shaki ng or
vi briat i rapstiféhe Bidisadbaddu nmermmroaymw rau@xanplarmetrogesomMmr si on of

t he adherent R@E&ﬂ’nﬁél‘%ﬁ V\hlﬁttf'?e @!e%&ﬂ%fa@é' AlhdisEhs el r;')goc(e Qﬁr! Mpﬂ%cs%?ﬁalh eat

appropriate, curin e appl osition)
tr eat merdledigfield is WQ@G?’ Qﬁwe@ﬁeﬂlﬁigmgl @EG&UDS!GS aﬁd @erseustraﬂet ma-pm@dset or

el ectron &lﬁa adi,ati o ng e% #? diti naI flui
Sont 1 ot B R P amerB R ien g ot kB PP Rpe op e RS of Sihstrate
areas which .are rendered inaccessible by the Faraday cage effect usually evident in
- conductive substrates. , .
As compared with traditional ﬂuidised-bed application processes, the process of the

disclosed embodiments can offer the possibilitg} of applying thinner coatings in a controfled

manner since inter-particle charging becomes more effective as particle sizes are reduced.

Improvements in efficiency as particle sizes are reduced stands in contrast with
25 the powder coating process using a triboelectric gun where efficiency falls as particle
| _ sizes are reduced. _
The uniformity of the coating may be improved by shakmg or wbratmg the
substrate in order to remove loose particles
_ Conversion of the adherent particles into a continuous coating (including, where
30 appropriate, curing of the applied composition) méy be effected by heat treatment andfor
by radiant energy, notably infra-red, ultra-violet or electron beam radiation. Compared -
with traditional ﬂuidised-bed application technology, pre-heating of the substrate is not
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process of the disclosed enbodi nents- to one enbodi nent,

pr eheag@gy@disihe substrate prior to immersion in the flpcfl,l(ﬁﬁglmp@g. Sl nce
the voltage applied to the fluidising chanber can be insufficient to
produce either ionisation or corona effects in the fluidised bed, the
fluidising chanber is unlikely 5 to draw any el ectrical current when the
subst r at an essetiat Gteapiie #d protss| dAtiesdisdigsed Qﬁﬁtﬁm@tlhbneie‘ﬁnﬁéﬂlrﬂ\émj tHerb Qs dr aw

any el ec e _substrate.i ctrically isolated. The
current rﬁjﬁg\%ﬁ&énﬁﬁmﬁge‘é@(}b%@%ﬁ. O'Bgmffﬁ'g'%”i[ﬁﬁﬁ”’ IS5A°Ghen the substrate is

electrically earthed. In one enbodi nent, the vol tage applied to the

f1uidising Cha:m@rmelv%}tag@ agblre@%th)é(ﬁhlﬁl@ig cnanedetrtwbenmﬁciexﬁoerod&,%gaﬂ ve. Use ™
of an alternating_ voltage @Hy ossi bl e by, 5!{1 applying the voltage
i nt er mi t t&hel l9ma%thnuq'i€§rom eptp in e fyidiser heddhe dtsmecéwm@nlsmnhmv

negat isvVe.to fRv aMPabfch ¥réA Whelie Mﬁfsﬂat@.‘ i BleBtrithMAsdthliilangaccor di ng, inter”
alia, to the siZe of the fluidised bed, the size and conplexity of the

subst r at EOBPRAUCARY. 15 ‘FWW“F‘M te diqucanvladticalipowsy wien the sliaieiselecirisaliapp| i ed

vol t age isdlatdd. THQuFrangewalcah bOBXpkOtel @ BeSledsahadDinAkivh@mbe bsbstra@lise usual |y
from 100 ol ts to 60 k| |l ovolts, preferably from 100 volts to 30 kilovolts,
nor e iy, e3thsmh 100 volts to 10 kilovolts, either positive or

negat i ve The MUnkagholitREE e Witagd BSHIiHE & #Q ﬂmahstr@ dramb0 i/ @l &ifect ddiBge/ol t's

. to 5 kilovolts, 5 Kilovolts to 60 kilovolts, 15 kilovolts to 35 kilovolts,

5 ki | ovolQitger Rpstie jor negaive sUseof #e plrrBating olago may |heveAsslanbyy sa seppbing

sati sf actys Melta%@ iftefthift@fly HAlAIRNERY iDPosBR! bEG: el Rehdnl i ||§jh§gdﬁge Chanber
cont i nuousl intermttently and the {)ol arit vol t age may

be changelPUREt YAIGOT B5Y IAG, “ikip s ol A dng. b e 46 o8 of fhs Geise.
the flui iyl ng bg%ﬂ%a ngﬂ&e% ol @5t T birefl Al BEentNeiaRsS TRLRud. Sni gpEer sed

in the fluldi se d not “di sconnected until after the substrate has
been renoyepdinesta theepplied vollRpe it BEineey! T 40 vl il Kavplthe appl i ed 25

only aft %orbh%u&bjrbﬁﬁnﬁ abe vbas tcb@@lml(bmrpﬁéﬁrdbw e Tf()buldliis sedob@bvolts, more
Optiona e vol %[?(8 ﬁOE@ L co{%nect ec\lf bef or Ne gh blatragéa i S

wi t hdr avvngsP?‘B viitpE 19y de e £ 2 e T Y P TR SR S oo vgbeist e may
be vari edndudd rivatioat i1O@volisn 100 dats tb & Kiredlind® kionitstt ¢Dklogits. dbkinalts to
cond! L1 0N kibiifis PRI INIDB 9b RilVRL: a0KiAME Y oPRloSilay B B&s{: isHiflped bed

may be belo I onlrsation poteri Ia e air or ot ul di'sing gas.
Factors det er m n| ng the maxi num pot entl al gradient may include the applied

vol t 3ge and tﬂedi:%gﬁfdltﬁg?]h%g‘ﬁ%%ph&ﬁoftﬁé‘ﬂﬁhéinﬂg:hﬁﬁ\@ %.aa&stﬂﬁ substrate

and ot her elenents aratus. For air at atnospheric pressure, the

i oni sat i Brerpdtanty pad thgrpdar é&h@f thaarpliedyolkagcway BA @awémna §P3fitghe naxi num
pot ent i alniglidEhRftbntephbRAtiah br @ vblialedind! MEiGas ctdmB FRAPREL b&rified

before the substrate is immersed in the fluidised bed and not disconnected until after the
* substrate has been removed from the bed. Alternatively, the voltage may be applied
25  only after the substrate has been immersed in the fluidised-bed. Optionally, the voltage
may be disconnected before the substrate is withdrawn from the fluidised-bed. The
imagnitude of the applied voltage may be varied during coating.
In order to exclude ionisation and corona conditions, the maximum pdtential
gradient existing in the fluidised bed may be bélow the fonisation potential for the air or other
fiuidising gas. Factors determining the maximum potential gradient may include the .applied
voltage and the spacing between the fluidising chamber and the substrate and other
e!ements of the apparatus. . L _
For air at atmospheric pressure, the lomSatlon potentlal gradient can be 30kV/cm, and

accordingly the maximum potential gradient using air as fluidising gas at atmospheric
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kV/cm A simlar maxi mum potential gradient nmay al so abe use
wi t h rwooggmsyor heliumas fluidising gas. Based on the§€-TLf6W§40@{@ﬂat i ons,

t he maxi mum potential gradient existing in the fluidised bed may be 29
Wcm 27.5, 25, 20, 15, 10, 5 or 0.055kV/cm The m ni rum potential gradient
may in general be at |least 0.01 kVV cmor at |east 0.05kV/cm in one

enbodi ment, the substrate is wholly imrersed within the fluidi sed bed

during gdrbgufOnby BYbAHR GO KT /crAR diilstnad it poteetialigradidnerpy atsess accor di ng
to the djsclo

e t he. char, of..t he powder particles can be
ef f ect e&%%'ﬁagpg?ﬁ‘ﬁﬁvﬂétmg%“&{mf pes ﬂgid%?ﬁé;afsl ui di sed- bed. The friction
bet ween t he pBidddddrthesdcdrisitiefdtiong] the thaxating potehtal gradierbegslivarin diear gi ng of
the parjicles, that t rticles will acquire
a negatlé)ﬁg' ?fgli"?j}é“ 5‘3295‘%{ é?ﬁgﬁ %Pq% g‘@%&?ped%"g‘@. tive charge. The |
presence of bp,wmmﬁg,;hld{ﬁé,ﬁ.ﬁ@@ai@ﬁﬂ%ﬂﬂg}énerﬁhﬁé @€ (kapao Ot Gdvasn ion at feast
~ fluidised-bed mght appear to be a di sadvantage, especially when a direct

vol t age 9-85%pMi ed to the fluidising chanber, but the process of the

di scl osed enbasier@mdotingan, the sciapall & vmfolianﬁmmmdaﬂthinghe fiidiskg Ob@ rurgigar gi ng
of the particles. In the case in which a direct voltage of a given polarity
i s appl |®8 PEPRELPYi di sing chamber, electrostatic forces tend to attract
powder coati ngs lmaslataﬂ alsovef lrptteadgmcmmqprdt@méo pegt discleged girbodimenisulgt r at e.

