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This invention relates to a process for the application of pédwder coating
®npositions to 5 substrates. Powder coatings forma rapidly growi ng sector
af the cogtings market. Powder coatings are solid conpositions which are
géner al | y@ﬁﬂwﬁmmﬁmﬂmuﬂan el ectrostatid spray process in whlthunee2@dder
coating 1 are el ectrostatically charged by the spray gun and the
substrate (noceedkiy netallic) is earthed. The charge on the powder coating
particles is nornmally applied b y interaction of the particles with ionised
air (corona charging) or by friction (tribostatic or "tribo" 15 charging).
The charged particles are transported in air towards the substrate and
their final de@@$iDERoROAS INGf PREREEE inter alia by the electric field Ilines

that are generated hefjuween fa@cSRnAY @UR+RRd the workpiscess A gl saduant age
of this process is that there are 20 difficulties 1n coating articles

havi ng conpl i c&Pe316R5HER, aRd espoMden v £t haGPMRPFBEYed to
portions, as ssyuestkktek.restricted access of the electric field lines into
recessed | ocations thﬁ Far ada%/. ce}sgefeffect). especi al | %/{.i n the case of the
25 relatively strond®8P&8t riP it gEhePat™@P Y h8X LB BHa-SEREPYI RF

process. The Fahadayoeddmgsf f etrkiet .nuch Pesdervi deatingst hareasecifid

tribostatic ch . DE sses,: hut se h t her dr awhacks.
As an alternat ?\E?gb glgﬁgggr ogﬁla C?)c s%?agly pf%‘geglg%%@? 3%\%01\%? c%%ti ﬁé’
conposi ti ons neyebtrappitéd Bprayubdpsedpednpmdiedsdhe ippwddcitaalténg
substrate rkpl { S<P e i < ) i in=0 a
FIu di sed bed BPoLEe Soveler onatt re Bnsy g ed PR L BRBee' 10,
cone into cont@Bf Eheh suRstrater normadlyyme tedgd ¢r eheacadtsedf acdhael t

and adhere to ERgryer kph eGthe | PR rCas8ainkhep gpseLtibag P@Wm%@@%/i ng
conpositions. the_initially-coated workpiece may be subjected to further

heating to conpPRt&ed h%ychg??ﬁ%?lQWé’faﬁ&q KPS §1 BudPnisse- féat i ng
nmay not be necgls@_ﬁ%:yaid(ﬂjhif@im@sa:z@fby ftml’i_rm_nloastdtfrhjmygiﬂl: tdi@Q;ﬂ W@ri?fo"
conposi ti ons. ui di sed- rgcesses el imnate the Faraday cage_effect,

t her eby enaal‘c’l ﬁ??%’c%@sbd%b%&bﬁﬁgqcﬁ H%éﬁl&@ﬁs‘t Pte %ﬂé@%&@a 4"bBtoat ed,
and are attractowards Xheot Bebstespectand bahelavefihal weddpdsicvion is

di sadvant age t pk i coatin Le S t]a hi, ¢ t hose
obt ai nabl e by e e%: ér}g%%tiﬁ%atgﬁ% %?o?ggsee}s?é%ﬁ%éﬁe%i%%e?%gﬁ V{é}t,@@

appl i cation t e&¥hi IRRE] B RRfSIeTpdtien §PEarp st iaduds the megkpdeeat |Rd 1S
el ectrostatic §ishaisachded grocesss | prdedys t hesf | Wirdiisi nghald 1 8réd oni sed
by neans of charging el ectrodes arranged in the fluidising charrber%%g, nor e
usual l'y, i nztoh%lgfléﬁiﬂrﬁ%nﬁé} 593 Che 256164 85ai PEVARG bGOPBhFRHRT ane.
The ionised aigshapwd,ges drie 28spewntiell par tart ©Slesvhi ¢aEe@uUi r ecadssaer al |

upwar ds notion_as resul t_ of e trpostatic repul sion of identical

charged parti c‘?%’%t?ﬁﬂ% effec i%ggﬁgg aofbl olis gherimies g&fcﬁ&ﬁdenga¢1¥?C| es
is formed aboveledtrigur f feldf lired | vinisedrbeessatie dabstiane WoFlkei ece
a5 (eart fed) | S 4 0duagd | DEfedile, cbpdc20d)PONEr RRMIELLES o7 Ghe
deposited on the substrate surface by electrostatic attraction. No
preheating 8P FHAGHLY atF Btk pledeEtricr efiipred. YREBEREEEr okR atthe

fl ui di sed-bed qyanesscHardhespestedsy surh@blre faeraycoabyag efrakk ardicles,
because the rate  of, deposition,of, t owder particles becones |less as the
article is no\fé%rév\l};@/s rglfﬁg‘fi%gts&rnf gtgheeoo?afﬁe O%Flaﬁﬁb}?f’%%%t.l%l g%?r%lsn%an t he
case of the tradidassed, fiul dihoseé- bedcpssessbavehetpemdérawsacks.z 3 11 June
2002 confined to a WS nahd Jhhepeel . L.O A irent for
recycling and rebl g}%%%ﬂhg%overgsr g% te?‘lgfe?ggggglEQBEE?YeQF%n%e
substrate. A8 RAvdete G NG COREOESL6ARS chay gPAgarpééedobyafielPrandss,
however, theredds prodedrese! echrivhieii el belimaenr ke GRakgioge elact rodes
and the substrate workpiece and, as a result, the Faraday cage effect
operates to a REhedtecext BRLGHH Y eb@s 208 God?0@dposndi dapppd into &

fluidised bed of the powder coating composition. The

powder particles that come into contact with the
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powder particles into recessed |ocations on the substrate. DD A-126 791

di scl oses an electrostatic fluidised-bed process enpl oyi ng an appar at us
i*ncl uding a fluidised bed of powdered material in a fluidised | ayer of 10
which are located charging electrodes. In the discussion of the prior art,
s‘w tabl e charging el ectrodes are indRcated as being in tHe Jonen2f¥0heedl es,
wires or plates maintained at a high voltage for the purpose of generating
i ons which attach thensel ves to powder particles and cause themto be
deposited on a workpiece in the fluidised bed. DD-A-126 791 is directed to

arrangements i nglr@ﬂ'eageaorsw&a& wlRAngidH e @ FOdeS - t KB %ik&?@cé% In
di scl oses an appar at us, does not include a fluidised bed whi ch an

article to be céBfef3se c%FmEBFEHOFﬁté"é’SurR?é"d(ﬁr h?%t%BVtS@@PQEFFéOHS'
susEended :jn a t?ak 1Eulﬂ&bylpegdated pl«vasﬁﬁbﬁécgatlﬁéy? béOHTslabﬂédtécﬁl t e
tank is nmade to_fo at .the article an el ectronp
force exerted oﬁufhéneﬁo 2‘ dépl §§{“Pé§tﬁat é’ﬁ a?u5§7xghé’fh|t§}“? vorR ’g%g
the article td beatbaged Sochi pestwhislatd ndegrge reft dys tr¢cessafy tite the
pouder ed pl ast i g5, gul er ¢ Abmdiiea BE £ by 40N COLLONPT ¥helee, & grocess for

formng a coating on conductrive su i'ses establishing a
fluidised bed of a pBMéﬁlééérbﬁ@ §§ﬁr§@§5§ﬁoﬁllmh®|a§§yféfef€5ﬁma¢§iy cage

tribostatic Chaésf@at of &Hs:@@%deénasmag #aceq ZRasi ?ogzrmh@mr%' g Hehe

substrate whol |y or partl n the sard |sed applying a
vol tage to the SWpSErate W@er&e%ag@ bar t:Oér-etdheaaélr iag® cfttnaetigeodn

wher eby char gethippdt | GeRpeitst, hebl@@“@?ﬁvémf%h'engwé!?ﬂpﬁﬁb&hthr'%fai'ﬁfa@itta%et he

substrate, w thdraw t he substrate fromthe fluidise and formng the
adher ent partlc&é% t:}?eo qsrﬂﬂﬁfsl%satar’i‘?g%aéi ! q‘ecfft’g]

substrate. 30 Itrhcgﬁlej‘tsdamdbelqorchmdnrwuaas: tdmeit&tr@p@rof:eestaabl i shl ng a

fluidised bed of a oat | itign rsi ng substr

whol ly or partiall y%\lgﬁ#t héiggf-gggﬁ)gédl sa&?lﬂ‘é:éa lz%‘pl yFﬁ'gmél%? ta 8rt (o]

t he substrate fpowder | eastapimg of cbhmposmlenperl ads of theer SIsom:aMJedeby
particles ch dal | | el a ad e e
substrate, w ?E%ﬁgev#r%%%e%lgﬁbsgl&%/di%#%né%ﬁe #)Tg éd Eig{j a‘lrﬂdl#ﬂ(;r mtlr.lle t he
adherent parti dleddimting S2iont Lauousreicad ngbbveme@tnsl east pahar@inw he
substrate 11 Juyne£002erd 9%hhied rrﬁﬁr%hen AMSHERY ngf AHiGuRAVWASE, CRGEL Ng

conposition are charge substantl ally by friction al"one adhere t'o t he
substrate, withEuakilYg thHe $BEstRARIN r GRAFRELT IRAIAYE e §RENPIEIF R T e

ad[ler ent p?rt i Qh%?cmb?mansubérlwgme Conggesi O6nD§ed hfaﬁdhehe&'geﬁartthéﬂ es
into a contipuous coating, (including, ere _appropria cu

applied co %@Ipf} YR ngﬁgﬁécgfaﬁéctggiﬁzﬁhhsﬁf‘uggﬁatﬁ%nt °Xﬁﬁ?§ %p %‘Pant
ener gy, not abI woitnbna- rasd, aul trref»uﬂitnl e f oredetrtosre thicam repligian. dfd I n
the process of h@st%saggt | OBaPREELEL S OfpLNR AQNRT £OALhRE a

conmposi tion adhere 1o trate as a resul he frictional

charing(tribostcapue 1af tﬁ]éaiﬂ%eE’@Wé?rt if@rﬁrléé@rﬂ invérrmed, abavei AR of
]Ehe ![OOWdeIr Cﬁ“sh@@a@@{'%'ﬂt}(@[‘fﬁ@i@i@et&Ogéae ﬁ'-‘ﬁ%ét r@i&st?ﬁq{tﬁa h@@ﬂﬁﬁléﬁe t he
rictional char ri bostatic or ri bp" charging e particles as
they rub agaﬁ]t ghéﬂbt hif | AREFPLUFSdi ngP R t‘f’l‘geﬂ%‘}?ﬁl%eda l@l
conpar ed with paac%$es laravhidepoa itekst ant i tdle elsedistira tei edsnlrface by
or"tribo"chari tiglu ey rub,agai ot her i
circulating i ng?%%f-{} ?g%d %egﬁgs%?tlto% ared VI\\]II%'[ h %z?oc%sltgleﬁyl ngg\lhl gﬁe
substantial el egbstz;atEewrkplece is requlred

The electrostatic fluidised-bed process is

30 especially suitable for coating small articles, because
the rate of deposition of the powder particles becomes
less as the article is moved away from the surface of
the charged bed. Also, as 1in the <case of the
traditional fluidised-bed process, the powder is



is generated between charging el ectrodes and the substrate workpiece, the
process 15 of the present invention offers the possibility of achieving
good coating of substrate areas which are rendered i naccessible by the
Faraday cage effect. The process of t present ion is conguc hhHout

i bni sation or corona effects in the fPﬁidised bed. The volfgg%ﬁ%p%?égd to

the substrgdrffiricdl U £6d164tre aRd ahéreas hot iR df o] ﬁbme?éqbgprﬁ&t%?rre R tnggwder

coating particles to the substrate while resulting in maxi nmum tial

gradi ent t e rebderidisg fie mi&ﬁiray thapivdocdepisitt@ bnithnbistatia®) AE g HOERe
effects in the fluidi sed bed of powder coating conposition. Air at
at nospher i ef greesenong-charging elenirostpiol predesso however, hereaisea isrongf dleattient to

Wi 1 6 esul eI RS TRE oot oh Qe PRSI0 S o B G A HOTPASGer s P GTERAL g
d [ | anj [ ffects in t fluidised bed..of

AR AR TR e T e A P e L e e

in the fl up&b&&cbabﬁaepmtoeé&ggedqaéﬁfomthesugﬁfhéOr bed but other gases

may be used, for exanple, nitrogen or helium 25 Since the voltage applied
to the substratPD-A-126 001 idiselodestan pleodostatiefluidised-bed peddess eqipledhgna
effects in the fluidised bed of powder coating conposition, the substrate
is, in effacappasastinludingya fluidissddedaipovwdered imatarial ém nifidtdised dayenof ent
flowi @ t he substrate. IL there is any current flow it is anticipated that
it isinl iwbxcﬁ 416 lpeatpd chatging elegtrades. dp dbadispussion wéithe peopartrskisablean sm

o b cr epBarTed s AR et PR RO A R e BHRERE v
and e?(peCttﬁQinttélnﬁ(gtdti"fi?li%}ﬂ%lt&g@“f&“%%hﬁ‘pdshk@f geﬁ&aﬁ)ﬁg g&lst ?ﬁ};gﬁ %g%gl?f a

few m croanps; t e current Is, 1I'n practice,

expect ed tthetselves ts paivdet parbielesendaase thent anvedeposirdd s vestkpiseashr i ng
instrunments. As conpared wth traditional fluidised-bed application

t echnol ogythetfhadised deds DIP-AHa6i Hleist divectsd 66 f arrangdmeergn suclbidingt gorofis
appl yi gg tqt}‘i?nner i:oati ngs in a controlled manner since frictional charging
has bdén fOGFRINESIGHOIRE nore efficient as particle sizes are reduced.

I over s Bl ChSeH R AL L 8 SR SRR L1
fall's as payt LEbRicH %Fértﬁféetortﬁed&fa% is@oﬁﬂﬁct&‘i’E&’Q%gﬁc\é‘otflﬂé%%égl'tﬁée%ﬂﬂe

f 1 ui di sed-bed application technology, preheating t he strdte I's not an

essenti al ssrs%@adea inhe talQdeiaslyofowdieed Plastics QRatedibl dhritained fiar thiet taniefis t he
coating may be inproved by shaki ng or vibrating the workpiece in order to
renove Loosadgtr form amist podde coatdhe arigle bypo slactromotiyedercg dxpgricd wprthee a

solid filmform resin, usually wth one or. .nore 20 col ourin ents such
25 bt GRentRowdsed Blashcnaeleal P the BiehicRogn T 81 2Pl tp SRIORIRHCETIRE 1 1 vos.
A powder [ P i: fhe invention will in
gener al b?@?%ﬁffo%%{d&g?g éﬁ%@%‘?ﬁ%ﬁ%%%&“%gr exanpl e, a
filmformng pofydeyesfd iﬁ%ﬂioﬁobfcﬁﬁ@é&nqi Prbcesy &g f&gﬁﬂF M fingBYn i 4 sel f
be another filmformng polymer), but thernoplastic systens (baSed, for
exanpl e, aondattydTsatessiate; avhich qoniprisep|estabdishingda ifluidieatibed tod” & ipbwdeor m ng

pol ymer used in the nanufacture 30 of a _thernosetting powder coating
conposi t i ®eating coswostinss dhargbyt effeeting wikastatisrcharging @f dhe pewdeb cealdng ect ed

8 e Sl . PG hoh S S 6 2 P LS
bed, applying a voltage to the substrate for at least part of the period of immersion,
whereby charged particles of the powder coating composition adhere to the
substrate, withdrawing the substrate from the fluidised bed and forming the
adherent particles into a continuous coating over at least part of the substrate.

30 In general, the process comprises the steps of establishing a fluidised bed of
a powder coating composition, immersing the substrate wholly or partially within

the said fluidised bed, applying a voltage to the substrate for at least part of the



6 1 1 June 2002 The conposition may, for
pol yneri c binder system conprising a car
filmformng resin used with a pol yepoxi
car boxy-functional 5 polyester syste a
powder coatings materials. The pol yester
range 10- 10fericd ofimerersior ehereby| martitles
gl ass transition tenggnature Tg. of from
by

90C. The pdihpragsbsubg@ntially by &iictiorestgnean
B et g ikt
a conde@se

PRt
Such a. %IOH

L UahY
used with a bi s(behverilydoPiehlNieni gdﬁ%ic

car boxyrunc
t et raki s(2- hydr oxyet hyl ) adi pam de. te

conmpound suc
di gl yci dyl

oSSk oy B

exanpl e, be based on a solid
boxyfuncti onal polyester

de curing agent. Such

re currently the npsty,Wedfdo used
general ly has an a0|8 value in the
afethg sowder afoating Abriysosiford @B and a
30C to 85C, 10 preferably at | east

dadhert sovtheciubsiatey withdrgving ey

ound .such, as

¢ (T4 Q),,
d %‘%’ﬁWBah&t g,dﬁgrgﬁgmd,e%synpp stch as

]A a light-stabl e epoxy resin.
%6fn§%b resin can alternatively be
dlhidda 206#1 Cébating (i i
natively. gu%dérba%ﬁgf%ndudmﬁ’al

oxy ncti o

pol yest er caher2Cappeoprsatel ourirty of heoajsiied sompasiaba) muyché @fiftcteeluby Mgangent

or an am ne-formal dehyde condensate such
a ur ea- f or risgag@RYdaNd/ rshnradiant gnetgyc notab
exanple, the, aterial "Powderlink 1179"
Conpany, ortaf849Rydr oxynet hyl nel ani ne.
for a Rydroxy-fyncki.o o] t

such agﬁthe ureﬁﬂdﬁgnge%$%e§y§%
exanpl e, i

curing agent for an epoxy resin, a pheno

pr ef er abl y the fimidisedabed. dksnenmpared avith pros

of bisphenql A (that is to say, a, polyph
and 5 an epbgsneTaEahetheen chrsking tifctides
hydr ox

agent.

pol yest-er GaBstPRe 4sad WwHilta:@ rERd PO Yrak bl

curing agent such as a bis(beta-hydroxya

3 il B Bt B 6063, SRCPSFNREL ahuhei&aBrBd] elie

as, for exanple, a nelam ne resin,
Nainfifaenedniigraryidket oe slacfrondream
suppl i ed by the Cyanam d 25

A bl ocked i socyanate curing agent

v JLor _ex | i.nternal |y bl ocked,
YT ﬁlée;gﬁgemg ' 8{1?{2 @%ﬁ?%ﬁa@fgﬁé@gg eﬁg?tﬂge, for
resin can be ﬂsesg% %ﬂlegdntozﬁleﬁe-fugec%ﬁﬁ
exanpl e, diaryatlsh achiatiging) ofthe pdrttlescas thes

