WO 02/ 098577 PCT/ GB02/ 02790 POADER COATI NG PROCESS W TH ELECTROSTATI CALLY
CHARGED FLUI DI SED BED The invention relates to a process for the
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coating. Such |ng may not be necessary in the case of
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evident in the case of the tribostatic charging process but that process has other

20 drawbacks.

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

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

30 Fluidised-bed processes eliminate the Faraday cage effect, thereby enabling
recessed portions in the substrate workpiece to be coated, and are attractive in other
respects, but are known to have the disadvantage that the applied coatings are
substantially thicker than those obtainable by electrostatic coating processes.



2 Anot her alternative application technique for powder coating conpositions
Is the so-called electrostatic fluidised-bed process, in which air is
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and leads to poor deposition of powder particles into recessed locations on the
20  substrate.
The present invention provides a process for forming a coating on a
conductive substrate, including the steps of:
establishing a fluidised-bed of a powder coating composition, thereby effecting
tribostatic charging of the powder coating composition, the fluidised-bed including a
25 fluidising chamber at least a part of which is conductive,
applying a voltage to the conductive part-of the fluidising chamber,
immersing the substrate wholly or partly in the fluidised bed, whereby charged
particles of the powder coating composition adhere to the substrate, the substrate
being either electrically isolated or earthed,
30 withdrawing the substrate from the fluidised-bed and
forming the adherent particles into a continuous coating over at least part of
the substrate.
The substrate comprises metal (for example, aluminium or steel) or another

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



The substrate conprises netal (for exanple, alumniumor steel) or another
conductive material, and may in principle be of any desired shape and si ze.
WO 02/ 09880 0286/GB02/ 02790 3 Advant ageously, the substr &Ce/GB2obmm cal |y
or nechanically cleaned prior to application of the composition, and, in
the case of nmetal substrates, is preferably subjected to chem cal
pre-treatnment, for exanple, with iron phosphate, zinc phosphate or
chromate. In the process of the present invention, particles of the powder
coating 5 cAdpetadeo0sly anhsusirhte is drenticHIs br mieehartcally cleaddtpriof totdpplidatibet i onal
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where of the present invention offers the possibility of achieving good coating of substrate
areas which are rendered inaccessible by the Faraday cage effect usually evident in
20  conductive substrates.

As compared with traditional fluidised-bed application processes, the process of
the invention offers the possibility of applying thinner coatings in a controlled manner
since inter-particle charging becomes more effective as particle sizes are reduced.

Improvements in efficiency as particle sizes are reduced stands in contrast with

25  the powder coating process using a triboelectric gun where efficiency falls as particle
sizes are reduced.

The uniformity of the coating may be improved by shaking or vibrating the
substrate in order to remove loose patrticles

Conversion of the adherent particles into a continuous coating (including, where

30 appropriate, curing of the applied composition) méy be effected by heat treatment and/or
by radiant energy, notably infra-red, ultra-violet or electron beam radiation. Compared

with traditional fluidised-bed application technology, pre-heating of the substrate is not



30 appropriate, curing of the applied conposition) nmay be effected by heat
treatnent and/or by radiant energy, notably infra-red, ultra-violet or

el ectron weaniopssdi ati on. Conpared w th traditional fl uidiPSEFdENRH2790
application technol ogy, pre-heating of the substrate is not WD 02/ 098577
PCT/ GB02/ 02790 4 an essential step in the process of the invention and,
preferably, there is no preheating of the substrate prior to imersion in
the fluidised bed. Since the voltage applied to the fluidising chanber is
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intermittently and the polarity of the applied voltage may be changed during coating.
With intermittent application of the voltage, the fluidising chamber may be electrified
before the substrate is immersed in the fluidised bed and not disconnected until after the
substrate has been removed from the bed. Alternatively, the voltage may be applied
25 only after the substrate has been immersed in the fluidised-bed. Optionally, the voltage
may be disconnected before the substrate is withdrawn from the fluidised-bed. The
magnitude of the applied voltage may be varied during coating.
In order to exclude ionisation and corona conditions, the maximum potential
gradient existing in the fluidised bed is below the ionisation potential for the air or other
30 fluidising gas. Factors determing the maximum potential gradient include the applied
voltage and the spacing between the fluidising chamber and the substrate and other
elements of the apparatus.
For air at atmospheric pressure, the ionisation potential gradient is 30kV/cm, and

accordingly the maximum potential gradient using air as fluidising gas at atmospheric



gradient existing in the fluidised bed is bel ow the ionisation potenti al
for the air or other 30 fluidising gas. Factors determ ng the nmaxi num

pot ent i alwgriadpssmt i ncl ude the applied voltage and t he sp&cirrgpoderiween t he
fluidising chanber and the substrate and other elenents of the apparatus.
For air at atnospheric pressure, the iord sation potential gradient is
30kV/cm and accordingly the maxi num potential gradient using air as
fluidising gas at atnospheric WO 02/ 098577 PCT/ GB02/ 02790 5 pressure
shoul d be bpiessurd8hdid berbeléw SOV chr. Asixiilaumeyiouerdoteritiayradiestoukbaléal al so