The resul (Eh'a&a%g o?{ﬁ@\{)ewdé} 2RSS LdnvRl ereé&ﬁbm&@h ib¥@de¥n gAhididyan ge duidisdd ibek es at

different ratés m ght be expected to | ead t progressi ve reduct |?

the propbha fisiorobetygen ithe gartiges & f'ﬁ"@'ﬁ?%tPe‘bGP%t“i’qdyml Pl B )s 6f ¢ ovvder

?Et it r{u@éﬁ"%atf@?& tsaj F Brroﬁﬁﬁtubﬁ:%f ttﬂehﬁarhag@wll Q@qupé\maﬁgqﬁeé Tchngiefanddj ust
eir relative polarities as eti ress a

mai nt ai n%’ﬂpor*f?{bwﬂ'r BFRNP ) PRI o HP€ | ﬁq’ﬁagrsesg'ﬁceo?'eﬁ A psoﬁbw%\?' nd Q/ﬁg? ﬂve he

fluidisi ﬂga@dalammeﬂesl in the Buidisehbededhht eppbiatr ite he ragisatiepetnde, arspedialy sitea aand

geomet r i Ig‘{ech F%' ﬁs' taég!%d th?neslhlaﬁﬁsr o %na.m& Tk ”Ehé mr%&s@sa krRAMiskigeha and

the magn ed voltage, I ng gener al In the range of from
10 mi | | i ewbwiirdents carlios camb@rofaecqwrn@ﬁaéggt fqlrfhswgrﬁfﬂrel REdRFds to 5

m nutes, nore especially from!l second to.3 m pute t he
substrate is WU@G@W“N@’@#'&%“UP@%@F‘@“{&P@HE‘ hﬁaﬁﬁ‘@?“eﬂ'ﬁ? ﬁ}?a%fc%@éng 30
period OfnidikE' Sb@Rsialc FdiBed thhd ¢ §iﬁdcthﬁd{deﬂ’dﬂﬁhn@bamdesraypreﬂ&mmemampI e, be

| inear, rotary and/or oscill Iy f\s n|d|fcatlﬁ a/n a&\l;nec? substrate
may, addPee BRIl pniogae substiate- athe cay @'—b&eg@v?oo A e("f T 959968Yer to renove
par tjfl egy g@&ﬁémeé)étldlﬁér@ﬁt&mbx nﬁn@hﬂﬂeemﬁsaamm lahd Br mplohussive ralusiiong| e

I mersion, the substrate may be re eat
: in the proporttion of particles gf a parthlFl)la{‘ pola nly in thrmgoéy cg} powger but it is found

that, in practice, the remaining powder particles adjust their relative polarities as
deplefion progresses and charge-batance is maintained.
The preferred petiod of immersion of the substrate with the fluidising chamber in
25 acharged condition may depend on the size and geometrical compiexity of the substrate,
the film thickness required, and the magnitude of the applied Qolt_age, being generally in
the range of from 10 milliseconds to 10, 20 or 30 minutes, usually 500 milliseconds to 5
minutes, mare especiatly from 1 second to 3 minutes. '
Preferably; the substrate is moved in a regular or intermittent manner during its
30.  period of immersion in the fluidised bed. The motion may, for example, be linear, rotary
and/or oscillatory. As is indicated above, the substrate may, addmonaliy. be shaken or
~ subjected to vibration i in order to remaove particles adhenng only loosely. to lt As an
alternative to a single lmmerslon the substrate may be repeatedly 1mmersed and

withdrawn unfil the desired total period of immersion has peen achigved
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f1ui di sivgg gasssepormally air) will depend on the bul k of pCiraBORORer t o0 be
fluidised, the fluidity of the powder, the dinensions of the fluidised bed,
and the pressure difference across thegoorous nenbrane. _ The particle size
distribution of the powder coating conposition may be in the 5 range of
fromO to 150 microns, generally up to 120 mcrons, with a nean particle

size in tge I aTHE p %sﬁré@fméﬁmﬁ@m@@aﬁ(mmaﬂyam)wﬂlf®pemlgnﬁteuuﬂmftthéozt(:)o 25
m crons, advant agoeus ot ons y to 45
m crons. FPWeré‘g?%ﬂ'dfF’é%ﬂlﬁﬂ"'fcﬁ ﬂﬁ;‘?gwa "%’iﬁ‘&?lﬁ’a y%\ﬁﬁére '
rel ativel yahdina p%hf@diﬁeréﬂde%ro@émermugmdnbrhne exanpl e, conpositions in -
whi ch 'one or nore of the, fol cr| er.i 100% by
volume < 50 m @996'1‘?9@@’@9?{'\?7% QRT’ rogafﬁng%o%ﬁé@?%rﬁ%?%ﬁéﬁg 20 m 15
d)|5 109%1% é%}fﬂﬂiﬂgﬁo]@oms@é&f géridlly ubQoe 7204miyonspiive meah@attice size i 80% by
vol unme 5m prefera . 3-32m
20 pr ef er affieyapgeaf ffﬂ"bﬁ/?%% mlgf%[‘ﬁé’f%@@ff’yﬁ?g%?@o tﬁ%‘%ﬁ grgh%fatdp ﬁ.'etg@!orrp ¥si tion.
Mor e gener ghi akceddify S®hiciohs, erecspedilly 20(ts #8 nii@onhe per centage of the total
vol unme of the particles, t es  bel ) Such
data may be obt Ei‘}?éﬁ'zﬁg\swgﬂmﬁ %F'}%(?%ﬁpeféﬁg%fj qh{ahgeléfsca élrgflng

devi ce MaNgHRCY Feqbirdy, fdtexample, mdsmmhﬂﬂhlmoneeqmofeaf thefallawingl ating to
the particle sjze tr| bution of the deposited material (before

bake/ ciff e) cHtgHa I5S3#ieS ned by scraping the adhering deposit off the
substrate and into the Mastersizer. The thickness of the applied coating
may be in the rapge of fr‘? tuo 50%0 mcrons or 5 to 200 mcrons or 5to
150 microns, mof® espady °Irp§VVf) MY 150 30 nicrons, for exanple from 20
to 100 m'crons bgo t@oa@gm@r@mmeaéopm 45 mcrons, 50 to 60 mcrons, 60

to 80 mcrons or 80 to 100 m crons ﬁé 50 to 150 microns. The. princi paI
factor affectin@the 4bi08%ryelugte 1 H M ating is the applied vol tage, but

the dugation of @he 5100% by volume <10 pm
preferably 10-70% by volume < 10 pm
e) 1-80% by volume < S5pm
preferably 3-40% by volume < Spm
fy  d(v)sin the range 1.3-32um
20 ' preferably 8-24 pm

D(v)sq is the median particle size of the compositiori. More generally, the volume
= percentile d(v)x is the pefcentage of the total volume of the particles that lies below the
stated particle size d. Such data may be obtained using the Mastersizer X laser light-

25  scattering device manufactured by Malvern instruments. If required, data relating to the
particle size distribution of the deposited material (before hakefcure) can be obtained by
scraping the adhering deposit off the substrate and into the Mastersizer.

The thickness of the applied coating may pe in the range of from 5 to 500
microns or 5 to 200 microns or 5 to 150 microns, more especially from 10 to 150

30 microns, for example from 20 to 100 microns, 20 to 50 microns, 25 to 45 microns, 50 to
60 microns, 60 to 80 microns or 80 to 100 microns or 50 o 150 microns, The pnnmpal
factor affecting the thickness of the coating is the applied voltage, but the duration of the -~ B
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f1 ui di sing chamber in a charged condition and fl uidisingldigcempeeddn e al so
i nfl uergg gbfasgsiesul t. I n general, the coating process ofPGHEBH/EIIbsed
enbodi nents nmay be characterised by one or nore of the follow ng features:
5 (i) The coating process is three dinensional and capabl e of penetrating
recesses. (i i) The applied voltage and the spaci ng between the substrate
and the fluidising chanber are selected so that the nmaxi num potenti al

gradi ent. h&ideRlfmbRRonvamithefidising pharaberiiakh charmed eonditioprartdflidising air ot her
fluidising gas. There are accordingly 10 substantially no iontsiation or
corona ef Pesswe afsojiplueqeedne fistikness of the powder coating increases as the
vol t age appl i ad deetahene édatihglbicass cthatiacloset embatipentd vy treceheranterised

t hi ckness _i s-achi ev e. W t-hout s of quality up to a point but a
progressil?)’eor\eo°§§m5? g{s}h%g)\tm?l“r’f@ gealdsf&zvent ually seen (iv) Coating is

achi evabl g) at  magRohRIIIREGIE isthrekbditnensionalnandaraprble &f pegetodtinghe substrate
i s achievabl e irrespective of whether the coating i's in a recess, on a

proj ecti off§FS%Hh a flat surface of the substrate (vi) (vii) Smoth coated
edges ar e(jpbt airaapgiddoefiagiiaid thy spavidg betweeni thg stlssteatthaed tigl fwidisinger s of

snoot hness_and the absence of pittin i : I d tisQMpar ed
with a f|ﬁﬁ*'%{f"a%fo@"ﬁég‘%{:ﬂ?aBS&%EF%‘?’E‘”H&&@E‘S’%H@ #ﬁ@ﬁ '%9‘\”/’%_ tdé%}eoni‘% gppl i ed
to the supstengileyradigntdorahié ainsi stbeafiddisinggast dherecteacaedingy achi evabl e, and
good cover can be.achi.ev Liekly. (ix) The process is suitable
for clhti ﬁﬁ??t@rﬂ%ﬂf’&W'ﬁ'aélogﬁgg%ghgr?ﬁ%@boi led and also for coil (netal
sheet) cogi)i ng Thethidaesobf thp pedder canting inwjeassd agike wiwgr@ppligd tafhe

el ectrifigation of i Fh8i PhiEETesS MadfNEBle wiilut ss@pduct i ve
substr at eﬁﬁlﬁls%&saﬁthbggfn%%%gégéﬁbgf?%tg% i g‘ pr efser ably, earthed although it
may be el qaality oplio g pombbuttaciogrensive foss of smepihAgst is gycRiabt 755l connecti on
(substrate el ectri. | Vpie | 39m tehf}dhatufe. its electrical potential is
I ndeterm ﬁya)[ e) Ea?%&’é‘p%glle%&%git@grenn et he %ubst rate and the fl ui %si ng
chanbes cén be Ualifonn codfing oanke substrate is achievable irrespective of whether the

coating is in a recess, on a projection or on a flat surface of the substrate.