. : , y
pledrRETARES] Harbink (WAB,ERRS
et 4guhest iondahothed inlcideulgtinddH?
lic material may be used,
esses gpivhiichoa etysdaritial wiackriafiekkcess
enol naqg b¥ adduct i ng bi sphenol A
And the s3h§trateWORKPARRS ENEPTOSEHOXY - |

i ng
nal

égéﬁ%cﬂ and a

serves to cure

pErhesaice

both pol yners. Ahef prdcesy of clss ipbisent irdentibaris rdonddcetei ndlighowly Rinéy®6ion aor

carboxy-, hydroxy- or e

epoxy resi soornazeifgsty mégc duidisdrbadi n (ca

resi n conbi nati Qgs be sel ected so, as
car boxy- f unct i og@\e ‘g@¥aﬂei4? igdtQ 1he Spbst

car boxyyf u gﬁé{gggzéjoaﬁ%y@q%@ﬁé\p%ﬁlagﬁm#

oxyfunctional ac

resin. r
So as to b%o@éﬂﬁi‘ﬁﬁ giididht Tha (D RIGHELD
i socyanate'to curé a hydroxy-functional
hydr oxyf unét ithe dluidised/bed ef powdsptcbatingc
use of a different curing agent for_ each

pol yneric biswalt servep s égargps aén the fhydi

conjunction wth a.bl ocked |.socyanate-cu
resin) . 3GXERE HTEBAHHG: pol yner s
functiggnal fl uor AT ‘] I
fluoroggrylic pgﬁﬁﬁérs,(gg@%qﬁﬁhgﬁﬁgﬁh%%

car boxy- f URgHis At or NEnd EYeddeinuhe dluddisé
formng polynmer or in conjunction with o

pol yest er aonbltrate aspaxeffectselectricallyt isompgat
functional polyners. O her curing agents

'ylic resin may be used with an
fboxy- or hydroxy-functional). Such
to be.co-curin

, l.e, -
V3 E¥fTienL o aptcs b, righogelly
R AR R R T A

naer SysS ar e

8hde &t iSX8ARIEor éG@ndfefRchl ocked
crylic resin and a

posigdnf Aimatl attriosphéme prasssret he 25
bi nder of a m xture of two

bed dut @estygases mayubedised, for
ed hydroxy functional acrylic
ich may be nentioned include

%ﬁﬂ §/s°{n9931 ei"ts. &BHP&% rgﬁﬁéro nal

droxyE?unctlona
Bed6f foddroatiBg tdmpubiioROfhe
e or nore functional acrylic,
thatedis effiectielp gersusreht flowhia
whi ch_may be nmentioned include 5

epoxy phendhe sihstiates 3f thete ispanycwres dlowpibds articipated dhatiribiscurlikely 4o H§ent s

bl ocked with oxi ne such

ethyl ket o%?‘?FE,th%‘be HWH?E%—H

oxi ne, and S ur, i.C

bl ockedO wi TR ylar‘é\t/‘ﬁg’lle Eg%lg
"Sant ol i nk LS8 L20 |
as "EHPE- 3150" supplied by Daicel. A pow
according to 15 the invention may be fre
usual Iy contains one or nore such agents
contain one or nore performance additive
pl asticiser, a stabiliser, for exanple a
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X ne;

HétRlel €d by Monsant of

di i socyapate bl.ocked wit t hyl
RN b BIRSHER BedRSne
1 Ooh 1B RCHAIBAGREL el s 2Nt
- stabl e epoxy resrns such as

and alicyclic pol yepoxides such
der coating conposition for use
e from added col ouring agents,
(pigznents~ or dyes) and can

s such as a flow pronoting agent,
stabiliser against W20

but

a

degradati on, an anti-gassing agent, such
nore such additives nmay be present in th

e

as benzoin, a filler, or two or
e coating conposition. Exanples of
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2 S preferably at least 0.1~ by weight and not exceeding |I.Qo by wei ght
(based on the total weight of the Conposition without the additive(s)). The
voltage applied to the substrate in the process of the present invention is
preferably a direct voltage, 30 either positive or negative, but an
alternating voltage is al so usable in5principle. The appl i1qdjygé txage my
vary within wide |imts according, inter alia, to the size of the fluidised
bed, the size and conplexity of the workpiece and the filmthickness
desired. On this 10 11 June 2002 basis, the applied voltage will in

general be in the r of . f tq. 1 ovolts reuually
from 200 volts t%° %%:n%ec? o%%l%és)ne pre%’eéra Isty %eo%neﬁfld‘%o#)tbsyt Or;%(?nlgl E 96I ts,
nore especi al | ycmxmnisﬂmeaﬁimlslq arstButdndieol t s, both positive and negative
when a direct voltaggesis ydsglarddher «pegsi blg ran nchyd to
60 kilovolts, 15 Ki %gsvol ts t%aLéS Ki gvol ts, a\ﬁglttéégﬁtls t%q%‘éhﬁg}egvg fis and
30 kilovolts tRRO-igatdan t§eCBBPF1°‘IE' pddie | P§°§ﬁ§5ne@§t i Bhe whBHeRt #PR ect

voltage i s useGhridrseatie Gp%RibiQNityaLIFORPPNY i @RAneRRdchbh BNSgsBYn be
excl uded by so sel ecbﬁlg%ot he voltage ran e.a cordbjng to the spaci of the

substrate from&EHe f "ERRSHp 5%‘: 0°Babs CRARBAhuAPFot RERR al
gradi ent bel owfbund0 &/ deacomehand xmi eﬁtfllcmeﬂﬂt@mt i phrgieteentzeer g at
at nospheri c pressyre., fes;as 1 as i.n the flui.dised .bed
operation usuafiSuGER nﬁ&?#&r%feﬁesﬁ f’E}pre SR tAdr B rﬁrtl{ﬁlgégn BreSvel i um
for exanple, inrskeadedicedr cadidastser veths tie gdduatitdre £obni dicseidr20bed
and, for op i t S of i,al

and, for OPeIALen B AUONL & FRSRUEILELPLESAY S B AL AR P,

vol tage may beaspppaEticbet helZamstalst e fedliord. i t Alsoi meempardch whéh

fluidised bed apdqnetodh$CcaNEGiadd2D kNt { e been
renmoved from tﬁeg%eQ.OAl ternati \}el Y, ehe %/%ﬁ)l?%%égiln%r{; SEEHEEE)E(?@@ o] §§ after
8

the substrate RE8CERENCEnkRe sePTtatR 35 1Qh <3 QRIENIGRY Gtapl yn £

vol t age may bepglb@‘@@@n@gte}de bﬁ{ﬁrﬁ;itd}e substrate is vvlthdr awn fromthe
fluidised-b 30 The substrate wlII ual | Ee V\/no I er sec thlnthe
f1uidised bédd® The Ppref&PEEGTBEFY oft of CFemEPa bﬂgofﬂ Pt FRF R

charged condi tslmankimdxl oﬂep&hxtaﬂnnghetlsa ZeoAakp tegeoumt rmfrﬁdr C@:m)i:emvg of

t he substrate, %h& 1 1 June 2002 thickness required, and the
magni t ude of tJh p‘% dl ‘age and will generally be in the range of from
30 seconds to 5 mi nlzme@er Pﬂ@ﬁ@llagl yGonprs isuisgty agenegaibyedompraseequl ar or
5 intermttentg rwerflqw-if&mh% Peeked, Ofuétﬂ'f’fi d%ﬂr{‘ g Thpi diged bed.

The notion nmay, for exanple, be’linear, rotar /or oscillatory. As is
i ndi cat ed aBQ\@lQH@%b%Q?%E% FaGh éédﬂ%%ﬁé‘ltlsy, P sPRKEM L Ys et ed to
vibration in adifaitrd d’rﬁ’rwem&l’et pel€srh@nadhedadngiossy |oosely to it. As

| t t t i bstrate be t
e sed and. vi { nrvPOTIeT | CORET Mo FPBHOPE AR pEPEodiaty AGRAEET N Has been
achi eved. The treesiswrantdfort e 1fll Lii!di@énﬂ;@asbq ror tiee o se tYing Swetlem depend

on the bulk of d, & f (g r, the
di mensi ons of tﬁtgk%f% |seg q% ﬁﬁ% pret;@'ulrnle ﬂn%lrggnpcevg‘crrog\gﬁtehe
por ous nmenbédare coaﬁ@swpmpllgenéwawg pegenfh vYhech apye bEselbrhe.anothes. 0 bar.

Possi bl e ranggs 1mPEoéeng- ?ol?mérp 2@ub%hé‘ﬁﬂoﬂ>f‘a§@£éaé%&ln(scq@étsé&(}es 2.0
tv 4.0 bar woy d be suitab Qﬁ'l ar.t cIe S|ze distrjbution of th

f1uidi sed powd€" cBETHLS coftfod] 'be"3h the FLiRfe I f?%mufefio 120

mcrons, wthiastead.particle size within the 25range 15 to 75 nicrons,

preferably 25 to 50 mgs OPfin TN SEP RNt 2O (15 (HLLARReELDEE o1 2e

di stributions nay be preferred, especiall'y where relativel I'n applied
films are r¥Q@. ~r3edthF6‘F‘°§%%Hﬂ% P@Uﬁ'ﬁésﬂtqa&r’r@gl rpWﬁ’szhlfblr@ ofonpHae 300f

the follow ng a@:&b&aﬁha it® IMel Sifivedhitionldnaly lbe UBGe 2992make9§e1@§t@dby
vol ume < SO ~._.un 90 1005fb6l¥1c¥ol u < 40 ~.yn c) 45-1 8 vol unme < 20
vol

dun d) 5-100 SIBS}‘ BN o fREMASF eFo- 7685?395 L2XYD um e)
1- 80% by vol uffenstS&nal pr epel ydx e 18- 4Qsediynsy,o0l urapokyb~. a@shing, d (apd50 in

the range | . ¢3;3¢7URaPr L&) PRL Ve dk fadk P




10 The thickness of the applied coating may be in the range of from5 to
200 mcrons or 5 to 100 mcrons, nore especially from110 to 150 m crons,
possibly from?20 to 100 microns, 60 to 80 mcrons or 80 to 100 m crons or
50 to 150 microns, advantageously 50 mcrons or |ess, and. |5preferably
from 15 to 40 microns. The principal Gactor affecting thelihlulen28820f the
coating is the applied voltage, but the duration of the period of imersion
in charged condition also has an influence. The substrate conprises netal
(for exanple, 20 alumniumor steel) or another conductive naterial, and

may in principle be e a&bmgesttednstmgﬁ apgrsictampIy Anbageikd oﬁh%
substrate is che Ccﬂl Hé’elor mech al |y cleaned prior . to application of the

conposi tion, y&%éco MRESF " sBBSEEAL <OMPELBIRY erdb|GRIPOXY
subjected to chmncrtaJorme podgesetat, fotmexaﬂmtﬁg wrébinr onsghosyhat ea zinc
phosphate or chr mate Tep Gess of _the inve noff icul ar
benefits in thé% e ani %[ghera‘%% ‘ds wh Pg it G&F c?é‘ép%rél CI%(BOBSét an
article such 53>odytez5rtelrod§/yater8i) suref i ciengénfly mthe | dost pridelde adeduate
cover for any d t; et ar, lyi n t

According to pre |ousPac %géﬁg%e%%t%rﬁgg%eegrkﬁéecessggg{:%@ sekgpgﬁ}t’ h?LSJun
2002 apply tvxoas'ep%EFJeEﬂeV@ééhes I $heh BARIe| éléJ"llrQOordér YRV EHerapgeper
preparation fogstiReut@pcoadighthusn idf has, dren tgommnopbaciige a togf‘&’fsy a
first coating of an electropaint to give a barrier fi'mover the whol e
metal Ssurfacetrhosibhed byempssesndecodtd ngobf £ xom meB0¥ur faeer 86%C ensure

proper covering of an VISI bI defects. By contrast, the present invention
offers the podBFBERFeEHl¥r achh thg‘szEquat @hsrd%%yl%mah@e a€dbhetiQr

coverage, eVe”eQEmﬁIé' ches a0f1 KoM Bxci3Da HeQaBERY. e@bx@ﬁacfb?n urld gl e
coating applied b rociss of the |nvent| on. Al'S the coati ng process
ncfl

can be adapt edaﬁo |18 YEAAY Ll ABPG¥RDURRER fiTGRDhi c%n@@@@@upﬁ &U€

operation if r@ﬂ@i}?@ﬁyﬂ'hEer@MeMamttacsﬁr du@gh/)tlatlﬁo THopHdRS akepr @@ﬁss
| 5f or coati ng autonotive. co er|ve from

npanen in dl rsi co
a powder coati RgCEONPosT T o i 2’ aSSI i 8d %3“%%%%% h@lg}'i)ce%
i nvention ad Seisphentef | mederarad fhghtaktebla tapoont resiappl i mmela.t he

povder coat | nocs AL NAA AU el 50.be: T 9L Anal 6t 1 008,01 LhR

process of the I nve e aero pace i ndustr

particul ar advahtegetively é’@l alseg apfihy %rh#&imt@oﬁtydwmlhﬁlﬁmﬁdmfl | m

wei ghts to subsiFaEsdanPetical by @lewe%ttllgmzohyakeszy@twm' Layparbgsr ates)
of 25 a wi de range of geonetri.c configurations in an

envi ronnent al | y- corfptGe2 tHaRhdr . al'he‘yﬁllr&’fé(s§U8Ftﬂ-ﬁé‘allnv%ﬂ%3’%ﬁt¢rs €aPabl e
of dealing pothe aklsiee] ewighcha abMdkadadleicsanad ~fRevalicnkel vesrihgch

i ncl ude wel ds and pro ectiqn hel Qvi di uni f orm 3Q coat i of p vvder on
t he wel ds and "‘}ﬁ({] Tt oRS SEIR8 ?ogga%ﬂghﬁgergﬁ&dﬁ&&atgf ?‘f‘f[e}gaﬁl cf?

Al ternative ccmtamp@,epr ecosdermingnreshnr ast urgay fbemelgebydd resynel @Ir
nonuni form coaf i @g?cg@ apth el efy SHeu A, i reretjlnqs}(et sAnd fLpeigr shgd ves

since, wwth the altfernative coati ng 14" 1 1 June 200 roce SEes, adequat e
covering of V\/éf}aﬁrl@loftgﬁw‘é%ﬁjrb%]éd Ionl4" wisuprdviad C(W’eritﬁg o‘FY@Ih@“ld

proj ecti ons2sAbwpahggeous! YhekhRyd ok giosefly Dedné saigyi ded i thl&c)aéh
el ectrical connection, serving as the source of the reference or eart h"

voltage for tHEOFEREPHEer SH 1% apB&Pht ustoTf fo caﬁﬁé8fyo HRGt tﬁ i ded,
it may be foum@lwbaterh@agoaﬁpmgepembdenamne ioftdhren ¥1wi bl sekkededsuch
deteriorates re ckl Jan W se, be I se. For ety
reasons, the UI d?ks&ed b%dEt d\tg?g era %é conon]gctg%% oot%%e eaJrEth ttsrgezm nal
of the eIectrF@&Foﬁapﬁémsbb®¢§eqreﬂéﬂﬁhd t §0&s afxa@pPiR. conherRhenne
energi sing thQiappayahtse. Advantageously, to mnimse charge | eakage, the
15 connection to the subs gg i S _not. an earth connection. ] n one forntof
process according £'8 the PRVRRATi 575S3Re Lo Ynmord c 6HRNYr - EF 2Lt r 68Bs P
preferably conmsedt edthoahheméaetfubermonal ohrthg algeaitr iscadh mnlnfo&upply
energising th at - pse 0 fluidised
powder coati ng gg%{%s.??%’ﬁ%@h csc%'unt gIrryge rodgasrp%adérge R{{lé:itgg |lnstead
of being connected to the earth term nal of the mai ns supply. The
counter-el ectrodes serve to inprove the efficiency of the process
according to the invention, in 25 the coating of a substrate with recesses,
for exanple, by so nodifying the electric field within the recesses, on
insertion into the recesses, as to cause greater penetration of the
electric field into the recesses, thereby effecting an increase in the
anount of powder 30attracted into the recesses. Care is taken to ensure

t hat separations between the counter-el ectrodes and the substrate in
relatlon to the voltage applled to the substrate are almays such that the

.= ~ - a o NN NN



20 fluidised-bed. The friction between the particles in the fluidi sed-bed

| eads to bipolar charging of the particles, that is to say, a proportion of
the particles will acquire a negative charge and a proportion will acquire
a positive charge. The presence of both 25 positively and negatively
chlarged particles in the fluidised-bed may appear to be a 1di Sadea@20CGQRe,
especially in the preferred case in which a direct voltage is applied to
the substrate, but the process of the invention is capable of accommobdati ng
t he bipolar 30 charging of the particles. In the case in which a direct

I f [ ._.paol ar i [ | i ed h b =
{or cos i |1t ond 5501 14407 br BB ERart sy bppasitel v Pawndl i JHRE Stnb