be suitabl e for. W t h tro n pr. hel i as fluidisin as. Based on
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charging of the particles, that is to say, a proportion of the particles
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The resultl n rempval _ o e i ve 20 C ar artjcles at
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t he propor t t/@lﬁag@fls applidd toltes fluMdisiag ﬁﬂérﬁbe?wmthenﬂbwss oythe mvbhﬁorhed;{pabie q)fowder
but it is found (J;?t [ n.@r achi ce, tfg_% rﬁ I ni ng powder particles adjust
their rel at PEPMHBICRing thgdidelar chrgingf i RS esses and char ge- bal ance i s
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one polarity onto the substrate. The resultlng removal of positively and negatively
20 charged particles at different rates might be expected to lead to a progressive reduction
in the proportion of particles of a particular polarity in the body of powder but it is found
that, in practice, the remaining powder particles adjust their relative polarities as
depletion progresses and charge-balance is maintained.
The preferred period of immersion of the substrate with the fluidising chamber in
25 acharged condition will depend on the size and geometrical complexity of the substrate,
the film thickness required, and the magnitude of the applied voltage, being generally in
the range of from 10 milliseconds to 10, 20 or 30 minutes, usually 500 milliseconds to 5
minutes, more especially from 1 second to 3 minutes.
Preferably, the substrate is moved in a regular or intermittent manner during its
30  period of immersion in the fluidised bed. The motion may, for example, be linear, rotary
and/or oscillatory. As is indicated above, the substrate may, additionally, be shaken or
subjected to vibration in order to remove particles 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 filmthickness required, and the magnitude of the applied voltage,
being generally in the range of from10 mlliseconds to 10, 20 or 30

m nut es, wWowalopss7600 m |l liseconds to 5 mnutes, nore especraiBog/otoom 1
second to 3 mnutes. Preferably, the substrate is noved in a regular or
intermttent manner during its 30 periad of imrersion in the fluidised
bed. The notion may, for exanple, be linear, rotary and/or oscillatory. As
i s indicated above, the substrate may, additionally, be shaken or
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size in theotrexoepslirgf 5¢ misrongSnore espediallyi20rte 45 prieédre abl y at | east 20 to 25
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which o o] e followng 1o criteria is satisfied: a) 95-100% by
vol une Er%gﬁ%gsgﬁ?ﬁ%go% by volunme < 40 m c) 45-100% by volunme < 20 gm 15
d) 5- 100% by vol une < 10 m preferably 10- 70% by volunme < 10 gm e) 1-80% by
vol ume < 5m prefe abI gé v§l voI < 5m f) d(v)50 in the range 1.3-32m
20 preferably 8-2 yivgu ’ﬂﬁnan particle size of the

conposi tion. I\/bra) gengoabd)% bytvblameoiwwpn percentile d(v)X is the percentage

of the total volune of the particles that lies belowthe stated particle
size d. Such dat8 rray45‘é0%°'étbé(|vﬁ’é'ﬂ‘eu%¥91@“t he Mastersizer X laser |ight
15 d) 5-100% by volume <10 pm

preferably 10-70% by volume < 10 um
e) 1-80% by volume < 5um
preferably 3-40% by volume < 5pm
f) d(v)so in the range 1.3-32um
20 preferably 8-24 um

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

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

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

30 microns, for example from 20 to 100 microns, 20 to 50 microns, 25 to 45 microns, 50 to
60 microns, 60 to 80 microns or 80 to 100 microns or 50 to 150 microns. The principal
factor affecting the thickness of the coating is the applied voltage, but the duration of the



25 scattering device manufactured by Malvern instrunents. If required, data
relating to the particle size distribution of the deposited materi al

(bef ore bakeblowsse) can be obtained by scraping the adher iPog/GRoposiod of f
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(vi) Smooth coated edges are obtainable.
(vii)  Good quality powder coating is achievable in terms of smoothness and the
absence of pitting or lumpiness.

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

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

25  electrification of the substrate.

The process is effective to powder coat a conductive substrate of any shape.
The substrate is, preferably, earthed although it may be electrically isolated, that is,
without an electrical connection (substrate electrically "floating”, that is, its electrical
potential is indeterminate).

30 The spacing between the substrate and the fluidising chamber is about the
same as for the fluidised-bed triboelectric process in which a voltage is applied to the
substrate so potential gradients are comparable‘to that process, that is, well below the
ionisation potential for the fluid (most usually air) used in the apparatus.
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coatings at minimum film weights to substrates (especially aluminium or aluminium-alloy
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20  substrates) of a wide range of geometric configurations in an environmentally-compliant
manner.

The process of the invention is capable of dealing with articles such as radiators,
wire baskets and freezer shelves which include welds and projections, providing a
uniform coating of powder on the welds and projections as well as on the remainder of

25  the articles, without over-covering of the projections.

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

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

30 the invention, which comprises:

(@) a fluidising chamber a part of which, at least, is electrically conductive,

(b) means for fluidising a powder coating composition within the fluidising

chamber so as to establish a fluidised bed of the powder coating
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after application to the substrate to form a homogeneous film.

The or each powder coating component of a composition of the invention will

20 in general be a thermosetting system, although thermoplastic systems (based, for
example, on polyamides) can in principle be used instead.