(vi) ‘Smooth coated edges are obtainable.

(vii)  Good quality powder coating is achievable in terms of smoothness and the
. absence of pitting or lumpiness.

20 (vil) As compared with a fluidised-bed triboelectric process in which a voltage is
applied to the substrate, more extensive and consistent coverage is achievable, and
good coverage can be achieved more quickly.

(iX)  The process is suitable for coating wire which is subsequently coiled and also
for coil {metal sheef) coating because of speed of coating and the absence of

25 - electrification of the substrate. _ , _

| - The process can powder coat a conductive substraté of any shape.

The substrate is, preferably, earthed although it may be electrically isolated, that is,
without an electrical éonnection (substrate electrically “floating”, that is, its electrical
potential is indeterminate). | |

The spacing between the substrate and the fluidising chamber can be about the same

" as for the fluidised-bed triboelectric brocess in which a voltage is applied to the substrate so

potential gradients are comparable to that process, that is, well below the ionization potential

for the fluid (most usually air) used in the apparatus.



as for the fluidised-bed trihboel ectric process in which 2 voltgg d()?
applied to the substrate so potential gradients are corrpar 't% hat
process, that is, well below the ionization potential for the fluid (nost
usual ly air) used in the apparatus. 1 Decenber 2005 8 The process of the
di scl osed enbodi nents can offer particular benefits in the autonotive and

other fields where it is desired to coat an article such as a car body at

sufficient filmbuild to provide adequage' cover for any netal defects
before applying an appropriate topcoat. According to previous practice, it
has been necessary to apply two separate coats to such articles in order

to provide proﬁﬂé QRS - dradhk Oflsdigdedt SRbdMRERAan T8HeP  pdriiculal asenBRE NN GREMDN
a first coating of an electropaint to ve a barrler fllm

practice to a
over the 3 8{) g ‘%r@‘t‘daPﬂ@[uf ielge avhere It IR Wediragyto Coé'béﬁrﬂﬂt %%ét"g’hﬂs G 3 Rory Rt

Sﬁr facer Tsﬁff‘ﬁéﬁtuﬁll& tﬁlﬂﬂFlﬁrprotﬂwaﬁecﬂ@t@f:m&ﬂ)for\/arﬁj ]f?ifeﬁal dﬁf}eﬁﬂst sefoﬁyamﬂwgr ast

t he rocess S an . r the OSSI

hehi bvi g SERBHTAL P at ASTT U0 IR T ada i BprEo b ies de RrB Rt TP 8 o
conpl ex g@epmfaneypatbyo serarmstias ia oslen ] moddaprioper meprated foythe epcpatotiessit of -
the i ”Ve”"h g%n ?%y'rﬁﬁb %Q&uo&&%dp’]ﬂa %P&%ﬁﬁg &3 éﬂ&tr@ﬁélﬁtttﬁ ivb % H&F&qgﬁ‘?q;ﬁr

relatively Ickness I'n a sin operation | requlire

di sel osed therwonks et surtasn, fptewaddivryBgcon q? sentipg 5 7 pemar pwt?@es@ FSHIEGHRRE ng

aut onot i VeoGRingenamy § ﬁs.bteruaﬂéasc @ya:omrés%tthé PRickadodRE IdkRBséd BMbAdIMENSE @an
coating copposition. is nmeans of the grocess of the invention as

herei n dePfirfdbe p%ﬁ?&’"‘%@r*’éﬁ@t”ég aae({t@&cefatec“we@naﬁ& NEYF cRYEra9EHRVep ShadiFles

goat : ng. dlb’Eﬂdmmék §éb(mdtr§| Y Bﬁa:ﬁtﬁoﬂﬁiﬁiﬁgléfeoﬁmgwppﬁd W&e@frodeb@ opt‘ne]gﬁ&atmf t Ihe
i scl ose ustr r S 0 articul ar
advant age <G 18 CRATE Herean bty o8 SHRArres Ry MR ik rhind e s\ o
substrat esptéremqu:neallnte;d al um ni um al | oy subst rat es) of a w de range of :

geometric conf' ur 0Q8% dnfhof e%ttvtérpfag@d?%ﬁéft Y0 udg @é‘%r cc@tﬁg —

process of the osed enbodi ments can be cap ab
articles asfaﬁnti%cwmnaﬁwswh'ﬁb B dirsgs saiag seried f@ﬂb@ﬁ‘é‘f’d@g W@@W@S:OWIWP%VPW Wicl ude

wel ds and aggteh &g nheaRs of thBpRYdedd Botha ibBhioRr 43 ifePah WBkheRfl aRPNERA AN fobsoate! ds
and proj ectlops as well as on the renmminder of the articles, without

over - coveli g ik overibe BPWIICCPWI%s. The process of the disclosed embodi ments
can be suit abl etehtian pmmteralsmoaélrngde/\nor espplicatiGizeef thetpddceeaall thé didulshdi s

advant ageq ?, 'tnﬁ&s &9 thé ?lg)r cet?raﬁ%ﬁg%vh%];e |E g ]fsgrﬁg t ad%nt to%le%%iert%) %B}lﬂy

connection e Su eed o er cCoa
achi eved. usifosmc oprlings pac mimmuth dilnpr veslgirrts tomrsgmttatms f(@ﬁneheiiy previngasalioy

apparat Uss&t%'trafé.sz)e of g wﬁ@rrfaé(depgf B%méth@ cBﬁt%‘ﬁPa?t@n@ﬁn taneedvmfrﬁﬂédtéw*co%hém

conprises: (a) | ui di si ng” chaiber a part | east
el ectri camayn%’onductl ve,

The process of the disclosed embodiments can be capable of dealing with articles
such as radiators, wire baskets and freezer shelves which include welds and projections,
providing a uniform coating of powder on the welds and projections as well as on the
remainder of the articleé, without over-covering of the projections. ' _

The process of the disclosed embodiments can be suitable for powder coating wire or
sheet metal each of which is advantageously in coil form, because of the absence of an
electrical connection to the substrate and the speed of powder coating that is achieved.

A second aspect of the present invention further provides apparatus for use in

carrying out the process of the invention, which comprises:
@ a fluidising chamber a part of which, at least, is electrically conductive,

(b) means for ﬂutdssmg a powder coating composruon within the ﬂuxdtsmg :
chamber so as to establish a ﬂuxdtsed bed of the powder coating



(b) neans for fluidising a powder coating conposition .wit, htg Re fl d| si ng
chanber so as to establish a fluidised hed of the powder ‘c cenber
2005 W0.044098577 PCTI GB02/ 02790 9 5(c) (d) to(e) (f) dtﬂmﬁstnmzm, t her eby
effecting tribostatic charging of the powder coating conposition, neans
for imersing a conductive substrate wholly or partly within the fluidised
bed, the substrate being either electrically isolated or earthed, neans
for applying a voltage to the electrically conductive part of the

f1 ui di si-ng chanber & o103k, 2RsrEbPadctiag titoetatie thardingfof ifayemeieocoatig t he
substrate, whereby charged particles of the powder coating conposition

adhere to the substqosirestifBans for withdrawing the substrate bearing
adherent parti E)' es heam thfhmdrbitg @i eadudiied sabstrateansilyf @padymiittthag t he

adherent part cle nto a conti oat A third.a e present

i nvent i onppr Oi/l de: fii"‘ﬂ*‘c%’t% g‘&b‘é‘t’l %gg'ﬁglf ﬁ% l%‘i}"%“y Ep%gecg%reééh%gfl ISledS

CompeSi L on ﬁ?&fd?ﬁaﬁ&@fﬁ?‘%ﬁ?ﬁwﬁ r@“‘“oﬂﬁmﬁ%m‘%ﬁﬁ*' Singl e
eSSHRATERENG Pe i 3

filmformng powder orm hg resins or
may ,conprise a m xdyss@atef wharebpchdargsdpatidbs obihp poedescoatiag fvepdsitiom f or mi ng
resin (polynmer) can act as a @E?dfr, havi ng the capability of -wetting

pi gnents and provi cﬁ‘%"%%@? r§"l‘r'ength bet ween pignent particles and of
wetting or bingj ng meatser aiaawiaghe auistnts heariag ddi¢ronpariclastom the

curing/ stoving proces fter application to the substrate to forma
hom)dgneous film 'Iﬂeﬁ’é‘??ﬁda‘é&ftef"ﬂ" owder coating conponent of a conposition of
the di scl osed (fembogeamnios camprting tigeadeatntipartglastiete mowetinuayg cagigem

al t hough t hernopl astic systens (based, for exanple, on polyam des) can in
principle be usekd a§;ieeadf the\Wreserd inveetioropeivideng ¢®§¢d1$‘i!t§tra®e@blaiﬂ¢ré bgal i d

pol yrer | . B1.nder o¥aEMoBY: GRS a LBk -2 Pldhicus) ng agent for the

t her noset‘i’f)ﬁeggsraégl t'er na co-reactive filmformng
t hernosetti ng A@swasr dmyng)ajmmﬁuion according to the disclosed embodiments may contain a

single film-forming powder component comprising one or more film-forming resins or may
comprise a mixture of fwo or more such components.
15 The film-forming resin (polymer) can act as a binder, having the capabiity of
| wetting pigments and providing cohesive strength between pigment par_tides and of
welting or binding to the substrate, and melts and flows in the euring/stoving process
after application to the substrate to form a homogeneous film.
The or each powder coating component of a compositipn of the disclosed
embodiments may in géneral be a thermosetting system, although thermoplastic systems {
(based, for example, on polyamides) can in principlg be used instead.
When a thermosetting resin is used, the solid polymeric binder system
. may generally include a solid curing agent for the fhermosetting resin; ‘altematively two
co-reactive film-forming thermosetting resins may be used.