-charged powder magabengspdnt peeésrebly thmasebsaiafermgtiebyeseddtnon refroval
of positively a%gi%ﬁ%%)éghléﬁﬁh%%d aQ?rékSJ??% 8k _diilhaLaRY fHat altegid§ to
a progressive reduction 1 n the proportion of the 5°0ppositeély-charge
species in the 150l SayowderPQRYRIENGY mader bycedduching Rdéswphencd ductnd
charge distribybihonehgRal apegi@s. 1o medyes diigngoat aegy@y‘:' CL&NGy, f dor

successi ve substrates over tine. A further consequence of a significant
charge 10 di strEBaRPYA BrifA BRI anoRYAERRY poRde cPEFA IR GFdenRe| &€5iQ t hat

a proportion of chkRebaolseBpPesithelanc hpraepiewdecuGaald g .t | ¢figg&uirast he
fluidised-bed wilLl, tend to_deposit %ﬂ the walls of a flﬂgd'SH£§HCha”b rin
whi ch the bed | SEBIRBPTINEH RoriTled A% HATLI] i D BFPIRET YRS ORRL
result in the ppolyessevecancheulugedowioh an dardbdxai-figmdtayenlobcpender
and, as a' sequence, ating efficiency wlLl be inpaired. It is

possi ble in gﬁ?ﬁ%g%?e toagﬁlevi%te tﬁgkgﬁpobleﬁ$59gnech§HF al r&nhoval of
the deposited poweé&rgtanhydrdrydkylemmivded pedlen tdearedsy bei ngire both
re-introduced i bul | gt Ol Ltkon, . Su ]ﬁﬁﬁhﬁgic -

cl eani ng, howe er,léyéﬁn Egip?%ggﬁggrgggggﬁgigﬁpg?feg?ive and, %%?%%Eer
re-introducti onSydtanfe rierA&PXowdrydaer ot epery fuowsiasahnaanrkst r abl e
charge distri butd o, i fag5dehadud ki tyi dirsesbSaPeskihoRy Wepsl vester
counter-el ectrodes, are present, the counter-el ectrodes, too, may suffer
from powder dEpERTET orf GRFOR*¥Rer 8% sh¥AEPEYiT Funadnonaldrge i RB&Rant®SHhong
t he powder coatddipipartdiictisemay bhase wared ndd had shacgecu sinPstfor
effectively 30 renoved fron1$aéticlfs deﬁgsi ed on the walls of the

f1uidi si ng charfBEELE whPchCERROFY LT HRGRIRHRY 13STdddsnl FERR vRErTHaRe
fluidising chanﬁeﬂliancepn&ztedsio,tbe ear tarberyn Nabctofordle pml yess tgower
supply energi S'é&curladlwl‘tf?xea2g9§cﬁ.a9laﬁﬂﬁég§¢§al VX‘EE@&?“P& i &l fleodes
are used, charge i's nost effectively ' renoved from particles deposited on

t he count er- 2P &saddds WHRINEYRE coufitiER- elmdtachddslager cosaeEERE t dLthe

earth term nal frmulet@l RS SPRlY bed APRNLAGEOUS|Yind e idGeSYent

according to the invention for coatin uccessive substrates in_sequence,
direct voltage (i%grusee’ﬁali‘;\é'i)loe't h&SBol igys%fm{ vOFPGYRRAPRI ited t9FE @

successi ve subsydabeg-fanceévensédatrphieachs subsid ad ehydrdhefunetiiogalas to
produce an alter I 0 s . r r.iant. off

possibility of%PeSE%?%E}fheﬁggﬁgggtEggﬁ%ﬁgfgeqﬁﬁﬁgﬂénégﬁiﬁn?ﬁégéglkng
fluidi sed powlasecafsed By ffeeprEemurdnadepdwit | 6arorache sty ol af

charged partichgse@beOnsrPot@si tyo1 phdLiPath HyHs t N0l Aatp18f  an
successive 15 substrates results in g relatively balanced |ong-te n1§verage

di stribution ofpBETERTEfy SRFhedSNel VS€Rar §Bd FRAIFRFELN n ik

fl ui di sed-bed alsokseérvesocganedadceutbe exiapbxof depesibhedb okctheipowder
on the walls o Qg)fluidising chanber and, when used, the 20

count er - el ect r 6083 di sposed in the fluidising chanber. A further process
vari ant takify accodhhesf fihe-bppolag pPhavgeny whichemppwier mpartdre@s

conprises the shaulganeouss pritGhiase coaﬂaar&;ﬁo%ﬂﬁepg, mar e fAALE $oRd 1
substrates disposed wthin a common fluidi sed bed, the 25 substrates of

each pair bei n§LBRAEPGRECEPU YRRES vol #BGes £HDFEEPRBEL| velf}UBpPBSFYEiC

pol arities. |npdhatepsocesshvast anhichhena@l be ofydhex - tirditabng Lchanber
are connected to the earth }erq?nal(gf th nainﬁ supgk¥ anﬂ tggiq_nay be
provi ded one of2HBFEY CHtT et et WEEY 56 L5hRePel o Phe &xTh terni nal
of the mains supply, to establish a specific configuration of the electric
field anong the oppositel y-charged substrates and the fluidising chanber.
18 1 1 June 2002 The invention further provides a continuous process for
the coating of substrates, in which a series of substrates of alternate
polarities is transported 5 through a fluidi sed-bed established within a
fl uidi sing chanber having walls conposed alternately (in the direction of
travel of the substrates) of insulating sections and conducting sections.
The conducting sections of the fluidising chanber woul d usually be held at

re " I o 11" £ £ g



of the invention, which conprises: 20 (a) a fluidising chanber; (b) neans
for effecting fluidisation of a bulk powder coating conposition wthin the
flui di sing chanber so as to establish a fluidised bed of the conposition
therein, thereby effecting tribostatic charging of the powder coating
conposition, 2~ (c) neans for i mersifig a substrate whol | yi Todupar2002 wi t hi n
the fluidised bed; (d) neans for applying a voltage to the substrate for at
| east part of the period of imrersion, whereby the substrate becones

el ectrically charged so that charged particles of the powder coating

conposition adhere ther neans . thdra th substrate
beanrjl nlg :adherenf ‘B‘élrrt% rom ?%ue ¥t uid n Vgﬁ:lé) s %911 %f g%e’“%@z ()
means for convdhmqﬁ}dﬂaizﬁﬁnykmn FHHIYQSEEI|am®/arcepbxmuaw§lneatMﬁgh 5
Several fornms %fsoén‘)! g>n = é;' folbiathy g‘ég@ﬁ%s"“fbh} the If@l}‘t%r&?,o%g’l ?»%Q?'Mé’? sgeneral

forms of fluidi coat | pparatus suitab or ca ng out the
process, will now b&tdedcrGWed REaRds dfhistarre, b&i Wnrtépéﬁénééctlédt?he

acconpanyi ng grpWxR9s dHio 0 86 Bles | Nawhl Chepcﬁéwg &r&bevs hheofibkst form
of fluidi satlon and coating apparatus in 10 gratrunatic section; Flg 2

i s a perspecti vEOFVBRAGE t s‘?g%‘t‘ESWt?rlI?ﬁl W P iBeSmpl BEM afid 3
to 8, Fig. 3 igsapherspect ldﬂﬂ.deinantet heb voxtkgd ecerigh Firgetiyli N ethyl

fl attened- out ondltlonf r.the ose of_ eval uatin fllmbhlck es nd %
coverage; 15 Fi St #08 a BsFEB‘%% CUF ew* 6t St he V\bf‘ Fégga gedbt{l?t @%rrpl e
11; Fig. 5 is aisbcirenahevioaime! tinel irdomdece Wf (EngycmohExghneﬁtaxm 12

hi cal f .
are o aphi oo RERCESSRABLLONtld NEoALE TEROCKSS |\ ORRLER. L 8
f1 ui di saton anaetz@xmatl ﬂtggap'patabbs eppgy esing guahr aaval $antfalomk

el evation vi e"‘té’ﬁ 61@@“@895@8& iRy ﬁBﬁ%hHan V"Oralﬁ?i eﬁ‘i’lgy :déega%sﬁﬁ-s into.

whi ch counter 2002 el"ect rodes have been Ins 1Ig- 15 1is
a di agr anmmat i cem’éﬂffj% eW%‘T 35 HifEayafentswp ldief v Dagigel.o6 is a

di agrammati c per Spe&tpaﬁdéte\fm@ha@ %oafg' o@NEaERNt£dPT useakickgraiRharsg
wor kpi ece b%tween count er - el ectr des_an 5?‘81‘ |7 .05 a | an view of the-
ar r angenent 16 IF—‘?gln‘i%nbbgPtf“GHe Corf LES | s?ﬂ‘aeéh QMIiREf @FfNR§ t o

Fig. 1 of the lag:tcomamymgcdnamlmgsonleadle ndns dssehi ageand qpdbmagts
ot 1S suppl y) Ve el 01) i 3 an AT e£E2) OB 1108 bt L2RANEIBSy ous
air distribut |aﬁdu¢smasarselc:(h3)asd|asyﬁdwdptrpmn$\mgselg¢n¢o as ptlastiicidert he
vessel into aaovﬁablllser, for example a stabiliser against UV
20 degradation, an anti-gassing agent, such as benzoin, a
filler, or two or more such additives may be present in
the coating composition. Examples of pigments which can
be used are inorganic pigments such as titanium dioxide,
red and yellow iron oxides, chrome pigments and carbon
25black and organic pigments such as, for example,
phthalocyanine, azo, anthraquinone, thioindigo,
isodibenzanthrone, triphendioxane and quinacridone
pigments, vat dye pigments and lakes of acid, basic and
mordant dyestuffs. Dyes can be used instead of or as
30well as pigments.

A pigment content of & 40% by weight of the total
composition (disregarding dry blend additives) may be
used. Usually & pigment content of 25-30% is used,
although 1n the case of dark colours opacity can be



| 5pl enum (4) and an upper fluidising conpartnent (5). In operation, a

wor kpi ece (6) having an insulated support (7), preferably a rigid support,
is imersed into a fluidised bed of a powder coating conposition
established in the fluidising conpartnment (5) by means 20of an

upwar dl y-fl owi ng stream of air introd8ed fromthe plenumi#)ubbrzogh the
porous nenbrane (3). For at |east part of the period of imersion, a direct
voltage is applied to the workpiece (6) by neans of a supply cable (8) from
a variable voltage source 25 (9). The workpi ece becones electrically
charged and particles of the powder coating conposition adhere thereto.
There are no ionPBaRiBAdoViELr HnkO0% flﬂécW%lg’hd Giamept r eddare @poro-

wor kpi ece is sufstapdi akl fl‘l&%'ratn%f% @C&gé@at&yasglgen%%&@ge ehipbich is
that the 30 anperage i s ver he wor kpi ece nay be noved in a regul ar
osci |l atory manféRiBLsing ?‘K% t%oating process by nmeans not shown in Fig. i.
| nst ead, theI wor kpi eHep@W&ebﬁc@ﬂNﬁf@&ﬂalﬁﬁUﬁlgbri ﬂ%eﬂgg.églthféebrocess of
intermttent or contln usly duri ne i Mmer si on may
be repeat ed| y% L‘:cf‘CWI t Wamﬁgunf?mi’%%t%‘gsﬁned GCEA3PER; o‘fﬂl‘gtf

i nmer sion. has zlmam]acpreuedceAbhdn tie destiadigeri od dfs ipoesidlen tde
wor kpi ece 5 is w e i .dj be | VO elis

di sconnect ed an"\({}!% éﬁﬁ{og?(%{tg&ﬁ{'s ;h Htﬂgidétg%d as %éér}%fgg £ use&ﬁi&h
adhering parti cthasrging RPplovERtiatoa s ngebbn@@sc@m@@sahaoe@nﬁom@lam
coating. Ref e”éé}%dl%lﬁ.'yg £ EPEHIRIN LG CUPIH SRS D LR 1¥m panel

fol ded as shown to pi ece which is generall U-shaped in an view
(so as to detPri®m tlraélteFecé’é’s)thSnHSﬁaQ dﬁ%ﬁéb%%spﬁém%ﬁ which 75 mm

b . 72.5 nm 15 the dp-+eRihet fottoy-gh franptased |dnst pat @xtaﬁgler @@e%@ of
the invention, and were carried. out u apparat us_as n 1 wth
a fluidisation U], ppfi 84y 1VRE Ni\l&g‘o Eprifor &P BﬁdHSV\gnQréoijeﬁé’r ally

cylindrical 20 ev@&sxeﬁo(—ll):_noh rehgbt Roowm pexl gh)ameter 15 cm | n each
Exanpl e, the workpiece (6 s connected to the direct-current supp cabl e
(8) by neans of a c&@@oéﬁw«g 1Y E%fgl)g ng‘pé’Slﬁlonn‘SﬁXt eldlcgﬁpgr‘fa Su%’éti ng
support (7) Iddriyebflenming, acned oof nosregt il lBGH tiyma sHies A8 owarddiitéveswas
posi ti oned: centepal | Ltinblien t ReLLUI diighgUai a0l Hond ou/384k8 2 ghal mum

spaci ng of about 3.8 tween the workpi ece an
f1ui di sing un~ei5p8ﬁélaié¥uItfliené’rerfeéﬁrﬁﬁxﬁ%ﬁtﬁH?eﬁPF@Iln@rt&QPeﬁitlséﬁO%t%éut

Of 72 ty cm bet \lfﬁlﬁe(rjtt%é'tet ﬁ@é&ﬂfﬁ@@t%ﬁ t B@mﬁQiéﬂh@' %llfﬂﬁu}[#ﬁlxﬁm dbi‘@ilét aafel@' tage
0 is app 0 iece i S ctory.results

obt ai ned for aaM?%WpEYéo?ﬁg gr ag-ggﬁf: tdﬁgt éﬁ% Qé fgef)ew}ﬁbc re
than Z kV/ cra0 mhywidd henevodedt mandteheanmmlmleceomdbd arebdsibidee, at a
m ni mum 2211 tanc f: mfromthe wall of the
fluidising uni £ |gggrder8$%dé€hﬂpncgcﬁr%un%téo ential gradient to be 30 kV/cm
when a vol tage of 3Th& (théakaxigambended)ofs appthbendedt heddbtkys edde. The
maxi mum pot ent i ako 5S4 €4H vﬁ@ﬁ 19195 d&%detﬂ"%oa@ﬂﬁét c&ﬁbh@%lb‘ﬁeﬂlll sirbout

0.13 kv/cm and, as for sone of the exanpl es bel ow, | owest vol t age may

be 0.2 kV gi V|ﬂ@n%\r%x}?ﬁuh{’pSP@nfla&FegP&:dlféﬁtm & Oé@od:to oL 45 Y /¥AINE | owi ng
for the oscildptéperarly hatvilwaaiti on. b¥ blye weliidhy eafd idot Seﬂ&@m@ct ed

t hat sati sfact results. | d tained.,in conditi ons ovi maxi mum
potenti al gradfeqﬂ % i tﬁé rgngégg gg k?)?c%rfeo %OIE\?/lcm ﬂi? ab?€ 8: kV/ cm
to 5 kV/cm anct;owtbﬂcm WL uwVEbs radi0rkefshi - Unl ess ot herw se st at ed,
the fluidising air cas@aqee a%alﬂedb% 'tHeeéﬁQfEﬁéé’e Thecpd gpdprd bake

and cure of the dep05|ted erial 1n each e conprised heating at
200C for S mi ik ddie Feseat iiOvensioe dst &rﬁéﬁéi“?)eﬂ # ndt FRC EXE129€ ' was 20

det er m ned g@l@gtﬁéte phstiensd zef nedasere, ight Séiatéptféﬂ%ﬂ% GRltage
manuf act ur ed vern I trurrents Th dat IS ex EL ae in vol une

percentil es d( )(a ?\%e?"ga s 'Thd P& cdEmage ofct AB VPSLaRE BFYthe
particles thatvanseswt)e!huw Whéestlamdspearctqqﬁdengi,zard:er25a]]'ims tforthe

i nst ance, is r | e €5 t S agkel ating
to the dep05| tged;e(r)raét)grlszgﬁ Eﬁ% @QSQ tb'e% t:?Aetzjre vvagﬁgb?gﬂﬂ QS"E@‘}scfap. ng

t he adhering cféiﬁné‘lotrk@flﬁctehé“ﬂoltkﬁl §é@ah’éll¢’?ﬁ%93c ike NeEcer sPReEDNiS0 Al dip
tinmes reported in the Exanples are in seconds. 23 1 1 June 2002 Exanpl e
1: S The powder coating conposition used in this Exanple was a white epoxy
pol yester hybrid powder designed for corona application and formnul ated as
follows: 10 Parts by weight Rutile Titanium D oxide 321 Filler (dolomte?
107 Carboxylic Acid-Functional Polyester Resin 374 15 Epoxy Resin Curing
Agent 152 Catal yst 30 Wax 3 Fl ow Modifier 10 Benzoin 3 20




1000 25 The ingredients were dry mxed in a blender, and fed into a

tw n-screw extruder operating at a 30tenperature of 108C. The extrudate was
ground in an ~ - 24 11 June 2002 inpact mll to produce a powder with the
followi ng particle size distribution: d(v)99 106.11 m crons d(v)SO 41.4S
mcrons 5 6.3ls < 10 microns 2.09s <19 microns Before fl ulldibate 2002t he
conposition was blended with a 0.1s by weight addition of a synthetic
silica flatting (matting) agent (fumed silica TS 100 ex10 Degussa) . Before
i rmer si on of the workpiece, the bl ended conposition was allowed to quidise

for 30 mnutes {n_order to n |I|br| state, The kpi.ec

connected to thé YS/iJ‘F’tagté1 %P?Fglglefg aﬁgg Ren “mrer s8d gleﬁxqr é_\/\o% |Iler

f1ui di sed bed foan@egpfeﬁybdld0Q|Wui&&ﬁtwel®@|hngWDhﬁﬁawmdhanumhﬁlbed

Wi I e i mmer sed, @&%%smst@w i T8 sbacgafe% Y EoR rpgul ar
eren

oscillatory nanner irocess was repeate t a voltages
and dip tines. Poliabre 30 el Ry alhfmmiores etsﬁ’@céﬁd-rléttféiqf%t V@flttshéo

finished coating gfteyostandapdnbads it Cuind helgatanieoUmmaPphi @d reekt ages
and dip tines. 2~b a 25 30 35,40 Vol tageDi p% Qoverage on 5~can F2ecessed

Panel Fi | m Zzhi cIoHege (19 $iS6ctaxd Deviation of Filn{ Vo Its )Tlne ( s
) O-terlnnerMax . M n oteathipelsgsibde voltage ranges include

to
(I~)0120258C%§gg§@§%§3%%8 026001209 0.7 7619 300 4010070270
102204502000 %b‘tzj‘s%’ 3’%%%’1@%&@6%2%48@%@‘1& g toos 1
1 June 2002 I n 30 deildeobbs aendt B9 dat dovelad i g t 069 cloybaswagbtsa,ndbétlhm
Lhi ckness. L 08 eba1aRR0 Leaensedlopaneh 40 ¥escibbstablalLleneg out as far

as practlcab Fect angul ar 1 6r AT as 3. The
central portion (11)Irr eétaeql’hétﬂss'i}rrelorné@@stsl@dl cint ac@mMoecau@etmns heay

difficulty of aghicadiedn oyidd diahplanarvd i thod dasnging, the

applied coating during the unfol ding procedure kness
nmeasur ement s wei%e EMenSPakeRd at e oﬁ”—PﬁEr§5Pntf§%rRé§melxtsl efFitde 3 on

both the obver sgpardtuBeakever guoé éh@aﬂrﬁ\hﬁ%‘@@ed@@ﬂ@i gBAdidik b1l of
18 readi ngs fgr each face %ﬁorrespondlng g outer” and "inner" faces
of the workpted /ChRe rf &PGed o4 SebAAP PO EPFFGl Sradigdtaddredditngs in

all. The figur %tgbspnermctbee's'abi:e, f ohenaxipusekivkd BRi eckeegyssi ineatle
experiment 'St lglgggﬁbeo tggeratlon usually being at atmospheric
pressure. Either nitrogen or helium, for example,
instead of air, could serve as the gas in the fluidised
20bed and, for operation at about atmospheric pressure, a
maximum potential gradient below 30 kV/cm would be
suitable for use with those gases.
The voltage may be applied to the substrate before
it is immersed in the fluidised bed and not disconnected
25until after the substrate has been removed from the bed.
Alternatively, the voltage may be applied 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.
30 The substrate will wusually be wholly 1mmersec
within the fluidised bed.
The preferred period of immersion of the workpiece
in a charged condition will depend on the size anc
geometrical complexity of the substrate, the film