When a thermosetting resin is used, the solid polymeric binder system
generally includes a solid curing agent for the thermosetting resin; alternatively two
co-reactive film-forming thermosetting resins may be used.

25 The film-forming polymer used in the manufacture of the or each component
of a thermosetting powder coating composition 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.

A powder coating component of the composition can, for example, be based

30  on a solid polymeric binder system comprising a carboxy-functional polyester film-
forming resin used with a polyepoxide curing agent. Such carboxy-functional
polyester systems are currently the 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



20 in general be a thernosetting system although thernoplastic systens
(based, for exanple, on polyam des) can in principle be used instead. \Wen
a t her noswotoengsresin i s used, the solid polyneric binder peygiRmio2yeneral |y
i ncludes a solid curing agent for the thernosetting resin; alternatively
two co-reactive filmform ng thernosettidbng resins nmay be used. 25 The
filmformng polyner used in the manufacture of the or each conponent of a
t hernosetti ng powder coating conposition according to the invention may be
one or nor 80%ktoRE°Eclpieferably at lbastyt0PG.NThe polgieporidy ean,dor exagiples be a low

hydr oxy- f unct i onal L yester resins, ,epoxy, r.esi.ns, and f ional acrylic
e Y DBl el S5 3h ooteERbd Saor R PSR Ry s B Somarmt ¢ be
based 30 ocorapsurid shichasydiglydidy! terephéivalsty sbrtensedplycilyirgher of bisphenol A or

car boxy-f uncﬁ.i

onal, .pol yester fjl form .esi,n_used with a pol yepoxi de
cor oy agant 1080pR3PERRGSh, Shel e eliERa PR SRl pBnB ISR, °F e
m).s'sj W ;:IEI ygl@ﬂﬁtiWﬁ@ﬂs@%ﬂtﬂ)@gis(b@w—l?b?dratyalkylﬁhﬂde)[wfirly@sgelmt sgeEnas ﬁl |y hafs an
acid value jn ange - a nunber average nolecular weight M o
1,500 to 10%%@%'8%63'%%&%9@ %cﬁ)ﬁé'ﬁg‘?eri on tenperature Tg of from V\% 02/ 098577
PCT/ GB02/ 02790 Riedtivédly a35/Croxy+farictiond|pplyastel earsbe 4€:d wiltha blpoked epoxi de
can, for example, .be a.lo nol ecul ar__wei.gh 0 n S
Seluvel oy RRBupelrBar sedfR Gt San R o BRRehEC PR etS Sith £ ror

t er epht hal ateamplade netanigé yesing vl ured-foamaloiEhye sssimenod giicaral dormatdehyst abl e

in, Such b - f | .. | g f i . i
P ey nat v argpTh o kel ok et (hR kot 3, S R s e BRI, S gont - cucn
asI t e: r aki ebﬁrgléawlrae)maliiyﬁk?yebtﬁggﬁm;ﬂminél Abnracméd i;sed:y;an_am d:yidg eggntffazr;a:te in?nglr
ester can S Wi | - i
g(r)\ )altm' ne-foﬁwpﬁ%ﬁmﬁ 0%%85“8%%%%%ﬁ%rr?xaﬁ‘%ag?%%%méék%@ ér%'ecﬁ;érr%tﬁ% rgsi n, a

ur ea- f or mal degtyiens gpenor may be of tiie obpraolaatant-blootddigbs; dortexampls isgpHooeneexanpl e
the material,. "Powderlink 1174" supplied by the Cyanam d Conpany, or
hexahydr oxyﬂ'éstor?wnaﬁ%l am ne. A bl ocked isocyanate curing agent for a

hydr oxy4f unct i onak gfalthesiossibilityyan Epoxyarsinghe pe ised wite anahine-binctidoat, such
as the wuretdione t

exanpl e i soﬁwm%?%edgﬁ?rk%gf/%%?@.&ei ic%ﬁ%{jﬂeﬁﬁﬁ%.ﬁ l?%féagtr% géﬂ %ﬁlﬁﬁ# V!;}gtgﬁaleggiy
resin can beurirgeagenit fdr aarepary resinf apbendicahateral maydeagedt prefecdblag, for
exanpl e, di %?Qrgalil o@n%g 'bylrg'gctti‘afﬁil gf ggicrﬁ‘&oﬁy@rm%iihuél?&cggé"‘hf bisphenol A (that is
to say, a polyphenol made by adducting bisphenol A and an epoxy resin). A
20 functional acrylic resin, for example a carboxy-, hydroxy- or epoxy-functional resin can
be used with an appropriate curing agent.

Mixtures of film-forming polymers can be used, for example a carboxy-
functional polyester can be used with a carboxy-functional acrylic resin and a curing
agent such as a bis(beta-hydroxyalkylamide) which serves to cure both polymers. As

25  further possibilities, for mixed binder systems, a carboxy-, hydroxy- or epoxy-
functional acrylic resin may be used with an epoxy resin or a polyester resin (carboxy-
or hydroxy-functional). Such resin combinations may be selected so as to be co-
curing, for example a carboxy-functional acrylic resin co-cured with an epoxy resin, or
a carboxy-functional polyester co-cured with a glycidyl-functional acrylic resin. More

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

The composition of the invention may also include one or more extenders or

25 fillers, which may be used inter alia to assist opacity, whilst minimising costs, or more
generally as a diluent.