The film-forming polymer used in the manufacture of the or each companent of a
thermosetting powder coating composition according to the disclosed emb_odiments may be
one or more seleéted from carboxy-functional pd{yester resins, hydroxyl-functional polyester
resins, epoxy resins, and functional acrylic resins. | _

A powder coating component of the composition can, for exampié he based

“'30 on a solid polymenc binder system. compnsmg a carboxy-functtonal palyester fi fi Im-
fonmng resin used with a polyepoxide curmg agent Such carboxy—functlona!
" polyester systems are: currently the most w.ldely used powder coatings matenals The-
" polyester generally has an acid value in the- fange 10-100, a number average - o
'-'-.Amolecular wetght Mn of 1 500 to 10 00ﬂ and a: g!ass trans:tlon (empefature Tg of from



The filmform ng polyner used in the manufacture of the or_each conponent
of a thernosetting powder coating caonposition according 1t|3€‘%e}ﬁ’éb%2585059d
enbodi mrewe oe9sste one or nore selected from carboxy-f unectT/gBat/oped yest er
resins, hydroxyl-functional polyester resins, epoxy resins, and functional
acrylic resins. A powder coating conponé#gnht of the conposition can, for
exanpl e, be based '30 on a solid polyneric binder systemconprising a
carboxy; functional polyester film formng resin used with a pol yepoxi de
curi ng ager80°Clo@s°Capreferably ailedst 403, The paly-gpetide cary fdrerampleghbe alovent | y

t he nost w de used. powder- coat i ngs terials,. The pol eneral ly has
an actd valTiSePHH REPERRSY pomRou b Hdadn shefarity GRHEL 1500 "t o 10
00D and a glonwsoundasush tas diglyiciiyitercphtivatatd ebmfen;sedaglycidyl etheeof Bisphepol A orw - -~
.mo e | Decgnher ,2005 WD .02/,098577, PCT/ GB02/ 02790 1Q. 30C t o 85(C,

ot of e abl y SIOEIRS 280 B U3 SWBRRULRELTE PR I S can

mol ecul gr vatiepirativelycheyu swmﬁmwms(Bdat]hyid&xya[kﬂhlgMegiwgﬁdgfgemmd , hasﬁ (TG]Ic O, a
conmpound suyc S, i Ci terepht hal ate condensed gl yci dyl ether o

bi sphenol Xe&g%s@%%%gp&&hﬁnp@a@ %y resin. Such a ctarboxy-functional

pol yester fil m fAlternativelye aihydoayfiunctidriat polpestertan beaused ath \a Hidcked

bi s(bet a- hyd | ami d ' . t ' - t hyl
i pam de. S OB AR KoBRpS ekl abd PG AR R A Eb BB B RELY )
gggggﬁg tiasm«ay\ﬁngtaemfblmﬁmé mshl,?uwai-fngnaigmw resinaor aaglyamburﬁabﬁonamg:llm%egﬁ .
osin B - 28Ry el wé IRRaE R BinR TPE SpRIhLAnSETAE T OO
'r'fL?;)_g/trjn_eL Iei nmdma@y,mppkétwdrohwneﬂiﬁrlwamm d: bigreddsncyanste buitgtagenb Scc;z :Ft hyl
pol yest e-r M‘r&&éﬁﬂ@”}%ﬁ@f@g‘g mlcaﬁt %’?%ﬁ%ﬁ@ebﬁ%@%&@?“y@uc é’&%u@ﬁgﬂﬂﬁ et di one
type, or nayetsionsf typheoramrhel dthesapmladamdleged tymeofor examipe isopbeigher one
dii socyanat g ééanafés a further possibility, an epoxy resin can be used with
rona

an am ne-func "~ curing agent such as, for exanple, dicyandi ami de.
| nst eadiSof an anf\ne-fauthar ppasikiity, ansriony resieean bousaditanamipesunctioaalphenol i ¢

material My, g deRfsuddR! RF BRINpI& dicyandiamide. Instead of an amine-functional
| curing agent for an epoxy resin, a phenolic material may be used, preferably a )
material formed by reaction of epich!orohyd;in with an excess of bispheno! A (that is
to say, a polyphenol made by adducting bisphenol A and an epoxy resin}. A
20  functional acylic resin, for exarriple a carboxy-, hydroxy- or epoxy-functional resin can
be used with an appropriate curing agent.
Mixtures. of film-forming polymers can be used, for example a carboxy-
functional polyester can be used with a carboxy-functional acrylic resin and a curing
~ agent such as a bis(beta-hydroxyalkylamide) which serves to cure both polymers. As
25  further possibilities, for mixed binder systems, a carboxy-, hydroxy- or epoxy-
functional acrylic resin may be used with an epoxy resin or a polyester resin (carboxy-
or hydroxy-functional). Such resin combinations may be selected so as to be co-
curing, for example a carboxy-functibnal acrylic resin co-cured with an epoxy resin, or
a carboxy-functional polyester co-cured with a glycidyl-functional acrylic resin. More
30  usually, however, such mixed binder systems are formulated so as to be cured with a
single curing agent (for example, use of a blocked isocyanate to cure a hydroxy-
functionat acrylic resin and a hydroxy-functional polyester). Another) prefgfred
foﬁhUlation involves the use of a different'cqriﬁg_ agent for each binder of a miture of



mat eri al fornmed by reaction of epichlorohydrin with an e ss of hisphenol
A (that is to say, a polyphenol nade by adducting. bi spﬁéﬁe&ﬂe”ﬁ? %ngn '
epoxy resin). A 20 functional acrylic resin, for exanple a carboxy-,

hydr oxyW®e2Z@pygly functional resin can be used with an ap@fcihioddd Curing
agent. Mxtures of filmforming polyners can be used, for exanple a
carboxy- functional polyester can be used with a car boxy functional acrylic
resin and a curing agent such as a bis(beta-hydroxyal kyl am de) which
serves t.o cure both polynmers. As 25 further possibilities, for mxed binder
systems, &vepolpmesic binldgedr(mryex@f:plepmymuia;mbﬂ @ﬂ@&y resimilsed il Ssjiindy be used

wth an e - or hydroxy- functl onal ).
Such resi %é%&%gp igc{g.ggﬁ@-cﬁrgaihgp ‘g'g"% 15%'5"?')0 curing, for exarrpl e
a cgr box%/ f unc Othardilmdamyng polymensmmai manlyﬁé me;’litianag;r@nl f@pé)ﬁ,ﬁ&@hg1 or I

car box st gure th a Ci -functional acrylic
resin. g H@‘ﬁ)ﬁb&ﬁ%ﬁof‘]"%ﬁ%ﬁﬁ ?Ch gﬂeﬁlymeﬁ%ﬂ‘do&ﬁ l @%Y'&rl@'ﬂﬂﬁfﬁul at ed
so as %0 bactwfmiﬂcmmblba hyaaongrmcnmalmgca.@em-ﬂhﬁmsna%amnh% b&'88e@bs

bl ocked i g é]efo curg{ hy unc{tlonal acrylic_resin an a

hydr oxy- funct| on %ﬁ'l"%’g g o 'Rr?(?f’ %P?%BrmPE?erﬂP@ﬁab%CWhﬁtol ves then
use of a mifémlemdlmmmgresmge\nlh {am:lsroﬁﬂatb chiinglagerdd for 4B Kbfichsf December
2005 WO 0&89 77 PCT/GB02102790 11 two pol yneric binders (for exarrpl e, an

am ne-cured epoxy resin used in conjunction wth a bl ocked .
i socyanat e- cur@mehydmlm(ggeﬂmmmnmw heanghtichied @luje. ed&x@%heﬁdl'n@i\rﬁ@bén ng

I de f I
Ponetonattd b B EnToBiobnBRLAE? e #55s SPRsg wlncSymes wehmers, s
eacrd1 of VWWTWJBGCMWMd mdthiroethlt ethyl ketoime, tétiathsthp Bﬁé kyldaRd may, be

as t L 00 AL coni g W|t gne or nore
1l‘J 3ﬁct i ona @%h?te Blé)é?ep%tglagrgtogg Qf’ h@ &\t‘lﬁ ﬁﬁﬂpﬁmnﬁt e curing
agents f (ﬂiiS@%ﬂfiﬁ@rmmno ﬁgent) ﬂotl-gerdemm m@HyEethgzlusretm«gna;g Ritstadle ePoxipy be
menti Oneqeélﬁ§ Laﬁ'cq1e3§%&/0hnk Fggl‘l 2@‘%’%83 bp( rl}%ogsag ﬁﬁag(? cresol nOVO| acs,

i socyanat e curing agents blocke ¥ Reone

di i sdéyaiepend B% gledeas WHRE-AHM plppliedyly Raicelxi me, tetramet hyl ene xyl ene

di i socyanate bl ocked with acetone oxinme, and Desnmodur W

(di cycl ohexy! rfbPRYHRS coalaserrmstive farwisp mgcagienty tsl disslased winbhdimsntsymaset hy|

ket oxi me; belﬂ-@mo;ﬁédﬂ&j%oﬁﬁﬁﬁ@’a erngsbm%sassmoﬁ@ms%ﬁ@b%bfél%uleﬁﬁgér%@ Sg"}ﬁmuppl . Iegdby |

by I\/bnsanto alic epoxi des such
Dai cel . AT el ?f %ﬁ%@hw SR P1USHE aredBegTls GBI EN as SEMBEE G
enbodi mendisxideayed and yellow iron oxides, chrome pigments and carbon black and organic pigments
such as, for examples, phtha!-ocyanine, azo, anthraguinone, thicindigo, iscdibenzanthrone,
triphendioxane and quinacridone pigments, vat dye pigments and lakes of acid, basic and-
mordant dyestuffs. Dyes can be used instead of or as well as pigments. '
The composition of the disclosed embodiments may also include one or more
extenders or filiers, which may be used inter alia to assist opacity, whilst minimising costs, or
more generally as a diluent. - l .
The following ranges can be for the total pigmentfilier/ extender content of a powder
coating composition according to the disclosed embodiments (disregarding postblend
additives): '