36 readings, and the figure given for mnimumfilmthickness is the | owest
of>the readi ngs. The quoted 20 nmean figure is the arithmetic nmean of the 36
readi ngs and the standard deviation. is derived for each experinent from
the 36 readi ngs obtained as described. The o coverage of each face was
assessed visually. The same procedure$iwere used to obtai m{ijuRe22002

t hi ckness and a coverage data in each of the other Exanples utilising
U-shaped (recessed) workpi eces, and anal ogous procedures were used in the
case of the Exanples using planar workpieces. It will be seen from T Table 1
that the optinu t I; chi_eved, i t : | ied-vqoltage qof. 1.3 kV
and a dip tine gkﬁgﬁgﬁégéozﬁg.lgFgf S o&gétﬁggﬁéiﬁggléggigéedggFﬁﬁ i on
of the material vdépaget eddowitlie gemeksildee by Exafplee dangs aff dmoni 8A of
deposi tion volt 3ge-aRd €hpsthimiteas, conpared 26 7 1 June 2002 with the
particle size distribution of the initial powder coating conposition. It
will be seen that thBrefaERPHar t5Re e3ubs Er #eh okt tBAVRR el Br entegMLyr PBadi ng

to progressive depbatiored hboser pautishe Szegetfodihe B fhmbdisad bed.
The particle size distributi.on of th deposgted nateri%l may be summari sed
as fol | ows: d(vé@% udgigedr B8 -q(v) B 189540 ks t8T2ocxaRRLe 1 0Pe

m crons 8.670 <liedmromstBExgnmmed/Ar Thecpdddenrgoat i Mgs canposntioateded in

this Exanple 15 a Lt rid _po r i.qned _f.qr trjbostatic
application, an oer’rru}é’faﬂ:3 e%de?sg% glqleovvs: ’Pa%[%?lggo\?\’gilgm’ ZBeZSStrﬁE)ﬁePI eF
Ti t ani um Di oxi dagBERIdecer toCatidinahiCar bonat eyddnCarcboxgimove particles
Aci d- Funct i oRal r i C 2 exy DSM) 36 | Nn230F] ow
Nbdifierlovaggégﬁg%ﬁn _1%§ 386¥Egh?n&ﬁgd?éht§A%;?% rgPﬁggigga%ngg &
bl ender, and fctindeo AMMFHLFLEBr ewt&Et r FIEStEPdcat MAY atbar teepertadine of

108C. The extr Udaded WS aaOWREhdRadR 38t11 27hd lddie 2002t A RS, g8 Ids t O
produce a powder with thﬁ6%0£lomﬁn article distribution: d(v)99 118. 84
S %éhg

m crons d(v)so 95§ fc 8e®B. 8% microns 1.70% < 5 nicrons Before
fluidisation, the caeosiddssnreas hldedlwidhsnd. §asaddicrn@n 19f aakym ni um

ide. Th ti, i.ed out d I bed in 10 EXx l.e 1,
except that fRESTbEEPERE Mo ThOnIEY O} cehS noRarE afinih USRS 100 mm
X 60 M) and athensfamidiiy tafre tbk 1pOwdecrpndshavasdimsetsidrebl @2 bheow

i th St ini j t d bak
sunmar i ses the (GIALACLAT b3, ¢ 5 p%ﬁtﬂ?ehkg'séﬁﬁg At pld el alandand bake

and cure as a I5function of the a _ eposition voltage. 25
30 Vol tage (VepPrsysi pembrane, and will generally be in the range of

from 0.1 to 5.0 bar. Possible ranges include 0.5 to 4.0
20 bar and in certain circumstances 2.0 to 4.0 bar would be
suitable.
The particle size distribution of the fluidised
powder coating composition may be in the range of from 1
to 120 microns, with a mean particle size within the
25range 15 to 75 microns, preferably 25 to 50 microns,
more especially 20 to 45 microns.
Finer size distributions may be preferred,
especially where relatively thin applied films are
required, for example, compositions in which one or more

300f the following criteria is satisfied:



Ti mes) o Cbverage on (100x60)~rnn Flat Panel Film this ( Ean ) Deviation

of Filmvax .Mi.n .Mean( E. an
) 01502562041125001506010907326750150951 0921 61241000150100155308440150Q ~150

~100 ~225 ~75 ~130 ~47 28 1 1 June 2002 It will be seen that the

t hi ckness of the applied coating inci@ases wi th increasinyyldepes2008n
voltage. Fig. 7.1 shows the particle size distribution of the materi al
deposited on the workpiece in Exanple 2 as 5 a function of the deposition
vol tage at constant dip tine (150 seconds). The finer particles are
deposited preferentially, SatACEhBY ¥Rl wnen depdsiuni on bei ng of particles of

around 20 m crons in_di angete and it wll be seen that the deposited
distribution curve ig nopsbf)i%éhbﬁﬂ’% YBE f)y4€HéfFlges in the deposition

vol tage. A further slnlefiesllgil@:g@qg%n@ﬁ&nm £endiicted at const ant
kV) but

deposition vol tage ( at varying dip times. The results were
simlar to those shayn i n5FL@O% 7bt, vdleme < heo fimper particles are deposited
|5 preferentially with a peak at around 20 m crons, and the deposited

di stributionsSwere substanti al pyefexkpendeint’7Gf hhevaoll pneiwel0 Fing. 7.2
shows the particle size d{%&j tgjtio of the nmaterial deposited on the

wor kpi ece with a di fhtine BfP% 0" ds,°Mfs conpared with the particle

size distribution of the initi p&ygg]r _ o ition, The results
for dip tines of 30 seconds, é?)ll%econ glér)l?i&dl%gnéecongsé (ér)lo shown in Fig.
7.2) were al nost idemtical(v)2p bxafhd eradigd e, poygles coating conposition

used in this Exanple was a brown pol yester/ TA C powder desi gned for corona
application and fornul ated as Husiflagedly3@®-2429mRuti | e Titani um Di oxi de Red

Sul phat &) Caf Bowyl i & e i UREET o g Bt vEEer Recth 7 i B9 ot Wl 11 er
Wax Benzoin 11raoge 260Zrpar bstpy2(Rimheren2708552202090 microns, more
especially from 10 to 150 microns, possibly from 20 to
100 microns, 60 to 80 microns or 80 to 100 microns or 50
to 150 microns, advantageously 50 microns or less, and.
15preferably from 15 to 40 microns. The principal factof
affecting the thickness of the coating is the applied
voltage, but the duration of the period of immersion in
charged condition also has an influence.

The substrate comprises metal {(for example,

20 aluminium or steel) or another conductive material, and
may in principle be of any desired shape and size.
Advantageously, the substrate is chemically or mechani-
cally cleaned prior to application of the composition,
and, in the case of metal substrates, 1is preferably

25 subjected to chemical pre-treatment, for example, with
iron phosphate, zinc phosphate or chromate.

The process of the invention offers particular
benefits in the automotive and other fields where 1t 1s
desired to coat an article such as a car body at

30 sufficient film build to provide adequate cover for any
metal defects before applying an appropriate topcoat.
According to previous practice, it has been necessary to



650 48 102 3 15 991 The ingredients were dry mxed in a blender and fed
into a twi n-screw extruder operating at a tenperature of 20130C. The
extrudate was ground in an inpact mll to produce a powder with the

followi ng particle size distribution: d(v)99 101.94 m crons 25 d(v) SO 37.62
ntcrons 10.510 < 10 mcrons 3.98s < 833t crons Before fl ui ditsgan®rogzhe
conposi tion was bl ended wzth a 0.1s by weight addition of a silica flatting
30 (matting) agent. The coating process was carried out as described in
Exanple 1, with a workpiece as shown in Fig. 2, except that a constant dip
time of 290 seconds was used, and the applied vol tage_was negati ve rat her
than positive. 3®Ply3¢we separat0opat® Eg suchk52BPiglagbie Bréryr i

summar i ses t he (Ghat aet HdcsydCSpPépd her fdrhi $Bed teeatthgcadt er strppdard: bake
and cure as a function of the applied deposition voltage: Table 3 Voltage%
Over age onFi | nB@&nd& P&D@\?F‘&‘PPOH 3GSLES P MEPLYs a)l'«‘e"c‘?—:‘& P ML @h~ess(
~.an )of Fi | m Ve1ébktregaessQubeqivares NbxrxMn fi\zhsart(v@ﬁntt)e whole metal

1500240000000 000%407555 7£f 13 5 024010% 886 044“‘1%{%00024 1001001.00556911
Fig. 8 shows TRETHAFET cl OSTIEH K% i But PETOBF t 7R FbeEri &F 2pd&iEd on

the workpi ece snrEzaepl et@ a¢nsudepasicpen vaiveagadf ol lkany 3¥iEible
particle size uti ep ri; €4 r d as
ol | ows: d(v) 98°83°53" i BFodonbpaste  TRE) §RaREnE ifysMhiohs oFBER HREC 50
12.42s < 5 m cP@ﬁélbll?ﬁltYL 1 ofuneaQogv Bxanplkdequatie p@méecfemm ngnd
conposi tion US? ?Yﬁ‘eéf&s E%S%@EESeWaS Srethi 1 61 ePRRYiRAlaEst §F hY:%FnE@ex

formul ated as 'e”Ti t ani um Di oxi de Car boxyl i c Aci uncti onal
Pol yest er Réd} %ecEﬁ%&WfReQYnmfénFI &F MbdFingte capatydy BEbisd ek tBeParts

by wei ght 352 pédcel# of the invention. Also, the coating process can
be adapted to produce relatively high film thicknesses
in a single operation if required.

The invention accordingly also provides a process

15 for coating automqtive components, 1in which a first
coating derived from a powder coating composition is
applied by means of the process of the invention as
herein defined, and thereafter a topcoat is applied over
the powder coating.

20 Mention should also be made of applications of the
process of the invention in the aerospace industry,
where it is of particular advantage to be able to apply
uniform coatings at minimum film weights to substrates
(especially aluminium or aluminium-alloy substrates) of

25a wide range of geometric configurations in an
environmentally-compliant manner.

The process of the invention is capable of dealing
with articles such as wire baskets and freezer shelves
which 1nclude welds and projections, providing a uniform

30 coating of powder on the welds and projections as well
as on the remainder of the articles. Alternative coating
processes, 1in contrast, may be expected to yield non-
uniform coatings on articles such as wire baskets and
freezer shelves since, with the alternative coating



10 1 3 3 996 The ingredients were dry mxed in a blender and fed 20 into a
tw n-screw extruder operating at a tenperature of 108C. The extrudate was
ground in an inpact mll to produce a powder with the follow ng particle
size distribution: d(v)99 S9.74 microns 25 d (v) so 21 . 61 mcrons 16.58%
<- 10 microns 5.19% < 5 microns Befor&4fl uidisation, the cbhpbwietZQd2was

bl ended with 0.75% by weight of a dry flow additive 30 conprising alum na
and al um ni um hydroxi de (95% . 55% by weight ) . The coating process was
carried out as described in Exanple 1, with a workplece as shown in Fig. 2,
except that a constant dip time of Z50 seconds was used. 35 32 1 1 June
2002 Table 4 bel ow summari ses the characteristics_of the finished coating

after standard DEGESHES c A TR L EANRS O AL t Heldpplise @ fdeposichiiaHed

vol tage. Tabl e ¢h15 4Q tH 2R rValdvageng( o¥okhs pFoARctions). % Coverage on 5mm
recessed panel Film Standard Devi ation iﬁick ess. (. ~.an ) of Film

Whi c~azessQu terlnn CaASe SN an t?‘ef YSESRh9ped016 REBHISBG0SHER011
44001509595270En SR t30AA0 366k Te HHHY,S04009849 035 AHRHOUEAMHL0I HO63H43 8
F'ig. 9 below sh part i bz i.st.rihutiop, of the.nmateri

deposited on t ﬁ«?ﬂ%?b%geco?i nggtél?rpl go.ikgéea%iv,‘n‘hgs rce&%gﬁgé vﬁagt htrfshe
particle size dpperabusi-ofdfonot gennactian tvaproyidedpositinan. bahfoyratticl e
size distributi of e hed i vy, be i : f WS
A1) 94 5. 15 maRons 0 dC oGS, OB o raaacBn ap, EHD EHaFELER ebiT

mcrons The redafesicrdlef npiodredTtdilhgthant ookt eoibervhpar be waheh the
previ ous Exayplgseandralrso ddtity Whdbsordd 1ltdéine fA0Qdised bed 1is,

preferably, connected to the earth terminal of the
electrical mains supply (referred to as an earth
connection) energising the apparatus.
Advantageously, to minimise charge leakage, the
15 connection to the substrate is not an earth connection.
In one form of process according to the invention,'
one or more counter-electrodes, preferably connected to
the earth terminal of the electrical mains supply
energising the apparatus, are disposed within the bulk
20 0of the fluidised powder coating composition. The
counter-electrodes may be charged instead of being
connected to the earth terminal of the mains supply.
The counter-electrodes serve to improve the
efficiency of the process according to the invention, in
25 the coating of a substrate with recesses, for example,
by so modifying the electric field within the recesses,
on insertion into the recesses, as to cause greater
penetration of the electric field into the recesses,
thereby effecting an increase in the amount of powder
30 attracted into the recesses. Care 1s taken to ensure
that separations between the counter-electrodes and the
substrate in relation to the voltage applied to the
substrate are always such that the maximum potential



the finer initial distribution, the preferential deposition of finer
particles (peaking at around 20 mcrons) leads to less differential
depletion of the size distribution of the initial conposition. 5 Exanple 5:
The powder coating conposition used in this Exanple was the sane as that
used in Exanple 4, except that the dr\p fl ow additive conprilsiuge 2008 na and
al umi ni um | Onydrom de (45 . 55 ww was incorporated in an anmount of 0. 3s
by wei ght instead of 0.75s by weight. The coating process was carried out
as described in Exanple 1, with a workpiece as shown in Fig. 2, except that
a constant vol b@%%l%ﬁ'ltlkséﬁ’é@e%djséadcéﬁgtépeeié&:%cﬁjéShﬂg e PEGSSUIER AS 2
bar. Table 5 bel ow summari ses the characteristics of I ni shed coati ng
after standard W&cebga@vcdPek¥4ch, et iom Ation RRFRREMel faublal 15 ax

Vol ta a 9Ti meo ;¢hvebhed ien pHeiskstiEbandaids Devt abt OREm¥ddne il Spﬁe'_%Bure
recessedzhi caa~ss ~ )of 2 5Fil anel Thi cJEisogten ~nax @% . ﬁ | an
) 1000150100952883 Y220 R 4072 1685~ 16039%2 2744161688366 q185345Re 34
11 June 2002 FpgocéBsshofs tie pmvtemllenm zendmnés but‘d:orb@f ddmgluaaker i al
deposited on t pi.e xanpl e onds conpar ed th
the particle s?’i&ﬁ%?lét i ‘itslagﬁ of rg}hec‘?ﬁg?? aFt& anlrizoﬁ%&l ﬁllsnghe
particle size biedt mihmmn | orundfen-ted eddposiese camat esedL Fegy be amudrraateéd as
follows: d(v)9 44 n 2 on 8. gé_:{ﬂ rggs 10
14.02% < 5 m crggégeExemtﬁég sn#%%)gégv\(f%r %og%% %o?rpoa iFon use |n th| S
exanpl e was th@sg@néSa§ ehﬁﬂuygwlmqn EamLéMqu@it@ptl@hhv npechange

| Scomposi i i wgscil earleck Wida QoA onal ghl cAE 8l ukALYE pexyl de C i nst ead
of the al um ni um oxi de/ al um ni um hﬁ roxi de additive. The coating process

was carried out as HeRcrfWAFity ERE&nphRe 1 PAHAST a CRGLIEHIdec EOBRBOSHOVAT i n

Fig. 2, exceptdesbdiedd tdre flali Slisd ikl rorL£ssal e dasf 2sbRstrdedd eed bel ow
sunmari ses the characteristics of. the finished coa(i_I %after st%_gdarfd bake
and cure. 25 3f° wly Iff?%t%{hﬁja]}r?f)egpﬁf’?ﬁﬁ‘é’o?"tl be

onzhi ck~ss (E. thy of demposighon in  the fluidised bed. Some

355700240100 SHRLAS A P Cach et o e - 4 BB STt "EBR IR LY 002 %

Fig. 11 shows ttime.particle size distribution of the material deposited on

the workpi ece |n BYATIS &a8kd3iosE00ndyn 8% aRaL etk idhddie PaK o ¢

size distribution einitial coafing co article size
di stribution dnversi@dposthed FRALHING ®dy 6 esum@?§ecp%tlf<bllqsovxés d(v) g9

38.94 m g( ons éi:f(7e\¢)teao by naﬁﬁréutcmmétﬂanoi%;tﬁeéﬁ r@ﬁf@i@ﬁé) iﬁéx R < 5

m crons a 0 conposi tion. use |r1 |s e was
the sane asgBhfit” Sééﬁg’ﬁ gg ﬁtb Pﬁ Ceke ﬁH%a

bl ended with El3%dhgedebgtt dfeagisl i choi ns]:uqmjl.arf thhaatlgmmgnl Lmﬁ the

oxi de/ al um ni i d diti The rQc S I out as
described in E@r@.g’i@? Ehéﬁ Jéé m%c?ksﬁ%’ceacgﬁtd#vmo?l t‘_ﬁ% p%%élégtgszo t hat
negative vol ta@éé v@é?@la‘iﬁpli‘edleﬂéttlﬁé veragdcecandng proportlon will

acquire a positive charge. The presence of both

25positively and negatively charged particles in the
fluidised-bed may appear to be a disadvantage,
especially in the preferred case in which a direct
voltage is applied to the substrate, but the process of
the invention is capable of accommodating the bipolar
30 charging of the particles.
In the case in which a direct voltage of a given
polarity 1s applied to the substrate, electrostatic
forces will tend to attract predominantly oppositely



the fluidising air pressure was 2 bar. Table 7 bel ow sunmari ses the
characteristics of the finished coating after standard bake and cure. le 7
25 30 35 Vol t ageTi mes) % weaage onFi | nSt andaz~l 5~n

recessedDevi ati on(vol ts) panel zZhi cl a~ss (fan) of

Fi_.l m | hi G-ess-VE)outerlnnertdax .t4i 6 11 June 2002

.1 ~1'ean500150100601408310001S0100702301241250150100954002111125048010098260
141500150100703101852000150100805803371 :50015010095550358 36 11 June
2002 Fig. 12 shows the particle size distribution of the material deposited
on the workpi ecechiargadinpbeddr atoatihgkYaand cle@ sesendsheasupsipared Wi th

the particle sige distriqution of the initial coQati 5 cojyrposi tion. . The
particle size d"izréetrinoeLﬁb}l(%lin 978 @gosiotfted Brgrerti™: q%/nayanﬁgpé‘&ﬁﬁﬁrlf’?éﬁ as
foll ows: d(v) 9Tt mpaonsclEs) 5ot 9. d3 fifieceahs hthds . Béads < ) 'ami
lrons 17.580 < 1.0, Exa : .JThe .powd coaj | sition ed in
this Exanple mapg‘-dgr%rsqusfgpoxggéﬁ%gﬁ%%i'anJ"lQ’ld_e géﬁde?&%ggﬁgﬁggd é)stlS{ijﬁe

fol | ows: Part 89prAsLéelRmcheEgedt spegded ol ddr el oppwdEaswh Brlue5LAND

Bl ack 101 Fl uf f2e itleler OIf Fi Ll e ar | RE ERRXY
Resi n600Epi cure P- Irgé?EItlgg She%i Cf?ﬁ?s%%%%%?nf%g%oghgsaﬁg
i ngredi ents werlPdLgNAPxe@Si nte bFeAdE?, SR8 fe@atARg acfhiplerFew 8& ruder

operating at ashegpssatureubstb8fes Theeextingdate was ground in an inpact

mll to produce a pQwder with the follow ng rticle,size.distrihution: 35
11 June 2002 d(v) 99%8%%?%?& oﬁ%nﬁ%@)‘%‘:%z.% n?créﬁgnilg%%%%t< L8 ons

5.230 < 5 nixo distbiBetbor f|imshsatdeon, arovegconpaei ti powdes bleyxtddqni th

0. 75s by wei gh : dditime conpri sing .al um npum oxide and al.um.ni um
hydr oxi de (45 baggl%‘(\?v% qfheé/}%:aoét gﬁé)rﬁpggetsls?r\/va%fc?ﬂ% e’borbLﬁppé’sS%‘é’%gri bed
in Exanpl e 1, whéahged wpokplescecest gipwpartiElgs 2{n bthewi fluill seelgaedve
applied voltag n yk-ng i di,si i ressuUre. . Tafql ow
sunmmari ses theﬁ?zﬁgr gccétﬁe}_{ri g{él pégg?g%ﬁe%?n{#ghegduggé%,nHFfafat‘e?qsutqgﬁ grﬁ bake
and cure. |e 8chegberpr dgsyvhich tther beg) tJaigeeS(C‘é@lltl#ed- Continued

15 deposition of that kind will result in the progressive
accumulation of an insulating layer of powder and, as a°
consequence, coating efficiency will be impaired. It is
possible in principle to alleviate that problem by
mechanical removal of the deposited powder, with the

20 removed powder thereby being re-introduced into the bulk
fluidised composition. Such mechanical cleaning,
however, 1is not completely reliable or effective and,
moreover, re-introduction of the removed powder may
contribute towards an undesirable charge distribution in

25 the bulk fluidised composition. Where counter-electrodes
are present, the counter-electrodes, too, may suffer
from powder deposition when there 1is a significant
charge imbalance among the powder coating particles.