The following ranges should be mentioned for the total pigmentfiller/ extender
content of a powder coating composition according to the invention (disregarding
post-blend additives):

30 0% to 55% by weight,

0% to 50% by weight,

10% to 50% by weight,

0% to 45% by weight, and

25% to 45% by weight
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15 In general, colouring agents, fillers/extenders and performance additives as
described above will not be incorporated by post-blending, but will be incorporated
before and/or during the extrusion or other homogenisation process.

After application of the powder coating composition to a substrate, conversion
of the resulting adherent particles into a continuous coating (including, where

20  appropriate, curing of the applied composition) may be effected by heat treatment
and/or by radiant energy, notably infra-red, ultra-violet or electron beam radiation.

The powder is usually cured on the substrate by the application of heat (the
process of stoving); the powder particles melt and flow and a film is formed. The
curing times and temperatures are interdependent in accordance with the

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

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

*  Temperatures down to 90°C may be used for some resins, especially certain
epoxy resins.
The powder coating composition may incorporate, by post-blending, one or more
fluidity-assisting additives, for example, those disclosed in WO 94/11446, and especially
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the userpf a@minium hydroxide (and similar additives) are advantageously used in amounts in the
range of from 0.25 to 0.75% by weight, preferably 0.45 to 0.55%, based on the weight of
the composition without the additives. Amounts up to 1% or 2% by y.veight may be used,
but problems can arise if too much is used, for example, bit formation and decreased
transfer efficiency.
20 The term “post-blended” in relation to any additive means that the additive has
been incorporated after the extrusion or other homogenisation process used in the
manufacture of the powder coating composition.
Post-blending of an additive may be achieved, for example, by any of the
following dry-blending methods:
25 a) tumbling into the chip before milling;

b) injection at the mill;
c) introduction at the stage of sieving after milling;
d) post-production blending in a “tumbler” or other suitable mixing device; or
e) introduction into the fluidised bed.
30 A general form of fluidised-bed triboelectric powder coating apparatus suitable

for carrying out a process in accordance with the invention and several forms of process
in accordance with the invention will now be described, by way of example only, with

reference to the accompanying drawings, in which:



coated silica as a post-blended additive as disclosed in WO 00/ 01775,

I ncl udi ng 10 conbi nations thereof w th al um ni um oxi de and/or al um ni um
hydr oxi dewODhe9450t al content of post-blended additive(s) iPeT@Rv0zded W t h
the powder coating conposition will in general be in the range of from
0.01 %to 10% by weight, preferably ati4deast 0.1 % by wei ght and not
exceeding 1.0% by wei ght (based on the total weight of the conposition

wi t hout the additive(s)). Conbinations of alum nium oxide and 15 al um ni um
hydr oxi de (and sfigi 1 sliowadte peneral)forar of flaidisadtzgdilmsectricgmivdencaatimgint s i n t he

range of from0.25. t L5% b | ght, preferably 0.45 to 0.55% based on
t he wei ght %ﬁpara}t%semcaga}gg%lg%ﬁ%%ecﬁ?r{,hout the additives. Amounts up to 1 % or

2% by wei ght mayFige2 issqubrspeotive nepebérdationada candustive etabsubstrete assisedid, f or
exanpl e, bi [ I Qn, and decreased transfer efficiency. 20 The term
" post - bl endtbakg?ﬁgiee l%ﬂion to any additive nmeans that the additive has
been i ncor por at efigal iserparépectivet vievs dithe substratessf Figo A e flatkset-ont gonditiess used

[ h f , ' 410N, - Rl i

ddi 11 ve o 66 PibReB oL bR RY MR R BES SRR oy ERRL aRigRE e © 2
dry- bl endi n’@er&ﬁammdzs: 25 a) tunbling into the chip before mlling; b)
injecti t t , j ' . . SLeVI

il ing: - post RRPBNEAY Fign bl Gy inRho bRRIsCRE Blas3mel tboBblat

][ri Xi ngf de?/i pmydeocoet\)tmp appanabsundides aifinidsingrebafrber ) badndaair BBt &) gitser al
caryi ndd oupess B satels 4P BB RAh HEr A R DR AR bR 7o e
of process themchamberiotaradewsyi glénunh@) amd/amuppen fividisingreompbrmei<8y i bed, by way
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tri boel ect r supppriyvid énmemsad imayfluidisgrbveatali s powdeli cogtigroenpasitos estebiishedting. 2 is
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in a flatt eadtreupiemon )tthroungh the potohe membpareg3pf eval uating the film
thickness and peﬁgreéﬁe%g? pﬁp&?ﬁeageeriog%PWeergioh,na direct voltage is applied to the
fluidising chamber (1) by means of a variable voltage source (8). The particles of the
powder coating composition become electrically charged as a result of triboelectric
action among the particles. As shown, the substrate (6) has no electrical connection
20 (electrically “floating”) but it may instead be earthed by a suitable electrical connection.
Triboelectrically charged particles of the powder coating composition adhere to the
substrate (6). There are no ionisation or corona effects, the voltage supplied by the
voltage source (8) being kept below the level required to generate such effects. A metal
substrate is preferably earthed.
25 The substrate (6) may be moved in a regular oscillatory manner during the
coating process by means not shown in Fig. 1. Alternatively, the substrate may be
advanced through the bed either intermittently or continuously during immersion, or may
be repeatedly immersed and withdrawn until a desired total period of immersion has
been achieved. There is also the possibility of keeping the substrate still and moving
30 the powder by vibrating the bed or stirring the bed with a propeller mixer.
After the desired period of immersion the substrate is withdrawn from the
fluidised bed and is heated so as to melt and fuse the adhering particles of the powder

coating composition and complete the coating.



