WO 99/ 30838 PCT/ GB98/ 03777

-1- WOWPBISIEOATI NG PROCESS This invention rel BCHEBYSHFT?
process for t-he application of powder coating conposi tions to

5 substrat es. Powder coatings form@a ¥dpidly growing sector of t he
coatings nmarket. Powder coatings are solid conpositions which

are generally applied by an el ectrostatic spray process in which the
powder coating 10 particles are electrostatically charged by the spray gun
and the substrate (normally netallic) is earthed. The charge on the
powder coating particles is normally applied by interaction of the
particles with ionised air corona charging) or by friction (tribostatic
or "tribo" 15POHRER; GERATINGPROCRSSd particles are transported in air
towards the substrahgesandnivBAtiohi Noélgied®sitae onai Sprod¢ddd uefed thet er alia
by the electric ELeI .lLines_that are genergted bet ween i .he %$ra%xgun and
the wor kpi ece 2PRILCEEEQRyanPige PBFACT hi sCORTHERss CYRPOFHAODY her'® are 20
di fficultiessisnbstabteg.articles having conplicated shapes, and
especially articl avj . rec d E LONS .a.r of,
restricted access %?wgﬁg ééﬁ%&?@?ic el 98%%§9?npgg?%§ s§§§E|6céﬁions
(the the coatings market. Powder coatings are solid

compositions which are generally applied by an
electrostatic spray process in which the powder coating
10 particles are electrostatically charged by the spray gun
and the substrate (normally metallic) is earthed. The
charge on the powder coating particles is normally
applied by 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 deposition 1is
influenced inter alia by the electric field lines that
are generated between the spray gun and the workpiece. A
disadvantage of this process 1is that there are
20difficulties in coating articles having complicated
shapes, and especially articles having recessed
portions, as a result of restricted access of the
electric field 1lines into recessed locations (the
Faraday cage effect), especially in the case of the
25 relatively strong electric fields generated in the
corona-charging process. The Faraday cage effect is
much less evident in the case of tribostatic charging
processes, but those processes have other drawbacks.
As an alternative to electrostatic spray processes,
30 powder coating compositions may be applied by fluidised-
bed processes, in which the substrate workpiece 1is

preheated (typically to 200°C-400°C) and dipped into &

fluidised bed of the powder coating composition. The
powder particles that come into contact with the



Faraday cage effect), especially in the case of the 25 relatively. strong
electric fWeI9d/30@8enerat ed in the corona-chargi ng process pctkisysbsrraday
cage effect is much |l ess evident in the case of tribostatic charging
processes, but those processes have ot her” dr awbacks. As an
alternative to electrostatic spray processes, 30powder coating conpositions
may be applied by fluidised- bed processes, in which the substrate

wor kpi ece i s preheated (typically to 200[err] C-400[err]C) and di pped into
a fluidised bed of the powder coating conposition. The powder
particles thateleited NSur fzwd agslvidriy tddhere to the workpiece. In

- 2- pr,.ehe rf and adhere to the vvork Lece.

case of ther% e?%?%golf e%nrcg%ftttt&élgc 5@% |%%%tlngtﬁ% P?I?}?léﬁl?s)/ coat ed
wor kpi ece naghée Fublfiedlattqoated uworkpikeeat i mgyt obeonphiejectéd dieing of
the applied ¢ t CRo P | b ne&%s t he
case of ther fﬁrgés}?l %QQ% §% E‘goatl ﬁ% corrpn%ls??%f%%gﬁg of %Iydl seg%:l bed
processes §I¢¢ﬁ¢ﬂeﬁ% t heafelng digeqiot therresessany i Hy theessed

portions in ¢ oﬁ@ﬁﬁﬁﬁa‘&&@b@%&ocegtﬁﬁét 88mpsSite Asgs attractive in
Fluidised-bed processes eliminate the Faraday cage
effect, thereby enabling recessed portions in the
substrate workpiece to be coated, and are attractive in
10 other respects, but have the well-known disadvantage
that the applied coatings are substantially thicker than
those obtainable by electrostatic coating processes.
Another alternative application technique for
powder coating compositions is the so~called
15 electrostatic fluidised-bed process, in which the
fluidising air is ionised by means of charging
electrodes arranged in the fluidising chamber or, more
usually, in the plenum chamber below the porous air-
distribution membrane. The ionised air charges the
20 powder particles, which acquire an overall upwards
motion as a result of electrostatic repulsion of
identically charged particles. The effect is that a
cloud of charged powder particles is formed above the
surface of the fluidised bed. The substrate workpiece
25 (earthed) is introduced into the cloud and powder
particles are deposited on the substrate surface by
electrostatic attraction. No preheating of the
substrate workpiece is required.
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 in the case of the
traditional fluidised-bed process, the powder is



10 ot hey respects, but have the mell-knomn di sadvantage that the applied
coatings are QQBEWQﬁtlaIIy t hi cker tha t hose obt ai nabl e HVTQFE%Y %@tatlc
coating processes. Anot her alternatlve application technique "for
powder coating conpositions S the 3 so-called 15 electrostatic
flui di sed-bed process, in which the fluidising air is ionised by
means of charging el ectrodes arranged in the fluidising chanber or,

nor e usually, in the plenum chanber bel ow the porous air- di stribution
menbr ane. The ionised air charges the 20 powder particles, which acquire
an overal| d Bt hﬁ“eﬁélé‘sxlﬁlfé Wrd Ahedleels @t %'eﬁ £8PPL&VIde Of
|dent|cally C rgeg particles fect I1s_that a cl oud of charged

powder parti @@®EPREntor iRl XSSYELiRg ar&u rgbdepfinge e i GVSESPIRN. The

substrate wordiRitege Zot( Ripoledkd &ni ﬁhéoguﬁedraﬁéo the ©h otife acagowder
particles are de 05|ted on the substrate surf ostatic

al_r 25 el ect
attracti on. ©f NJ€ pFRREBRTTRAIEHNT { LectroRd MRFRTS e cBYE Ferqui r ed.
The el ect reaih%tﬁec is fauistireng- AdctrpcodHssdd betvdiesptte acthgrging abl e for

coating smal| §|C|eSS§R§C@#§eS%E%{] Eéud%fﬁ 1 %%Qﬁhh'ogsog %quppmder

particles be omthe sufface of
t he charged thee@aradAysoageasiféct Qpﬂxat‘méto of cetrrt@m exbemt i anvhl

fluidised-beq @cess. bBE-POULEEsition o rpowdexcogfah.»@@elég amn@ncl osure

and there is no need to" provide equi pnent recycl
recessed locations on the substrate.
i0 The present invention provides a process for

forming a coating on a conductive substrate, which
comprises establishing a fluidised bed of a powder
coating composition, immersing the substrate wholly or
partly within the said fluidised bed, applying a voltage
15to the substrate for at least part of the period of
immersion, whereby 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
20 least part of the substrate.

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

25 substrate for at least part of the period of immersion,
whereby particles of the powder coating composition are
charged substantially by friction alone and adhere to
the substrate, withdrawing the substrate from the
fluidised bed and forming the adherent particles into a

30 continuous coating over at least part of the substrate.

Conversion of the adherent particles 1into a
continuous coating (including, where appropriate, curing
of the applied composition) may be effected by heat
treatment and/or by radiant energy, notably infra-red,



and reblending the overspray that is not deposited on the substrate. As in
the case WwO099/30838 the corona-charging electrostatic proce®cT/CBISOYEY,
there is a_strong electric 5 field between the charging el ectrodes and

the substrate workpi ece and, as a results 4 - t he Faraday cage effect

operates to a certain extent and | eads to poor deposition of powder
- particles into recessed |ocations on the substrate. DD- A- 126

791 di scloses an electrostatic fluidised-bed process enpl oyi ng an

apparatus including a fluidised bed of powlered material in a fluidised
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the prior argl,ng el'ectrodes are indicated as being in
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el ectronoti %b or ctéig}w%;é%&oir? f%leégg i 0 er%et (ap %@%@%@ %?ggll%? by the
hi gh vol t agelettradesr andl dheo sybsicated wuihiese, the RFAELIS defree of

agi tation @it he giudeied phasiéfsn Mabeebas. the possibillfty present
i nvention provides a process for form n%é]%'s%oatl ng on a conducti ve
I

substrate, ARREBVERGPIIEL E9REAPsHITg GROPS R ERY HPLShpoRr

coating gg”@@ﬁ&éf@dgiﬁM@@iﬂémimﬁa mdrlgdatyabhgﬁﬁéiﬁfgi:ﬂg of the p_ovxﬁ_er
coating conposi tion, i i,ng the substrate who r within
the said fluidiséd® procésaﬁﬁtm%%ﬁe%e%%%‘6%%“% hlegsg E@rﬁéﬂéafor at

| east part withbetpdondigadfionmer sconona effeahsr diy ther féuigisedcl es of
the powderg ggating conposition adhere to the substrate, withdrawing
the substrate fromthe fluidised bed and forning the . adher ent
particles into aTeenvPAtiags eBatifg E9efhst SPEégFaE%rﬂ-soPuf‘-ﬁécé%Etrate. 30

In general, pheaptpsess eREPr{sastidieaishepshairgest abbiwabirngcaatingdi sed bed
O 1ol 1y BRSS9 BSOS LLLPE, (LETET L0, Ly SURSLr ghgtiel 1Y, o
substrate fpotahtieastgpadiemf tttemt is insufficient to produce

20 either ionisation or corona effects in the fluidised bed
of powder coating composition. Air at atmospheric
pressure usually serves as the gas in the fluidised bed
but other gases may be used, for example, nitrogen or
helium.

25 Since the voltage applied to the substrate is
insufficient to produce either ionisation or corona
effects in the fluidised bed of powder coating
composition, the substrate is, in effect, electrically
isolated and there is effectively no current flow in the

30 substrate. If there 1is any current flow, it is
anticipated that it is unlikely to be more than 10 mA,
probably unlikely to be more than 5 mA and expected to
be less than 1lmA and more likely to be of the order of a
few microamps; that is, the current is, in practice,



period of n%rgggi;@ bv\,her eby particles of the powder coating conposition

are . charge stantially by friction al one and adher ePEHGBARO3ITI?
substrate, w-thdraw ng the substrate fromthe fluidised bed and
form ng the adherent particles into a 5 ~ Zdontinuous coating over at

| east part of the substrate. Conversi on of the adherent
particles into a continuous coating (including, wher e appropri ate,
curing of the applied conposition) may be effected by heat t r eat ment

and/ or by radiant energy, notably infra-red, ultra-violet or electron beam
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Powder coating compositions generally comprise a
solid film-forming resin, usually with one or more

20 colouring agents such as pigments, and optionally also
contain one or more performance additives.

A powder coating composition for use according to
the invention will in general be a thermosetting system
(incorporating, for example, a film-forming polymer and

25 a corresponding curing agent which may itself be another
film~-forming polymer), but thermoplastic systems (based,
for example, on polyamides) can in principle be used
instead.

The film-forming polymer used in the manufacture

300f a thermosetting powder coating composition for use

according to the invention may be one or more selected

from carboxy-functional polyester resins, hydroxy-

functional polyester resins, epoxy resins, and
functional acrylic resins.



30 than 1mA and nore likely to be of the order of a few m croanps; that
I's, the WO Qe%%3083t is, in practice, expecPET/GBEB/I3E7T 00
snal |l to be neasured by conventi onal current-neasuring instrunents:-
As conpared with traditional f1 uidi%ed- bed application

technol ogy, the process of the invention 5 offers the possibility of

appl ying thinner coatings in a control |l ed manner since frictional
chargi ng has been found to becone nore efficient as particle sizes are
reduced. Inprovenents in efficiency as particle sizes are reduced

contrasts with thghei tbﬁbb@ﬂti@ﬂ payder£dd eampld, UPddbasédi baelgctric
gun where ef article sizes ar.e.reduce conpar ed

fi nc
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of the substfmteucmafﬂot poivessent i fi 1w+ Bprming heresimpr aseds withhea
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shaki ng or e wor i n ‘order | o0se particl es.
Powder coats polyesirisi syghengepaeal q:\}rx:@wbl:ySé:h@ most widely used

powder coatings materials. The polyester generally has
an acid value in the range 10-100, a number average
molecular weight Mn of 1,500 to 10,000 and a glass

transition temperature Tg of from 30°C to 85°C,

10 preferably at least 40°C. The poly-epoxide can, for
example, be a low molecular weight epoxy compound such
as triglycidyl isocyanurate (TGIC), a compound such as
diglycidyl terephthalate or diglycidyl isophthalate, an
epoxy resin such as a condensed glycidyl ether of

15bisphenol A or a light-stable epoxy resin. Such a
carboxyfunctional polyester film-forming resin can
alternatively be used with a bis(beta-hydroxyalkylamide)
curing agent such as tetrakis(2-hydroxyethyl) adipamide.

Alternatively, a hydroxy-functional polyester can

20be used with a blocked isocyanate~functional curing
agent or an amine-fofmaldehyde condensate such as, for
example, a melamine resin, a urea-formaldehyde resin, or

a glycol ural formaldehyde resin, for example, the
material "Powderlink 1174" supplied by the Cyanamid

25 Company, or hexahydroxymethyl melamine. A Dblocked-
isocyanate <curing agent for a hydroxy-functional
polyester may, for example, be internally blocked, such
as the uret dione type, or may be of the
caprolactam-blocked type, for example, isopherone

30 diisocyanate.

As a further possibility, an epoxy resin can be
used with an amine-functional curing agent such as, for
example, dicyandiamide. Instead of an amine-functional



solid fyImfarmng resin, usually with one or nore ZOCoIouringia ents such
as pi gment s, Wh/38838i onal |y al so - contain one or nore perfoP ﬁ%@meT7_
addi tives. . A powder coating conpositiop_jor use according to t he
invention will in general be a thernbsetting system (incorporating, for
exanple, a filmformng polymer and 25a correspondi ng curing agent which
may itself be another filmformng polyner), but thernoplastic systens
(based, for exanple, on polyanides) can in principle be used i nst ead.
The filmform ng polyner used in the manufacture 30 of a thernbsetting
powder coating eqppRgi bigeatl oxrusen epokPr deBdn} 0 at ghdnoldnt inatexdylbe one
or nore selected from ,carboxy-functional .pol yeste resl . h oxXy-
functi onal po*“?gs}t)%ruse?’es?ﬂ%%é/rabg"gyo@ma%8§%%g, Or%%% ,by ?llsjénc |1(5)rr11a%%;cryl iC
resins. epichlorohydrin with an excess of6bisphenol A (thet 1is
conposi tion ma exa a 0 10 P EERERS1 PRNdgH System
conprising a cg?b%§§! & 5&%@?%%%&? ggﬁeégpgfu¥$€%¥ggr%%ngﬁ%esin used with a
pol yepoxi de Tanri ngpoxgerfesin) .  Shc unctrismnal f ageyildfal resigpol FOEt er
systems are cupkgmbly¥ GN&dMxyM, d8lpards§d or epoxy-functional resin

can be used with an appropriate curing agent. Mixtures

of binders can be used, for example a carboxy-functional

polyester can be used with a carboxy-functional acrylic

10 resin and a curing agent such as a
bis (beta-hydroxyalkylamide) which serves to cure both
polymers. As further possibilities, for mixed binder

systems, a carboxy-, hydroxy- or epoxyfunctional acrylic
resin may be used with an epoxy resin or a polyester

15 resin (carboxy- or hydroxy-functional). Such resin
combinations may be selected so as to be co-curing, for
example, a carboxy-functional acrylic resin co-cured
with an epoxy resin, or a carboxy-functional polyester
co-cured with a glycidyl-functional acrylic resin. More

20 usually, however, such mixed binder systems are
formulated so as to be cured with a single curing agent
(for example, use of a blocked isocyanate to cure a
hydroxy-functional acrylic resin and a hydroxyfunctional
polyester). Another preferred formulation involves the

25use of a different curing agent for each binder of a
mixture of two polymeric binders (for example, an
amine-cured epoxy resin used in conjunction with a
blocked isocyanate-cured hydroxy functional acrylic
resin) .