It has been found that charge is most effectively

30 removed from particles deposited on the walls of the
fluidising <chamber in which the fluidised-bed 1is
established when the fluidising chamber is connected to
the earth terminal of the mains power supply energising



-VETinme (s)a Coverage on 5rtan recess panelFilm 'thicla~ess
(~.an)Standard Deviation of Film"'Ihic~a~eJs Quter |Inner Max. M n.

Mean(! ~) 110001 50988023011515001 50100505701711100D240
10010028313615002401009565019102000150100100684221220002401001008342417, . 10
001501 00991409310002401 009514010215001501009517012415002401003608€ 220012420001
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007525016615001401008023016620002401Q010038g24G 38 11 June 2002 It will
be seen that relatively thin filns were achievable in this Exanple. The

article size Al of d d b
pariic e d(vﬁjdg%t 43%11%@1&0%@@%5 )%e%»cte'g e%&gggﬁésﬁgxs gsggm’r@tgé d as
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arts by weig el l.ow Iron OXi a c u nastra
Green 19 Rutil EOPRESAPHNTEI 5§?d%a’?g<’:a$:%’6‘§l n%c %g TRERRITFORHPPAY -Pol yest er
Resin 570 Primid XLﬁ.aﬁraﬁeageEﬁ/SlySO i Igr ﬁﬁdc@@@zoa@c@rﬁmv Madi ftiher 10

25 Wax 3 993 30 Th d d fed
Cwi e scr ew oxt PRIBREDREr SoF neoar o0 | SHPEPSTITS BIoSFTET b doduepge, 10 °

June 2002 direct voltage is used and the polarity of the voltage
applied to successive substrates is reversed from each
substrate to the next so as to produce an alternating

10 sequence. Such a process variant offers the possibility
of reducing the extent of charge imbalance in the bulk
fluidised powder caused by preferential deposition on
the substrate of charged particles of one polarity.

Alternation of the polarity of successive

15 substrates results in a relatively balanced long-term
average distribution of positively and negatively
charged particles in the fluidised-bed also serves to
reduce the extent of deposition of the powder on the
walls of the fluidising chamber and, when used, the

20 counter-electrodes disposed in the fluidising chamber.

A further process variant taking account of the
bipolar charging of the powder particles comprises the
simultaneous batchwise coating of one or more pairs of
substrates disposed within a common fluidised bed, the

25 substrates of each pair being charged by direct voltages
to respectively opposite polarities. In that process
variant, the walls of the fluidising chamber are
connected to the earth terminal of the mains supply and
there may be provided one or more counter-electrodes,

30 connected to the earth terminal of the mains supply, to
establish a specific configuration of the electric field
among the oppositely-charged substrates and the
fluidising chamber.



The extrudate was ground in an inpac~ mll to produce a powder with the
follow ng particle size distribution: d (v) g978 . 7 mcrons5 d(v)5026. 26
m cronsl2. 770< 10 m cronsS. 21% 5 mcrons Before fluidisation, the
conposition was blended 10 with 0. 30 by weight of an additive conprising
al umi ni um oxi de and al umi ni um hydroxi#8e (45 . 55 ww). Thelcluei Process
was carried out as described in Exanple 1, except that the substrate was a

pl anar, rect angTheinvantioh nfuttitep anevidésl @0cominuols pmessafo@%st@dhftin%%tdi p
time of 150 seconds was used, and the applied voltage was varied from+ 1kV
to - | kV. Snhbraie inewbiehs anvemics sefssubstrach aofasltematet palarities tis érahsporsdded

A ol ko i s
E:E; e M rCOtREa ARl 6% HRE05 5F frryel oL g ciabsksD1 86 {PvHnEs 1 45001

50100483544440004501 QOGHIAD A EAN000A00RIGAA0ISATRICHE - HARLA094 7132
910-8001501004931376-10001S01005938 | 45~ 8 4071 1 June 2002 20

particl e sishambei stouldutually lod heldeatdiiffosint @ditagdseini idermay phe/ide differesed as
follows: d(v)9s 44.34 mcrons d(v)SO16.61 mcrons S 21. 850 < 10 mcrons
7.910 < 5 qpngitions iEdnsispectiye SERONSoRidiae chambenbutisnpiblsbe Linderstoed that t hi s

Exanmpl,e 10, was white hybrid powder fornulated as follows: Parts by wei ght
Rut i | 40T (ARICQRGESTERE 3hetSas WerlBoly oS ACHMSIARSES. AHhieFRATAESIed: tORESH n 343

15 Epoxy %%ﬁhger%ﬁﬁal%nfq}ﬂ"e%gar's;%@b}béo Benzoin 3 Wax 3 990 The ingredients

were dry mxedin a blen d 25 into a twin-screw extruder at a

tenperature of J1QRGriad6f Bi!dodALSuV RS cEHsOHR Gl erhALly IcRRARH slibbthatkLarer 0duce
a powder with the following particle size distribution: ™
transported in sequence past an array of counter-electrodes (preferably connected
to the earth terminal of the mains supply) disposed within the fluidised-bed. These
15  continuous processes offer benefits which are similar in principle to those of the
individual coating of successive substrates of altemate polarities and the
simultaneous coating of pairs of substrates of respectively opposing polarities.

The invention further provides apparatus for use in carrying out the process

of the invention, which comprises:
20 (a)  a fluidising chamber;

(b) means for effecting fluidisation of a bulk powder coating
composition within the fluidising chamber so as to establish a fluidised bed of the
composition therein, thereby effecting tribostatic charging of the powder coating
composition,

25 (¢) means for immersing a substrate wholly or partly within the
fluidised bed;

(d)  means for applying a voltage to the substrate for at least part of the
period of immersion, whereby the substrate becomes electrically charged so that
charged particles of the powder coating composition adhere thereto;

30 ()  means for withdrawing the substrate bearing adherent particles from

the fluidised bed and



d(v)40 89.56 mcrons d(v)SO 32.58 mcrons 30 7.95s < 10 mcrons 2.560 < S
n crons Before fluidisation, the conposition was bl ended with 0.7S$ by
wei ght of an additive conprising al um nium 35 41 - 41 - 11 June 2d02
oxi de and al um ni um hydroxide (45 . 55 ww). The coating process was
carried out as described in Exanple 19 except that the sub$thetec202 a

pl anar, rectangul ar steel panel (150 nmx 100 nm pre-treated 5with zinc

phosphate, a congtantmehng fdrnMeodfert®O thecadiiseasakizhd, iodanesidudRs
vol tages were applied to the substrate. Table 10 bel ow sumrari ses the

char act eri swoagsg.of the finished coating after standard bake and cure. 10
Table 10: 15 20 25&1%3 Voltafge ( Volts )Tines)% Coverage on Flat ( 150x100
mm ~18i | m ' | hiSeVeas fQrgist noecssa s arFosdance Wilythe; legpmeys and two general

)

015001501004 006G FIC S0 156 138 R IEOUNE T eh b0 L 0TS 14 LU BSR4 1
9150015010043F03691 750150 155643755 P36 . 35 a2
summar 1 o0 a4 B e PR g

10 m crons di9wing¥(rrotdo Btalepiiswhicht S expl ai ned above in relation to Exanple
|, when 3 kV is applied to the workpiece the maxi rum 10 potential gradient
in the fluidisifeg.gasshavy ithelfyrst dote abdluidisatith levwdcnoaimg apparatuse ivol t age
range f.‘i) 0.2 kv to .3 kV, used in the above Exanples, the maxi mum potenti al
gradi eht p HTUTIAHC 4B5HA% t he Exanples is expected to be within the range

0.05 kviemto 19ié(.\g M pe]rg’pe@[(i@ngﬁer btthe substrate workpiece used in Examples 1
and 3 to §;

Fig. 3 is a perspective view of the workpiece of Fig. 2 in flattened-out
condition for the purpose of evaluating film thickness and % coverage;

15 Fig. 4 is a perspective view of the workpiece used in Example 11;

Fig. 5 is a sectional view of the workpiece of Fig. 4;

Figs. 6 to 12 are graphical representations of the data reported in Examples

1 to 7 hereinafter,

Fig. 13 is a diagrammatic plan view of the second form of fluidisaton and
20 coating apparatus,

Fig. 14 is a diagrammatic front elevation view of an arrangement for

coating a workpiece with recesses into which counter-



The powder coating conposition used in this Exanple Was the sane as that
used in Exanple 10. The substrate was an al um ni um extrusion as shown in
Figs. 4 and 5. The dimensions of the faces designated 20d to g in Fig. 4
are as follows: d : 229 cmby 7.5 cm a . 3.5 cmby 7.5 cm f . 2.9 cm by
7.5cm g . 2.3 cmby 7.5 cm 25 Cons¢@ering the conmon ditnkedaherzag2 7.5 cm
as the height of the substrate shown in Figs. 4 and 5, the substrate would
fit into a rectangular "tube" of height 7.5 cm wdth 4.5 cmand depth 3.9
cm Wen positioned centrally and upright in a Nordson Corporation 30
cylindrical flui s tign uBit of 15 cmdigngter, t he m ni num spaci ng

bet ween t he subStFfSFECHAd {AEEWAFF ot "FREFF Ui di sation unit woul d be about
4.9 cm resulting inFagnaxildumipot ent iddlagyraathaeniic beileen ¢m sist rtaiee and
the fluidisation unit of aboy t 43 4'' V 11 June 2002
vol tage applied to the substr%t gn%ém%}{é m@rfgsegges as the fluidising gas
and a maxi num pot ent Fag - griddi ent aofd iggrammatim ire nepdchitowide obniasati on
potential gradent of 30 kV/ ambagedbht aleod! ERSANG CaPLASIT GrorkelBRE | S

t he maxi num potential gradi ent présent in the apparatus u

experinent is expected to |iBehEFEW ‘FO‘RW%I?TTGXN‘@FFQC#@ vand age applied to

the substrate is 1 kigihe7sulsts gienmpidh noed: Ao GeFBnyhbin Or0B3gem of
the wall of the fl uidi satlon nit for the maxi mnum 10 poténti al gradi ent to

reach 30 kV/cm Al | owing for:BsRPFi&ensd A7 A dritihis 19 (HeR6Fkpi ece, it
is expected that theae:mmh:tng)nmwmbd nesif tthe %&bﬁp&hp@h@natahlﬂzﬁ@ﬂl ents

th 5 k V/ t at ed ab
Ippocegsralggeégr Or?eed\éjo g lsa géjlérl : a%lo%(g?ﬁil @%foat\//ﬁeaﬁ'}lsa &Ob‘pﬁﬁﬁs ofariSO

seconds at | kV.eaApbreaki hmmheycu@ﬁ)atoomvaamnﬁhthermmbatlr atfe thes mxineved
after standard Rg:}lﬁ_ nd, ( I C e he J,nner syrf of
the void (12) an qfkﬁ}z %}geeqvatr?)gu@gﬂ}?% g‘g %Ee{fé'gtstse(s) r}ﬁ:[ lsrTlg LISE

t hi ckness as f @incows @PAEPES f &dds dé§t§h’at1§t10@ menhransl (# cr@r@@@
merons ' f 47 dPals9de el 0 £3 HLCINSIRAA T bAE Wedddt 13t o Nower
acconpanyi ng draw ngs, thé second form of |sat| on and coating

appar at us cohdPleasma (A) upaAsan Bﬁpéﬁaﬁb'étdﬁtm%a@@ﬁpﬁféﬁeﬁﬂaﬂ | 4 )by the

reference numeral (13) dt%@aﬁﬁdw,' |5 woOrRSsEL: 3068l hewargelaﬁ ofndulsitledt i Ng
sections (14a, 14b, 14& d cond Lﬁt%tlggysectl ons  (15a, 15b End sections
di

(16a, 16b) of t KEPPPH ng E€f& e 4l 's'bgtﬂnd?l}tﬁf? ; The dOR§ESEAng
sections 16a, 1ihap Ibbfaniddisedaedonfhieat gobwder espaﬂ:tmtge cuntptoagelsnur ces

Vi, V2, V3 and 1.Ju 0) i ed- b
powder coati ng ggﬁ%%ﬁ%?ﬁl%n |1:hsr}'glset2a€]ﬁ‘l1 scﬁesg'ﬂﬁ 8%6%%&%1{1% glé):agyoﬁgg arrber
(13) and a s&Q p&sanfupide kel ecbboy iy 15 nepm jof ighrerigdtrcaivgedr drepokhed

through the bed wn@nduecgm%@q s@%&@ﬁmﬁ@&% sixgwn) . Each wor kpi ece
shown in Fig. 18 i s_of f or m shown 2, but the apparatus can in

princi pl e be used tgo’ﬁoétt ar$33F eB2BF &fy Hé%l?@&lgﬁar%f. FOreEi19%ast part
of the period efréstevsioagethe iﬁpMDédiptGCEﬁeaWGerQétél ca Iyychamged by

means of di rect valta n y.that _the ritie successi v
wor kpi eces are Fn aﬁ‘%rpﬁla\%l négggq e\rgla fr Ffhe®alt taetl[’]‘r?ﬁ %gv f)'f%ﬁ? tf‘%“éré$ t he
wor kpi eces &id(®2he voThegews rigpileiced bhecarhes cehdocringldgctihmrgetisaandsh,
16a and 16b of .1 he; AR wald ¢ ofg e Hdvkﬂecy S'C'BQt‘.{Fanb%r n%ae’s:.@!t. RO Natdyr-d he

bi pol ar chargi ng of the powder particles, resu wor pi eces thel ng
subj ected to atR¥rtfichce BrerSofdis |"6>nsl°a‘§staﬁé9np8§sCﬁﬁpéégﬁft{‘h‘ét?fI‘UP si ng
chanber. The CﬂfhdL&{amgréﬂﬁd LOrhel darkbilkcel6a aﬂﬁsftﬁlﬁtWBYlyZDsolated

alternatively, &o‘ftta ?_nnect ed to the earth termmnal, of_ the Sé,lpp|y

rather than to° dur cés. Rete ctuer{’é: to Figs. mﬁf’ and® 15“}% t

acconpanyi n@Ochrmarrm lamV@rrh/arig)ehent 20 used in carrying out Exanpl e 12
descri bed bel ow, 'mqt@@eatet%e( 3V bEWREL Rl tgagsrégﬁt pf o &l eCtdd
insulating material, upper and | ower (as viewe ste %ars 2 and 3 a
cor r ugat ed st AN GULING £he qatingh b qoge Sei &Ned‘)eﬁa'}fatfe’t25§hoa’“stlé“el rear

(as viewed) plate 26, axrpéwﬁdlt%@fwaﬂwédwmtﬁe ZZdMéBd”'Q:HH&gS'I eel

pl ates 25 and 26 fldhhy % ge g " tF corrugat ed te(g1 panel 24
between the st@¥ S5%afas AR efgl cp t%toﬁlfﬁ%ﬁ BYPHY %1%€81 Pods 28
passi ng through front (as viewed) recesses of the corrugated steel panel 24
in addition to passing through apertures in the steel bars 22 and 23 and a
second 45 1 1 June 2002 plurality of steel rods 29 passing through rear
(as viewed) recesses of the corrugated steel panel 24 in addition to
passi ng through apertures in the steel bars 22 and 23. The ends of the
steel rods 28 and 29 are 5 threaded and nuts screwed al ong the threaded
ends of the steel rods 28 and 29 securing themto the upper and | ower steel
bars 22 and 23. The S|de p|IIars 21 are attached to the “upper and Iomer

o, o ~ o ~ ~ —— o o o ~ A o o



30 Exanple 12: The powder coating conposition used in this Exanple was a
white epoxy/polyester hybrid fornmul ated as in Exanple 4. The ingredients
were dry mxed in a blender and fed into a twin screw extruder operating at
a i v 46 11 June 2002 tenperature of 108 C. The extrudate was ground in
af inpact mll to produce a powder widh the follow ng partlitclansizm?2
distribution: d (v) 99 = 55 mcrons 5 d(v)SO = 22 mcrons 16% < 10 m crons
50 < 5 microns Before fluidisation, the powder was bl ended with 0.6& by

wei ght of a dry flow additive conprising alumna 10 and al um ni um hydr oxi de
(450: S5% by weight). The coating process was carried out as follows on the
frame descri bedlBRRNELAH 4 hOF eP@Vemee KePeaipdln4imparasd Andertshgudvwn
fluidising vessgltof €heerfEdAeB0t& 15 drarat N £ DY nf@ r&TobWiHl ) bdyn 50 cm
(height) was filled to three-quarters of its height with the powder

descri bed above*HHEYak powder was flui di sed using conpressed air at a
pressure of 4 bar. Hfteuangle 2bsdneddt I@@rflro@nbfaridrmreearlonl aheSWBkaQeﬁ:eNere

connected to i L Ita kV. Th pp bar onnect ed
to the earth S m“ﬁ%l%dtr X'?’h\ef?: ggesgﬂfb‘ll?lsﬁgr ﬁ’?ér’ n:E FRB %HYO $9%2,

the | ower bar 23 atiscdrenecisd 281,'1d29:rw rearkrhleeéatusveheatt&dwesqnarael 24 and
panel was moastiad aatd ool otog aonertag,Bar EIPLEPIRE0rne) dpRgey the
kV/ cm bet ween t9@tdRar g@apaﬁatm@ e@dtﬁ@mpbat@sthmwflfﬁeﬂl@w t he | evel of 30

kV/cm that woul d regulfk rirAngornapegf ecs, Orcnkeorw@;&;spébéncbmgriéé% diged
bed. The maxi num potenti al gradr ent ~of 6.67 kVicmlies wthin the range