t he Exanple. Referring to Fig. |I of the acconpanying draw ngs, the
fluidised-bed triboelectric powder coating apparatus includes a fluidising
chanber (Wpohasmy an air inlet (2) at its 10 base and aPp®rGRI/02190

di stribution nenbrane (3) disposed transversely so as to divide the
chanmber into a | ower plenum (4) and an wpper fluidising conmpartnment (5). In
operation, a substrate (6) having an insulated support (7), preferably a
rigid support, is imrersed in a fluidised bed of a powder coating

corrpozi ti ?ln est abhe wditade Bource (B if thainstpeiergd endriheradutmpb vol(ab idopeassests of an
upwar dl y- i,.Ng, St I ir.. introduced 15 fromthe plenum (4) through

t he porous %@%gggnéaﬁg%%gﬁe@{al.l east part of the peri gd of igmzersi on, ga

di r_ec'lt3 I vol t?ge i Shafoidwied Examplediusfrates iie pravgss dfdhd ewerftibh, dnd wasanasrisof a
vari abl e vol tage sour ) rii6les. . [
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acti on asronGorpbmtipahavind a gendallysdytindnicalichamber($) ofdieiht B crhasd diametezdbr i cal
connection 20 (electrically "floating") but it nmay instead be earthed by a
suitabl e el &trical connection. Triboelectricall y charged particles of the
powder coating chthe&kample, thdlsebsirateo(6) Was moutisd oaae insBlptindisuppert &) in the
ionisation gr_ cor fec I | d: : e source
(8) bei ng. 0L SERRAE g gl Tt ForsRHE s BRs e derkraf B0 9° U
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I N [ ' ]
noF g 16 en 3 la VBRG & vofide B pnsiaRls e B R Ao PO R e
ei t her |d|nt esatistactony te;ultsrar_e?ﬁta?neddmajoye_nﬂal gratpritswelf is¢lomthedonisedipn p?iential
repeate i met nd W ( t j i i
nae. been alAPBra <A o drg H B otRlht B o B e BB BE et oot 51 o
still and noleserghadoit istetheavalief tHeyfluidisingamit mgordrdfolbibe naxingum potentigl t he bed

with a propeller, m . i iod. of i . S bstrat
S wi ¢ i andr PP /i Brehd “pliRigh 3 Ak auring NORE i otled B O 2" ©
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providing maximum potential gradients in the range 0.05 kV/cm to 1 kV/cm, probably
20  0.05 kV/cm to 5 kV/cm and, possibly, 0.05 kV/em to 10 kV/em.
All dip times reported in the Example are in seconds.
Referring to Fig. 2, the conductive metal substrate 6 used in the Example is an
aluminium panel so folded as to be U-shaped in plan view (providing a central recess)

and has dimensions as follows:

25 a=10cm
b= 7.5cm
c= 5mm.

The substrate 6 is held by a metal clip 10 mounted on an arm 7. The substrate is
earthed by way of a conductor 18.

30 Fig. 3 is a perspective view of the substrate 6 in flattened-out condition for the
purpose of evaluating the film thickness and percentage coverage achieved in the
process of the Example.

Two powder coating compositions designated A and B were prepared in

conventional manner by extrusion, kibbling into chip form, and milling.



5 Corporation having a generally cylindrical chanber (1) of height 25 cm
and dianeter 15 cm In the Exanple, the substrate (6) was nounted on an

i nsul ati /yogappesrt (7) in the formof a rod of |ength 30@CHGBIZIZE790
substrate was positioned centrally within the fluidising unit, giving rise
to a maxi num potential gradient that isléxpected to be no nore 10 than 3
kV/ cm when a voltage of 3 kVis applied to the fluidising chanber (1). That
is, satisfactory results are obtained for potential gradients well bel ow
t he ioni sati on poOhefurmalbtionvdfieabh cemBitioivamatdollowsr . It will be evident

that the substrate would need to be nuch cl osgéﬁéw ibﬁt is to the wall of
the fluidising unit in order for the maxi num poten AT gradient to be 30
kV/ cm when a vol Ratje Taéni@niDibxidehe maxi mum used) is 3@plied to the 15

f 1 ui di si ng chanbg! i mum potential gradient n the voltage used is
0.5 kV, is estiﬁ@?re(gglngB kVcm and at a volta\éj\gﬁof 0.2 kV the