30 Other film-forming polymers which may be mentioned
include functional fluoropolymers, functional
fluorochloropolymers and functional fluoroacrylic
polymers, each of which may be hydroxy-functional or
carboxy-functional, and may be used as the sole film-



powder coatings materials. The pol yester generally has an aci.d valye in
t he range WO9%8B38 a nunber average nmol ecul ar wei ght Mh oPCT/GBY§0X7d7 10, 000
and a gl ass transition tenperature Tg of from 30[err]C to -
85[err]C, 10 preferably at |east 40[err]C8 — The pol y-epoxi de can, for
exanpl e, be a | ow nol ecul ar wei ght epoxy conpound such as trigl yci dyl

i socyanurate (TAC), a conpound such as di gl yci dyl terephthal ate or

di gl yci dyl isophthal ate, an epoxy resin such as a condensed gl yci dyl

ether of 15 bisphenol A or a light-stable epoxy resin. Such a

car boxyfuncf%ﬁ% %%ll %’.‘rero S ch‘h B&tlbﬁs'ﬁltl@arbne abrermsteé vel y be
used with a brs roxya ky]l am de I ng agent such as

t et r aki s( 2- Fyrptobanahyagr e Gamigrester andh QLay X/eF ns, with
hydr oxy- f ungld Qieti N Yeflifg @ene Ferushd mhbtﬁohéDCﬂ!@.Uymers

| socyanat e- functlonal cur ] ent .oy .an_amne-f t
such as, for Cu%”h‘%l%?ﬁrﬁes FELIGR maY, Re ?%Pﬁg?lg&ﬂy%gc%g@l (ra]nsa © a
gl yc9| ur:ﬂeﬁ@xyml phbyde resvolatsr ewanplepoxihe cresolri abvol?@ﬂﬁlml I nk
1174" suppl | ed@g%néipe 8@9 %g%"@chfed)rwz.ﬂ?xamiﬁégxy'%PN|as mel am ne.

A Dbl ocked anat hydr oxy- f.unct i onal
pol yester nasqpheﬁoree(anglbsogﬁammt%rnbﬂ-P?kBﬁocR'é-d'—h sutefhylas eflel et

di one e, M™etrdfethydlend N&ylepdPr didgbagnhbeekerlotde, for
exanpl e, | sop’ﬁer one 30 di | socyanat e. ?h sibility, an
epoxy resi Wik deetongepXifen andaRPABOAURCH; QSH&FYEEPH?I %\ﬁ%ﬁ?a%%ch as,
for  exanpheisskyaredih agudeng! negame) oblaakead rmttmmetmal ethyl
ketoxime; light-stable epoxy resins such as "Santolink
LSE 120" supplied by Monsanto; and alicyclic poly-
epoxides such as "EHPE-3150" supplied by Daicel.
A powder coating composition for use according to
15 the invention may be free from added colouring agents,
but usually contains one or more such agents (pigments
or dyes) and can contain one or more performance
additives such as a flow-promoting agent, a plasticiser,
a stabiliser, 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 a pigment content of 25-30% is used,
although in the case of dark colours opacity can be



-7- . curing agent for an epoxy resin, a phenolic materi al may be
used, preferwipoessgaterial formed by reaction of epi chl OPG’W;@PWWW t.h
an excess of .bisphenol A (that is to say, a polyphenol nade by adducting
bi sphenol A and 5 an epoxy resin). A- %unctional acrylic resin,

for exanple a carboxy-, hydroxy- or epoxy-functional resin can be used
with an appropriate curing agent. M xtures of binders can be used, for
exanpl e a carboxy-functional polyester can be used with a

car boxy-functional acrylic 10 resin and curing agent such

as a bis( bg&,% % O)é'\i%h;%l ?H%O&?e% %@@]ﬁ %qgr q_@mggtcur@hggéh Ip,_cg,_ymers

As further pos stens, a carboxy-, hydroxy-
or epoxyf unct |pmalteacreylfrllafresnayrm beed stel Q\Niﬁ'%molé%}( Yy r edhhlshy a

pol yest er JESth % ggg or hydroxy-functional). Such resin
conbi nati ons e de%ected So as to be co-curin for exa

car boxy- f unct i onal Fppopder cestangocempeIitign psg éBoH?erBEgEes%roa%

car boxy- f uncgigpal la%yﬁgbﬁr n&P- qige(fo\mnhmaeegl }ﬁ_(h dxalccbhtﬂahbenabltacryl ic
resin. More 20 usually, i nder tens are

it
formul at ed so BeFmad liér%‘iﬁjét? V\‘i‘“ﬂqﬁ algi H&Félﬁg}’?’ﬁ’g gerﬁs Ii‘?s é)?antiﬁe use
of a bl ocked i\gRCyamigoditionse orapdatsy- f aspécbably acfyt i ccoxwiar and a

hydr oxyf unCtiocrLaalrging application as well as compositions formulated
especially for tribo-charging application (for example,
10 for the latter, by the use of suitable polymers of which
the so-called "tribo-safe" grades are an example or by
the use of additives which can be introduced prioxr to
extrusion in a manner known per se).

The powder coating composition may incorporate, by

15 dry-blending, one or more fluidity-assisting additives,
for example, those disclosed in WO 94/11446, and
especially the preferred additive combination disclosed
in that Specification, comprising aluminium oxide and
aluminium hydroxide. Other dry-blended additives which

20may be mentioned include aluminium oxide and silica,
either singly or in combination.

The total content of dry-blended additive(s)
incorporated with the powder coating composition will in
general be in the range of from 0.01% to 10% by weight

25 preferably at least 0.1% by weight and not exceeding
1.0%8 by weight (based on the total weight of the
composition 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 also usable in principle. The applied voltage may
vary within wide limits according, inter alia, to the
size of the fluidised bed, the size and complexity of
the workpiece and the film thickness desired. On this
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voltage is used.

Other possible voltage ranges include 5 to 60
kilovolts, 15 kilovolts to 35 kilovolts, 5 kilovolts to
30 kilovolts and 30 kilovolts to 60 kilovolts, both

10 positive and negative when a direct voltage is used.

In each case, ionisation and corona conditions may
be excluded by so selecting the voltage range according
to the spacing of the substrate from elements of the
apparatus as to cause a maximum potential gradient below

1530 kV/cm., the ionisation potential gradient for air at
atmospheric pressure, when air serves as the gas in the
fluidised bed, operation usually being at atmospheric
pressure. Either nitrogen or helium, for example,
insfead of air, could serve as the gas in the fluidised

20 bed 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 usually be wholly immersed
within the fluidised bed.
The preferred period of immersion of the workpiece
in a charged condition will depend on the size ancd
geometrical complexity of the substrate, the film
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can be subjected to vibration in ordéig_to remove particles
10 adhering only loosely to it. As an alternative to a
single immersion, the substrate may be repeatedly
immersed and withdrawn until the desired total period of
immersion has been achieved.

The pressure of the fluidising gas (normally air)

15will depend on the bulk of the powder to be fluidised,
the fluidity of the powder, the dimensions of the
fluidised bed, and the pressure difference across the
porous membrane, 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

30 of the following criteria is satisfied:
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tribo-charging application (for exanple, 10 for the latter, by the use of
sui tabl e pol ynmers of which the so-called "tribo-safe” grades are an
exanmpl e or by ehe u98-dP0&dayt velumets c¥0 dih be introduced prior to

extrusion in a ner _kn per se). The powder coating conposition
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addi tives, for ggzxarrmse,lobgog?_ %B%l\é’sé‘dzd 94/ 11446, and especially
|

the preferred additive conbination scl ose Iin that Specification,
conprising al um ajum Gx100%abg vohhmen i longhaydr oxi de. Ot her dry-bl ended
addi tives which 20 may be nentioned include al um ni um oxi de and silica,
either singly or in conbi nRERSArably 10-F0% hyteplumeiedC #M dry- bl ended

addi tive(s) I ncor por,a with the powder coating conposition will in
general be in thg?ran ebgg y?oﬁ?%%ﬁﬁrg‘“%% by wei ght 25preferably at
least 0.1% by weight and npt-e@Xee8ti,Ng- 404 L P %I I based on the
total weight of the conposition w thout the additive(s)).

f) d(v)so in the range 1.3-32um
preferably 8-24 um
10 The thickness of the applied coating may be in the
range of from 5 to 200 microns or 5 to 100 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
15 preferably from 15 to 40 microns. The principal factor.
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, is 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 it is
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




The vol t age @gRb) &gsto the substrate in the process of the present
invention is preferably a direct voltage, 30 either positivePo/CREB Ve,
but an alternating voltage is also usable_in principle. The applied”
voltage may vary within wide limts accdrapn'g', inter alia, to the size
of the fluidised bed, the size and conplexity of t he workpi ece and the
filmthickness desired. On this - 10 -
basis, the applied voltage will in general be in the range of from 100
volts to 100 kilovolts, nore usually from 200 volts to 60 kilovolts,

preferably fromppl@ twwobésatatekddtsowe sachn®@fei €sd8cimldpady @@ 500 volts
to 55 kiIOVOItsd both positive artl:d neﬁti\@Men a direct voltage is
used. EEREFOBoPFOBRE PIHEPRFE tQRg SO HAUAECRERF 60 ThRSr ovidi ts, 15
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to 60 kil ov positiv ne | ve_whep a direct voltage is
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the substrat eshresrelemest Se@duldd® proper covering of any visible
defects. By contrast, the present invention offers the
possibility of achieving adequate protective and
aesthetic coverage, even of articles of complex

10 geometry, by means of a single coating applied by the
process 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 automotive components, in 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 include 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, in contrast, may be expected to yield non-
uniform coatings on articles such as wire baskets and
freezer shelves since, with the alternative coating
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S apparatus. If no connection is provided, it may be found
that the coating performance of the fluidised bed
deteriorates more quickly than would otherwise be the
10 case. For safety reasons, the fluidised bed Iis,
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
20of 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 is taken to ensure
that separations betweeh the counter-electrodes and the
substrate in relation to the voltage applied to the
substrate are always such that the maximum potential

erre period of
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The quantity of the powder coating composition
deposited on the substrate or a series of substrates is
relatively very small as compared with the quantity of
the composition in the  fluidised Dbed. Some

15 replenishment may, however, be desirable from time to
time.

As is stated above, in the process according to the
invention, the charging of the powder particles 1is
effected by natural friction between particles in the

20 fluidised-bed. The friction between the particles in the
fluidised-bed 1leads 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 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 is applied to the substrate, electrostatic
forces will tend to attract predominantly oppositely



- 12 - a) 95-100% by volunme < 50 [err]m b) . 90-100%
by vol une wO493¢sa8 r | m c) 45-100% by vol unme < 20 peTiGBas/ 03777 d)
5:100% by volune < 10 [err]m 5 - _ preferably 10-70% by volume <
10 [err]m e) 1-80% by vol une < %Ferr]m

preferably 3-40% by volume < 5[err]m f) d(v)[err] in the range
1.3-32[err]m preferably 8-24 [err]m 10 The thi ckness
of the applied coating nay be in the range of from5 to 200 microns or 5
to 100 microns, nore especially from10 to 150 microns, possibly from 20
to 100 ni-echergyeds(pewd®) ooatimg pargdcies100tni dhensubstzate.to 150

mcrons, adyant 3geans!ihP0 AhohalS 8F | 88it2Pdly and negatively
charged particles at different rates leads to a
progressive reduction in the proportion of the
5 oppositely~charged species in the bulk powder which, if
uncorrected, will result in such charge distribution
imbalance as to reduce the coating efficiency for
successive substrates over time.
A further consequence of a significant charge
10 distribution imbalance among the powder coating
particles is that a proportion of the non-oppositely-
charged powder coating particles in the fluidised-bed
will tend to deposit on the walls of a fluidising
chamber in which the bed is established. 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, is 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 is 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 is
established when the fluidising chamber is connected to
the earth terminal of the mains power supply energising
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period of imrersion in charged condition alsa has an influence.

The substrate conprises netal (for exanple, 20 alum niumor steel) or
anot her conductive material, and may in principle be of any desired shape
and si ze. Advant ageously, the substrate is chemcally or nechani - cally
cl eaned prior to application of the conposition, and, in the case of

nmetal substrates, i's preferably 25 subjected to chem cal pre-treatnent, for
exanpl e, with the @&P%gﬁhaWB?rQi%%Wr&deéhﬁéﬁapéedr chargerhe

process of thed eyl | FFRitlioelyPaehbedlatrombpaeti£set Ndbbes AtePBY i ve and
ot her fields ere it is esired to_coat, an article such as, a car body at
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30 sufficient ¥19 nFORAYRF & PPgs 4theFuatRe cEovRteBTreLRtrodas: A %ef ect s
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It as een ecessay
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prepar ati on fdnvendivopfoat coatiyssudtessivenanbstertesmmns@qaaidee t o
apply a first oG Aftad® 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 altermating
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.
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wel | as on the remal nder_of the articles. Alternative coatlng
pr ocessesl O cAndahiPRSt innhheheesrpeiivrl sertions oforkhe CGHWPBFnPEEatlngs on

articles sugh agiyrepdaskeisraibd thaezethshetorfucivee, sbcthohe
alternatlvewggﬁélnqjl some circumstances, all be connected to the
earth terminal of the mains supply.
In a variant of this continuous process, the
15 alternately charged substrates are 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 continuous
processes offer benefits which are similar in principle
20to those of the individual coating of successive
substrates of alternate polarities and the simultaneous
coating of pairs of substrates of respectively opposing
polarities.
The invention further provides apparatus for use in
25 carrying out the process of +the invention, which
comprises: .
(a) a fluidising chamber;
(b) means for effecting fluidisation of a bulk
powder coating composition within the
30 fluidising chamber so as to establish a
fluidised bed of the composition therein:;
(c) means for immersing a substrate wholly or
partly within the fluidised bed;
(d) means for applying a voltage to the



- 14 - » processes, adequate covering of welds is often achi eved
only. with ovéVO@¥¥38 ng of the projections. Advant age RESVGBISIODYT
fluidised bed-is provided with 5an electricgl connection, serving as the
source of the reference or "earth" voltag *3r the remainder of the
apparatus. If no connection is provided, it may be found that the coating
performance of the fluidised bed deteriorates nore quickly than would

ot herwi se be the 10 case. For safety reasons, the fluidised bed is,
preferably, connected to the earth term nal of the el ectrical nmains

supply (referrabdteatesaiocast hleasopaa idf‘)th%“?@&ii&'dmft hemepprsrmt us.
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energi sing the apparatus, are S | bul the
fluidised pbwder (edatimegnscdinfosvithdrawinghshe cibstartel detanidws may be

charged instead of being adherent particles from the fluidised bed;
and
(f) means for converting the adherent particles
into a continuous coating.