0.05 kv/cm to0 88URINEHRGPIRAL abdlded 3% ahewmngEMeht VO R | g ARk Chinés

wor kpi ece 24 a@dnbbewpumw@e@ct ruad 85128, W¥ew\agsbnmes sed v@dtirzal by in
the fluidised-bed for a trrre of

se onds durin h 47 1 1 June 2002
the arrangemenf®B38F srgﬁ%f% t Ef ?%%lﬁq%%lﬁi A6ry notion and,
al so, a vertical dipping notian, naintai7si ngmpowder fluidity in the
recesses of the workpiece 24. The process wag carried out three times 5
with different nunbers of db 28, 29 as“described in the followi ng three
experiments.1%At the end of ea@h experi meht, whe workpi ece 24 was renoved
and subjected to a ngGan r i S S
t hor oughly cl eaned gééde%égfggﬁspeﬁm%@a%d ggggéggﬁ:@ %e &Pﬂncaet#rn t(#aa
repl acenent WobR®i é’éiéefzﬁfm%(péﬁaiinﬁﬁffel CRE 186C sHEk p‘ll-‘érrfagr @QP%#afr%dsaszg wer e

i ncluded withoshodrheird irisd. Al widhh tay f.(lfuﬂdl%%lta%n Ahitheuppdied BhecHoating
period, there s found.to be 100s C}?ﬁa\e’ %qe 15 of the ear ses [(as

viewed) in thd'utIP e IR TG ond pPEPEFPLYYof Cth% 2628 n the
front recesgé@svdsselvi @ied)t \Meerghtt B& o ahdpHuemetty bb mds 28 had been
omtted, the workpi }@%m nd y A cm
bel ow t he upper ed 129}% g’vg tﬁg‘gl %%BQ%EQ Q@?rewéga I ng enélO
abruptly. The ¥ @St -surrgaty ﬁéﬁplq/a§abrlév\é ) By mpansorkE ece 24 was

3are e?cept f Frodymm 18peak qflOQO\AdlEE;J.d qu_ fﬁtmcsma&/écrt&?l ér\/}ﬂ%@@@dﬁrd -
eposi tion er nt alf o e second p ods

wer e incl uded %Wosr% ﬁt rlrr’oa}b% F‘W%ﬁ‘ PHd2pradent [l&f’égg‘e?ogl %‘Ed with
r od- absent EeamSmecAf tvas pbeitdahedgcphocaddywasthonptied eﬂLuﬂdmsag
recesses in d n Se 0 _he ysCcat.ed while
there 30 vvasvwg‘loa %q'%ﬁ%hégﬁ%cetgoses %nm&?hggggg é 82 r?foﬁgl:rgdg %ﬁl o 4
cm bel ow t he w@ﬁe@dg@enﬂoamvece hericowehe edigd lofo £ h&heoridpiiddeing. The

front of the vpnkpigge 24syesi fRr aEXrHQMrEH%E‘t pdreheys: gréélérlt Jyge 2002
Experiment 3 Both the fjrst and the second plurality of rods 29 were

i ncl uded providoN§ a $of | KWy Petwesni n tt"r‘?e WP kb ke 24an‘i‘—'ul FiRoat i ng
was achi eveslorfrluhdtiblhbe ubfitontwhamd 4 eableegessds,3 tke osl ypphted ateas

bei ng those i ont agt vvrththef rear

The percei ve\élw‘l'a vant agé)l%f:%t healg.‘raocesﬁsdesé Eg% §Eg F%ﬁ%gt he pr esence
of the eartheg¢btednedr 10Orel@cthaxiEsunn m@ememlssesramanmrl tbatesis he

electric fiel dyaeeuBd £HEHLWORKPHEEE @BahO 1CAYTEm!. h@tekﬁ(itlrbﬁ buehehto
extend fully into the recesses whereas, w thout the earthed

0

count er - el ect FBéésth?h@"%’F%’c?‘r? Y P id AL ol PEEPYRt Iy into the
recesses. The inproved 15 penetration of the electric field into the
recesses | eads to inproved penetration of the powder. The full penetration
into narrow recessed parts, as is denonstrated with this process, is
inmportant to prevent corrosion in narrow recesses parts and is difficult or



20even inpossi ble to achieve wth conventional coating processes. Referring
to Fig. 16 of the acconpanying draw ngs, an arrangenent 30 used in carrying
out Exanpl e 13, described below, includes a bar 31 carrying holders 33, 25
34 for a workpiece and counter-el ectrodes, respectively, and guides 32 for
mounting the bar 31 on a fluidising 2Ranber (not shown. R&flelurieng002 Fi g.
17 of the acconpanying draw ngs, the arrangenent 30 of Fig. 16 is shown
nmounted on a 30 fluidising chanber 38 provided with an air input port 37.
In Fig. 17, the arrangenent 30 of Fig. 16 is shown as carrying a plate-Ilike
wor kpi ece 36 a ede b | at e n el.ec d = wi 49 June
2002 Exanpl e 1@9%%% gerycgaﬁ\ ngkélgrrgggl %’?%%\ égegh'% e@hﬁ%l&népfl&}t

white epoxy/ poixyegréerhﬁ@m dther makaned gwtentBedmpheadielhe tlong:r@dBQnt s
were dry m xed \mcng Qh@ﬂdea %@@at;@d dAta aywi rmecrﬁwx@zﬁhﬁlqueaqpe{gt' ng

at a tenperature 0 he ‘extrudate was ground i n an i npact
produce a POWGRAP %tt%é:ﬁeolwoé'\)ﬁpﬁgcﬁar Tihel é‘a§|l§‘€mdlp§ttrelnl§&ﬁ|lo§fa@{ﬁ:ﬁ)t 9g =

59 microns 18 £ V.30 v, 25¢ 18 cronss 90t d em@ge%,s 85 ébéuEﬂ ersk@f‘ér@re
fluidisation, the conposition was gl nded with. 0.250, of a dry

fl ow additive &%hpr#8i nP a5 S2FGni aPHATRL & h%‘]‘%’('l dgh%45%)°"59§% by

vei ght). The ceidttage pmagesbenas.ear kVvedgduings &ol mawsmumi ngotdetiagpar at us
descri bed abov. ref en Fi g 1 17: .ectangul ar_.fl uid
bed 38 of di mg W&% ~~8C?efr §§°‘§fen8t b?cv?{](f‘q%m (‘\e‘\nlgﬁ'{;n%y %g cmt(lﬁel ght)
was filled tooasoiddagdant err hehghtvmrtaltitohne abovdepomodekp beck f | Ut diised at a
D s & 010 6RBborbuPLABR sdi3ckanaul ol ALUTLY WBAANGle Ol dliFRaciAnS 15

cmby 10 cm Vi n he wor kpiece~ charg 1vely
i mersed in tﬁ@ngstipﬁﬁdp§@&11<ﬁé@g fI@%XU}?dJIE cpqt%ltsﬁe%brmga@mtﬁor Id-m éb@ 36

bei ng posi ti opgdgbebwesn l@%nﬂetgﬁth%Wcﬁhab%@a@l@te@ GSr ¥7Pén 380 5
count er - el ectrodes 35. The charyged wor kpi ece 36 was gi ven a side-to-side

motion for th&V4ERaERdn BPSFHRLYmierdl drV/cmp Ethd hdi\e&™red advant age of

this process is thgnesanceymrirvafset heseded ri Ct]hlee| drbei weeimd heayer kpi ece
36 and the unt er-el ectrodes 35 at the expense of the field between the

wor kpi ece BRESTHES 433 hedP3tali™s <Y 193%Gi°si ng chamber 38. The reducti on
inthe field betweBne s6é&nddrduneaRd02andie wor&pi ece Iheandepbeived|s of
the fluidisin charrber 38 results in ared uct|$ Pln t he undeS|gabIe

d

accunul at i on BRtPohiter 1 BnCRhR FERTR!Bf CPRRT§PEF dPSPRGRENANDEC038. 1Fhbl e 11,

bel ow, summar § sesdtds characteristics of 5 the finished coating after a

st andard bake and re as_a .function, of thevlta es applLied to the
wor kp. t ece 36 and ﬁ%%{ﬁﬁce]r & &it&& rdc?gé"sr§§°rg ttgt?i héa‘t“ﬂi: €¥ ffdence of
t he count eROedecdmdohesi Tablmg 11th@ addstardilzer an ]rasén] lﬂght-l. ~ ~l

oo dill in vi e—manufac [zre by Malydrd, I Erum !
1L 6§ el gtdring Woibengiuactlped bF balplry, rheEnuadndt | P!

1-'; s )('a ~~1 AL
A~~" | 1J1~ .:" | The-datpa ~18~~exmr1esseeclamT@mm«%;4aegcemmb@sllcsws<28219~

26l 3281840 1166250187120 14% percentage of the total volume of the
I 1391548301523I 689- 10601509610014011 12872513 32911 |- 154040084I 00

' S114121328@Ftisdes dhat (ligs,Pokpyy the stated particle size d.—
25 Thus, for instance, d(v)so is the median particle size

of the sample. Data relating to the deposited material
(before bake and cure) was obtained by scraping the
adhering deposit off the workpiece and into the
Mastersizer.

30 All dip times reported in the Examples are 1in
seconds.



" CLAIMS: 1. A process for formng a coating on a conductive substrate (6),
whi ch conprises establishing a fluidised bed 5 of a powder coating
conposition, thereby effecting tribostatic charging of the powder coating
conposition, inmersing the substrate (6) wholly or partly within the said
fluidi sed bed, applying a voltage to23ie substrate for at 1lieaghe RPRG2 of the
period of imrersion, whereby charged 10 particles of the powder coating
conposition adhere to the substrate (6), w thdrawing the substrate (6) from
the fluidised bed and form ng the adherent particles into a continuous
coating over at |east part of the substrate (6). 2. A process as clained in
claim1, wherein the 15 substrate (6) conprises netal. 3. A process as
claimed in claiml or claim2, wherein the applied voltage is a
direct-current voltage. 4. A process as clainmed in any one of clains 1 to
3, for coating successive substrates ( 17, 18, 19) in sequence, in which
direct-currentEygﬁéggelﬁs 20 used and the polarity of the voltage applied

t o successive s (17, 18, 19) is reversed fromeach substrate to
the next so as to produce an alternating sequence. . 5. A process as
claimed in claim4, which is a continuous process in which a series of
substrates (17, 18,_25 19) .of alternate polarities is, transported through a
f1ui di sed bed estab??%h%ﬁg"a\ﬂ 92 B9 RIS *oRamis&d Hé\/iti‘gjswgf‘fl@p ®nposed
alternately, iwaghe dhitet iepoxgf polapeadteaf Hyberislibséwadesdédigndd, fdB), of

A procass SR R TIEyoAC FORPALACE P8 SOLIRMER compr | ses the.

si mul t aneoud bat chwi se coating of one or nore paifParo$ Bubstirgites di sposed
within a comon fl uyjdised hedn;hhepidRsteat es of each pgjr being charged by
directcurrent voltages to respectively opposite polarities. 35 52 11
June 2002 ' 7. A pﬂ%dé§§3d§°épﬁiﬁéd in any one of claif’1 to 6, wherein
the fluidised bed icuA8d:ahlicshedawrhbRbRidRagart hed vessel (1). 5 8. A
process as clainmed in any one of clainms 1 to 7, in which one or nore
counter-el ectrodes (3 Sf%lﬁﬁéFEFaﬁﬁﬁlEarthed, are di sposed within the bul k
of the powdes coat iPp®x50ReeEht COALng. Adeptocess as cl aigped in any one of
claims 1 to 8, wherein.,there is no earth connection to Ohe substrate (6).
10 10. A process a ARV i n any one of clains 1 to 9,” wherein the
substrate (6) is wiwalxly i nmersed within the fluidised bed. 11. A process as
clainmed in any one clakig: 1.to 10, wherein there is po preheating of the
substrate (6) priofq%g k§%g$%%%n in the fluidised bed.l?Z. A process as
claimed in any oneB8RZ8L&ims 1 to 11, wherein the 15 powder coating
conpositionzps a thernosetting system 13. A process as clained in any one
of clains 1 to 12, wherein the powder coating conposition incorporates, by
dry-bl endi ng, one or nore fluidityassisting additivez é4. A process as
claimed in claim113, wherein the 20 powder coating c 98 sition incorporates
a conbi nation of alum na and al um ni um hydr oxi de as #ut+dity-assisting
additive. 15. A process for coating a conductive substrate (6) which

conpri ses ax autonotive or aerospace conponent, in 25 which a first coating
derived froma powder coating conposition is applied by neans of a process
according to any one of clainms 1 to 14, and thereafter a topcoat is applied
over the powder coating. 30 53 11 June 2002 16. Apparatus for use in a
process as cl ai med,| ny._one c| ai s to 15 for faorm coating on a
conduct i ve substrgmtf%‘%‘1 dhoE Jil%:%r(%?rgp&"riLs’%%?e éjlr(ya)m%"‘? utdi & %Peghage ot b)
means for effé&edingnitioui di satwon-sfrawbulds povider coperayindnpesitison

w thin the i di si cha r.s0 as.to establish a fluidised bed of the
conposi ti on}f(;{ ﬁ%?pe‘?%%%eerogﬁogf ect TG "t”ﬁrb‘b%?taet P YN 18f P he powder
coating conposition, (c) neans for immersing a substrate wholly or partly
within the fluidised 10 bed, (d) neans for applying a voltage to the
substrates for at |least part of the period of imrersion, whereby the
substrate becones electrically charged so that




charged particles of the powder coating conposition adhere thereto, (e)
means for w thdraw ng the substrate bearing adherent particles fromthe 15
f1ui di sed bed and (f) nmeans for converting the adherent particles into a
continuous coating. 17. A substrate (6) whenever coated by a process as
clainmed in any one of claims 1 to 1524r by neans of an apparhaines2@62cl ai nmed
in claim16. 18. A process as clained in any one of clains 1 to 15, wherein
the 20 voltage applied to the substrate (6} is such that the nmaxi num
potential gradient existing in the fluidised bed |ies substantially bel ow
the ionisation potential gradient for the gas in the fluidised bed. 19. A
process as clained._ ip an ne of claimse 1 to 15 or 18, wherein_the nmaxi num
potential gradi éﬁ‘?a‘égi srflél%g |etﬁ> tﬁéoa}]ﬁ?diase(?%@)eqi &8 Yot hBen B HPYAIG m 25
and 10 kV/cm, bethitliei s$széndlsthetbut3ion: 54 11 June 2002 ' 20. A process
as clainmed in claim19, in the maxi tential gradient existing in
the fluidised bed Iies b\é\?&gg‘ﬁ" 0. 0~ kV/c%ghg%ﬁE%}F%s, both linits
included. 5 21. A processd&%)wl ai ned i n cfhi #P20icwhasei n t he nmaxi num
potential grag ent existiggzig the &l uidised bed; Liggsbetween 0.05 kV/icm
and 1 kV/cm, both limts i&%}uded. 22. Aofroces_s as claimed in any one of
claims 1 to 15 or 18 to 24: erei n“the voltage™afpPReéd to the substrate

(6) lies between 5 kaéfek 6@1kVaibathoh) Mt 18ohpelsudadn 2% s AHRERSESS as

clainmed in claim %% \A/{(}erlgi t he voé%a%e agpl i ed %o t he subst,rate_gﬁ? lies

between 15 kv dWd3-2 k- 1ot | FREPRCT AAAGEEA™ AT & pP¥RbRetis eibi¢rd in

cl ai m 22, wher dilmttiagvol (trageiagpl | adeho t hEumsbst sateckb) Thi esobetayeen 5

kV and 30 kV. %%sltsiagits included. 15 . 25. A process as clained in claim
ol ta

22, wherein H%e € applied to the substrate (6) |ies between 30 kV and

60 kV, both linits Bedlogg¢edimmersiopr oresshas eloaikpeckde) amyteonsl @fdedl ai ns
1tol ~ or 18 4,Qp334itWAgr &y the i £ esof; L:he ppwder  coati n :
conposi tion varcg? Pnégi ze betavveen 1&%{% ?L(%O%r%l%clrc%%;% ﬁ%\?hgloi (r?r(lu‘tnéltlgﬁcljﬁlded.
20 27. A proce8&3dgE Epaffedli Ance@rid BBriWhestedtet he particles vary in size

between 15 and 75 nirgeORSrkRAkkel Waist TomEidad. £@8+hd RAESE %%u‘i!c@i med

in claim27, erelp the particles ry in_size between 25 a m cr.ons,
both linits %%Pﬂdtgﬁnzéwﬁﬂfﬁgcégs\égs ERNLreBTAN e of LHistiseghbedi fothe
particles varyai giseze"dip" time before being withdrawn from the bed.
While immersed, the workpiece was slowly moved back and
forth in a regular oscillatory manner. The process was
repeated at different applied voltages and dip times.
20 Table 1 below summarises the characteristics of the
finished coating after standard bake and cure, for
various applied voltages and dip times.