30 0% to 55% by weight,
0% to 50% by weight,
10% to 50% by weight, -
~ +0%to 45% by weight, and
25% to 45% by weight




be free from added col ouring agents, but usually containg one or nDre such
agents (pignents or dyes). Exanpl es of pignents which ciﬁkﬁﬁ eee0 '

I NOr g3fh e2Mbg@RENtSs 'such as titanium dioxide, red and yericmmnio OXIdeS,
chrome pignents and carbon bl ack and organic pignents such as, for
exanpl es, phthal ocyani ne, azo, anthrggui none, thioindigo, :

i sodi benzant hrone, triphendi oxane and qui nacri done pi gnents, vat dye

pignents and | akes of acid, basic and-, nordant dyestuffs. Dyes can be
used instead g thQFota@ﬁng?@(@wfuéﬁx@h@é?%ﬂﬁt&t tﬂ@@gﬁ@rﬁﬂé@ﬁt@ﬁtlnﬁw gehertilye di scl osed
enbodi nents may also rnc one or_nore extenders ?r f|IIers whi.ch may.

be used bare0%by weight efdbe tatalgeamosifion (fisregardingpastdieng adsidives) Bt nore
general | ropSi PQ ug} PR, oF2Ged Qb%qw VAighPRaFaIse 12 Bed! Usubilea pghwnt

pi gnent / tender content of a po coating conposition according
to the dwostehbrzfeﬁitoea@bmdﬁ%EmHySbE(umttﬁ@gvagldinr\fg%%Spfqﬁﬂe UrpRRECHi GPes) : 30 0% to

55% t.0 {gj,tw I8 Big ent0% t 0 50%+ by weight, 0%to 45% by
Vei g%%/ ‘Aﬁégﬁ%wd%m%ﬁg e@ﬁt e er 2005 Vi 03] 008577

PCT/ GB02/ 0279thé2co@rposmm tqﬁtta'b disaipsedt ¢rpddireentexpanadise BEWERMmne phaEgse gnent
cont ent }{:0,91%984 gh%‘y elgefor 3 ARy a%b@?&m@ﬁngt B§ert,0f plast@dBpO8 istdbilBer, e.g

(dlsrega I'nNg post ‘end ves but proportions up tao 45% or even 50%

by wei ghtagaiast teﬂ/s!@gr@éam@r 305%5‘&19393‘%\9 Begftepch 2HRERAMM ¥ M8 9 UG Y 359
may be usgdiia! ddjialse H”Tﬁéﬁli@ﬁ@raﬂbeﬁ@dnlﬁdfﬁ}maltaalqma‘orm%ceaﬂdaﬁvé)@anmn ai ned
with < 10% by weight of |8m¢3nt The ‘?C{B? osition of hagsrg%a @ngs&%t_ lend
enbodi nme®f 2 rP&V’de’alcgi'}"iQnE? BesitoRe 2G7OT &r INSY mancfe

exanpl e, aadiiled) pronoti ng agent, a plasticiser, a stabiliser, aga| nst
UV degradation, or an anti-gassing agent, such as benzoin, or tvvo or nore
such additive% W% Bewekly. The fol I owi ng ranges can be for the total

per f or mance a@%tblg,‘d/@b?%igﬁﬁtandof a powder coating conposition according to
the invention %dl sre rg post-blend additives): 0%to 5% by weight, 0%
to 3% by wei gite toZel VT‘%Q 2% by wei ght 15 In general, colouring agents,
fillgys/ext enﬂ%&eﬁéﬂcd?@]rfr@d@ﬁ&?ﬁl&ﬂdiekﬁeﬁmsamd refoonalechdiliiives amay not be

' neor porc?és?r?bedb %boefg?w;[ay tr)1|ote brzaquwn porateé by post—!giendL nrg];CQJt%grq 9@2 %gorporated
before and/or during the extrusion or other homogenisation process.
After application of the powﬁer coating composition {o a substrate, conversion
of the resulting adherent particles into a continuous coating (including, where
20 approprate, curing of the applied compaosition) may be effected by heat treatment
-and/or by radiant energy, notably infra-red, ultra-violet or electron beain radiation.
The powder ma-y usually be cured on the substrate by the application of heat (the-
procésé of stoving); the powder particles meli and flow and a film is formed. The
curing times and temperatures can be interdependent in accordance with the

25 composition formulation that is used, and the foflowing typical ranges may be

mentioned:
Temperature/°C Time
280 to 100* 10 s to 40 min
250 to 150 15 s to 30 min
30 220 to 160 5 miin to 20 min

*  Temperatures down to 90°C may be used for some resins, especia!ly certain

e’poxy resins. .
The powder coating composmon may incorporate, by post-blending, one or more
* {luidity-assisting-additives, for example, those disclosed in- WO 94/11446, and espechally - - -



bef ore andl or durlng the extrusion or other honogeni’‘sat i roces fter
application of the powder coating conposition to-a subst?;tgeg: m§852QQ£I on

of theyd ghsYssing adherent particles into a continuous cpetigegzgime! udi ng,
where 20 appropriate, curing of the applied conposition) nay be effected by
heat treatnent and/or by radiant engygy, notably infra-red, ultra-violet
or electron beamradiation. The powder may usually be cured on the
substrate by the application of heat (the process of stoving); the powder

particl g b8 #érea%gdi&@wbrﬁﬁﬁatﬁmfdiéd&é@ irf (ABOSSEciftagon, C8RipASing bRfniand
t enperatures can be interdependent in accordance with the 500n§05|t|0n

f or mul atoxida and luniiugndydroxXidegtypiralyrused SRPIPgORIPRs Muthe rangeaaf
mention to 30
ment | o 2‘2?9% t%@ﬁ@é&rgaﬁlag&ﬁ%ﬁ?&{hb@ol@gma ﬁe?&a&?ﬁﬂhmo?ﬁp@@@lﬁors

eratures down to 90C nmay be used for
Comte 1 3010 to 40FBoRPTARIG PR #5 52 PGR A e comARaliil MBIPR

CONMPASI ih REHAIPNis UGS z&ﬁj’o%&@lenﬂﬂéﬂ REfeINBND 911144688y inWinGiple also be

fluidity--assistin Itives, for _ exanple, ose scl.o i n- WO
94111448sedindhe prsicasiiie preserbinvening | %@68"‘9}@ 9‘2‘1‘8@8 ﬂéﬁff ReFHIH2790 13

the prefgihiRfinRgfid APsif@fhhy A buGifoths ﬁie@aasbd & maw*naﬁnﬂﬁmmass on,
conprising alumnium oxide and alum ni um h drg%;l de, i cal | é’ used I n

pr opor t st singly@s @optdigndegradditigzs. Magiopdna W%I e usg Al Wakageousl y

from 10::35ekQili88 ad  poiféRicaidiitive Q2o ih WODLOADI 795, lnaﬂdlﬁ@ to 70:30, for
exanple, from45:55 to 55:45, O her c%qr}b r}atLons of the inorganic 5
mat dfi alcembinationsdtbereg wmemw%a@m PE plymuniyry RYdoHIP1 1446 may in

princi pl e al Sl@lefiﬁtal ébﬁféilnt bfbdshﬁleﬁdei{‘éddﬁﬁre(m iricogapated evith unmmn;deror for
exa L.onNs 1N S silica may in
npl e % 2g ﬁ%rﬂpeqsglﬁ% ey, In grea raﬂa% {'Dhe V\%n%e of fAlLrH WOQ%qm%'b ﬁe@{ly as y

addi ti oif° erra an be
post - bl erdadbRddidasME$% Yyandiglaandayt eadceed:b@ﬂfé/dby gieighh bagsdonfhanaia! coat ed

I bl ended agdd di 10
cobi nasee B figrampoulien ki et e CaREhelPay B Ak Bse 36 e
totab cahténtm ofdrpast(ars sbnithe ddditolel$) miay @i gdntagecuntydur used th apiouhis trHee powder
vor ght SRS 't'@ﬂngéakﬁ. g&g@'%&srabﬁy 4.1 3899, Bhodd SIHOWRantF 0 10% by

wei ght’, gast and not “exceed |ngb by
wei ght @Ihasxmb@mott ldthogtitiae admghﬁmﬂn&shw ted¥pes?eikyrveight syt ec‘l‘?@d

_ addi ti V%@Brbble%@h NALL 05 Rlictl U FHBANpRE b& R mation and decreased

transfer efficiency.
20 The term “post-blended” in refation to any additive means that the additive has