10 Several forms of process in accordance with the
invention, and two general forms of fluidisation and
coating apparatus suitable for carrying out the process,
will now be described, by way of example, with reference
to the accompanying drawings (not to scale), in which:

15 Fig. 1 shows the first form of fluidisation and

coating apparatus in diagrammatic section;
Fig. 2 1is a perspective view of the substrate
workpiece used in Examples 1 and 3 to 8;
Fig. 3 1is a perspective view of the workpiece of
20 Fig. 2 in flattened-out condition for the
purpose of evaluating film thickness and %
coverage;
Fig. 4 is a perspective view of the workpiece
used in Example 11;
25 Fig. 5 is a sectional view of the workpiece of Fig.
4;
Figs. & to 12 are graphical representations of the
data reported in Examples 1 to 7
hereinafter,

30 Fig. 13 is a diagrammatic plan view of the second

form of fluidisaton and coating apparatus,

Fig. 14 is a diagrammatic front elevation view of
an arrangement for coating a workpiece
with recesses into which counter-
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anount of powder 30 attracted into the recesses. Care is t
t hat separations between the counter-el ectrodes and the

ncrease in the
aken to ensure
substrate in

relation to %$$t$8&é§mﬁhéﬂnﬁééﬁjfd%é?@%d, substrate are almays such that the

maxi num pot &
gr adi ent betmeethgeouhﬁerléleétr@ﬂégéﬁmmi%kcSLRkﬁﬁeﬂY?eWI

kaV/cm the ionisation pgfggﬁgémeﬁgnofupigat14 at mospheri c

e Heow 30

pressure, when

air at atnospheric press ure erves as as in the fluidised bed. That
is, the 5proce§%g of® tie 2 éﬂf?ﬂﬂat%%np RERECti¥e BdeWo Sid A% ed
wi t hout i @nisation or coamaan@éxﬁaﬁt sfon tbatthgl @& selhne bedrkgiece

counter-el ectrodes are ugegweég LSud é%p %%rod%%ogid ei ther nitrogen or

hel ium for exanple,
Fig. 17 is a plan view of the arrangement

of Fig.

16 positioned on a fluidising chamber.

Referring to Fig. 1 of the accompanying drawings,

10 the fluidisation and coating apparatus comprises an

earthed (connected to the earth terminal of the mains

supply) vessel (1) having an air inlet (2) at its base

and a porous air distribution membrane (3)
‘transversely so as to divide the vessel into

disposed

a lower

15 plenum (4) and an upper fluidising compartment (5).

In operation, a workpiece (6) having an insulated

support (7), preferably a rigid support, is immersed
‘into a fluidised bed of a powder coating composition
established in the fluidising compartment (5) by means
20 of an upwardly-flowing stream of air introduced from the

plenum (4) through the porous membrane (3).

For at least part of the period of immersion, a

direct voltage is applied to the workpiece (6) by means

of a supply cable (8) from a variable voltage source

25 (9). The workpiece becomes electrically charged and

particles of the powder coating composition

adhere

thereto. There are no ionisation or corona effects and,

for that reason, the workpiece is substantially isolated

electrically, a consequence of which is that the

30 amperage is very low.

The workpiece may be moved in a regular oscillatory

manner during the coating process by means not shown in

Fig. 1. Instead, the workpiece may be advanced

through

the bed either intermittently or continuously during



used as.the fJluidising gas with substantially no change 10 to the
electrical cHRMBPBAs in the fluidised bed. The quant PCT/GBSS/QNY
powder coating conposition deposited on the substrate or a series of -
substrates is relatively very small as c’or?dar’ed with the quantity of

the conposition in the fluidised bed. Some 15repl eni shnent may,
however, be desirable fromtine to tinme. As is stated above, in
the process according to the i nvention, the charging of the powder

particles is effected by natural friction between particles in the 20
}‘I uh di sed- bgd-iﬁi&l s‘irdrﬁtlcsm MV\?énrbﬁéaEéﬁIYPiﬁ&erﬁe%hgnd i thei&ed- bed
eads to i pol ar argi ng .of the articles, that is.to say, a
proportion of "E’H%llpaﬂc‘?cld%§lge%i |“1°t95q&?’51%f§ n8 aﬁ?‘%réﬁgflg@aﬁngb%én
proportion w ldchiewegilire a positive charge. The presence of both
25positively and n ' . [ ¢l J I d] - may
appear to be a%g%ésﬁég\%ng ggéggg ég%%éﬁa?efyl%]eg{ghgnp%ég egir)g %:%gé; I n
whi ch a direétis widihdagen frappthedflvidised disst,r dhe, appliedevpltagss of

the invention is gppabifedfedCaniRARl \REHIRAAI A AhedbEhasgl Bg oo the

particles. n the case In which a ect voltage of a given
polarity is agplitedand tfssuliber apdheringt pastacies 9br &b wp9¥dakend to
attract predorddiiitg/ cCORPBSitebY and complete the coating. - 16 -

Referring to Fig. 2, the workpiece comprises an

10 aluminium panel folded as shown to give a piece which is

generally U-shaped in plan view (so as to define a
central recess) and has dimensions as follows:

a = 75 ram
b = 72.5 mm
15 c = 5 mm

The folloWing Examples illustrate the process of
the invention, and were carried out using apparatus as
shown in Fig. 1 with a fluidisation unit supplied by the
Nordson Corporation having a generally cylindrical

20 vessel (1) of height 25 cm and diameter 15 cm.

In each Example, the workpiece (6) was connected to
the direct-current supply cable (8) by means of a
crocodile clip (10) - Fig. 2 - mounted on an insulating
support (7) in the form of a rod of length 300 mm. The

25 workpiece was positioned centrally within the fluidising
unit, giving rise to a minimum spacing of about 3.8 cm
between the workpiece and the wall of the fluidising
unit and resulting in a maximum potential gradient of
about 0.79 kV/cm between the workpiece and the

30 fluidising unit, when a voltage of 3 kV is applied to
the workpiece. That is, satisfactory results are
obtained for a maximum potential gradient that 1is
expected to be no more than 1 kV/cm. It will be evident
that the workpiece would need to be at a minimum



-charged powder coating particles onto the substrate. The resuling
renoval otwgo®daosssvel y and negatively charged particl es sHCTGBISO3ENL I ates
| eads to a progressive reduction in the proportion of the 5

opposi tel y-charged species in the bul k pd®&ler which, if uncorrected, will

result in such charge distribution I mbal ance as to reduce the coating
efficiency for successi ve substrates over tine. A further
consequence of a significant charge 10 distribution i mbal ance anong

t he powder coating particles is that a proportion of the

non- opposi {fls¥anceCltd $d RAVIonC @Rl RAINAGH Aes flnildigihuhgtised- bed
will tend to deposit on the walls of a flu#dlfIE%F .chgnﬁgg I n gglch t he
bed i s estdBl QFRRE Lo e MRRK MY BBEPRFLAL oFTARAE kI P WPFI “Pesult in
t he progressi/g wBesUA ablbigef o Bnkw afthg lmmxdmunf peedier iand, as a
consequence, gQat,jn ficiency will_be | | L s L.oke in
principle 3P Ilﬁgf\/itgt S:LthP rgP%BFSm 'B@e ﬁl%%h‘%ﬁ?%%‘}ér}ee%nlvg}% ?e%e

deposi t ed5iwders, kM.t Hitehel @@ stenmidageowsed, t Her aippuieithd 3r &/ gy oduced
into the bylyg —LLui Ise%omgorrcpfs'tth'eonex r%\plesc‘u%téloW?Ch’@ﬁ'éC@owe%'tea”' ng,

however, is nét conpletely reliable or effective and, nor eover
re-int rodustaléndst ey r Seov8d2pokMer SHEING cBNtREBHIER t Refedsizd

undesi r abl %ﬁpﬁreg& diggri hgbhen iogn 035 tike dall k mm@iﬁ@d goppothei on. \Were
counter-el ectrodes , are pr ﬁgent,, t he coun%er-el ectrod*esd toot may suffer
from powdeOSFdStiioBn HhekDehSFiPHaLionsQh fhgatorkpiece, 1t 1S
10 expected that satisfactory results would be obtained in
conditions providing maximum potential gradients in the
range 0.05 kV/cm to 1 kV/cm, probably 0.05 kV/cm to 5
kv/cm and, possibly, 0.05 kV/cm to 10 kV/cm.
Unless otherwise stated, the fluidising air
15 pressure was 1 bar in each case.

The standard bake and cure of the deposited
material in each Example comprised heating at 200°C for
5 minutes.
The particle size data reported in the Examples was
20 determined using the Mastersizer X laser light-
scattering device manufactured by Malvern Instruments.
The data is expressed in volume percentiles d(v)X,
where X is the percentage of the total volume of the
particles that lies below the stated particle size d.
25 Thus, for instance, d(v)sy 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 in

seconds.



char ge inbalﬁ&fe anong the powder coating particles. It has been
found that c !6@0{;3%3 nost effectively 30 renmoved from parti cPET/GBEYORTIT ed

on the walls -of the fluidising chanber in _which the fluidised-bed is -
establ i shed when the fluidising chanber i § &dnfiected to the earth
term nal of the mains power supply energising

- 17 - t he apparatus. \Were counter-el ectrodes are used, charge

is nost effectively renoved fromparticles deposited on t he

counter-el ectrodes when the counter-el ectrodes are connected to the
earth termnal of the mains supply. 5 Advant ageously, in a process

according to the invention for coating successive substrates in
sequence, direct voltage is used and the polarity of the voltage applied
to successive substrates is reversed fromeach substrate to the next so as
to produce an rpating 10sequence. Such a process variant offers the
possibility ggé@gégeihg the extent of charge inbalance in the bulk

fluidi sed powder caused by preferential deposition on the substrate of
charged particles of one polarity. Al ternation of t he polarity

of successive 15 substrates results in a relatively bal anced | ong-term
The powder coating composition used in this Example

was a white epoxy polyester hybrid powder designed for
corona application and formulated as follows:

10 Parts by weight
Rutile Titanium Dioxide 321
Filler (dolomite) 107
Carboxylic Acid-Functional
Polyester Resin 374
15 Epoxy Resin Curing Agent 152
Catalyst 30
Wax 3
Flow Modifier 10
Benzoin 3
20
1000
25

The ingredients were dry mixed in a blender, and
fed into a twin-screw extruder operating at a

30 temperature of 108°C. The extrudate was ground in an



average distribution of positively and negatively charged parti~cles i-n

t he fl ui diypode/p8sg al so serves to reduce the extent of depCHGBIMRTHF t he
powder on the walls of the fluidising chamber and, when used, the
20count er - el ectrodes di sposed in the fIU|q%§|ng chanber . A further
process variant taking account of the bi‘pol ar chargi ng of the powder
particles conprises the si mul t aneous batchw se coating of one or nore

pai rs of substrates di sposed within a cormmon fl ui di sed bed, the
25substrates of each pair being charged by direct voltages to
respectively opposite polarities. In that process variant, the walls of
the fluidisiig dﬁ&anﬁgulafﬁb pr@ﬂneeted tpowder earitth tthe1rﬁdlhmwlnhe mai ns

supply and t e or nore counter-el ectrodes, 30
connect ed t&qg%%é;ﬁ epﬁfﬁ gggl e mains supply, to establish a
speci fic configurati o (of) o6 he el ect ril®6.ild| snicramsng t he oppositel y-charged

substrates and the  f{ajdi sing chamben. 45 microns
- 18- The Thvéntion further provides a continuous process for

the coatin§ of aElt ates,<in whilch a™&FPBS of substrates of
alternate polarities is dggsansporded 55 thugeglens fl ui di sed-bed
S tornately (1n RIS cELPIRLERE oy olfhSr SHPETHEA: B85 FH 0 at i ng
sections andgjaandacoi.ng et wensht Theldéandnctafgaseymithesiof sildchl ui dising
BTt LSRR BRSSP P LB P RPN U
w || be utOareshcasd)t.hat
Before immersion of the workpiece, the blended
composition was allowed to fluidise for 30 minutes in
order to reach an equilibrium state.
The workpiece was connected to the voltage source
15 and then immersed in the equilibrated fluidised bed for
a given "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.

Tabie 1

25 Voltage| Dip % Coverage on Smma Film mﬂ
Recessed Panel Thickness (pm) ?-‘f.lm

(Volts)| Time(s) Outer Inner Max. | Min.| Mean | Thickness
30 (pam)
0 120 25 S0 225 0 54 86
500 180 60 60 260 ] 120 93
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 0 197 131
3000 30 45 20 400 0 211 163




10 the con‘dv ctive sections would, in sone circunstances, all be connected
to the (lé PPR38er mi nal of the mains supply. PCT/GBS/AITT ant
of this conti-nuous process, the alternately agharged substrates are
transported in sequence past an array of counter-electrodes (preferably
connect ed to the earth termnal of the mains supply) disposed within
the fluidi sed-bed. These 15 conti nuous processes offer benefits which are
simlar in principle to those of the i ndi vi dual coating of successive
substrates of alter nate polarities and the si mul t aneous coati ng of

pairs of substrat spectivel y opposing polarities.

i nvention furt her.e%’f ‘%eers p%ﬁ%?%é ﬁg? ‘E%‘ga iTPlaking de ogijtc‘f"ﬁ%ra&%cess
of the inventiang ﬁ\blmhthcmimess,s tB@ U-shaped ((@ecessell) uipdinglng(&hanber ;
(b) neans f f ng ﬁH]ﬂ! a n f bulk [ atin
conposition w ff?%%ltflﬂl# I SI néisch{é?mearso s6%s % gogtag%ﬁcgﬁgs Ui sed
bed of the 59%&@#&&3@%@@1&8@1 nfoxmepebyshemhecin ngigri bbst atThe
charging of thefguderp 89@1{61{‘9(11)rre%9EP8§' 9ol Lebessed chatfdrer MPANS

for imersi ng a substrate whol d bed;

(d)  rmeans fdienseyiafy Be sk utlé'Yt ﬁé aGhieving anprupintemmipted t of

the per i gshfar rﬁmslvartho\adterdam ah? §HEShpR1 Fede6OBEN P! @Btiifal |y
t he powder coating conposition

charged so th articles o
adhere theret 35193(5mf°igm Pfg é Tfeans for withdrawing the substrate
beari ng adh#oent pHRilmctlkickness measurdemehksi désedthed tikkbn at each

10 ous  Of tildeos BN S9VEL g the GOSNt RATGl gy Tto @
and the reverse of the flattened panel, giving a total
of 18 readings for each face (corresponding to the
"outer" and "inner" faces of the workpiece in the folded

15 condition (Fig. 2}, and 36 readings in all.
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 deviation is derived for each
experiment from the 36 readings obtained as described.
The % coverage of each 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



5

Several forns of process in accordance with the inventi.o

n, and

two gener alw099/30838 or ns of fl uidisation and coating appar at gergsod/esrhe for
carrying out the process, wil | nOMlb (afscrlbed by way of ex

with reference to the acconpanying

Fig. |

di agrammati c section;

ngs (not to scale), i
shows the first formof fluidi satlon and coating apparatus i
Fig. 2 is a perspective view of

substrate workpi ece used in Exanples 1 and 3 to 8;
is a perspective view of the workpiece of Fig. 2 in flattened-out
condi tion fowithe phepoparvickyalsize ndibtiibtuhioknest d %ivdtéadge; 15