1able
25 Voltage| Dip % Coverage on Smm Film Standard
Deviation
Recessed Panel Thickness (um) of
Film
(Volts)| Time(s) Outer Inner Max. | Min.| Mean | Thickness
30 (1)
0 120 25 S0 225 0 54 86
500 180 60 60 260 0 120 9]
35 1000 180 75 20 387 6 194 104
1300 240 100 70 270 102 204 50
2000 60 90 45 288 8 198 84
40 2500 30 65 15 299 | o© 197 131
3000 30 45 20 400 0 211 163




25 between 20 and 45 microns, both imts included. 30 55 11 June 2002
30. A process as clainmed in any one of clains | to 15 or 18 to 29, wherein
the substrate (6) receives a coating of thickness between 5 and 200

m crons, both 5 limts included. 31. A process as clainmed in claim 30,
wherein the substrate (6) receives a2fating of thicknessthejweenr092and 100
mcrons, both limts included. 32. A process as clained in claim 30,
wherein the substrate (6) receives a coating of thickness between 10 and
150 mcrons, both limts included. 10 33. A process as clained in claim 32,
wherein the substrate (6) receives a coating of thickness between 20 and
100 nicrons, both Irinmdsddnctaidedta 4. tAepracasseaatihgl med 9 nceteaidge3s,

wherein the substrate (6).r. LVes co of . t hi ckness etmee and 80
m crons, both 3% tagsllrrﬁcl)caégg%%g’ % ST g%e%ga B c(BFHeas e clpél“ﬁ?%(os
wherein the sub&n‘sr afér@B) f.‘a:téiar@ aols caat ifrey ofist hpckoEssakbbé\A/amoBO and
100 m crons, S 6 ce |_ai incla

wherein the su Flﬁ%}G) recel esazg (f:% |n§ o?ﬁ?ﬁﬁc%nesg?get vr%een g? and
150 ni crons, b@;@ntra&n trerthignudédl) 37etAipedcesynas rekasaed iaghaglaaiter3?,
wherein the substeate 63 tm%C@lmcmgatolfng&flewh@k@%s%rﬁ%e@%% ptaaand 40

mcrons, both limts included rocess as _clainmed in any one of
clains 1 to 15PéfnaB £QrE7 WiLRGKE F?amégénﬂh&ﬁelépﬁlklﬁ%\ﬁé’athnﬂh@“§&5§trate

(6). 39. A progpssu@fotdangesrédeddrd m 38, wherein less than 5 mA flows in
the substrate (6) ess as clained _ in claim 39, erein less than
1 mAflows T’ 25 tﬁ&gghﬂgﬁr 5556fea§freﬂe§GBSV?QFen%S? ﬁ%@ﬁ%v@F 23t ed by
a process as cbéfii ted pniany oaekedl c¢Kai mm IF8.g.0 ¥brorbbdyh mneadsoblease
apparatus as c I

A A% AL A LriéjngﬂeA?eXe?ﬁ%] k@ &he lhat'&eﬁﬁd Ean&& ﬁlvmg a total

Al Te. A% A@ A{ofN 187, RABAINGA, . 7@ . ARCA, yLASE . wcoo:s:eespmn@qgm{ EAS. R A . A A

fo% A, U. A9. Ay. 1 " "
A AR AL X gfb %%AE{&% 4}lnn K A|‘3fEiLces Ofthjfcanca ca Tcaﬁ1 afcaﬂ ca] cal ca
] ca] ca] ca] ¢ dJfceqrebi] tiegre a( i ca?])(za]a@él] éﬁa]réaa}ega] ta)a f}ca] c”a] ca] cRa] ca] ca!

The figure given in the Table for maximum film
thickness in each experiment is the highest of the
36 readings, and the figure given for minimum £film
thickness is the lowest of the readings. The quoted
20mean figure is the arithmetic mean of the 36 readings
and the standard deviatiorn is derived for each
experiment from the 36 readings obtained as described.
The % coverage of éach face was assessed visually.
The same procedures were used to obtain film
25 thickness and % coverage data in each of the other
Examples utilising U-shaped (recessed) workpieces, and
analogous procedures were used in the case of the
Examples using planar workpieces.
It will be seen from Table 1 that the optimum
30 results were achieved with an applied voltage of 1.3 kV
and a dip time of 240 seconds.
Fig. 6 shows the particle size distribution of the
material deposited on the workpiece in Example 1, as a

function of deposition voltage and dip time, as compared
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109%& 8-§ba 3 ]f%f%@gsfg}%g 8) - @”2@%‘8 8%&”%?% 10581%‘)5‘1“0@]9 ALE )
10%& () - sS510%&efmperbRure of 108°C. The extrudate was ground 1n an

ZX6bC 1 K, 9$1ocymm&() g/!>,9$10% /& ()-g/! m,9$10% /& ()-g/! #@, 9$10% /
1& ()-gl':,9%20% /"/ & ()-g/ 10% & ()- €}oP1@10% & ()- m&s10% & () -



10;; 10;: 10;
148 ,9%$10% ;& ()-g/! ", 9%10%& ()-g/!", 9$10%& () - g/ VSAEOP1@10%rY

110% & ()- y#10% & ()- |'110% & ()-31:110% & ()- 19:110% & ()-
10% & () - S*dEOP1@10% Y 10% & ()- FF:110% & ()-Sy#10% & ()- Y !10% & ()-3
10% & ()- Y&10% & ()- uqdEoP1@1098(28% & () - 11 June 2002

@H10% & ()-3$9'10% & ()-F' & 10% & ()-F' & 10%4 & ()- 3 10% & ()-
B&xdEOP1@1097#10% & ()- 30& 10% & ()-s/ #10% & () -
3-9110% & ()-3+91 10% & ()- ) 10% & ()- x !L&3~\=@" ' 10% & ()-!"
10% /& ()-!"" 10%& ()- 10/ 10/ 10/ y: YI0% & ()- 39& 10% & () - 43u

CAdE~\ =@ 10% & ( () %a/ & ()- YlOfV ( & ()-10% & () -
RQaB-\ =@.0% & %m&a%&% &% ES éucé er) %)4 kgg ollowing
SS10% & () -! ff@éQQ/M:M &ALt B:) - OF PN?-\=@ 10% & ()- 10% & ()-
@O0% & ()- !SFs#10%:& ()-!'\fsglopd /& ()-10% & () "" H#t#a
10% & ()-' 10% & ()-3&10% & ()- Jrg $10% & () - If@lé%%‘&m%?m%w% & ()-
#H#SA$SWC~\ =@ 2! 10% & ()- 0! 10%kso()- , 9-#10% & ()45.48 microns
, 9-#10% | & () 5Y+10% & () - | +108d g6 ) - % ‘V@/&P&&&@&dE /mf@for}sp/ 910% & () -
d7Ul0% & ()- 610% & ()-, 710% & (_) o
0% < 5 microns
Before fluidisation, the composition was blended
with a 0.1% addition of aluminium oxide.
The coating process was carried out as described in
10 Example 1, except that the substrate was a planar,
rectangular aluminium panel (100 mm x 60 mm) and a
constant dip time of 100 seconds was used.
Table 2 below summarises the characteristics of the
finished coating after standard bake and cure as a

15 function of the applied deposition veoltage.

"

Table 2
Voltage| Dip % Coverage on Standard
20 Deviation
(Volts)| Time(s) { 100x60 Ymum Film og
Thickness (um) Fl?_m
Flat Panel Thickness
Max. | Min.| Mean (¢m)
25 0] 150 25 62 0 41 12
500 150 60 109 0 73 26
750 150 95 109 21 6l 24
1000 150 100 155 30 84 40
30 1500 150 100 225 75 | 130 47
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10 @~ RSTTUUJULMMﬁi-laffected by changes in the deposition voltage

A further series of experiments was conducted at
constant deposition voltage (1 kV) but at varying dip
times. The results were similar to those shown in Fig.
7.1, i.e., the finer particles are deposited

15 preferentially with a peak at around 20 microns, and the
deposited distributions were substantially independent
of the dip time.

Fig. 7.2 shows the particle size distribution of
the material deposited on the workpiece with a dip time

200f 60 seconds, as compared with the particle size
distribution of the initial powder coating composition.
The results for dip times of 30 seconds, 90 seconds and
120 seconds (not shown in Fig. 7.2) were almost identi-
cal.

25

Example 3:

The powder coating composition used in this Example
was a brown paolyester/TGIC powder designed for corona
application and formulated as follows:

30
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The ingredients were dry mixed in a blender and fed

into a twin-screw extruder operating at a temperature of
20 130°C. The extrudate was ground in an impact mill to
produce a powder with the following particle size

distribution:
d(v) g9 101.94 microns
25 d(v)eo 37.62 microns
10.51% < 10 microns
3.98% < 5 microns

Before fluidisation, the composition was blended

with a 0.1% by weight addition of a silica flatting
30 (matting) agent.

The coating process was carried out as described in

Example 1, with a workpiece as shown in Fig. 2, except

that a constant dip time of 240 seconds was used, and

the applied voltage was negative rather than positive.
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function of the applied deposition voltage:

Table 3
5
10 Voltage % Coverage on Film Standard
Deviation
(Volts)| Time(s) | Recessed Panel Thickness (um) of
Film
-VE : Thickness
15 Ouater Inner Max. | Min.| Mean (1m)
500 240 0] 0] 0 0 0 o
20 1000 240 75 55 37 0 23 13
1500 240 100 80 65 0 44 15
2000 240 100 100 100 55 69 11
25
30

Fig. 8 shows the particle size distribution of the
material deposited on the workpiece in Example 3 at a

deposition voltage of -2 kV.
35 The particle size distribution of the deposited

material may be summarised as follows:
d(v) e 63.43 microns

d(v)so 15.13 microns
32.10% < 10 mlcrons
40 12.42% < 5 microns
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The ingredients were dry mixed in a blender and fed
20 into a twin-screw extruder operating at a temperature of

108°C. The extrudate was ground in an impact mill to
produce a powder with the following particle size
distribution:
d(v) a9 59.74 microns
25 d(v)so 21.61 microns
16.58% < 10 microns
5.19% < 5 microns

Before fluidisation, the composition was
blended with 0.75% by weight of a dry flow additive
30 comprising alumina and aluminium hydroxide (45% : 55% by
weight) .
The coating process was carried out as described in
Example 1, with a workpiece as shown in Fig. 2, except
that a constant dip time of 150 seconds was used.
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Fig. 9 below shows the particle size distribution

of the material deposited on the workbiece in Example 4

25at 1kV, as compared with the particle size distribution
of the initial coating composition.

The particle size distribution of the

deposited material may be summarised as follows:

d(v} g 43.15 microns
30 d(v)so 8.08 microns
60.60% < 10 microns
26.99% < 5 microns

The results show improved coating performance as
compared with the previous Example, and also that, with
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microns) leads to less differential depletion of the

size distribution of the initial composition.

5

Example 5:
The powder coating composition used in this Example

was the same as that used in Example 4, except that the

dry flow additive comprising alumina and aluminium

10 hydroxide (45 : 55 w/w) was incorporated in an amount of

0.3% by weight instead of 0.75% by weight.

The coating process was carried out as described in

Example 1, with a workpiece as shown in Fig. 2, except

t

hat a constant voltage of 1kV was used and the

15 fluidising air pressure was 2 bar.

Table 5 below summarises the characteristics of the

finished coating after standard bake and cure as a

function of the dip time.

Table 5
20
Voltage| Time % Coverage on Film Standard
Deviation
(Volts) (8) 5nm recessed Thickness im) of
25 Film
panel Thickness
Outer Inner Max. Min.| Mean (1)
1000 150 100 95 29 3 21 7
30 1000 240 100 100 33 21 27 4
1000 360 100 100 31 18 23 4
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10

was the same as that used in Example 4,

or 10806101 3 S84PRE Ldrpdiltion.
The particle size distribution of the deposited

material may be summarised as follows:

d(v) g 37.44 microns
d(v)so 12.23 microns
38.65% 10 microns
14.02% < 5 microns

Example 6:
The powder coating composition used in this example
except that the

15 composition was blended with 0.3% by weight of aluminium

20

25

30

oxide C
hydroxide additive.

Example 1,

instead of the aluminium oxide/aluminium
The coating process was carried out as described in
with a workpiece as shown in Fig. 2, except
that the fluidising air pressure was 2 bar.

Table 6 below summarises the characteristics of the

finished coating after standard bake and cure.

Table 6
Film Standard
Deviation
Voltage| Time % Coverage on Thickness (um) of Film
5mm recessed Thickness
(Volts) (s) panel
(g}
Outer Inner Max. Min.| Mean
600 360 100 100 40 25 32 S
700 240 100 ag 44 16 J2 7
700 360 100 100 42 20 35 G _J
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Fig. 11 shows the particle size distribution of the
material deposited on the workpiece in Example 6 at 360
seconds, as compared with the particle size distribution
of the initial coating composition.

5 The particle size distribution of the deposited
material may be summarised as follows:
d(v) g9 38.94 microns
d(v)so 11.65 microns
43.05% < 10 microns
10 18.52% < 5 microns

Example 7:
The powder coating composition used in this Example
was the same as that used in Example 4, except that the
15 composition was blended with 0.3% by weight of silica
instead of the aluminium oxide/aluminium hydroxide
additive.
The coating process was carried out as described in
Example 1, with a workpiece as shown in Fig. 2, except
20 that negative voltages were applied to the workpiece and
the fluidising air pressure was 2 bar.
Table 7 below summarises the characteristics of the
finished coating after standard bake and cure.

Table 7
25 . .
Voltage| Time(s) | % Coverage on Film Starndard
S recessed Deviation
(Volts) panel Thickness (um) of Film
Thickness
-VE
(4am)
30 Quter Inner Max Min Mean
500 150 100 60 14 0 8 3
1000 150 100 70 23 0 12 4
1250 150 100 95 40 0 21 11
1250 480 100 98 26 0 16 4
35 1500 150 100 70 31 0 18 5
2000 150 100 80 58 0 33 7
2500 150 100 95 55 0 35 8
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Fig. 12 shows the particle size distribution of the
material deposited on the workpiece in Example 7 at
-1.5 kV and 150 seconds, as compared with the
particle size distribution of the initial coating
5 composition.
The particle size distribution of the deposited

material may be summarised as follows:

d(v)ag 37.64 microns
d(v)so 9.13 microns
10 55.62% < 10 ° microns
17.58% < 5 microns

Example 8:
The powder coating composition used in this Example

was a grey epoxy/dicyandiamide powder formulated as

15 follows:
Parts by weight -
Rutile Titanium Dioxide 204
Heucosin Fast Blue 5
Lamp Black 101 Fluffy 2
20 Filler (Dolomite) 63
Filler (Barium Sulphate) 84
Epoxy Resin 600
Epicure P-104 (ex.Shell Chemicals) 8
Benzoin 3
25 L
1000
30 The ingredients were dry mixed in a blender, and

fed into a twin-screw extruder ©operating at a
temperature of 90°C. The extrudate was ground 1in an
impact mill to produce a powder with the following
particle size distribution:

35
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d(v) 99 68.57 microns
d(v)sg 22.67 microns
14.68% < 10 microns
5.23% < 5 microns
5 Before fluidisation, the composition was

blended with 0.75% by weight of an additive comprising
aluminium oxide and aluminium hydroxide (45 : 55 w/w).
The cecating process was carried out as described in
Example 1, with a workpiece as shown in Fig. 2, but with
10 negative applied voltages and varying the fluidising air
pressure.
Table 8 below summarises the characteristics of the
finished coating after standard bake and cure.

Table 8
Alr Voltage |Time{ % Coverage on Film Standard
(s) Deviation
Pressure| {Volts) Smm recess Thickness (um) of Film
Thickness
(bar) -VE panel
(tm)
outer Inner Max. | Min.| Mean

1 1000 150 98 80 23 0 11 5

1500 150 100 50 57 0 17 i1

1000 {240 [ 100 100 28 | 3 13 6

1500 240 100 95 65 0 19 10

2000 150 100 100 68 4 22 12

2000 240 100 100 83 4 24 17

2 1000 150 100 93 14 4] 9 3

1000 240 100 95 14 4] 10 2

1500 150 100 95 17 0 12 4

1500 240 100 100 22 2 12 4

2000 150 100 95 40 (4] 22 9

2000 240 100 98 49 o] 22 9

3 1000 150 100 60 15 0 12 4

1000 240 100 S0 13 o] 9 R

1500 150 100 75 25 0 16 6

1500 240 100 80 23 0 16 6

2000 240 100 100 a8 8 24 6
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It will be seen that relatively thin films were

achievable in this Example.
The particle size distribution of the deposited

material may be summarised as follows:

5 d(v) e 44 .65 microns
d(v)so 10.66 microns
45.96% < 10 nicrons
13.08% < 5 microns
10 Example 9:

The powder coating composition used in this Example
was a green polyester/primid powder formulated as

follows:
Parts by weight
15 Yellow Iron Oxide 16
Lamp Black 101 Fluffy 1
Monastral Green 19
Rutile Titanium Dioxide 7
Carboxylic Acid-Functional
20 Polyester Resin 570
Primid XL552 (ex. EMS) 30
Filler 341
Benzoin 3
Flow Modifier 10
25 Wax 3
993

30
The 1ngredients were dry mixed in a blender and fed

into a twin-screw extruder operating at a temperature of

130°C.

35
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The extrudate was ground in an impact mill to
produce a powder with the following particle size

distribution:
d{v) g9 78.7 microns
5 d(v)so 26.26 microns
12.77% < 10 microns
5.21% < 5 microns

Before fluidisation, the composition was blended
10with 0.3% by weight of an additive comprising aluminium
oxide and aluminium hydroxide (45 : 55 w/w).

The coating process was carried out as described in
Example 1, except that the substrate was a planar,
rectangular aluminium panel (100 mm x 50 mm), a constant

15dip time of 150 seconds was used, and the applied
voltage was varied from + 1kV to - 1kV.

Table 9 below summarises the characteristics of the
finished coating after standard bake and cure.

20 Table 9:
Voltage| Time(s)|% Coverage Film Standard
on Flat Thickness (um) Deviation
(Volts) {100x50)mm . of. Film
Panel Thickness
25 (um)
Max. Min. Mean
0 150 10 14 0 5 4
200 150 70 17 0 9 5
400 150 100 30 6 18 6
30 600 150 100 38 24 31 4
800 150 100 48 35 41 4
1000 150 100 51 41 45 4
=400 150 60 40 0 16 13
35 ~-400 150 75 38 0 19 13
-600 150 99 47 13 29 10
-800 150 100 49 31 37 6
-1000 150 100 59 38 45 8
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10%t& ()-' (./gGra$! 16088 RIS R4 & 138 $A16588PEF18R1004& (De $99R0RAE]T - $1 1
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41 $1 10%1&' () -$! 10%t&' () - $! 10%1&(¢) 50 ) +5\WMib 16.61 microns
41 $ 10%1&' () - $ 10%:&' () -$! 10%18, (}=$' 10%1&' () -$! 10%1& () -

41 $ 10%t&' () - $ 10%t&' () - $! 10%&%(%%! 10948, ()52! 10‘Vﬁ% ()%R%%z%g () - M\t +5$!
109%& () - $! 109%#& () - $! 10%+& () - 3¢ 20%4& () - SWIS 5 " microns

41$1 109%& () -i M +5$! 10%4& () - $! 10%*& () - 5\WMb

41 $1 109%& () - $! 109%& () - $! 10%t& () -_) +5Wib

41 $! 10%t& () - $! 10%+BXeTPse180%& () - $! 10%& () - $! 10%t& ()- dD+5Wb

al $! 10%6& ()I-$! 109618 Kd I—&L»gd@@&da)qﬁg}@l 'ds)i‘tﬁi?]rpo@ggéd )i HA%H Eixbnp | &M +5
31 10%:& ()-$1%0w/adé&a( )w-hs.;i'tleo df/%r(i)d- %o%v%édi& )rh%\fgted as follows:

Parts by weight

Rutile Titanium Dioxide 398
Carboxylic Acid-Functional
Polyester Resin 343
15 Epoxy Resin 233
Flow Modifier 10
Benzoin
Wax
20 T
990

The ingredients were dry mixed in a blender and fed

25 into a twin-screw extruder at a temperature of 108°C.
The extrudate was ground in an impact mill to produce a
powder with the following particle size distribution:

d (V) aa 89.56 microns
d(v)so 32.58 microns
30 7.95% < 10 microns
2.56% < 5 microns

Before fluidisation, the composition was blended
with 0.75% by weight of an additive comprising aluminium
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Panel Thickness
-VE
(1)
Max. Min.| Mean
20
500 150 100 33 9 21 8
750 150 100 34 7 20 8
1000 150 100 41 7 24 9
25 1250 480 100 41 6 | 24 9
1500 150 100 42 10 26 9
1750 150 100 64 27 39 11
2000 150 100 101 20 44 21
30

35



10! S2Z10% & ()- S+10% & ()- 'y 10% & ()- S."y 10% & ()- 'y 10%"*& ()-
SK'y 10% & ()- !'0oBSF -[110%& ()- F -[110%& ()- F -[!10%‘&'()- F
-[1109%6& ()- F -[110%& ()- F -[1109%& ()- Ss*10%6& ()-!",-./0l P438F
-[110% & ()- F -[110% & ()- )F -[1 1098 & () - c YY! F -['10‘V'&'()
-{110% & ()- 01234>?p43S;c YY!'F -[116% & ()- F -[!10% & ( le June[fZQO%&'()
-[110% & ()- F -[110% & ()- ?GLZ[ kl mhLOF - [|10%&'() -[1109% & () -

The particle size distribution of the deposited

material may be summarised as follows:

d(v) s 51.81 microns
d(v)so 13.40 microns
5 33.97% < 10 microns
10.63% < 5 microns

As 1is explained above in relation to Example 1,

when 3 kV 1is applied to the workpiece the maximum

10 potential gradient in the fluidising gas is likely to be

about 0.79 kV/cm and, for the voltage range of 0.2 kV to

3 kV used in the above Examples, the maximum potential

gradient present in any of the Examples 1is expected to
be within the range 0.05 kV/cm to 10 kV/cm.