esti mat esl maxi nuGarhokgietAci-Furngtiomtl Bolyester Rdsout 0. 053K/ cm Al lowing for the
oscillation or t j QRO e substrate, it Ls,expected that
satisfactory resgﬁ?é) %ﬁﬁ{a%}‘@%ﬁ%ﬁi ned in conditi ong§2 provi di ng maxi num

pot enti al gradi eGafalysh the range 0.05 kV/cmto 1 kV/3In probably 20 0.05
kVfcmto 5 kV/an%r}d, possibly, 0.05 kVicmto 10 kV/c:g\ Al dip tines
reported in the anple are in seconds. Referring to Fig. 2, the conductive
met al substrat e Blowseddifier t he Exanple is an- al um ni 10n panel so fol ded as
to be U—ﬁhaped iE ngio?ﬂ" view (providing a central recess) and has

di mensi ¢hs as foPF&W&: 25 a=10 cm b= 7.5 cm c= 5 mmt The substrate 6 is
hel d by a netal EOTAL10 nounted on an arm 7. The suld®brate is earthed by
way of a conduct@r 30, Fi j : i I hensubstrate 6
in flattened-out 888'3? ?'P‘%‘OAnﬁ? g? l%ﬂéeﬁ“%ﬁrﬁ'%ﬁoﬁﬁ%% S\g\%%ﬁﬁnﬁgstﬁﬁﬁe’fi | m

t hi ckness and pefToegeraya operedinggenditiohs weredasi follawse  process of t he Exanpl e.
Two powder coating conpositions designated A and B were prepared in
conventional manner by extrusion, kibbling into chip form and mlling. WO
02/ 098577 PCT/ GBO®gif obibe pb@ddiHeadedrimiededon oF0@a8) ¢onpositi on was as

fol I ows: Free fluidisation time for equilibrating

the bed: 30 min. at 0.5 bar
Standard bake and cure of deposited
material 15 min. at 180 C

20
The results obtained are summarised in the following Table:

Applied| P, | Dip-time, | INcov, | OUTcov, | Thick- | STDEV- | Thick- | STDEV-
Coating | Voltage,| bar | sec % % ness, | IN ness, | OUT
system | Volts IN, OUT,
um pum

A -3000 |3 300 100 100 604 | 13.9 744 | 35.1
A -2000 |3 300 85 100 493 |[12.1 70.1 | 28.3
A +3000 | 3 500 100 100 57.3 | 11.2 69.8 | 25.1
B -2000 |3 120 88 100 493 | 121 69.0 | 17.8
B -2000 |3 180 100 100 65.1 | 13.2 912 | 161
B 2000 |5 120 100 100 57.5 | 15.3 69.0 | 14.3
B -3000 |2 90 100 100 . 70.0 | 14.8 905 | 16.7
B +2000 |3 300 100 100 46.9 | 12.1 657 | 11.8
B +2000 | 3 150 51 95 450 (114 63.0 | 10.3




Parts by weight Rutile Titanium D oxide 321 Filler (dolomte) 107 5

Car boxylic Acid-Functional Polyester Resin 374 Epoxy Resin Curing Agent
152 Cat avpar/03377 Wax 3 Fl ow nodifier 10 10 Benzoin 3 TETAIGENR02790
Conmposition A had a | arger nmaxi num particle size than conposition B. The
general operating conditions were as foltows: 15 Wi ght of the powder

| oaded in the bed: 700 - 800 g Free fluidisation tinme for equilibrating
the bed: 30 min. at 0.5 bar Standard bake and cure of deposited nateri al
15 mn. at 180 C 20 The results obtained are summarised in the follow ng

Tabl e: Applied P. Dip-tinme, |Ncov., OUTcoy, Thick-, STDEV-..Thi ck- STDEV-

Coat i ng Vol tage,F'm%%‘Bisso}é‘%%%’é‘?mﬁWﬁ&?é?hﬁ5”2§ﬁF%H%e Fﬂlr,”e‘gi\'lf, m m

A -3000 3 364 b} Ot flatenta.tde dubstatéds4hdbn ib Figh 3, 2lingadiess fballldafts 40thd 12. 1
B -2000 120 88 100

191202 QusiastettlR0udheth  Hifdgets AadeRont Wlplodd”, 25, 12
120 100 5100edzh.obthepohtS&MatketidX dn Fig. 3 8i0D6th Phebdbvdfie ahd@evEdsdoftde fait@fed 16. 7
B +2000 3 300, 100, 100 40,9 A2 4085 T LB B 2000 oPad @uds APudSundict L 4
panel.
The abbreviations used in the above Table are as follows:
Thickness IN is the average of the film thickness measurements carried out on
10 the inner faces of the substrate.
STDEV-IN is the standard deviation of the film thickness measurements carried
out on the inner faces of the substrate.
Thickness OUT is the average of the film thickness measurements carried out on
the outer faces of the substrate.
15 STDEV-OUT is the standard deviation of the film thickness measurements
carried out on the inner faces of the substrate.
INcov is the coverage in the recessed surface (inner faces) of the substrate and
is assessed visually.
OUTocov is the coverage in the outer surface (outer faces) of the substrate and is
20 assessed visually.