Fig. 4is a 5)%(4%@%“ QL i \%evzéoq{%&sjlet r kpi fee?\&égd Hen ExaPLBad lihe

Fig. 5is a

ectl on Vi e pl ece O

anpl e,
n whi ch:
n 10
t he
Fig. 3

Figs. 6

to 12 are gr eﬁ@me@’apalrépﬁégén@é@l@moﬁtecﬁnel?mf%rﬁféb’@ﬂtléﬂ ileagiagptes
1 to 7 herei F’%@ss:.ve depletiont| 8f ‘hose apsiLHEpaMBlzesP! fhéW of the

second form
is adi agraﬁ‘rﬁdﬂlélﬂegnpegl'evatl on view of an arrangenent for

| ui di satqn "and 20 coati ng appar at us,

Fig. 14

. coating

a wor kpi ece WIth nmespgﬁtwl@ whizeh gDstEBsution of the deposited

20 -

&odes ave been. i 3erte
ma erla may be summarised as fdllows:

d (V) g 67.55 microns

d(v)se 15.54 microns

10 29.58% < 10 microns
8.67% < 5 microns

Example 2:
The powder coating composition used in this Example
15was a white hybrid powder designed for tribostatic
application, and formulated as follows:
Parts by weight

Rutile Titanium Dioxide 252
Filler (Calcium Carbonate) 140
20 Carboxylic Acid-Functional
Polyester Resin
(Uralac P5261 ex.DSM) 360
Epoxy Resin 230
Flow Modifier 10
25 : Wax
Benzoin 3
1000

30

The ingredients were dry mixed in a blender, and
fed into a twin-screw extruder operating at a
temperature of 108°C. The extrudate was ground in an
35



Fig. 15 is a:diagrammtic plan view of the arrangenment of

Fig.. 14, WO 99 58’.’ 16 is a diagrammati c perspective view oPC’E{GBEBIOS‘I??
arrangenent for coating a plane workpi ece bet ween

counter-el ectrodes and Fig. 17 is a %I-,au view of the arrangenent of
Fi g. 16 positioned on a fluidising chanber. Referring

to Fig. 1 of the acconpanying drawi ngs, 10 the fluidisation and coati ng
apparatus conprises an earthed (connected to the earth term nal of the
mai ns supply) vessel (1) having an air inlet (2) at its base and a
porous air distribution menbrane (3) disposed transversely so as to

di vi de the vedgwactnt®ill| diker PESARE@nEn Paydand withipae f%/ o knveingg
conpartment (Particle dikBrPB€EAA0N, a workpiece (6) having an insul ated
support (7), preferably a rigid support, is inmersed into a fluidised bed
of a powder coating conposi t%dﬁ )99 establ i shed i nttheB4 IMiHESng conpar t ment
(5) by nmeans 20 of an upwardldyvfl,ow ng stream of £8 48 mdirc@dmeed fromt he

pl enum (4) through the porou rane_(3). For at |east part of the
period of imersion, a di r%cg‘gggl tags is appli ed¥FWFe wor kpi ece (6) by
means of a supply cable (8L.76®%m a vari abl e5Svol traigeressur ce 25 (9). The
wor kpi ece becomes glaghii cAliliqichRugnd Atk  cBARLEELES Oliakn% RN
coating conposition a re are no ronisation or corona

ef fects and, Wwitdrat Aal?reddbhmion it wdmmpune@@ pxidebstantially isol ated
electrically, ‘a consgaueatenglpMbledl s bl 30t PSS difed Sy | OW

The wor kpi ece nay be npved regul ar oscil]atory manner during the
coating prot@Exappleeahs r?é‘tCGQﬁOV\FP‘T‘% Chey gSUIRStJF%"s‘% e¥@S the RiGM@%rece may

be advanced t He@ghAgular 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 voltage.

Table 2
Voltage| Dip % Coverage on Standard
20 Deviation
(Volts)| Time(s) (100x60 )rm Film 0?
Thickness (um) Fl:.l.m
Flat Panel Thickness
Max. | Min.| Mean (L)
25 0 150 25 62 0 41 12 .
500 150 60 109 0 73 26
750 150 a5 109 21 61 24
1000 150 100 155 30 84 40
30 1500 150 100 225 | 75 | 130 47




the bed either intermttently or continuously during . -

- 21 WwooBLsssoNn, or may be repeatedly i nmersed and wi tPCAYGRIR/O3770Nt i |
the desired total period of immersion has pgen achi eved. After the
desired period of imrersion the workpiece 5is withdrawn fromthe fl uidised
bed, the applied voltage is disconnected and the workpiece is heated so as
to nelt and fuse the adhering particles of the powder coating conposition
and conpl ete the coati ng. Referring to Fig. 2, the workpiece

conprises an 10 al um nj um panel folded as shown to giv i ece whjch is
general |y U-shapebt i Wipl dheySeqn( $b2ks 1§ derickpess ocfgnﬁ}%amgﬁfsds) and
Bas d'”9n§EQ%§aﬁ¥hé(ﬂdd¥@Eses with increasingadepesitidih voltmage.

= .5 mMm

Exanpl es il ust ra%ggt hé - pr GRS otl-‘l'?e Pﬁ’ét%ﬁ%%ﬁf'iig?, déilnsc}:rv\i/g;ﬁgﬁgéglrélfe\ém ggt
urs]:ang al\tlgfgr gﬁm@ mter'ﬂ_lbvd\ehpass_i:ﬁegi dnvﬁhml‘fx)ﬁmﬁqﬁQai;n dxamplte uBs i ed by
ho® e o5 3rd FBhBRIAL) Uk NRHLNGdboATRIbR! W6 18l tht CPonRaliesstlp (1) of
time (150 seconds). The finer particles are deposited
preferentially, with the maximum deposition being of
particles of around 20 microns in diameter, and it will
be seen that the deposited distribution curve is not
10 much affected 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.

1.1, 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 polyester/TGIC powder designed for corona
application and formulated as follows:

30



I n each: ExanR’I e, the wor kpi ece (6) was connected to the direct-current
supply cabl e 8means of a crocodile clip (10) - Fig. PCFGB2SMIHd on
an insulating support (7) inthe formof-&2%ed of |length 300 mMm The -
25wor kpi ece was positioned centrally within the fl uidising unit, giving
rise to a mninumspacing of about 3.8 cm between the workpi ece and the
wal | of the fluidising unit and resulting in a maxi num potential gradient
of about 0.79 kV/cm between the workpiece and the 30 fI ui di si ng
unit, when a voltage of 3 kV is applied to t he vvorg };€ & wel

sati sfact ory results are obtai ned for a maxi num nt that
is expected to be no MdtdlenFitankynchiofideri || be evident6 that the
wor kpi ece woul d need to li&l Jlrod BkAgaUM 7

- 22 - di stance of 1 cmfromthe wall of the fluidising unit in
order for the maximm po’teelr?tqwall'eéfiaﬁhﬁ‘?ﬁ‘a‘t% be 30 kV/ cmwhen a vol tage of
3 kV (the mas nmum used) nanp Bapeki ed1terdfey, wor kpi ece. The ymxi mum

potential gradi ent 5at he.lo | tage used, is about 0.-13
kv/cm and, as for so(r?Fe1 rttté m?\éipl-@gq the | owest?’
Carboxylic Ac:.d—Functlonal

Polyester Resin 650

TGIC 48

10 Flow Modifier 10
Wax

Benzoin 3

15 991

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)ges 101.94 microns
25 d(v)se 37.62 nmicrons
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.

35



vol tage may be 0.2 kV giving a maxi num potenti al gradient of about .
0.05 kv/cwo99Mogaswi ng for the oscillation or the vibr ag¢mopdiestire

wor kpi ece, it is 10 expected that satisfactory results would be obtained in
condi tions providing maxi num potential gradigents in the range 0.05 kV/cm
to 1 kV/cm probably 0.05 kV/ cmto 5 kV/ cm and, possibly, 0.05 kVicmto

10 kV/cm Unl ess otherwise stated, the fluidising air 15
pressure was 1 bar in each case. The standard bake and cure of
the deposited mat er i aI in each Exanple conprised heating at 200[err]C
for 5 m nutes. particle size data reported in the Exanples was

20 det er ni'ned usf]ﬁﬁ’lec I?ebeﬂvﬁg’t grumsgises the Gharagtemisticgcaft Eheng

devi ce manuf ercimtsnédbycwtmnalﬂwrr ugtah8ard bake ThAddadwréd S agxpaessed in
vol ume percerE %’é‘ d(v S th perce age of the total vol une

X
of the partiCEd%nhs FhssaB%{Jo%a(t %p%ﬁ S " fé size d. 25Thus, for
i nstance, d(v)50 Tablé&e3 nedi an particle size of the sanple. Data relating
to the depoSited nmateri al (bef ore bake and cure) was obtai ned by scraping

t he adhering deposit off the workpiece and into the Mast er si zer. 30
Al dip tinmes_reported in the Exanples are in seconds.
10 |Voltage % Coverage on Film Standard
) Deviation
(Volts)| Time(s) | Recessed Panel Thickness (um) of
Film
-VE Thickness
15
Outer Inner Max. | Min.| Mean (tam)
500 240 0 0 0 0 0 0
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)ge 63.43 microns
d(v)so 15.13 microns
32.10% < 10 microns
40 12.42% < 5 microns



- 23 -, . Exanple 1: 5 The powder coating conposition
used in thi sSWBQAIPIE was a white epoxy polyester hybrid pperveBIsiessiyned

for corona application and fornul ated as §Pllom5: 10

Parts by wei ght Rutile Titani um D oxide 321

Filler (dolomte) 107 Car boxyl i ¢ Aci d- Functi onal
Pol yester Resin 374 15 Epoxy Resin Curing Agent

152 Cat al yst 30 Wax

3 Fl ow Modi fier 10 Benzoin

320 Example 4: .1000

The powder coating composition used in this Example
was a white epoxy/polyester hybrid formulated as

follows:
5 Parts by weight

Rutile Titanium Dioxide 352

Carboxylic Acid-Functional
Polyester Resin 317
Epoxy Resin 314
10 Flow Modifier 10

Catalyst

Benzoin 3
Wax 3
15 o
986

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) g9 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.

35



25 _ The ingredients were dry mxed in a blender, and f.ed into
a tw n-scwewysosextruder operating at a 30 tenperature etr/AdBegesmtC. The

extrudate was ground in an - 24 -
impact mill to produce a powder with the-f@8Rl ow ng particle size

di stribution: d(v)[err] 106. 11 m crons

d(v)[err] 41.45 m crons 5 6. 31% < 10 m crons
2.04% < 5 m crons Before fluidisation, the conposition
was bl ended with a 0.1% by weight addition of a synthetic silica

flatting (matting.ageny £&y5Hdsihd £AetS th0 cBiract@rPegyesads the
finished coating after standard bake and cure as a
function of the applied deposition voltage.

Table 4
Voltage| Time % Coverage on Film Standard
Deviation
(Volts) (s) Smm recessed Thickness (um) of
Film
panel Thickness
10
Outer Inner Max. | Min.| Mean (1)
0 150 50 90 23 0} 10 4
200 150 60 90 24 0 11 4
is 400 150 95 95 27 | o 15 5
600 150 98 99 36 0 25 6
800 150 100 98 47 0 35 7
1000 150 100 100 63 19 43 8
20

Fig. 9 below shows the particle size distribution
of the material deposited on the workpiece 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{Vv) 99 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



Bef ore i mer,si on of the workpiece, the bl ended conposition was all owed
to fluidi se WQ@9%B838ri nutes in order to reach an equil i br PGHGROMFTT

The  wor kpi ece was connected to the voltage source 15 and then imrersed in
the equilibrated fluidised bed for a giveys -di p" time before being

wi t hdrawn fromthe bed. VWil e i mersed, the workpiece was sl owly noved
back and forth in a regular oscillatory manner. The process was
repeated at different applied voltages and dip times. 20 Tabl e 1 bel ow
sumari ses the characteristics of the finished coating after standard

bake and cure, for various applied voltages .and djp tines. .Table 1
25 voltage Dip %C?leé}efgel t?el glfﬂ ’Fﬁ?utlon'De%ﬁ%t pgﬁ%erentlaf
Recessed Panel depdédi trloressf( [ findum) pavticles ((YelkihgTi ae( Rrouadt €20 | nner
Max. M n. ©Mean_Thicknes . . ,

([err]m mlcéronsi]}zoieagg é:g le%% dlfgﬁgentbal 5ﬁleple§%on of th%OO 180
60 60 268iz® diktributd®dn 8% theODnitligl composiBion. 20 387 6 194

104 130% 240 100 70 270 102 204 50 2000 60
90 45 88 8 198 84" 40 2500 30 65 15 209 0 197
131 3000 30Examplgcs5: 20 400 0 211 163

The powder coating composition used in this Example
was the same as that used in Example 4, éxcept 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
that 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) (s) Smm recessed Thickness pm) of
25 Film
panel Thickness
Outer Inner Max. | Min.| Mean (pmm)
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




- 25 -

as far as practicable into
3. The central

of the difficulty of achieving an uninterrupted

damagi ng the applied coating du

t hi ckness neasurenents were then taken at each

in Fig. 3 on both the obverse
giving a total

In order to obtain the data relating to % coverage
fil.mthi ckn®999/30838 U shaped (recessed) panel

and
(6) was fir@deﬁﬁhgﬁgd out
5 generally rectangul ar form as own 1 n Fig.
portion (11) retained sofip recessed character because
pl anar form w t hout
ring t he unfol di ng procedure. 10 Film

of the points marked 'X
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material may be summarised as follows:

d(v)
d(v)

38.65%
14.02%

10

Example 6:

99

50

37.44 microns
12.23 nicrons
10
5

microns
microns

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 aluminium

C
hydroxide additive.

oxide instead

of the

alunminium

oxide/aluminium

The coating process was carried out as described in

Example 1,

with a workpiece as shown in Fig. 2,

except

20 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

25

Voltage

(Volts)
30

Tine

(s)

% Coverage on
5mm recessed
panel

Film
Deviation
of Film

Thickness

Thickness (um)

()

600

360

100 100

40 25 32

700

240

100 98

44 16 32

700

360

100 100

42 20 35




The % coverage of each face was assessed visually. The sane
procedures W089%/383%1 to obtain film25 thickness and @6coveﬁ5§@GW§P§”Fn
each of the other Exanpl es utilising U shaped (recessed) workpieces, and
anal ogous procedures were used in the case-oBsthe Exanpl es usi ng pl anar
wor kpi eces. It will be seen fromTable 1 that the optinmum 30results
were achieved with an applied voltage of 1.3 kV and a dip tinme of 240
seconds. Fig. 6 shows the particle size distribution of the

mat eri al deposited on the workpiece in Exanple 1, as a function of

deposition voltage and dip tine S conpared . . . ,

% - wi th thetpdrt Mo BheYs e FARERFLEoALER SHELFIRYYIAR Ofpbhter
coating conposmhtenial Hepositedeorseee twatkpiere i rEampdet i6clags 3&0e
deposited prefer al | ﬁ@?&l g ' d tiO f e
particle sizesgﬁgggﬁgf ¥§ % d%g%&ﬁﬁgﬁﬁm% 5§§§i¥%% %g%€i% é?éggggﬁ8§
di stribution obft kBedepbbiakocoatige domposayior. summari sed as fol | ows:

g(SV)SBfe;n'r ]cr onss 78é Parid1Ssize distribution H#)kRE' ldeposited
' material may be summarised as follows:

d (V)9 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 Standard
Smm recessed Deviation
{Volts) panel Thickness (um) of Film
Thickness
-VE
(pm)
30 Outer Inher Max. Mean
500 150 100 60 14 8 3
1000 150 100 70 23 i2 4
1250 150 100 95 40 21 11
1250 480 100 o8 26 16 4
35 1500 150 100 70 31 18 5
2000 150 100 80 58 33 7
2500 150 100 95 55 a5 8




10
8.67%

tribostatic
Parts by wei ght
Filler
Aci d- Functi onal
ex. DSM

WO 99430838 5
conposition used in this Exanple 15 was a
appl i cation,

(Cal ci um Car bonat e)

29. 58% <
m Crons

10 m crons ; )
Exanpl e 2: The prayebygsAat i ng
yhite hybrid powder designed for
and formul ated as foll ows:

Rutile Titani um D oxi de 252

140 20 Car boxylic
Pol yester Resin (Ural ac P5261
360 Epoxy Resin

230
5

1000 30

into

The extrudatgamasley owitkd N distFHbution

a

EmgyNM@Mﬁnqwgfthe particle size distribufizn of the

Wax

aﬂ@?f@y'ae 051ted on the workpiece in Exahple 7 at

edients were dry

m xed

in a bl'ender, and fed

t Wi n- scréw5 gg{'uﬁi\é’r éBer%‘P‘F‘P@dsrat asy coppapedatWiid oftheog[err]C.