15 Example 11:
The powder coating composition used in this Example

was the same as that used in Example 10.
The substrate was an aluminium extrusion as shown
in Figs. 4 and 5. The dimensions of the faces designated
20d to g in Fig. 4 are as follows:

2.9 cm by 7.5 cm.

3.5 cm by 7.5 cm.

2.9 cm by 7.5 cm.

2.3 cm by 7.5 cm.

25 Considering the common dimension of 7.5 cm as the
height of the substrate shown in Figs. 4 and 5, the
substrate would fit into a rectanqular “tube” of height
7.5 cm, width 4.5 cm and depth 3.9 cm. When positioned

centrally and upright in a Nordson Corporation
the

a o 1o

30 cylindrical fluidisation unit of 15 c¢cm diameter,
minimum spacing between the substrate and the wall of
the fluidisation unit would be about 4.4 cm, resulting
in a maximum potential gradient between the substrate
and the fluidisation unit of about 0.23 kV/cm when the
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voltage applied to the substrate is 1 kV. Air serves as
the fluidising gas and a maximum potential gradient of
0.23 kV/cm 1is well below the ionisation potential
gradient of 30 kV/cm for air at atmospheric pressure.
S That is, the maximum potential gradient present in the
apparatus used in the experiment 1s expected to lie
below 1 kV/cm. When the voltage applied to the substrate
is 1 kV, the substrate would need to come within 0.033
cm of the wall of the fluidisation unit for the maximum
10 potential gradient to reach 30 kV/cm. Allowing for
osclillation or vibration of the workpiece, 1t 1is
expected that the conditions would result in maximum
potential gradients in the range 0.05 kV/cm to 10 kV/cm,
as stated above.
15 The coating process was carried out as described in
Example 1 with a dip time of 150 seconds at 1lkV.
Approximately 100% coverage of the substrate was
achieved after standard bake and cure (including
coverage of the inner surfaces of the void (12) and of
20 the various illustrated recesses) with film thickness as
follows on the faces designated d to g:
51 microns
42 microns
47 microns
53 microns

Qi lo 1o

25
Referring to Fig. 13 of the accompanying drawings,

the second form of fluidisation and coating apparatus
comprises a fluidisation chamber indicated generally by
the reference numeral (13) having walls composed
30 alternately of insulating sections (14a,14b,1l4c) and
conducting sections (15a,15b). End sections (16a,16b)
of the fluidising chamber are also conducting. The
conducting sections 16a, 15a, 15b and 16b are connected

to respective voltage sources V1, V2, V3 and V4.
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In operation, a fluidised-bed of a powder coating
composition 1is established within the fluidisation
chamber (13} and a series of workpieces (17,18,19) is
immersed and transported through the bed in a direction

S5 shown (by means not shown). Each workpiece shown in
Fig. 13 1is of the form shown in Fig. 2, but the
apparatus can in principle be used to coat articles of
any desired shape.

For at least part of the period of immersion, the

10 workpieces are electrically charged by means of direct
voltages in such a way that the polérities of successive
workpieces are in alternating sequence. The alternating
polarities of the workpieces and the voltages applied to
the conducting sections 15a, 15b, 1l6a and 16b of the

15wall of the fluidising chamber 13, along with the
bipolar charging of the powder particles, result in the
workpieces being subjected to a sequence of conditions
as they pass through the fluidising chamber. The
conducting sections 15a, 15b, 1l6a and 16b may,

20 alternatively, be all connected to the earth terminal of
the mains supply rather than to voltage sources.

Referring to Figs. 14 and 15 of the accompanying
drawings, an arrangement 20 used in carrying out Example
12, described below, includes side (as viewed) pillars

2521 of electrically insulating material, upper and lower
(as viewed) steel bars 22 and 23, a corrugated steel
panel 24, a steel front (as viewed) plate 25, a steel
rear (as viewed) plate 26, a plurality of securing bolts
27 holding the steel plates 25 and 26 firmly together

30with the corrugated steel panel 24 between the steel

plates 25 and 26, a first plurality of steel rods 28

passing through front (as viewed) recesses of the

corrugated steel panel 24 in addition to passing through
apertures in the steel bars 22 and 23 and a second
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plurality of steel rods 29 passing through rear (as
viewed) recesses of the corrugated steel panel 24 in
addition to passing through apertures in the steel bars
22 and 23. The ends of the steel rods 28 and 29 are
5 threaded and nuts screwed along the threaded ends of the
steel rods 28 and 29 securing them to the upper and
lower steel bars 22 and 23. The side pillars 21 are
attached to the upper and lower steel bars 22 and 23,
forming a: rigid frame. The side pillars 21 are also
10 securely clamped between the front and rear steel plates
25 and 26 by threaded bolts secured by nuts. The
arrangement 20 is a rigid assembly in which the front
plate 25, the rear plate 26 and the corrugated panel 24
form a first conductive sub-assembly while the upper bar
1522, the lower bar 23 and the rods 28, 29 form a second
sub-assembly. The first and second sub-assemblies are
isolated electrically from each other by. the non-
conductive pillars 21 and no parts of the two sub-
assemblies contact one another.
20 The corrugated panel 24 includes corrugations of a
maximum depth of 4 cm and the dimensions of the panel 24
are 30 cm (length) by 18 cm (height). The corrugated

panel 24 serves as the workpiece and the rods 28, 29

serve as counter-electrodes 1in Example 12 described

25 below.
The arrangement 20 is 4 cm thick and its overall

dimensions are 42 cm (length) by 24 cm (height). The
front and rear plates 22 and 23 are each 18 cm high.
30 Example 12:
The powder coating composition used in this Example
was a white epoxy/polyester hybrid formulated as 1in

Example 4. The 1ingredients were dry mixed in a blender
and fed into a twin screw extruder operating at a

F

, C
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temperature of 108 C.
impact mill to produce a powder with the following

The extrudate was ground in an

particle size distribution:
d(v)sg = 55 microns
5 d(v)so = 22 microns
16% < 10 microns
5% < S microns

Before fluidisation, the powder was blended with
0.6& by weight of a dry flow additive comprising alumina

10 and aluminium hydroxide (45%:55% by weight).

The coating process was carried out as follows on
the frame described above with reference to Figs. 14 and
15:

A rectangular fluidising vessel of dimensions 80 cm

15 (length) by 40 cm (width) by 50 cm (height) was filled
to three-quarters of 1its height with the powder
described above and the powder was fluidised wusing
compressed air at a pressure of 4 bar. The panel 24 and
the front and rear plates 25, 26 were connected to a

20 positive voltage of 2 kV. The upper bar 22 was connected
to the earth terminal of the mains supply, maintaining
the upper bar 22, the lower bar 23 and the rods 28, 29

at earth relative to the panel 24 and the plates 25, 26.

The minimum distance between the rods 28, 29 and

25 the panel was measured as 3 mm, giving a maximum

potential gradient of 6.67 kV/cm between the charged and

the earthed parts, well below the level of 30 kV/cm that

would result in corona effect or
The maximum potential gradient of 6.67

ionisation in the

fluidised bed.
30kV/cm lies within the range 0.05 kv/cm to 10 kV/cm given

above.
The arrangement 20 1including the workpiece 24 and

the counter-electrodes 28, 29 was immersed vertically in

the fluidised-bed for a time of 300 seconds during which
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15 penetration of the electric field into the recesses
leads to improved penetration of the powder. The full
penetration into narrow recessed parts, as is
demonstrated with this process, is important to prevent
corrosion in narrow recesses parts and is difficult or
20 even impossible to achieve with conventional coating
processes.
Referring to Fig. 16 of the accompanying drawings,
an arrangement 30 used in carrying out Example 13,
described below, includes a bar 31 carrying holders 33,
2534 for a workpiece and counter-electrodes, respectively,
and guides 32 for mounting the bar 31 on a fluidising
chamber (not shown.
Referring to Fig. 17 of the accompanying drawings,
the arrangement 30 of Fig. 16 1is shown mounted on a
30 fluidising chamber 38 provided with an air input port 37.
In Fig. 17, the arrangement 30 of Fig. 16 1is shown as
carrying a plate-like workpiece 36 and flanked by plate-
like counter-electrodes 35.
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Example 13
The powder coating composition used in this Example

was a white epoxy/polyester hybrid formulated as in
Example 4. The ingredients were dry mixed in a blender
5and fed into a twin screw extruder operating at a
temperature of 108 . The extrudate was ground in an
impact mill to produce a powder with the following

particle size distribution:

d(v)eg = 59 microns
i0 d(v)so = 25 microns
9% < 10 microns
3% < 5 microns

Before fluidisation, the composition was blended
with 0.25%, by weight, of a dry flow additive comprising

15 alumina and aluminium hydroxide (45%:55% by weight).

The coating process was carried out as follows using
the apparatus described above with reference to Figs. 16
and 17: .

The rectangular fluid bed 38 of dimensions ‘80 cm

20 (length) by 40 cm (width) by 50 cm (height) was filled to
three-quarter height with the above powder and fluidised
at a pressure of 4 bar. A planar, rectangular aluminium
panel of dimensions 15 cm by 10 cm, serving as the
workpiece 36, was charged positively and immersed in the

25 fluidised-bed for up to 150 seconds, the workpiece 36
being positioned between two negatively charged plates
serving as counter-electrodes 35. The charged workpiece
36 was given a side-to-side motion for the duration of
1ts immersion,

30 The perceived advantage of this process
enhancement of the electric field between the workpiece
36 and the counter-electrodes 35 at the expense of the
field between the workpiece 36 and the earthed walls of
fluidising chamber 38. The reduction in the field between

is the
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the workpiece 36 and the walls of the fluidising chamber
38 results in a reduction in the undesirable accumulation
of powder on the walls of the fluidising chamber 38.
Table 11, below, summarises the characteristics of
5 the finished coating after a standard bake and cure as a
function of the voltages applied to the workpiece 36 and
the counter-electrodes 35, demonstrating the influence of

the counter-~electrodes.

Table 11
10

':':I:a:e ;-! Vinago | Areac., O I ®e T antt wn) ALzt Viovisrosas
tv) v Curie | Tevws) | Covennpe L wtioe

Fusctonde i

(crn’) | § Max | M t Man 1 |~ i avil ) nla-e
760 -1434 | 300 43 100 116 52 82 19 26 13 28
1840 -1166 | 250 137 100 172 139 154 8 30 15 23
1689 -1060 150 96 100 140 115 128 7 25 13 32
911 -1540 400 84 100 ) 114 121 3 28 14 24
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of(%mmer31on, whereby charged
10 particles of the powder coating composition adhere to the
substrate (6), withdrawing the substrate (6) from the
fluidised bed and forming the adherent particles into a
continuous coating over at least part of the substrate (6).
2. A process as claimed in claim 1, wherein the
15 substrate (6)'comprises metal.
3. A process as claimed in claim 1 or claim 2,
wherein the applied voltage is a direct-current voltage.
4. A process as claimed in any one of claims 1 to 3, for coating
successive substrates (17, 18, 19) in sequence, in which direct-current voltage is
20 used and the polarity of the voltage applied to successive substrates (17, 18, 19)
is reversed from each substrate to the next so as to produce an alternating
sequence.
5. A process as claimed in claim 4, which is a
continuous process in which a series of substrates (17, 18,
25 19) of alternate polarities 1is transported through a
fluidised bed established within a fluidising chamber
having walls composed alternately, in the direction of
travel of the substrates (17, 18, 19), of insulating
sections (14a, 14b, 1l4c) and conducting sections (15a,
30 15b).
6. A process as claimed in any one of claims 1 to 3, which comprises
the simultaneous batchwise coating of one or more pairs of substrates disposed

within a common fluidised bed, the substrates of each pair being charged by direct-

current voltages to respectively opposite polarities.
35
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20 powder coating composition incorporates a combination of
alumina and aluminium hydroxide as fluidity-assisting
additive.

15. A process for coating a conductive substrate (6)
which comprises an automotive or aerospace component, in

25 which a first coating derived from a powder coating
composition is applied by means of a process according to
any one of claims 1 to 14, and thereafter a topcoat is

applied over the powder coating.
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10 bed,

(d) means for applying a voltage to the substrates for at least part of the
period of immersion, whereby the substrate becomes electrically charged so that
charged particles of the powder coating composition adhere thereto,

(e) means for withdrawing the substrate bearing adherent particles from the

15  fluidised bed and

(f) means for converting the adherent particles into a continuous coating,.

17. A substrate (6) whenever coated by a process as claimed in any one
of claims 1 to 15 or by means of an apparatus as claimed in claim 16.

18. A process as claimed in any one of claims 1 to 15, wherein the

20  voltage applied to the substrate (6) is such that the maximum potential gradient
existing in the fluidised bed lies substantially below the ionisation potential
gradient for the gas in the fluidised bed.

19. A process as claimed in any one of claims 1 to 15 or 18, wherein the

maximum potential gradient existing in the fluidised bed lies between 0.05 kV/cm

25 and 10 kV/cm., both limits included.

30



==H>>>$707| [ : A410) Y't 1098& ()- Y109%& ()- t109%& ()- " 10%& () -
9 1098& ()- |1098& ()- 0??@ @ @A [: A410) , 1098& ()-  + 1098& ()-
S) 1008& ()- ' 109& ()- 9% 1098& ()- $109%& ()- @@ ArA [: A410)

,  1098& () - +- 10%/&' ()- S 10%& () 210%8& () - 0t 10944 :? -20
&. &10%/& ()- Normal" "Heading 13]c" IEIeadl ng 23] c" "Heading ?—%adl ng

43] c" "Heading 532@." A" plerdisngs GHisied"ineeldimal 9 &hﬁereld'@l%ilnm&ﬁh@ potéradi ng
93] c"A "Default_Paragraph Font #l* 18?FLRX ef msz

\ W~4>} E4* ) Rgnadieng.e2isin@DrteL NreBekbed Tiss bhiv aeprd. 0% kV/&m3andvik k Vi/&mr, Aotk 3Q
#Y&) G 804: < IK&%%%@ | psv | ~n" gr oE Hp- ATnC
FKSQIMNglnl N&@? 2AV_e| ! 0?m >*Fgt " 3GXi 0~* Y$5Nas ' 6CR n|$3AV| 6n+; ot f B

! ]
@$%/§T(1)5* . /0 %13 4%69@@655'6‘ 2 cBithed ' in' (Itllafrrﬁtgﬁ) QLA SR gentlal

<= >? @\BCDEF T,

" HSYE! ()*+cy }% %&’2345@% o= >‘%§E%BE€%H?? Eﬁvmfh &W’Eo‘*@ém% B0
Nevv h Root Ellimttyyimlﬁuia;dcunent\ "HPUR () *+, - /0123456789
<=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ]~ " abcdef ghi ] kI mopaqr st uvwxyz{ | } ~

"HSUR () *+, -. [ 012345 pT@SsS as claimed in any one of claims 1 to 15 or 18 to 21 wherein
< >’>@\BCDEFG—|I JKLIMNOPQRSTUWWKYZ[ \ ] " abcdef ghi j ki nno gr st uvvvx\}/ L

"HSUR () * +,the Meltage spplet twthsm@hs@aémlgkgm@mgﬁsk and 60 kV, both limits

10 ircluded.
23. A process as claimed in claim 22, wherein the voltage applied to the
substrate (6) lies between 15 kV and 35 kV, both limits included.
24. A process as claimed in claim 22, wherein the voltage applied to the
substrate (6) lies between 5 kV and 30 kV, both limits included.
15 . 25. A process as claimed in claim 22, wherein the voltage applied to the
substrate (6) lies between 30 kV and 60 kV, both limits included.
26. A process as claimed in any one of claims 1 to 15 or 18 to 25, wherein
the particles of the powder coating composition vary in size between 1 and 120
microns, both limits included.
20 27. A process as claimed in claim 26, wherein the particles vary in size
between 15 and 75 microns, both limits included.
28. A process as claimed in claim 27, wherein the particles vary in size
between 25 and 50 microns, both limits included.
29. A process as claimed in claim 27, wherein the particles vary in size

25  between 20 and 45 microns, both limits included.
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30. A process as claimed in any one of claims 1 to 15 or 18 to 29, wherein
the substrate (6) receives a coating of thickness between 5 and 200 microns, both
limits included.

31. A process as claimed in claim 30, wherein the substrate (6) receives a
coating of thickness between 5 and 100 microns, both limits included.

32. A process as claimed in claim 30, wherein the substrate (6) receives a
coating of thickness between 10 and 150 microns, both limits included.

33. A process as claimed in claim 32, wherein the substrate (6) receives a
coating of thickness between 20 and 100 microns, both limits included.

34. A process as claimed in claim 33, wherein the substrate (6) receives a
coating of thickness between 60 and 80 microns, both limits included.

35. A process as claimed in claim 33, wherein the substrate (6) receives a
coating of thickness between 80 and 100 microns, both limits included.

36. A process as claimed in claim 31, wherein the substrate (6) receives a
coating of thickness between 50 and 150 microns, both limits included.

37. A process as claimed in claim 32, wherein the substrate (6) receives a
coating of thickness between 15 and 40 microns, both limits included.

38. A process as claimed in any one of claims 1 to 15 or 18 to 37, wherein

. less than 10 mA flows in the substrate (6).

39. A process as claimed in claim 38, wherein less than 5 mA flows in the

substrate (6).

40. A process as claimed in claim 39, wherein less than 1 mA flows in

the substrate (6).

41. A substrate (6) whenever coated by a process as claimed in any one of

claims 18 to 40 or by means of an apparatus as claimed in claim 16.