17 Filmthickness neasurenents on the U shaped substrate of Fig. 2 are
carried out by first flattening the substrate as shown in Fig. 3, allow ng
access towalok/ogssrts of the substrate including the centr@CTrGRIe®s7901. Film
t hi ckness neasurenents are taken at 5 each of the points marked ' X in Fig.
3 on both the obverse and reverse of thegflattened panel, giving a total
of 18 readings for each face and a total of 36 readings for the whole
panel . The abbreviations used in the above Table are as follows: Thickness
INis the aCeABtE of the filmthickness neasurenents carried out on 10 the
i nner faces of the substrate. STDEV-IN is the standard devi ation of the
filmthickness neasurenents carried out on the inner faces of the
substrate. Thi ckAgssceSTorifsrniihg aavatiragm DEoriduetivid substrhtec inbiading tRastgpement s
carried out _pon the outer faces of the substrate. 15 STDEV-QUT is the
standard de%ation of the filmthickness neasurenents carried out on the
i(nner f?:ces of téﬂalsll;shs%;raaﬂmdiséd\bfjWOﬂeSdeﬂErcoatﬁfgacgmﬁdlsitl“bh,ethéMQSff@dmgﬁrface
i nner face subs te a i,.S_assess i spal. Tcov. i s the
Cover age- | niPREsi CErSBaR RSB ersfaZaRoghon fi s actnafitin ' 56
assessed vi Buldibing chiiBbO2At0&4h & paRGTWBRBAZE Eshdattive]l 8 CLAIMS 1. A process for
formng a coatin naco ductive su rate |nc i n he steps of: 5
establishing a f%ﬂﬁ}ﬂpggdo @fth%cf)rb%@ Q?(S%ﬁfﬂ?u% "Hg'ﬁlﬁ‘gﬁﬁ‘?i“é?ﬁ“ t her eby
effecting tri bomimg¢isingthasgbhstateovhdllyer parig ér thedaidiseg bzanwhsrieby onargédhe

conauct e, PASHRS PHEe Royer i sSo e i ingls Gunp S8l AL SueRlli < g ©

chanber, i nmbeing eitlerichectrivaliy isokter] ovezrthgd,or partly in the fl uidi sed bed,

wher eby char ged articles e ng, conposi tion adhere to
t he substrate, tWih%rEW@Prt §Ub @%po@%{%@vé'%e[dg@ﬁ?@al ly isolated or
eart hed, w thdr afmmgxgttheadm&remr;mr&:lésrmmadmtlhlhcwscboaﬁnig best atieast part of

the substrate.

15
2. A process as claimed in claim 1, wherein there is no preheating of the substrate
prior to immersion in the fluidised bed.
3. A process as claimed in claim 1 or claim 2, wherein the applied voltage is a dc
20  voltage.
4, A process as claimed in claim 3, wherein the voltage is a positive voltage.
5. A process as claimed in claim 3, wherein the voltage is a negative voltage.
25
6. A process as claimed in any one of claims 1 to 5, wherein the applied voltage is
such that the maximum potential gradient existing in the fluidised bed lies below the
ionisation potential gradient for the gas in the fluidised bed.
30 7. A process as claimed in any one of claims 1 to 6, wherein the maximum potential

gradient existing in the fluidised bed is 29 kV/em, 27.5, 25, 20, 15, 10, 5, 1 or
0.05 kv/em.



form ng the adherent particles into a continuous coating over at |east part
of the substrate. 15 2. A process as clained in claiml, wherein there is
no preheawoDng/oeds7t he substrate prior to i mrersion in thePCrGRROZE®bed. 3.
A process as clained in claiml or claim2, wherein the applied voltage is
a dc 20 voltage. 4. A process as claimpgd in claim3, wherein the voltage
is a positive voltage. 5. A process as clainmed in claim3, wherein the
voltage is a negative voltage. 25 6. A process as clainmed in any one of

cl ai ms. 1I t 08,5, WA@rsdess dd\¢aimpplir @@c}t@quagﬁrnsgsg 7§\UI|¢¢‘refhhlﬁ>é ||oc§tbﬁtiahlfg|>éb|!§b|m _
potential gradient existing in e i,sed be [ ow the ionisation
pot enti al gcf)gs&ngmthpglp%{s%g@dd@a%Eaft@(ﬂ WF’BiOé@HE%%B?’%i&?% A process as
claimed in any one of clainms 1 to 6, wherein the maxi mum potenti al

gradient exjsting in the fluidised bed.is. 29 kV/cm 27.5 25, 2 15, 10,
0 o 0 08 ki R RIOES S PP I . ke tha apPBHaflesiSy af red
in any one ipfthetangesiirdn® 16V todtoke] n the potential gradient existing in the
fluidised bed is at least 0.01 kVV cmor at least 0.05 kW cm 9. A process
as claimed in any one of clains 1 to 8 wherein the applied voltage is 5

in the rangs.of Apadbebs 43vldited HOHMm d Whefeipthe CRpledasitadeds Efle rahgelofi m 9,

wherein the argqhb% \éﬁkt age is in the range of from 100 V to 60 kV. 10 11.