5 composition.

of the

initial coating

The particle size distribution of the deposited
material may be summarised as follows:

d (V) g9
d(v)so

10 55.62% <
17.58% <

Example 8:

37.64 microns
9.13 microns
10
5 microns

microns

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 in an

impact mill to produce a powder with the following

particle size distribution:
35



- 27 - . inmpact mll to produce apovvder W|th the foll ow ng

particl e di sWOBG938N: Sv) [err PCT/EBW@Z'” .

m crons - d(v)[err] 45 48 mcrons 5

6. 06% < 10 m crons 1.70% < 5

m crons Before fluidisation, the conposition was blended W th
a 0.1% addition of alum nium oxi de. The coating process was carried

out as described in 10Exanple 1, except that the substrate was a planar,
rectangul ar al um ni um panel Q(Lmsmﬂx 60 mm) and68-57cBASFaRs dip tine of

100 seconds was used. d Jsbl e 2 bel ow summabi, $9SmiBLogEar acteri stics
of the finished coating after St andard bake and cuie as a 15 function of
the applied deposition volt abe.68% Tdble 210 6FPR%e Dip %
ggver age on I Sgwdard<20 5 microns

viation Vol ts Ti me(s '
Thi ckness ([@rr](rr) )F}ap;‘ﬁ) ( )flu£d3(.)gat?39 n, the 'czzlo}nganosition wasof

blended with 0.75% 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, 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
Air Voltage |Time| % Coverage on Film Standard
(s) Deviation
Pressure| (Volts) Smm recess Thickness (um) of Film
Thickness
(bar) -VE panel
(1)
Outer Inner Max. | Min.| Mean

1 1000 150 98 80 23 0 11 5

1500 150 100 50 57 0 17 11

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 99 14 0 9 3

1000 240 100 95 14 0 10 2

1500 150 100 95 17 0 12 4

1500 240 100 100 22 2 12 4

2000 150 100 95 40 0 22 9

2000 240 100 98 49 0 22 9

3 1000 150 100 60 15 0 12 4

'1000 240 100 50 13 0 9 3

1500 150 100 75 25 0 16 6

1500 240 100 80 23 0 16 6

2000 240 100 100 38 8 24 6




FIl at Panel Thi ckness

Max. M nwdipmess ([err]m 25 0 150 25PCT/GBY8/03777 62

0 41 . 12 500 150 - 3g 60 109 0 73~

26 750 150 95 109 21 61 24

1000 150 100 155 30 84 40 30 1500 150
100 225 75 130 47 - 28
- It will be seen that the thickness of the applied coating

i ncreases with increasing deposition voltage. Fig. 7.1 shows the

particle size di$triwidtli opeofseent hehatnt selativeppsithdsr ofilne We¥&pi ece in
Exanple 2 aﬁfﬁfeﬁﬁﬂf%ifﬁ Eﬁigrgkéﬁﬁygy tion voltage at constant dip tinme
. e

(150 seconds iner, particlés are deposited preferentiallé, W th
n

the maxi mum depoBRei RRHEIHE ofizepgrsigridutgonr alind® ArEPEhEe

dianeter, apdtétidlhay be summarised as follows:

5 d(v) g9 44 .65 microns
ad(v)se 10.66 microns
45.96% < 10 microns
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 ingredients were dry mixed in a blender and fed
into a twin-screw extruder operating at a temperature of

130°C.

35



be seen~thatﬁ&he deposited distribution curve is not 10 nuch affected by
changes in t oagmﬁétion vol t age. A further series ofpCIxgEIsIOIEML S
was conduct ed- at constant deposition voltage (1 kV) but at varying dip
times. The results were simlar to those shown in Fig. 7.1, i.e., t he
finer particles are deposited 15 prefer %tTaIIy with a peak at around
20 mcrons, and the deposited distributions were substantially

i ndependent of the dip tine. Fig. 7.2 shows the particle size

di stribution of the material deposited on the workpiece with a dip tine
200f 60 seconds, as conpared with the particle size di stribution of the

initial powder coatThg corfrusiateonvas BeunasUlds dor iflbRcti MBS 10 £30
seconds, 90 se n econ (pot shown-in Fig. 7.2) were al npost
i dentii - cal.ﬁggg&?@ “ é%%%%ﬁé y}%ﬁ tRe T'%iihﬁ&ﬁﬁ qlﬁéecoﬁﬁ6§ition
used in this EfdaaprEbutiems a brown pol yester/ TG C powder designed for

corona application and forrgjated as follows: 3 .
_ 09 - hﬂss %s.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.

Table 9:
20
Voltage| Time(s)|% Coverage| Film standard
on Flat Thickness (um) Deviation
{(Volts) {(100x50 )mm of Film
Panel Thickness
25
(pm)
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
-200 150 60 40 3} 16 13
35 -400 150 75 38 0 19 13
-600 150 29 47 13 29 10
-800 150 100 49 31 37 6
~1000 150 100 59 38 45 8




Parts by wei ght Rutile Titani um D oxi de 6 .
Red |ron (wO®e/30838 27 Yel | orc/ands/@3mDdnat e
35 5 . Lanp Bl ack 101 Fluffy 12 Filler
(Bari um Sul phat e) 207 =40 —cyr boxyl i c Aci d-Functi onal

Pol yester Resin 650 TA C

48 10 Fl ow Modi fier 10 Wax

2 Benzoin 3 15

991 The ingredients were dry mxed in a blender and fed into

a twi n-screw ext rygder papeialbng iade adistpEbat uor @t 20430[dupdsited The
extrudate was act . mll to rﬁgyce a powder with the

d
f ol | owi ng pé?%'r?gﬂspég’ gﬁ% PHATPENaS fol1o d(v) [err]

101. 94 nmicrons 25 d({v)ee d(v) [err] 44 .34 n3¢réf@sni crons
10. 51% < 10 1.5 ONs .+ 989 <
5 m crons Before(¥¢ﬁﬁPdisation, t he 36%633?%?%?$ﬁas bl ended
5 21.85% < 10 microns .
7.91% < 5 microns

Example 10:
The powder coating composition used in this Example
10 was a white hybrid powder formulated as follows:
Parts by weight

Rutile Titanium Dioxide 398
Carboxylic Acid-Functional

Polyester Resin 343

15 Epoxy Resin 233
Flow Modifier 10

Benzoin 3

Wax _ 3

20 -
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)gg 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
35



with a 0.1%by weight addition of a silica flatting 30 (natthgk§é%
The coatlngvﬁkﬁﬁﬁﬁg was carried out as described in ExanpP€eT 4l a
wor kpi ece as. shown in Fig. 2, except that a constant dip time of 240
seconds was used, and t he applied vol t age was-negative rather than
positive. 35 - 30 -
Tabl e 3 bel ow summari ses the characteristics of the finished coating
after standard bake and cure as a function of the applied deposition
vol t age: Table 3 5 10 Vol tage % Cover age on
Film .a%?ndgrd . )
Devi at i on OFYGE: §7d Hupirium dydroxddepdAa) : 55 Wikness ([err]m
The coating process was carried out as described in
Example 1, except that the substrate was a planar,
rectangular steel panel (150 mm x 100 mm) pre-treated
Swith zinc phosphate, a constant dip time of 150 seconds
was used, and negative voltages were applied to the

substrate.

Table 10 below summarises the characteristics of
the finished coating after standard bake and cure.

10
Table 10:
15 Voltage| Time(s) | % Coverage on Film Standard
Flat Thickness (um) Daﬁgmaon
(Volts) (150x1.00 )mm of Film
: Panel Thickness
-VE
(pan)
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
9
55 | 1250 480 100 41 6 24
1500 150 100 42 10 26 9
1750 150 100 64 27 35 11
2000 150 100 101 20 44 21
30

35



Film - VE Thi ckness, 15
out er Wer30838 Max. M n. Mean (m 500 pEH8B9s03777 O
0 0. O 0 0 20 1000 2 240 75 55 - 37
0 23 13 1500 240 104 80 65 0 44
15 2000 240 100 100 100 55 69 11 25
30 Fig. 8 shows the particle size distribution of the mat eri al
deposited on the workpiece in Exanple 3 at a deposition voltage of -2 kV.
35 The particle size distribution of the deposited. mat eri al may be
sunmari sed as fol rhes:particle size distribytifow rbf the deposbHed3
m crons . (Qﬂ | els 15. 13 mcrons
32 10% mate<r1al may béjm cror#gs as follows? 12 420 <
5 m crons d (V)9 51.81 microns

d (V) so 13.40 microns

) 33.97% < 10 microns
10.63% < 5 microns

As is explained above in relation to Example 1,

when 3 kV is 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 XV to

3 kV used in the above Examples, the maximum potential

gradient present in any of the Examples is 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 rectangular “tube” of height
7.5 cm, width 4.5 cm and depth 3.9 cm. When positioned
centrally and upright in a Nordson Corporation

K imio Qg

30 cylindrical fluidisation unit of 15 cm diameter, the
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



- 31 -, ‘ Exanpl e 4: The powder coating conposition used in
this Exanpl WO 9488, white epoxy/ pol yester hybrid formul at eBCEEBIPYIT ons:

5 . Parts by wei ght

Rutile Titani um Di oxi de 352 ~ 43 - Car boxyl i ¢

Aci d- Funct i onal Pol yester Resin 317
Epoxy Resin 314 10 Fl ow Modi fier

10 Cat al yst 1

Benzoin 3 WAx

3 15 voltage applied to the substrate is 1 kv. A936serves as The

1
Rt G PR NY L ACT N SR T T
ground in an gnpactkvidn tis welddubelewpotider imrisdtienf opbtentiabarticle
size diStrié%géfgkt of 30 kV/cm for gqg)ggr%kmospheric prégsagepicrons
5 That is, the maximum potential gradient present in the
apparatus used in the experiment is 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
oscillation or vibration of the workpiece, it 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 1kV.
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:

d 51 microns
e 42 microns
£ 47 microns
25 g 53 microns

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,14c) 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.



25 d(v)[err] 21.61 mcrons

16. 58% W0 99/20838 10 m crons 5. 19% PCT/GB98/037%7

5 m crons Before fluidisatijgn. the conposition was-

bl ended with 0.75% by wei ght of a dry flow additive 30conprising alum na
and al um ni um hydroxi de (45% : 55% by wei ght) . The coating process

was carried out as described in Exanple 1, wth a workpi ece as shown in
Fig. 2, except that a constant dip tinme of 150 seconds was used. 35

- 32 - Tabl e 4 bel ow summarises the characteristics of the
finished coatingInapperatienndar livdkdsednbedcoife a aROWdRT QQAIHNDN of the

applied geroébﬁﬁéﬁhﬁiﬁﬂagfs astabl £sed witBHAtagBe TEMRidisatddPverage
on i

ard
Deviation  Chagigy(d}3) @snfi 5 S8FRPF e Ods staFkpiecesthilcleldsd [ &% 1 m)

of immersed and transported through the bed in a direction
5 shown (by means not shown). Each workpiece shown in
Fig. 13 is 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 polarities of successive
workpieces are in alternating seduence. The alternating
polarities of the workpieces and the voltages applied to
the conducting sections 15a, 15b, 16a 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, l6a 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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8 20 Fig. 9 below shows the particle size distribution of the
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22 and 23 THeV)drRis [of the steel rcd<08281 en@ne9 are

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

tdon to passing through aa?§§T§§§]l the steel S| 5

may be

5 threadearald, gufh (SRR (G, SR SAFRAGSFe PR 18 as



conpared with the previous Exanple, and also that, with :
Ww099/30838 the finer initial distribution, the pret¢EGBIS03aY7 .
deposition_of finer particles (peaking at around 20 m crons) |eads to

- 33 -

| ess differential depletion of the sized4® stribution of the initial

]

conposi tion. 5 Exanpl e 5: The powder coating conposition
used in this Exanple was the sane as that used in Exanple 4, except that

t he

S5 w'w) was incorporated in an anmount of 0.3% by wei ght instead of
by weight. ¢emperatfifeCodl ifh PEOCESS VGRS ARIdHL Y g2Buasa bed in

dry flow additive conprising alum na and al um ni um 10hydr oxi de (45 :

0. 75%

Exanple 1, wth a workpiece as shown in Fig. 2, except th a, const ant
%ﬁ@ Oﬁg

vol t age of iRRRGAs &Rd PRedYsef |3, &P¥

dW$t$ré§§hr

Wingar.

Tabl e 5 bel parsusnars£e6 dheteimiwidey i stics of the ~finished coating
after standard bake and cu&?v?s a 5fl_.’unction of the dip tine.
99

= microns
5 d(v)so = 22 microns
16% < 10 microns
5% < 5 microns

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

10 and aluminium hydroiide (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 its height with the powder
described above and the powder was fluidised using
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

25the 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 ionisation in the
fluidised bed. The maximum potential gradient of 6.67
30kv/cm lies within the range 0.05 kv/cm to 10 kV/cm given
above.
The arrangement 20 including 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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- 34 - .10 the particle size distribution of the
material deposii%d W%ﬁ’@%ﬁ ?@cewﬁﬁ ESNRpREted ot t8pofront-to-back

oscillatory motion and, also, a vertical dipping motion,
maintaining powder fluidity in the recesses of the
workpiece 24. The process was carried out three times
Swith different numbers of rods 28, 29 as described in
the following three experiments. At the end of each
experiment, the workpiece 24 was removed and subjected
to a standard bake and cure. The remaining apparatus was
thoroughly cleaned of deposited powder and reassembled
10 along with a replacement workpiece 24.
Experiment 1

The second plurality of rods 29 were included
without the first plurality of rods 28. At the end of
the coating period, there was found to be 100% coverage

150f the rear recesses (as viewed) in the workpiece 24
facing the second plurality of rods 29. In the front
recesses (as viewed) where the first plurality of rods
28 had been omitted, the workpiece 24 was found to be
coated only to a depth of 4 cm below the upper edge and

20 above the lower edge, the coating ending abruptly. The
remainder of the front (as viewed) of the workpiece 24
was bare except for some specks of powder indicating
virtually no powder deposition.