. been incorporated after the extrusion or other homogenisation process used in the
manufaciure of the powder coating composition.
" Post-blending of an additive may be achieved, for example, by any of the
following dry-blending methaods: '
25 Q) tumbling into the chip before milling;

b)  injection at the milt;
C) introduction at the stage of sieving after miliing;
| d) post-production blending in a “tuﬁableu" or other suitable mixing device; or
e) introduction into the fluidised bed. | f
30 A general form of fluidised-bed triboelectric powder coating apparatus suitable

for carrying out a process in accordance with the disclosed embodiments and several forms
of process in accordance with the disc!osed embodlments will now be desc:nbed by way of

example only, with reference to the accompanying drawmgs in Wthh



-45 al um ni um hydroxi de (and sinilar additives) may advanta g be used
in am)unts in the range of fromO0.25 to 0.75% by wei ght, 19'3 F 5' ‘%950 45 to
0. 55% zhe wei ght of the conposition w thout tpgrReidbirMes-
Anmount s up to 1 %or 2% by weight nay be used, but-problens can arise if
too much is used, for exanple, bit forpation and decr eased transfer
efficiency- 20 The term "post blended" in relation to any additive neans
that the additive has been incorporated after the extrusion or other
horgeni sat i on Pl @E@é?m%}ﬁ of BAEEAYed thbdtedHiondsF@atisgat | ng
conposi tion. Pos ending of an ad |t|ve may be achieved, for exarrpl e, by
any of theapmtuemd@r@wammmmg met hods; 25 a) tunbling into the chip
before mlling g 1s'd}$é?§ﬁéc@ié rBbreb&fiatibhlof a cohduchid PEESiRRaBlastBEd Bt age of
sieving after m'lgfl ng; d) post-production blending in a "tunbler” or other
sui t abl e ntheiBxgmgleyead; or e) introduction into the fluidised bed. 30 A

general s form of 'B'isddﬁgp&%\ﬁéwmﬁé%ﬁs&bfécﬂF@anéﬂﬁtén@mﬂﬁbﬂs

sui t abl e for carfylng ‘out process i1 n accordance wth $SC| Qsed
enbodi nent for ﬁl@cptﬁmﬁ@roéﬁvﬁlﬂﬂ“ﬁ%ﬂ"edﬁm W%Wﬂ@e&%ﬁ?&%@aﬁﬁ? ig¥ed i scl osed.
enbodi ment g,.\l, pRoW be described, by way of exanple only, W|th ref erence’

to the acconpan drawi n I n V\/m ch Decenber 2005 098577
PCTI GB02102790 éefemrgtoEigs%ef/weeﬁ@"&@w?%ﬁf#“@?%meﬂﬁ Ehbsvg'

triboel eCthﬁd&%ﬂﬁg P%&d@%dtﬁié@%ﬁlﬁfdléﬁgldhadibag(1§iﬁmg£nélﬁmlet(ﬁ)atﬁ g. 27s
a perspect resentation of a conduc(%‘iagle netal substrate tgl%gy%ed I n

t he Exatpl bas apgroys aiedistabutiop megihians FLAIFPosRA Frngues Fig. 2
in a flattgRefamubr RebiélenuhP@) hrﬁtﬁamma&idi@fng%mabmemgﬁ); he film

t hi ckness and percent age covera achi eved efer.ring to
Fig.. | of the abvenfpiR)ia3rbaiali 5&"‘""@ A8 "'fsf"{?l?efﬂ %‘@B"'E@S’?’?ﬁ%fﬁ? |99 ¢
pOYVd er ( (23 ;Jagt%ﬁb%{taﬁﬁ&ﬂﬁﬁisléé iri AMAlidisRBbed dof b@b@déﬂ mtm@mmmsﬂoﬂ:)eshbkehag an air
inle at its

but
di sposed tﬂ'@ﬁ%‘lﬁ’éﬁ“%‘?“y'p@gﬂ‘gg (gbbb'%?'?fecﬁ aﬁlﬁlbwa Aé’?“#q I %%HBW%\X&U EiE*ﬁgenum (4)
and an 1§ppebmithe!phsh 1 tivoagHethe PeRus (Bnbrane (Bper ati on, a substrate (6)

having, an noul e PRl e D oF ANt Lot hoad MR g | T oo
-fluidising chamber (1) by means of a variable voltage source (8). The particles of the
powder coating composition become electrically charged as a result of triboelectric
action among the particles. As shown, the substrate (6) has no electrical connection

20  (electrically “floating™) but it may instead be earthed by a suitable electrical connection.
Triboelectrically charged particles of the powder coating composition adhere to the
substrate (6). There are no ionisation or corona effects, the voltage supplied by the
voltage source (8) being kept below the level requared to generate such effects. Ametal

substrate is preferably earthed.

25 . The substrate (6) may be moved in a regular oscillatory manner during the
coating process by means not shown in Fig. 1. Alternatively,”the substrate may be
advanced through the bed either intermittently or continuously during immersion, or may
be repeatedly immersed and withdrawn until a desired total period of immersion has
been achieved. There is also the possibility of keeping the substrate still and moving

30 the poWder by vibrating the bed or stiring the bed with a propeller mixer.

After the desired penod of immersion the substrate is withdrawn from the
fluidised bed and is heated so as to melt and fuse the adhering partlcles of the powder

coating composition and complete the coating.



the fluidising conpartnent (5) by neans of an upwardly Hw st r eam of
air introduced 15 fromthe plenum (4) through t he porous For

at | east wRpgdoe8syst he peri od of inmersion, 'a direct vol t apericRoPPRy) €d to
the fluidising chanber (1) by neans of a variable voltage source (8). The

particles of the powder coating conposjsti on becone el ectrically charged as
a result of triboelectric action anong the particles. As shown, t he
substrate (6) has no electrical connection 20 (electrically "floating) but

it may instead BpeSafdgaaduRy (8)is Ha‘it%tﬂowe@cﬁé‘ﬁdﬁhéabt GIVORESE is Pbasured
Tri boel ectri cal |y charged particles of the powder coat| ng conposition

adhere to féleivedomainssaghpetentiaiher e are no ionisation or corona effects,
the vol tage Supr-’rhle%ho%gtése ]pYéjiillﬁs%ﬂ%sﬁlwlﬁrﬁé‘esfs%}tﬁé%\feﬁtzgﬁlﬁhd%E@Wﬂé@e | evel

required to generate such ects. A netal substrate |sqsfre erably earthed.

25 The sub®tfuging apparatysa %@‘W%E‘Q hwith adlyigisgtionyanit supplisskby theNaelsoriur i ng
P the coati QegrafRIRaviiy a%@r%!l@@}hnaﬂi@mafﬁbeﬂﬂ of Illetgi;ht%toﬁ{ A dixRbadr 18 he

substrate may be advanced through the bed either Tntermttently or
conti nuous-during inmersion, or may be repeatedly imersed and withdrawn

until a desired me@xaﬁ.erel ﬂes@;bsm@m)memdﬂuaed dh@nneﬂéﬂng\éagpoﬂhﬁhw s al so
the possibility of kee %Pt he substésate still novi n 0 the powder by

vi brating @ qgé‘d"@P”@"ﬁgtP A g ey t\'ﬂtef‘f‘fa%p?ﬁ't@ﬁ & ter the
desired pe'ﬂusaﬁmgfunurgmﬁﬂmotd]ﬁaﬁmbmtﬁowneaugaadmmhtevméétemdmo rbrei di sed

bed and is heated so . as to _nelt, and fuse th her i rt s, of the
powder 10 coftanemphen @ vekagsef IaBPllaedtt‘l’lﬁ" j@ﬂﬁ'??gg'a%%efb@éﬁﬁ@? 2005 WO
02{ 09i3577| Fﬁﬁ%?ﬁﬁ?/r&%@&eé&téfﬁ@i feppdtaial gradients w(eBbelb?r tl‘i@ioﬁ%aﬁvhvmt éﬁ;d?ﬁland t he
out put vo i re el a s.ear i a e
fol Fowi ng E’Sgﬁfﬁ ng‘ﬂg?rr%ﬁ L‘é""q %%GYS‘S%%&?Q&SWQW%HPE%% q’fﬂﬁ”%s carried
bout huS:\nglaﬁér&hﬁi it t@theSiial Nmrt]hmﬂdr_dlﬂ:g dnmllnbhlleafoﬂhel rﬂaﬁmﬁmq:lmamalt sup?lll) edf

t he rdson rporatio avi a i ndrj.cal c er o}

i gt 2o SRiEbod AR hen a koldes RGN mba Ui BEG S SppRAETRE) (o)
nmount ﬁds on gﬁmsings;uhmbém gﬁ&wm)mflgm(pabentm gteuiient Wbemﬂrefvoﬁagﬁl(kegﬁs 0.8Rytik 300

mm The substr tioned centr ui di sjng.,unit,
givi i SESR at7 RURl, GRS YRR B0 Ve Hemali il BB N 1o
- 10 than 3 bMH@mtis/mt)nuta')ﬂ&k\flergeﬁdiﬁwiagrdﬂthesomﬂpﬂlanaﬂﬁne)wbﬂaborfbﬁmejl si ng chamber

o \(/\/(:L,-I) I gg?gws@?gaf gh: :eéc?a%ﬁd ﬁbﬁt ggt%aacfor)?{e%ui%&h@ggo{)tgfne@ m&'ﬁﬁﬁl&hs gradi ents
: providing maximum potential gradients in the range 0.05 kV/cm {o 1 kV/em, probably
20 0.05KkV/om to 5 KV/em and, possibly, 0.05 kvicm to 10 kKv/em.
All dip times reported in the Example are in seconds.
Referring to Fig. 2, the conductive metal substrate 6 used in the Example is an
aluminium panel so folded as to be U-shaped in plan view (providing a central recess)
and has dimensions as foliows:

25 a=10cm
' b= 7.5cm
o= Smm.