Experiment 2

25 Only half of the second plurality of rods 29 were
included and so distributed that rod-present recesses
alternated with rod-absent recesses. After the coating

process was completed, those recesses in which rods had
been present were found to be fully coated while there

30 was coating in the recesses where there had been no rods
only to 4 cm below the upper edge and above the lower
edge of the workpiece 24. The front of the workpiece 24
was as for Experiment 1 above.

m

29
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deposi t ed
d(v)[err]
12.23 mic
14. 02%

coating c

Exanpl e 4,

of alumn
addi ti ve.
Exanpl e 1,

as conpared with the particle size distribution of the-initial
OMELHI0BI8N . 5 The particle size distributi orPC'UGB&tsV(mW
. material may be sunmarised as fQ;Ioms
37.44 mcrons d(v)[err]
rons 38. 65% < 10 m crons 10
< 5 m crons Exanpl e 6: The powder

onposition used in this exanple was the sanme as that used in

except. that the 15 conposition was bl ended with 0. 3% by wei ght
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The perceived advantage of the process described
above is that the presence of the earthed counter-
10 electrodes in the recesses so influences the electric
field around the workpiece as to cause the electric
field to extend fully into the recesses whereas, without
the earthed counter—-electrodes, the electric field
penetrates only slightly into the recesses. The improved
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,

St andard
of
ess

25 34 for a workpiece and counter-electrodes, respectivelyh

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 is shown mounted on

a

30 fluidising chamber 38 provided with an air input port 37.
In Fig. 17, the arrangement 30 of Fig. 16 is shown as

carrying a plate-like workpiece 36 and flanked by plate
like counter-electrodes 35.



Quter I nner: VaX . M n. Mean 600 360 100 100 40

25 32 WO 9930838 700 240 100 08 44 PCTEBISNYIT
7 700 - 360 100 100 429 20 35 6 -
- 35 Fig. 11 shows the particle size distribution of the

mat eri al deposited on the workpiece in Exanple 6 at 360 seconds, as
conpared with the particle size distribution of the initial coating

conposi ti on. 5 The particle size distribution of the deposited
material may be summari sed as foll ows: d(v)[err]
38.94 mcrons Example 13 g (y)[err] 11. 65 mi crons
43. 05% < ThelGowdeP GRHInk0 composition used8iR?¥his ExampTe

5 m crons . ,
was a white epoxy/polyester hybrid formulated as in

Example 4. The ingredients were dry mixed in a blender

Sand 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)ss = 59 microns
10 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
15alumina 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
its immersion.

30 The perceived advantage of this process is the
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



Exanpl e 7: The powder coating conposition used in this Exarrpl e ,was
the sane a¥Q¥408B¥sed in Exanpl e 4, except that the 15 CONIECTHEBIBNITAS

bl ended with 0.3% by wei ght of silica i nstead of the alum nium -

oxi de/ al um ni um hydroxi de additive.~ 30 ~ The coating process was
carried out as described in Example 1, with a workpi ece as showm in Fig.
2, except 20 that negative voltages were applied to the workpi ece and t he
fluidising air pressure was 2 bar. Tabl e 7 bel ow summari ses the
characteristics of the finished coating after standard bake and cure.
Table 7 the woviptiege 36iared shhe v%l@&velfagﬁeoﬁflufﬁiéﬂng chamb'é&‘andard

Smm r ecessgd gﬁ_sixlts 11? ﬁedtl@@(bﬂt §i8"%he undes(lrai:rl.e accumula'%lon

Thi ckness (t[ rrl

Thi ckness ©f powder\gn the walls of the fluidising chamber 38. ([err]m
Quter Inne'fabl%‘m 'Vb@lOMaBuﬁQarlses théo&aréc'_%%rls(giégogf 60 14
0 70 1 4

1250 150 the’ Ejpjshed %‘%%%946%%96 a ggandarg bake and cyygpasspo . 100
98 26 fupctiqmy of thel vadiages appDied 1660 the widdkpiece736 andl 0 18

S the counter-electrodes 35, demonstrating the influence of

the counter-electrodes.

Table 11
10
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 84 100 125 114 121 3 28 14 24
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Fig. 12 shows the particle size distributionof. the mat eri al deposited on

t he workpi ece in Exanple 7 at -1.5 kV and 150 seconds, as conpared

with the particle size distribution of the initial coating 5

conposi tion. The particle size distribution of the deposited

mat erial may be summari sed as foll ows: d(v)[err]

37.64 mcrons d(v)[err] 9.13 microns 10

55. 62% CLAIMS: 10 m crons 17. 58% < |

5 m crons Exa I Th oa I tion use
l | ©icess for Qoﬁ}ﬁ‘ﬂﬂge 5 V\S S%ﬁé’"pféat e% A

in this Exanple a gre oxy/ di cyandi am
fol | ows: P Conduct ive gsugstgatg, Wthh compr:.ses p@(sttgbgyshépghta

Rutile Titani ufliddieede bed of a powdéP4coating composition, immersing
5 the substrate wholly or partly within the said fluidised
bed, applying a voltage to the substrate for at least
part of the period of immersion, whereby particles of
the powder coating composition adhere to the substrate,
withdrawing the substrate from the fluidised bed and
10 forming the adherent particles into a continuous coating
over at least part of the substrate.

2. A process as claimed in claim 1, wherein the
substrate comprises metal.

3. A process as claimed in claim 1 or claim 2,

15 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 in sequence,
in which direct-current voltage is used and the
polarity of the voltage applied to successive

20 substrates 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 of
alternate polarities is transported through a fluidised

25bed established within a fluidising chamber having walls
composed alternately, in the direction of travel of the
substrates, of insulating sections and conducting
sections.

6. A process as claimed in any one of claims 1

30 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.

B0 A
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2 20 wo 99/56888 er (Dol omi te) 63 PCT/GB98/037%1 | | er
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Benzoin 3 25

1000 30 The ingredients were dry mxed in a blender, and fed
into a twin-screw extruder operating at a tenperature of 90[err]C
The extrudate was ground in an i mpact mll to produce a powder with the

following parti?le shzprdcessi bst iclaimgdd in any one of claims 1
L to 6, wherein the fluidifet'bed' ik established withif&r’
earthed vessel. '

8. A process as claimed in any one of claims 1

5to 7, in which one or more counter-electrodes,
preferably earthed, are disposed within the bulk of the
powder coating composition.

9. A process as claimed in any one of claims 1
to 8, wherein there is no earth connection to the

10 substrate.

10. A process as claimed in any one of claims 1
to 9, wherein the substrate is wholly immersed within
the fluidised bed.

11. A process as claimed in any one of claims 1

15to 10, wherein there is no preheating of the substrate
prior to immersion in the fluidised bed.

12. A process as claimed in any one of claims 1
to 11, wherein the powder coating composition is a
thermosetting system.

20 13. A process as claimed in any one of claims 1
to 12, wherein the powder <coating composition
incorporates, by dry-blending, one or more fluidity-
assisting additives.

14. A process as claimed in claim 13, wherein the

25 powder coating composition incorporates a combination of
alumina and aluminium hydroxide as fluidity-assisting
additive.

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

30 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.

L L




d (v) [err] - 22. 67 mcrons 14. 68%

10 WO 99/30838r ons 5. 23%PCT/GBIS/ONTTT
5 m crons 5 Before fl 'G:gi_sat i on, the conposition
was bl ended with 0.75% by wei ght of an additive conprising al um ni um
oxi de and al um ni um hydroxide (45 : 55 ww). The coating process
‘was carried out as described in Exanple 1, wth a workpi ece as shown in
"Fig. 2, but with 10 negative applied voltages and varying the fluidising
air pressure. Tabl e 8 bel ow summari ses the characteristics of

t he finished roatikgpardtive forstumedaind a bpkecessnas clabmed inTable 8
Al T Vol tages TLHE of CERRIS A 15E§8Fa??%ﬁEng a_coating Jpngdard

(s) ) i | Pr essure (Vol ts)
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therein;

(c) means for immersing a substrate wholly or partly within

10 the fluidised 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
particles of the powder coating composition adhere

15 thereto;

(e) means for withdrawing the substrate bearing adherent
particles from the fluidised bed; and

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

20 17. A substrate 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 voltage applied to the substrate is

25 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

30 existing in the fluidised bed lies between 0.05 kV/cm

and 10 kV/cm., both limits included.
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38 lieg between 0.05 kV/cm and 5 kV/cm., both 1limits
included.

5 21. A process as claimed in claim 20, wherein the
maximum potential gradient existing in the fluidised bed
lies between 0.05 kV/cm and 1 kV/cm., both 1limits
included.

22, A process as claimed in any one of claims 1 to

1015 or 18 to 21, wherein the voltage applied to the
substrate lies between 5 kV and 60 kV, both limits
included.

23. A process as claimed in claim 22, wherein the
voltage applied to the substrate lies between 15 kV and

1535 kV, both limits included. '

24. A process as claimed in claim 23, wherein the
voltage applied to the substrate lies between 5 kV and
30 kv, both limits included.

25. A process as claimed in claim 22, wherein the

- 20 voltage applied to the substrate 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

' 25mnmicrons, both limits included. _
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

30 particles vary in size between 25 and 50 microns, both
limits included.

29. A process as claimed in claim 28, wherein the

particles vary in size between 20 and 45 microns, both
limits included.
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It will be seen that relatively thin films were achievable in this
Exanpl e. WO 9388 particle size distribution of the deposi REUGBIMETE! i al

may be summari sed as foll ows: 5 d(v)[err]

44. 65 m crons d(v) [errT 55 - 10. 66 m crons

45. 96% < 10 m crons 13. 08% <

5 m crons 10 Exanpl e 9: The powder coating conposition used
in this Exanple was a green polyester/primd powder fornul ated as

fol | ows: Parts by wei ght 15

Yel low Iron Oxide 30. A process as cldfined in any one lofMriBliack 11@b Fl uffy

1 ana e . 19, X Rutile
Ti t ani um Di oxitde® th'e 53, th;eln the substragte receives @ £R/MEG onal 20
Pol yester Resbiffi thickness betweexS?L"b and 200 micr¥unsy dbXtb52ifrexs EMS)

30 r 341

Benzoi n inclbhed! 3 Fl ow Modi fier
10 25 5 wagl. A process as claimed in claim 303 wherein the
993 30 substrate receives a coating of thickness between 5 and

100 microns, both limits included.

32. A process as claimed in c¢laim 30, wherein the
substrate receives a coating of thickness between 10 and

10150 microns, both limits included.

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

34. A process as claimed in claim 33, wherein the

15 substrate receives a coating of thickness between 60 and
80 microns, both limits included.

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

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

37. A process as claimed in claim 32, wherein the
substrate receives a coating of thickness between 15 and

2540 nicrons, 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.

39. A process as claimed in claim 38, wherein less

30 than 5 mA flows in the substrate.

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

41. A substrate whenever coated by a process as

claimed in any one of claims 18 to 40.



The ingredients were dry mxed in a blender and fed into a tw n-screw,

extruder operating at a tenperature of 130[err] C 35

- 39 - WO 9930838 The extrudate was ground in an iﬁpcgé(%ws/r?ﬂ??; to
produce a powder with the follow ng particle size di stribution:
d(v)[err] 78.7 mcrons 5 d(v)[err]

26. 26 m crons 12. 77% < 10 m crons
5.21% < 5 m crons efore fluidisation, the

conposition was bl ended 10with 0.3% by wei ght of an additive conprising
al um ni um oxi de and al um ni um hydroxide (45 : 55 ww). .
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The coating ocess was carried out as described in Exanpl e 1, except

t hat. t he sub¥O2P883%as a pl anar, rectangul ar al um ni um pareT/GBISIEB7TMM X
50 nm, a constant 15 dip tinme of 150 seconds was used, and the applied-
vol tage was varied from+ 1kV to - 1kW. Tabl e 9 bel ow summari ses

t he characteristics of the finished coating after standard bake and
cure. 20 Table 9: Vol t age Tin€£§510 coverage Film

St andar d on Fl at hif CKness ([err]m Devi ati on
(Vol ts) (300x50) of Film

Panel Thi ckness 25

([err]m Max. Mn. Mean 0

150 10 7 s 4 200 150 70
17 0 9 400 150 100 30 6 18
6 600 150 38 24 31 4 800

150 100 , 1000 150 100

51 41 45 60 40 0 16
13 35 -400 150 4 13 - 600
150 99 47




- 800 150 100 49 31 6 -1000 - 150.

100 59 wo 99/30838 45 8 PCT/GB98/03777 = -
40 - ) The particle size distribution of the deposited materi a
may be sunmarised as ‘foll ows: d(v)[err] 44. 34
m crons d(v)[err] 16.61 mcrons 5

21. 85% < 10 mcrons 3/114 7.91% <

5 m crons Exanpl e 10: powder coating conposition
used in this Exanple 10 was a white hybrid powder fornulated as foll ows:
Parts by wei ght Rutile Titani um D oxide 398

Car boxyl i ¢ Aci d- Functi onal Pol yester Resin
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Benzoi n, 3 Wax

3 20 WO 99/30838 990 PCT/GB98/037Mhe
ingredients were dry mixed in a blender and fed 25 into a twin-screw ~
extruder at a tenperature of 108[err]C The extrudate was ground in an
I mpact mll to produce a powder with thg f0l)J owi ng particle size
di stribution: d(v) [erj/fz 89. 56 m crons
d (v)[err] 32.58 mcrons 30 7.95% < 10 m crons
2. 56% < 5 m crons Before fluidisation, the
conposition was blended wth 0.75% by wei ght of an additive conprising
al um ni um 35 a - 41 -
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oxi de and al um ni um hydroxide (45 : 55 ww). The coating process
was carriwe 99-dbs3gs described in Exanpl e 1, except that POTGRIBOINT at e was

a planar, rectangul ar steel panel (150 mm x 100 mrm) pre-treated 5 with
zi nc phosphate, a constant dip tinme of 150 seconds was used, and
negati ve vol tages were applied to the substrate. Tabl e 10 bel ow
summari ses the characteristics of 57{154“ shed coating after standard
bake and cure. 10 Tabl e 10: Voltage Tinme(s) % Cverage on
Film St andar d Fl at Thi ckness
([err]m Devi ati on (Vol ts) (150x100) nm
of Film Panel Thi ckness
- VE Max. Mn. Mean - 500
150 100 3 9 21 8 750 150
100 34 7 208 84 §oo 150 100
41 7 24 9 25 § 1250 480 = 100 41 6
24 9 1500 15% = 100 % 42 10 26 9
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1750 150 - 100 64 27
100 . MR 99/30338 44 21 30

material may be summari sed as foll ows:
51.81 mcrons d(v)[err]

33.97% < 10 m crons 6[1
m crons As i s explained above in | fal
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d(v)[err]
13.40 m crons
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when 3 kV is applied to the workpi ece the maxi num 10potential gradient. in
the flui dweisegogdss is |ikely to be about 0.79 kV/cm andpcraBosiar7vol t age
range of 0.2 kV to 3 kV used in the above Exanpl es, the maxi num potenti al
gradient present in any of the Exanples is expected to be within the

range 0.05 kV/cmto 10 kVfcm 15 le 11: The powder coating
conposition used in this Exanple wag /t sane as that used in Exanple 10.
The substrate was an al um ni um extrusi on as shown in Figs. 4 and 5. The
di nrensions of the faces designated 20 d to g in Fig. 4 are as foll ows:

d: 2.9 cmby 7.5 cm e: 3.5gmby 7.5 cm f :2.9cmby 7.5
cm g: 2.3 cmby 7.5 cm 25 F Considering the conmmon di nensi on of

7.5 cmas the hei ght of the subst Qé'lte shown in Figs. 4 and 5, the
substrate would fit into a rect angugr "tube" of height 7.5 cm width 4.5
cmand depth 3.9 cm Wen positionedY centrally and upright in a
Nordson Corporation 30 cylindrical &@cfluidisation unit of 15 cm di aneter,

t he m ni num spaci ng bet ween t he s&)strate and the wall of t he
fluidisation unit would be afmout 4. &cm resulting in a maxi num potenti al
gradi ent between the substr]ags ap@the fluidisation unit of abow 23
kV/ cm when t he C)

b
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- 43 - + voltage applied to the substrate is 1 kV. Air serves as t he
flui di sing WO %M naxi num potential gradient of 0. 23 k\PGCTGBS/OAETT

bel ow, the ionisation potential gradient of 30 kVVcmfor air at ’

at nospheric pressure. 5 That is, the maxi num potential gradient present in
t he apparatus used in the experinment i pected to lie bel ow 1 kV/cm
When the voltage applied to the substrat 71 1 kV, the substrate would
need to come within 0.033 cmof the wall" of 'the fluidisation unit for the
maxi mum 10potential gradient to reach 30 kV/cm Allow ng for oscillation
or vibration of the workpiece, it is gxpect ed that the conditions would
result in maximum potential gradientsin the range 0.05 kV/cmto 10
~kV/icm as stated above. 15 The coating process was carried out as
described in Exanple 1 with a dip tims of 150 seconds at 1kV.

Approxi matel y 100% cover age of the subsBrate was achieved after

standard bake and cure (i ncl udi ngﬂ coverage of the inner surfaces of
the void (12) and of 20 the various illgstrated recesses) with film

t hi ckness as follows on the faces desHgnated d to g: d
51 m crons € m crons f
47 m crons 25 g | %’ 83 mcrons Referring toéj)g.
13 of the acconpanyi ng draw ng's,g 9 ’
S D (@)}
1S |5 i
| 3 Q L
= q
= L
I = Q
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the second formof fluidisation and coating apparatus conpri ses. a .

fl ui di sat iwo o/bmsber indi cated general ly by the referenper/gpogesmy (13)
having walls conposed 30 alternately of insulating sections (14a, 14b, 14c)
-and conducting sections (15a, 15b). End sections (16a, 16b) of the
fluidising chanber are al so conducting. The conducting sections 16a, 15a,
15b and 16b are connected to respecﬁgbﬁ1 Itage sources V1, V2, V3 and
V4, - In operation, a
fl ui di sed-bed of a powder coating conpositlon is established within the
fluidisation chanber (13) and a segies of workpieces (17,18,19) is

i mrer sed and transported through thé&@bed in a direction 5shown (by neans
not shown). Each workpiece shown ifN Fig. 13 is of the formshown in Fig.
2, but the apparatus can in princﬁple be used to coat articles of any
desired shape. For at least gg@rt of the period of immersion, the
10wor kpi eces are electrically chargéd by neans of direct vol tages in such
a way that the polarities of succes§&ve workpieces are in alternating
sequence. The alternating pol ariticgs of the workpieces and the vol tages
applied to
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t he conducting sections 15a, 15b, 16a and 16b of the 15 wall of the

f1 ui di si ng cwershmes383, along with the bipolar charging of PEEHGBR@ET
particles, result in the workpieces being subjected to a sequence of ~
condi tions as they pass through the fluidising chanmber. The conducti ng
sections 15a, 15b, 16a and 16b may,.20, aJternatively, be al
connected to the earth term nal of théﬁ}(g# supply rather than to
vol t age sources. Referring to Figs/ I4 'and 15 of the acconpanyi ng
drawi ngs, an arrangenment 20 used in carrying out Exanple 12, descri bed
bel ow, includes side (as viewed) pillars 2521 of electrically insulating
mat eri al, upper and | ower (as viewedEsteel bars 22 and 23, a corrugated
st eel panel 24, a steel front (as vi d) plate 25, a steel rear (as
viewed) plate 26, -a plurality of securing bolts 27 hol ding the steel
plates 25 and 26 firmy together 30wi t the corrugated steel panel 24

bet ween t he st eel pl ates 25 and 26, #®first plurality of steel rods 28
passing through front (as viewed) recegses of the corrugat ed steel panel
24 in addition to passing through apaitures in the steel bars 22 and 23
and a second ' - 45 -
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plurality of steel rods 29 passing through rear (as vi ewed) reeesses. of
the corrugy) p@essgeel panel 24 in addi tion to passing thrgigtBeamertrures in
the steel bars 22 and 23. The ends of the steel rods 28 and 29 are -

5t hreaded 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
side pillars 21 are attached to thz 19bt21and | ower steel bars 22 and 23,
forming arigid frane. The side pill re al so 10securely cl anped
between the front and rear steel plates 25 and 26 by threaded bolts
secured by nuts. The arrangenent 20 is a rigid assenbly in which the
front plate 25, the rear plate 26 and the corrugated panel 24 forma
first conductive sub-assenbly while the upper bar 1522, the | ower bar 23
and the rods 28, 29 forma second &ub-assenbly. The first and second

sub-assenblies are isolated electrfpally fromeach other by the non-
conductive pillars 21 and no parts of the two sub- assenbl i es contact one
anot her. 20 The corrugated panel &4 includes corrugations of a

maxi mum depth of 4 cm and the di nensfons of the panel 24 are 30 cm
(length) by 18 cm (height). Th@ corrugat ed panel 24 serves as the

wor kpi ece and the rods 28, se vEEas count er-el ectrodes in(Expane 12
descri bed 25 bel ow. ng:arr n enent 20 is 4 cmthick andes=t s overal
di nrensions are 42 cm (| ength) un1(he|ght) The front ang_¥ear
plates 22 and 23 are each 14 om hi ghks 30 Exanpl e 12: .S)he
powder coating comnposition L’sg{:l |n t@s Exanpl e L
~
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was a white epoxy/polyester hybrid fornulated as in Exanpl e 4. The
i ngredi ent s wes®388 i xed in a blender and fed into a t wRCHEBBWTTT

extruder operating at a - 46 -
tenperature of 108 C. The extrudate was ground in an inmpact mll to
produce a powder with the foll ow ng papl gl e size distribution:
d(v)[err] = 55 mcrons 5 fgjii’err] = 22 mcrons
16% < 10 mcrons 5% i crons Bef ore

fluidisation, the powder was bl ended with 0.6& by weight of a dry flow
additive conprising alumna 10 and al um ni um hydroxi de (45% 55% by wei ght).
The coating process was carried out as follows on the frame descri bed
above with reference to Figs. 14 and 15: A rectangul ar fl uidising
vessel of dinmensions 80 cm 15 (length) by 40 cm (w dth) by 50 cm (height)
was filled to three-quarters of its height with the powder descri bed
above and the powder was fl uidi sed using conpressed air at a pressure of
4 bar. The panel 24 and N :
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the front and rear plates 25, 26 were connected to a 20 positive: voltage of
2 kV. Theygpesyssdar 22 was connected to the earth term REN/GBISANIE nai ns
supply, maintaining t he 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
m ni rum di stance between the rods 28, 29 and 25 the panel was neasured as 3
mm giving a maxi mum potenti al gﬁt# of 6.67 kV/cm between the charged
and the earthed parts, well bel evel of 30 kV/cmthat woul d
result in corona effect or ionisation in the fluidised bed. The maxi num
potential gradient of 6.67 30kV/cmlies within the range 0.05 kv/cmto 10
kV/ cm gi ven above. The arrangenent 20 including the workpiece 24
and the counter-el ectrodes 28, 29 was i mrersed vertically in t he
fluidised-bed for a tine of 300 seconds during which
- 47 - Phe arranqﬁfe g 20 was subjected tg front-tgQ-back
OSCI||atO‘y fion and, é8 a vertical di ppi pg Got i on, 2 ) pe-R-a-ai/ng

y 3

powder fluidiltly i nodchemp : @bomeo-owrlmo 20 Jkel brocedt was
carried CEAENIES . AR OO\ RV AN BN
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the follow ng three experinents. At the end of each experinment
wor kpi ece 2Wome80838noved and subj ect ed to a standard bak@cyﬁpﬁlfwy ~The
renai ni ng appar at us was t hor oughly cl eaned of deposited powder and
reassenbl ed 10 along with a replacement workpi ece 24. Experiment 1
The second plurality of rods 29 were ijgc wi thout the first plurality
of rods 28. At the end of t he coatiﬁg r , there was found to be 100%
coverage 15 of the rear recesses (as viewed) in the workpiece 24 fgcing
the second plurality of rods 29. In the front recesses (as viewed
the first plurality of rods 28 had been omtted, the3gp(§
pp

pi ece 24
found to be coated only to a depth of 4 cm bel ow t he *Oﬁ
\7}

20above the | ower edge, the coating ending abruptly. 7 pder of the
front (as viewed) of the workpiece 24 was bare exce g specks of
powder indicating virtually no powder depositign peri me 2335
Only half of the second plurality of rods 28 e "l uded and so

di stributed that rod-present recesses
recesses. After the coating pr ocgss
whi ch rods had been present werg
was coating in the recesses : only to 4 cm

bel ow t he upper edge and-2 4vor kpi ece 24. The
front of the workpi ecg/~RZ " v , i 1 above.

Fig.16

t hose recesses in
coated while there 30

T~/31
57 |11 —l
T s
Ej/37
5~ |1 -
/ .
38
v - Flg17



4é . Experinment 3 Both the first, and, the second plurality
of rods 28, 29 were included providing a rgd<in e“very recess |m the
wor kpi ece 24. Full coating was achieved in h the front« ancl rear

recesses, the O%"ﬁﬁé’&%ﬂgﬂ@ggﬁéquwgrﬁsen%gﬁﬂq,ﬁr%e n cont rtrq:f“é/clntuge

front and rear plates

process descri begd retslbedifig itfe sveRiprk r ﬁxanserﬁﬁ'aﬁg?sgtfgg‘rolhgh@%ﬁsg-ﬁ% CRUH %alg

electrodes in the recesses SO |nf ences the aroun
wor kpi ece as t o of abs eotdna-chiarging ietectrotitid grocess Hovnsef, thbie isnd %trbﬁg electric
recesses whereas i t hout t he earthed counter- electrodes the eléctric

field pene?rat ?FWCB rthfg@halrgmg glestrodes anddbe sdsstramorkpmwmd a$a result,

penetration of ctric eld into the recesses | eads to i npraoved
penetration of %‘R%F efag # oparates (0.3 e¢riain edgnt ane lgads WM\QEPG%B%QEd

Bor 1031 on i n na P%‘v% @%ﬁé@%&ﬁﬁﬂéﬁgﬁ@%ﬁg LPFBR3UPITE 50 cuen | mpose bl o
16 of the. accompanyi g, or an ngs iicies s AAREAR, Apidised b PRIk dnbliv Tl
Exanpl e 13,  desappiretishntlodingiarfilidisedbed bfpovdered niavérizd i alfisdised fayer of
10 which are located charging electrodes. In the discussion of the prior art, suitable
charging eIectr(_)des are indicated as being in the form of needles, wires or plates
maintained at a high voltage for the purpose of generating ions which attach
themselves to powder particles and cause them to be deposited on a workpiece in
the fluidised bed. DD-A-126 791 is directed to arrangements including porous
15 charging electrodes.

GB-A-1 059 166 discloses an apparatus, which does not include a fluidised
bed, in which an article to be coated is connected to a source of high voltage while
suspended in a tank. Finely powdered plastics material contained in the tank is
made to form a mist and to coat the article by an electromotive force exerted on the

20  powdered plastics material by the high voltage of the article to be coated combined
with a degree of agitation of the powdered plastics material.

The present invention provides a process for forming a coating on a
conductive substrate, which comprises establishing a ﬂuidised bed of a powder
coating composition, thereby effecting tribostatic charging of the powder coating

25  composition, immersing the substrate wholly or partly within the said fluidised
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
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25 84 for a wor kpi ece and counter-el ectrodes, respectiyvely, ., and, guides 32

Referring to Fig. 17 of the acconpanyi ng drap rngs,, - .the ‘a‘r'rsang‘er:rgr:lt:“?lo of

Fig. 16 i s shownhdfydbe smaie W [V C PL QAL | R i r
I nput port 37. erI n Fig. 17@?%3%%@5 ngghrrﬁefs ﬂ%ﬁ?’?‘ga éo%ﬁbg%c%ﬂé@mae

carrying a pl at ecHargesl substantisiyebyBfriotiofl aldrerindddbste b Sesubstrate kWithdrawing the

counter-el ectrodes 35. L i - 49-

Exanpl e 13 substrafe Fomddhe dbudised) bednpod i forromgu thed adhereht pakicleplisto a

was a white epoxy/polyester, hybrid fornmulated as in Exampl e 4. The

i ngredi ents %ree/%&‘?“ﬁ?&%upg oxenAt deagepart B%tgﬁé‘%%tq nto a twin screw

extruder operating at . a f err] C._The extrudat

ground in an i rrpac(t"8nn‘1lelrsfl&§:§19 gﬁ"o u cgeng pﬁ%@‘ﬁ%% m\gﬂ %lﬁopﬂ%uqugl qo&@p&ﬁnc\f@dsmg,

particle size diwhéd r&itiate i i e '
héreDAppr&ptiate, curing of the apgg/loed Qéﬁ)p%%’h%ﬁ)g%aﬁzbé“eﬂfe%ﬁ thPheat

d (v)[err]= 25 mcrons
3% < 5 mcrdnsatment and/or by radiant energy, notably infra-red, ultra-violet or electron beam

for nmounting the bar 31 on a fluidising 94t]armerj (not* shown. « = =«

radiation.

10 In the process of the present invention, particles of the powder coating
composition adhere to the substrate as a result of the frictional charging (tribostatic
or “tribo” charging) of the particles as they rub against one another in circulating in
the fluidised bed. As compared with processes in which a substantial electric field
is generated between charging electrodes and the substrate workpiece, the process

15 of the present invention offers the possibility of achieving good coating of
substrate areas which are rendered inaccessible by the Faraday cage effect.

The process of the present invention is conducted without ionisation or
corona effects in the fluidised bed.
The voltage applied to the substrate is sufficient to attract the frictionally

20  charged powder coating particles to the substrate while resulting in a maximum
potential gradient that is insufficient to produce either ionisation or corona effects
in the fluidised bed of powder coating composition. Air at atmospheric pressure
usually serves as the gas in the fluidised bed but other gases may be used, for
example, nitrogen or helium.