The substrate 6 is held by a metal clip 10 mounted onan amm 7. The substrate is
earthed by way of a conductor 18. ‘ ' - :
30 Fig. 3 is a perspective view of the substrate 6 in flattened-out condition for the
purpose of evaluating the film thickness and percentage coverage achieved in the
process of the Example. ' o
Two powder coating compositions designated A and B wete prepared in
conventional manner by exirusion, kibbling into chip form, and milling. ..




which is 30 kW cmfor air. It will be evident that the substrate woul d need
to be much closer than it is to the wall of the fluidisiligecsriber 280%r der
for thevwasissssazpotential gradient to be 30 kV/ cm when eCymiBdzvgeronf 3 kV
(the maxi numused) is applied to.the 15 -fluidising chanber. The maxi num
potential gradient when the voltage uswd is 0.5 kV, is :estimated at 0.13
kV/cm and at a voltage of 0.2 IN the estimated nmaxi num potential gradient
is about 0.05 kV/cm Allowing for the oscillation or the vibration of the
.. substrate, i tTHeJosaktiohofeddmedongmbiticef vad as fpllowsul t s woul d be obtained in
conditions -providing maxi num potenti al - gra%%%ggy % Iithe range 0.05 kV/cm
to 1 kV/cm probably 20 0.05 kV/cmto 5 kV/c ! ‘B < ibly, 0.05 kVVcmto
10 kVicm Al Riit#e Titaiken Disgidtet ed i n the Exanpl e a32d in seconds. Referring
to Fig. 2, the n tive metal substrate 6 used i he Exanple is an

al um ni um panel'ﬁl%?#ogqrﬁ‘é’g as to be U shaped in pl aﬂ)?t/i ew (providing a .
centrals r ecess)CarbagiitAsidHurrtimiabPlysater Resihows: 2534 = 10cm b= 7.5 cm c=

5 mm The subséﬂaﬂ{xﬁ 6 is. hel g@?x a metal clip 10 ted on an arm 7. The
substrate is 5?3'533‘{”59 Y conductor 18. 30'% g. 3 is a perspective
view of the sulidisigéte 6 in flattened-out condition 30r the purpose of

eval uating the f{jilmthickness and percentage cover age achieved in the
process of the npl e. Two powder coating conpositions designated A and B
“were prepared ifowewlifient i onal manner by extrusion,tkibbling Into chip
form and mlling. .. 1 Decenber 2005 WO 02/.098577 P@I/ GB02/02790 16. The
formul¥tion of Incorrposi tion was as follows: Parts by weight 5 to Rutile

Ti tani um Di oxi dRGPALFi | | er (dol omite) 107 Car boxyl i180®ci d- Funct i onal
Pol yester Resi ng /3 fA0KNA far4 Brde! MalhuhAisfice SzE M dbnipdinditis3

The general operating conditions were as follows:

15 . Weight of the powder loaded in the bed: 700-800g
Free fluidisation time for equilibrating
" thebed: . ' 30 min. at 0.5 bar
Standard bake and cure of deposited
material 15 min. at 180 C
20

The results obtained are summarised in the following Table:

' Applied| P, | Dip-fims, | iNcov, | OUTcov, | Thick- | STDEV- | Thick- [ STDEV-
Coating | Voltage) bar | sec % % ness, {IN ness, | OUT
system | Voits - . IN, OuT,

s | pum pm

173000 |3 ]300 160 | 100 604 113.9 744 | 35.1
A 2000 |3 | 300 85 | 100 493 121 | 701 | 28.3
A 33000 |3 1500 |00 | 100 573 | 112 T69.8 | 25.1
B [-2000, |3 |20 88 | 100 493 |21 [ 600|178
B 2000 |3 1180 100 | 100 651 | 132 91.2-| 15.1
B 2000 |5 {120 100 | 100 575 | 153 60.0 | 143
B 3000 |2 | 90 . |100 [100. 700 [148 | 905 [167 |
B | +2000 |3 | 300 100 | 100 468 [12.1 g57 | 118
B T+2000 [3 [180 | 51 | 95 450 [114 | 630 [103




Fl ow nodi fier .10 Benzoi n3 TOTAL1000 Conposition A had ‘a Larger maxi num
particle size than conposition B. The general operating cbHeFemesi2088r e as

pf the powder |oaded in the bed: Free fpoiipesoion time

fol 'ows: '

for equwgﬁ#f%ﬁ%’%g 700 - 800 g 15the bed: 30 mry. at 0.5 bar Standard bake
and cure of deposited 15 mn. at 180 G mterial 20 The results obtained are
sunmari sed iin the foll owing Table: Applied Thick- Thick- Coating Voltage,
P, Dip-tine, |Ncov, QUTcov, ness, STDEV- ness, STDEV- '
syst enVol t sharsec%4 N, | NOUT, OUT Whpun A-3000330010010060. 413.974.435.1
A-200033008510049. 312.170.128. 3 : '

10

15

20

Film thickness measurements on the U-shaped substrate of Fig. 2 are carried
out by first flattening the substrate as shown in Fig. 3, allowing access to all parts of the
substréte including the central recess 11. Film thickness measurements are taken at
each of the pointé marked *X’ in Fig. 3 on both the obverse and reverse of the flattened
panel, giving a total of 18 readings for each face and a total of 36 readings for the whole
panel. '

The abbreviations used in the above Table are as follows: )

Thickness IN is the average of the film thickness measurements carried out on

the inner faces of the substrate.

STDEV-IN is the standard deviation of the film thickness measurements carried

out on the inner faces of the substrate. '

Thickness OUT is the average of the film thickness measurements carried out on

the outer faces of the substrate.

STDEV-OUT is the standard deviation of the fitm thickness measurements

carried out on the inner faces of the substrate. |

INcov is the coverage in the recessed surface (inner faces) of the substrate and

is assessed visually. ‘

OUTcov is the coverage in the outer surface (outer faces) of the substrate andis

assessed visually.



A+3000350010010057. 311. 269. 825. 1 B2000. 31208810049'312'&§3338%]?§0&5
B- 20003. 18010010065. 113. 291. 215. 1 B-2000512010010057. 515. SorETsYe

B- 3000290100100. 70. 014. 890. 516. 7 i B+2000330010010046. 912. 165. 711. 8
B+20003150519545. 011. 463. 010. 3 1- Decenber 2005 WD 02/098577

PCT/ GB02102790 17 Fil m thickness neasurements on the U-shaped substrate of
Fig. 2 are carried out by first flatteﬁﬁng the substrate as shown in Fig
3, allow ng mesess to all parts of the substrate including the central
recess 11. Filmthickness neasurenents are taken at 5 each of the points
marked "X in Fig. 3 on both the obverse and reverse of the flattened

panel, givyng aaly c%lksfb? ok ﬁ%}dgﬂggb%{c&%&iv@%ﬁﬁst@%&ii;ﬁch%cﬁr‘éﬁhe%fté

readi ngs for the whole ;f)apg : reviations use abov gibl e
are as fol | ows: establisking adluidiseidsedind anowdey eoaling chapésition, thereimeftesting -
measur i R L el il SyQfe bk 2 2 STDEV-I N
'S he 5t apaosatic SRR b fg poifle’ A BRher R ndiRaRRRd R 0 0 ™ o
on t he i nniidising shambenatéeastapart phwhich Bn¢arkluetive, OUT is the average of the

filmthickness | " of the
substrate. 15 Swggﬁttﬁg{ego?gg% p(%gtvcffa | olﬁ\)df%ﬁé Fé\%ﬁt?eﬁl m t hi ckness |
measur enent s cimmergiag dtha substraleavhiolly er pdrély issthe fluidised bathowherelsy | Ncov is the
cover age i : ' . ' ] and is
ovesaga fbbotAncRy BATEES BULLEE Br o BBkl PG plthodoifonddiBld @ ST 1°

f aces)1of substratgbthersubetrate bieing eithe elexdricily isolatesiridagthed, 1 Decenber 2005 18

CLAINE 1. A Pr Agfialith tlePSustibtetron? e/ fiftisd-foaduct i ve substrate,
i ncluding the steps of:
forming the adherent particles into a continuous coating over at feast part of the

substrate,
the process being conducted without ionisation or corona effects in the fluidised
15  bed.

2. A process as claimed in claim 1, wherein there is no preheating of the substrate
“prior to immersion in the fluidised bed.

20 3. A process as claimed in claim 1 or claim 2, wherein the applied voltage is adc
voltage.
4. A process as claimed in claim 3, wherein the voltage is a positive voltage.

25 -5. A process aé claimed in claim 3, wherein the voltage isa negative voltage.
6. A process as claimed in any one of claims 1 to 5, wherein t’he applied voltage is

such that the maximum potential gradient existing in the fluidised bed lies below the
ionisation potential gradient for the gas in the fluidised bed.

30 |
7. A proéess as claimed in any one of claims 1 to 6, wherein the maximum potential
gradient existing in the fluidised bed is 29 kV/cm, 27.5, 25, 20, 15, 10,5, 1 or” |
0.05 kV/em. | e

25/11/03-



effecting 5 tribostatic charging of the powder coating cdripessntieod03 he-
fluidised-bed including a fluidising chanber at |east appgy ichis
conduct i%WQ 9857 Vi ng a voltage to the conductive part of thleél?%%’)g?si ng

‘chanber, imersing the substrate wholly or partly in the fluidised bed,

whereby tribostatically charged particles of the powder coating
conposition adhere to the to substrate, the substrate being either

electrically isolated or earthed wi thdr awi.ng the suybstrate fromfthe
f1ui di sed-Bed ahOrIEFTRASEAINGE ‘%%We‘?”&?ﬁf %ﬁg{%%%e rﬁpgf?%pgtgﬂtfql H{f@l?g{ coati ng
over at. | eagdtinB i theHlidisBEbedis 28 leasi 01 KVempr atleast 05 kKjcraonduct ed wi t hout

. ionisation or corona effects in the fluidised 15 bed. 2. A process as

AR J

claimed in claimi1, wherein there is no preheating of the substrate prior
to imrersign i natigtebs ad elhimed itk ordof Slaints Ptoos; edereirsthel applisdtivditageisai m 1 or
claim2, wherein the -apﬁl i ed vgjvt'age is a dc voltage. 4. A process as

cl ai med i nindnarangs of g QY fp 1908Vy ol t age is a positive voltage. 25 5. A
process as clainmed in claim3, wherein the voltage-is a negative voltage.