25 Since the voltage applied to the substrate is insufficient to produce either
ionisation or corona effects in the fluidised bed of powder coating composition, the
substrate is, in effect, electrically isolated and there is effectively no current flow in
the substrate. If there is any current flow, it is anticipated that it is unlikely to be
more than 10 mA, probably unlikely to be more than 5 mA and expected to be less

30 - than ImA and more likely to be of the order of a few microamps; that is, the

current is, in practice,
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Bef d{re fluidisation, the conposition was blended ,.,wWth 0.25% by, weight,
of a dry flow additive conprising 15 al um naiand al um, ni,um:hydroxi de -
(45% 55% by wei ght) . The coating process, was carried out as follows
usi ng t he apparatus descri bed above with reference to Figs. 16 and 17:
The rectangul ar fluid bed 38 of dinmensions cm 20 (length) by 40 cm

(width) by 50 cm (hei i : - ' iLth t.
above powder and fl ui%&mag{l f’ghg‘%}eégmdeersg %§n%§i&r8%h§%g¢3¥ tlﬁ%c({bghgglogr
al um ni um  panedubefratgé, RNGhhS a eriesNoP ubéraid of Altvnke Polatiies is Wahipurede
36, was charged positively and imersed in the 25f| uidi sed-bed for up to
150 seconds, X hethnaughpaefieidped-bed edstablishsi withied flaidising chamber daving Iwalls
charged pl ates serving.as cqunter-el ectrodes 35. The charged wor kpi ece

36 was given a sfeRqssd Algmately i (s theodireqtiongel Bayed rofothe subﬁtgatﬁs?n@f Q{)sylﬁtingo
Th i ved t f.thi is. th h t, of. 1h
elect e fierd DRCHBmn o ciprits SectinSs Tha dobductilinseionr ot M duldiang;
the expense of t&fambet medLgd hasﬁsgeﬁgaeb dﬁa&_aw;ﬁahlgﬁgolgg%f@d%ﬁ@ﬁt§gf&@@d@réﬁ

b
of fl ui di sing chanber 38. uction in et wee
- 50 - conditions in the respective sections of the chamber but it will be understood that

10  the conductive sections would, in some circumstances, all be connected to the
earth terminal of the mains supply.

In a variant of this continuous process, the alternately charged substrates are
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 alternate 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)  afluidising 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 (e)  means for withdrawing the substrate bearing adherent particles from

the fluidised bed and

AMENDED SHEEF:



the{morkplece 36 and the walls of the fluidising chanber 38 results in a
reduction in the undesirable accunul ation ::of pomder on the wal 1's « of t he
fl ui di si ng chanber 38. Tabl e 11, below; sunwarlses cthe “ 1 &
characteristics of 5 the finished coatlng ‘af ter "'a Standar d ‘bake’ and cure
as a function of the voltages applied t3%he workpi ece 36 and t he
counter-el ectrodes 35,, denpnstr

ti the i | f .t.he . .
count er - el ect r odes. (Ql'abl Tneqng ?’oflggnvergné g%e u&iﬁ%% paggﬁle§41§to 3 (FHRUNYAYS

52 82 2 atin 28 1840 -1166 250 137 100 172 139

30 15 23 168 %OGO 150 96 100 140 115 128 7 25 13
32 911 -1546 400 Sevifal fofifds of Brdbess in accordance with3the inveaion, drfl 8¥0 general
CLAI Ms: 1. A process for formng a coating on a conduct Tve

substrate (6), wkirmis afoilydissiien end abdtinghappgratus suifatilesfod chayiingsoutahe process,

powder coating c¢onposjti.on, thereby _effectin tribgstatic
chargi ng of the P W b descrged omp ey tofgmramp (f with reference to the accompanying

drawings (not to scale), in which:
Fig. 1 shows the first form of fluidisation and coating apparatus in
10  diagrammatic section;
Fig. 2 is a perspective view of the 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-
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|m115{r5|ng the substrate (6) wholly or partly within the said fluidised
bed, applying a voltage to the substrate for* o at Ieast partt @f tfhe

peri od of i nmmersion, whereby charged 10 paﬁi-l cI es Of t he powder ccoat i-ng
conposi tion adhe(CEAgpIg he substrate (6), wi t hdr awi ng the 'substrate (6)
fromthe fluidised bed and form ng the adherent particles into a
continuous coating ovJe-r atA |mastesparforofforhéngubstpating6yn a conduct2ve
A process as cl al wherein_ the

eral AL e uhich "EpherTeed sk iehing; 8 Faihs §8APhE3®S

wherein the ESDD'dJﬁd WOl tPaRIdrS acsHti8L] - CHEMEES: t4Q, a0t hereby  effeftingA
process as clainmed in any one of claims 1 to 3, for coating

successi ve substiatkestatic 1ghan@ing n0§eqt|1e¢10®0wclﬁrvwnccﬁtnd1q ecpmpgsnémon,

Substrates (17, "iredghd "EneosEbbhiate o oF, Sheaddh ERDeePhk i I heke

so as to producessid aﬂlﬁrdl%'feldnged appBEIMENC&0ltage to thé- subAtPEPECEST

as claimed inclaim 4, which is a continuous process in which a

series of substrat e%ei’i‘? pagt 9% the)pegiodapfeimmessionl arherey rharged
transported gt hr [ b hi fl g
chanber havi ng wa ss %forr%ﬂeésje &§ erng?ﬁ%fa ééﬂi{bnesq‘tg:obec%h%ﬁ eo:"ﬂ (9 %hé‘

travel of the s shEtartat es{6)(17w1thk8:aw1h@) thef sustdadiel Ng6) fremcttlo@s

(14a, 14b, conducting _ sections 15a 30 15b
A process as cl a#%%‘? ‘gnénﬂf forging lt}}% adneFent PaRpiFies intq h%

si mul t aneous bat@awlsﬁm%arcbaelﬁﬁ e Yt TRLGtPELES ﬁf SO SRS 4 S(rasqsed

wi thin a common fl uidised bed strates of each pair being charged by
direct- 2. A process as claimed in c¢laim 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

sequernce.
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.
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currfent voltages to respectively opposite polarities. 35

7. A process as clained in any one of claihs..l1 6 8, . ‘.whereih. thb
fluidised bed-is established within an earthédsé—. vesséF (1. "5

8: A process as clajned in any one of _claiis 'l to 7, in'wHich ohe o
nmore counter-el ectrod (éSfuoﬁﬁéﬁeﬁébF}a%%ﬁqtﬁﬂiaQ¥w9W§|§§o§é61WFtH|ﬁotﬁe
bul k of t%mﬂﬁftr@%ldl%%%ﬁp%%'dt '1%“ established Withid Qﬁo%ﬁﬁhéé
claimed in any one of clainms 1t wherein tﬁere IS no eart

connection to theessdist{ldt.e (6). 10 10. A process as cl ai rred in any
one of cl ai

\MI thin the flui d|t ged %eder‘glp?octegseas Cl?i’fne Pf’z;l{ygtﬁlg%ggél \fhrfedillﬂl"gﬁgﬁ%%g QB
1 10,
orior o i mrsi A Cobyer WhdgSs (35, prsPitally SaRALA e, Blsphlet RHARL ! Gk Ot

claimed in any omg g{vdell@dalﬁﬁ %ofn osiionwherein the 15 povvder coati ng
corrp05| tionis at erm)settlﬁ stem 13. A process as clained

in any one of clains 4. toMZ:rqmelseha thaimed in poydenecodt cdgimenmpospt Bon
I ncor por at es

addi 1 vee. o wAdYeen ThRR0s 088 Ser amnettnon) b e, SHRTATP LR 20
powder coatipgg conposy(,i Oy ifEEsP Usdifitned GO dak! SHcldims 1 to 9, wherein the
substrate (6) is wholly immersed within the fluidised bed.

11. A process as claimed in any one of claims 1 to 10, wherein there is
no preheating of the substrate (6) prior to immersion in the fluidised bed.

12. A process as claimed in any one of claims 1 to 11, wherein the

15 powder coating composition is a thermosetting system.

13. A process as claimed in any one of claims 1 to 12, wherein the
powder coating composition incorporates, by dry-blending, one or more fluidity-
assisting additives.

14. A process as claimed in claim 13, wherein the

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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al'unf na and al umi ni um hydroxi de as fluidity-assisting additive.

15. A process for coating a conductive substiate (6) ' ."Wwhi'th conpri.ses
an aut onotive or aerospace conponent, in 25 Wiideh a first. coati hg deriived
froma powder coating conposition is appli'ed ‘by ‘freans' of ‘'a priocéss
according to any 18ne B‘PP[ETF%‘F% 50% 5@, 1y RERGSSS B Faidichatn jany

applied over thecpawder c¢9ahsNY to B9 for forming a co tirﬁ%Gon a A Sre
for use in a process as clained in any ong of c?al 1 to 15 for

form ng a coati ngubstaatendultid¢lvecomprisesubstrate, which conprises: 5

(a) a fluidising cha P (b) means for effecting fluidisation
of a bulk povéier coaﬁ;}é‘%‘aﬂ’ﬁg’ﬁqhﬁgweﬁ within the fluidising chanber so

as to establish a flupdi | T i n,
effecting tribostati ct@hlzlrg%-fs%ggﬁ‘e‘f%@egg@%ﬁ&&égg%ﬁl& 88‘%8%@?‘53%%, CO&H&SW%
(c) nmeans for inkghe B Auidishi dhberohs o &tathish bl fidksédbéd bb&lefédfhﬁbm
10 bed, (d) neans for applying a voltage to the substrates
for at |east par theéinjthereby effectiey iribdstafic chrargingiofithe pdvades byatinpecampedition, e
becones electrically charged so that . charged particles of the powder
coating conposition alfianeansHer émgersing a substrate Wholly orepardy Wthlmthhdﬁ@dw%
t he substrat f() beﬁre%ng adherent particles fromthe 15 fluidised bed and
(f) means fof“co rting the adherent particles into a continuous coati ng.

(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.
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17. { A substrate (6) whenever coated by a process as clainmed in any one
of claims 1 to 15 or by nmeans of an apparatus :as:clainmed:-in:claim16.

18. A process as clainmed in any one of ef&iime 1 to, 15, ‘wherei'n:the 20
voltage applied to t ststrate (61 . is, such that the maxi num potential .
gr adi ent exi sti P rPTPHRSS 135 ¢ I, e@im 155 vhgseinathei maximye) patertial

19 Aprocess. aepsrherstng e Bilenbet s B8l B VIt g RANR. st

maxi mum pot ent i aimfs fRLRIRH, existing in the fluidised bed |ies between 0.05

kVfcm 25 and 10 kV/cm, both limts included. 30

- 54- 5 20.21A Arproesss aascleimaidnid claiin A0aiwhetéin theemekimnirh epdteatialum
potenti al gradi ent existing in the fluidised bed |ies between 0.05

kV/ cm and 5 kV/ cgradiegbexisting in the flxidisedibedligs between 9.05 kV/em and 1 kWepr. daash s
as clainmed in clai ﬂ] 20 V\,Herei n the maxi mum potenti al gr adi ent
existing in the Y Bl dbed 1ies between 0.05 kV/cmand 1 kV/icm, both

it ool et 22 poces R oSS RRY o UAED ) 351 s SRR bbb
lies between 5 ke adftagdapplicdhetthe hibsirh@ (&9 lies b&wWeb8dV and 60 kV, both limits
10 included.
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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23. {A process as clainmed in claim?22, wherei,n the,voltage applied,tq.the
substrate (6) lies between 15 kV and 35 kV, :(bothiltmts jncluded c
24. A process as clainmed in claim?22, V\here‘qin t hé, vol tage,applied.tq, t he
substrate (6) lies between 5 kV and 30 kV, both limts included. 15

25. A process as clainmed in claim?22, wherein the voltage applied to the

b 6) | b k0l ' . .
26. A process as. ol arod Procan e tn iy oB8 B it 3p 13 B 29, ey,
the particl es of byt &) 1S0aEs cRBAST hicRisY Betivest] Shice200 LitefRfs 1ot

120 m crons, both Irmts included. . A process as
clainmed in clsai nlnrﬂﬁslmﬂmiedl n the particl es vary in SI ze bet ween 15
and 75 mcrons, both |inmts included. process as clai nmed

in claim27, wherein e prcescaselaimad in ¢laism 30, Wherem tlhétmb@ratqs JaFegenes a
morons, oL Ll Bt il i 806 '
s, o 152 575 e ol ey 3, e s s A
coating of thickness between 10 and 150 microns, both limits included.
10 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
15  coating of thickness between 80 and 100 microns, both limits included.
36. A process as claimed in claim 31, wherein the substrate (6) receives é
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.
20 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
25  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.

R

& AENOTD ) SuEr:

&
[0



the subgtrate (6) receives a coating of thi ckness between 5 )

m crons, bot hvm?l limts w&&k_ﬁl AL PROPERTY ORGANIZATIOf® PT OCeS »w

in claim30,

n the su rat e (mBinatoreiBoreanes a coating

t hi ckn esmmimemi MG,@ﬁoﬂlmmd)QNbﬁk THEPATERT! mmnON TREATY (PCB2.

A pr{
coat
33.
coat
34.
coat
35.
15
36.
coat
37.
coat
38.
I ess
cl ai

(6).
1
wheng
or b

VIITCT T 11 LIIC DUUDLIQLC rcecrve

15 ) 1Riateroational Ryblcation Mipmkers | c| (TOGO9/20B38
N prﬁi’é@%!‘@dpﬁ%d in claim3Al A{;l%]lm F‘B“ﬁfl shbate (6),48 ecgay&%s@g)
de

20 ang crons |mts 1 nc

ng of thickness between
Lkt Ewﬁ%émﬁ?%&c%%%%ﬁ Sl tﬁ@%ﬁ#&gﬁ%ﬁ?@ B85 B

A(zz)mﬂ&ﬁnaamxfglnateﬁed 16 Decdbaingie 38.12.98ier ei NGt loH, GMpmt IN, [SSPCKR 66, &P,
coating of thickness between 80 and 100 1R, KRZoHS LKbUt h-S,II»mItLQM MD] MASK,

as claimed in claim31, wherei nMF@j!W m&g’%‘?%%
ﬁé%ﬁzﬁ& ‘kness bl REN P Aa0e, 13% M cro Aﬁj? D, §Z, UG,
A proe@sns.as Cl aiznBgtembir Bb 38(30139333)‘, er ei nZWi'IEmﬁMQ&EnE A%, BY, K R2IMIRRU, AT,
ng of thickness between 15 and 40 nji cr on’ﬂ%).bmhnbatem(A’EBEm QU dE, DR (S, Fl,

El%‘fé%.%ﬁden' nﬁeﬁmﬁ F&%ﬁ%ﬂ( |6?| mSg;I :%’0?5[%8@1 %g"é %%m‘:ﬁg

Eondth Azmhm,m nless than 5 mA flows in the substrate
A process as cl anPrlEed in cl a| m 39, wherein less than

) Iy, 5 th blished ubstrate (6)

k\/ ll‘nv gﬁ s Qo %IS tkilgéé?‘mfi i&BﬁGB! in anvyuh m:ernau?nal searc§ report, Th ains 18 to 40
v neansmﬁ-ma Waﬁmsmmspk&m sijn claim 16.
[GB/GB]; 19 Denwick Close, Chester-le Street, Co
Duham DH2 3TL (GB). ARPE, Gianfranco {IT/IT];
Villaggio Valverde, 19E6, I-15052 Castelletto Morfenato
In.

(74) Agents: LEILA, George, Conrad et al.; Abel & Imray, 20 Red
Lion Street, London WCIR 4PQ (GB).

{54) Title: POWDER COATING PROCESS
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(57) Abstract

A process for forming a coating on a conductive substrate, which comprises establishing a fividised bed of a powder coating
composition, |mmersing the substrate wholly or partly within the said fluidised bed, applying a voltage to the substrate for at least part
of the pericd of immersion, whereby 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. The process enables the
coating of substrate areas which, because of the Faraday cage effect, are inaccessible in conventional electrostatic coating processes, and
also enables the formation of thinner coatings than are obtainable by conventional fluidised-bed processes.