6. A process as clained in a ne of cl ai 110 el pplied
vol t age i s10-sucf Prepges %@aw&%}ﬁm twefl'é{ﬁ%&pgf&?de‘%{tagﬁéﬂh%gr&?% (?he
fluidised s tobecleelkow t he ionisation potential gradient for the gas in
the fluidised bed. 30 7. A process as clainmed in any one of clainms | to 6,
wherein the maxi nrum potential gradient existing in the fluidised bed is 29
kV/.cm 1027. $1." 25A piébesd as cldifvedn Elainn9, wirdibthe\dpplied @i is(Btha@a0g 98577 19
1 Decenber 2001§Hé)3 / ((B02/ 02790 8. A process as clainmed in any one of
claimsl t oM PR3N Vhe potential gradient existing in the fluidised bed
is at least 0.01 kV/cmor at least 0.05 kVVcm 9. A process as clained in

any one of _clai | to 8, wherein t i I8 i range of
from 10V t '100?\%’.’0@6&? a%dﬁlp@glé%glalgg&Wﬁ%g%?aﬁwg%&a‘?’%ggé %\;\%’ghre' erlg?léﬁ{]ﬁe appl i ed
vol t age i sfrom 10ber toangw. of from 100V to 60kV.
15
13- . Aprocess as claimed in any one of claims 1 to 12, wherein the substrate

comprises metal.

14. A process as claimed in claim 13, wherein the substrate is a length of metal wire,

20  advantageously in coil form.

15. - A process as claimed in claim 13, wherein the subsirate is a metal sheet,

advantageousiy in coil stock form.

25 . 16.  Aprocess as claimed in any one of claims 1 fo 15, wherein the period of
immeréion of the substrate with the fiuidising chamber in a charged condition is up to 30
minutes, 20 minutes, 10 minutes, 5 minutes or 3 minutes.

17.  Aprocess as claimed in any one of claims 1 to 16, wherein the period of
30 immersion of the substrate with the fluidising chamber in a charged condition is at least

10 milliseconds, 500 milliseconds or 1 second.

- 18. A process as claimed in any one of claims 1 to 17, wherein the t_hickness of the
applied coating is up to 500 microns, or up to 200, 150, 100 or 80 microns.



10 11: -A process as clained in claim9, wherein the applied voltage is in
the range of from100 V t0:30 kV. 15 12. A process as clidP¢rgmben280ai m 9,

wher ei n g ompgsted voltage-is in the range of from 100 ¥cigebfodve 13 -
A process as clained in any one of clainms 1 to 12, wherein the substrate

conprises netal. 14. A process as clain®d in claim 13, wherein the
substrate is alength of metal wire, 20 advantageously in coil form 15. A
process as claimed in claim.13,-wherein the substrate is a netal sheet,
advant ageously in coil stock form 25 16. A process as clained in any one

of claims Jgto Wgrﬁgée%ra%iﬁiﬁngﬁlrpﬁ d opk amis'mﬁrﬁ' Qlﬂertgf:gn t@%ﬁuaﬁf% toé Le W' th

t he fIU|d|s|n tn a con |t|on is'u

m nut es, - 1@PA¥aseoading is ahleﬁat%@:cmnssomt leastH), 20,750, Aﬂpr%moms cl ai ned in
any one of clains 1 to 16, wherein the period of 30 inmersion of the
substrate with the fluidising chanber in a charged condition is at |east .
10 mi | | Fse@Bnds A Bocessias|daimed indslaivr 91 whereinttie thickness of tecappiedhsoatihgismed i n

any, one of ufhglriad ofimido to Gkl %o WBiniloBaZS: B0 BhmRRL 1 ed, coat i ng s |

up to 500 mcr ons m et ons cenber 2005
WO 02/ 098577 PCT/ G] 002/ 02790 20 19. A process as clainmed in any one of

clains "I t2q18A [ at |east -
5 microns, or egésstga%ﬁ é@%&%&%g%%faég‘%hﬁt]ocz? mhérgﬂé@gﬁ‘%sg%gés;s as
claimed i nsbﬁﬁnrﬁrl’@rﬂt%@@m@v@ lngse parileess of the applied coating is in
the ragge of from20 to 50 mcrons, 25 to 45 mcrons or 50 to 60 m crons.

21.- A process as claimed in any one of clains 1 to 20, wherein the
substrate P3- sWdreeessasglaimed BEny one eheldims| de 24, \ﬁ%ﬁfﬁlném%BOWdEOmlngA

process as cGhpbdilish is 8 titimholEtinPlystdnfti ™ 1 to 21, wherein the powder coating
conposition is a thernosetting- system 23. A process as clainmed in claim

22, wherein the filmformng polynmer in the or 15 each powder coati ng

conponent 98 t he REMAS ks cRfhddH mgsnﬁéresaﬂhéfmsmﬁ g&yrﬁ SftHeGed from
car box functlonal pol yester resins, hydroxy-functiona ? ester resins,

epoxy fosi BROLPRVGE] ﬁeéttma amPaRen of te Pewﬂ@rscoam cqmaﬂs@ewsonw 1988 med i n any
one of cl as&Bctdd imZhrboriiRirRlichal PElySPtssing; AddroRBfunctional polyester resms,

epoxy resins and functional acrylic resins.

24. A process as claimed in any one of claims 1 to 21, wherein the powder coating
20  composition is a thermoplastic system.

25.  Aprocess as claimed in any one of claims 1 to 24, wherein the powder coating
composition incorporates, by post-blending, one or more fluidity-assisting additives.

25 26.  Aprocess as claimed in claim 25, wherein the powder coating composition
incorporates a combination of alumina and aluminium hydroxide as a fluidity-assisting
additive.

27.  Aprocess as claimed in any one of claims 1 to 26, wherein the substrate is
30 wholly immersed within the fluidised bed.

28.  Anapparatus for camying out the process of the invention which comprises:
(@)  afluidising chamber a part of which, at least, is electrically conductive,



20 conposition is a thernoplastic system 25. A process @ cl a i.n any
one of claims 1 to 24, wherein the powder coating - conpos er2005

N ncorpox,:ﬁ@ﬁo9 gy post-blending, one or nore fluidity assy@f/cggy@dgh tives.
25 26. process as claimed in claim25 wherein the powder coating

conposi tion incorporates a conbi nati onzpf al um na and al uni ni um hydr oxi de
as a fluidity-assisting additive. 27. A process as clained in any one of
clains | to 26, wherein the substrate is 30 wholly inmersed within the
flui dised bed. (Bfinesie f@fivitiishigs pdveder caatingicogpositiort withirpihe dieiiisingf  t he

i nvention which c i ses fluyi.disjn nber a rt of . whi ch

| east, is electr P@gﬁ'ﬁ??&?&agﬁa&@mﬁ&ﬁﬁﬁ%ﬁ?@ﬁ?% 7‘%5%9675 lon,

PC;F{] GBOJ[Z{1 02f7|90_ 21hérbl)vf@fﬁﬂ=ﬁnr§ib #ibodthtiv ehiargintgofaheppnmrtier cmanlag bggposiﬁmpm t :c O?h

within e ui n er So a ui di 0 e

powder coating (gi) dﬂ?qqsgnnmn{%p%ay%ff ‘fﬁ?“ﬁﬁh‘?%? wﬁgl toéﬁagﬁéﬁg'ygtﬁﬁg of the

agvvflfar scoati ngl cmmnmt hdlbe?{]me éubsuﬁm\g‘eimel M@flmgoiatedmnéadlhed(e subts';]r ate
olly or par wi t hi.n e er

el cct 11 cal [y | SHirkians & angliperuepidos o R eyl SEnBi SR AR S TN o e

elhect ri g:a:jl y]c Condjhambdﬂopftﬂéasbf)art Bﬂhé periai cfimgeshandite substrate, Wienaly pa][t ﬁf

the period o subst.r es of the

powder coating c rrgq%ﬁ ﬁtpPg'ﬁ[ P@OWge'fcf?%“%v%ﬁp%giﬁgn 8%@??0%5%@5

wi t hdrawi ng t he(epubsneaitsdommu?avgjn@ﬂhaubsttat@beamg ladkerémtqarticles frolmthfal' ui di sed

bed a g (f) means for n er?ieﬁ%&t he adherent particles into a continuous

coating. 29. Apparatus in claim28, which includes neans for

shaki ng or vi br{ft i ngnedrisdorohsérting thetegherentparticlasdete apantnusue seating. 30. A

coated substrate obtained by a process as clained in any one of clains | to

27, or by neans of an apparatus.as clained in claim29 or claim30
29. Apparatus as claimed in claim 28, which includes means for shaking or vnbratlng

the substrate to remove loose patticles.

15 _
30. A coated substrate obtained by a process as claimed in any one of claims 1to
27, or by means of an apparatus as claimed in claim 29 or claim 30. |