A process o 8%PKVel ai m 9, wherein the applied voltage is in the

range of from 100 V to 30 kV. 12. A process as clainmed in claim9, wherein

t he applied, volt %e is in the ra frog}:elOOVto ﬂ.OkV.. 1(3 13 A process
5 ile

e of . \

as clalHbd Th and PRRESHTS CRmEr qaipD, yhercip e aPRicdNgtadss i e Bndeshn. | ses
metal . 14. #orprioo&as 3gkvcl ainmed in claim 13, wherein the substrate is a
|l ength of nmetal wire, 20 advantageously in coil form

12. A process as claimed in claim 9, wherein the applied voltage is in the range of

from 100 V to 10 kV.

15
13 A process as claimed in any one of claims 1 to 12, wherein the substrate

comprises metal.

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

15. A process as claimed in claim 13, wherein the substrate is a metal sheet,
advantageously in coil stock form.

25 16 A process as claimed in any one of claims 1 to 15, wherein the period of
immersion of the substrate with the fluidising chamber in a charged condition is up to 30

minutes, 20 minutes, 10 minutes, 5 minutes or 3 minutes.

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

10 milliseconds, 500 milliseconds or 1 second.

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



15. A process as clained in claim13, wherein the substrate is a netal
sheet, advantageously in coil stock form 25 16. A process as clained in
any one ovooRadsse7 1 to 15, wherein the period of i nmersi @aTaiBRIZ790
substrate with the fluidising chanber in a charged condition is up to 30
mnutes, 20 mnutes, 10 minutes, 5 minuB®s or 3 mnutes. 17. A process as
clainmed in any one of clains 1 to 16, wherein the period of 30 imersion of
the substrate with the fluidising chanber in a charged condition is at

|l east 10 mlliseconds, 500 mlliseconds or 1 second. 18. A process as

claimed in 1amy Oﬂgrdééss(‘éﬁléiﬁe& irf 5hy1c7ne dM&I%fn@é ﬂtotiaemewemqneaﬁck%sg &dhe appl i ed
coating is 00 m crons or 80 m crons.

WO
02/ 098577 '@@ﬁ'ﬂ@'ﬁ% leastp Tg:ror)% BF@&%@E1%§00$%|69\9689 H“%fﬁ@/s one of clains

"I to 18, wherein the thickness of the applied coating |s at least 5
m crons, or_at |east 10, 20, 50, or 80 mcrons 5 20 process. as

cl ai med 5 n - ai i PEPCesiHs daimed HbCI?'m &M@gge'rbthetwnamﬂt%awa@ CRRINgSs i n

the range oh tid @AY fidth 20tTBEHRASHS, ZDtol 4B rflierofis 6F SO B migfdbns0 60 m crons.
21. A process as claimed in any one of claims 1 to 20, wherein the

substrate is shaken or vibrated to renove | oose particles. 10 22. A

process as 2 ai NRfrdcBssPat/clamed i af) &ie'”ﬁ?cﬂarrﬁéh #120, WheleRi the Shisstiafuyger coating
conposition is a thernpsetti n% system 23. A process as claimed in claim

22, wher ei reheken ¢f Yikrated todempy &%Fﬁéﬁa“icﬁst he or 15 each powder coating
corrponen)t of the powder coating corrp05|t| on is one or nore selected from
car boxy-functional polyester resins, dr oxy- functlonal pol yest er resins,

epoxy resi n&-and® PIATEES FApimse ﬂrwnycor}eégicmns bie 21awWhpigiEEs PQ¥deNceaiRed i n any

one of cl ai ¢g@mpbstitn gjath@msgﬁ,nggpﬁe@omder coating 20 conposition is a
t her nopl astic system . A process as clained in any one of clains 1 to

24, wherein the powder coatlng conposi tion incorporates, by post-blending,

one or norexd | ui Alpfotedss GhinBd irElgiht 22/ @heredPthé fim-fdrhing pBRMmeAM thé 8 med in
cl aim 25, wherein the Powder coati ng conposition incorporates a

conbi natsi orfash PAVERA GRatinghePMRANRNI AT iR H<9a¥ag SeMRCSHONi%PRg/ AT 8BSt i ng

?ﬂdl ti \t;et 2%@0&&%%3@éﬁﬁo@&uﬁét@hmwe&eﬂfé‘ém@ﬂﬁrdﬂicxy-‘?urﬁhéﬁial boly&sterGesingier ei n
€ substr aepeoxly ?esms and functional acrylic resins.

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

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

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

additive.

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

28.  An apparatus for carrying out the process of the invention which comprises:
(a) a fluidising chamber a part of which, at least; is electrically conductive,



30 wholly inmmersed within the fluidised bed. 28. An apparatus for carrying
out the process of the invention which conprises: (a) a fluidising chanber
a part ofwatnodss7at | east; is electrically conductive, WOPQZ/CH35T7P0

PCT/ GB02/ 02790 21 (b) neans for fluidising a powder coating conposition
within the fluidising chanber so as toZ2éstablish a fluidised bed of the
powder coating conposition, thereby effecting tribostatic charging of the
powder coati ng corrp05| tion, (c) neans for imersing a conductive substrate
whol I'y or part|y(Qneansfo Pheicising pingweprsatingepmporiios witkin ﬁ"mféllfbﬁﬂﬂshg ei t her

el ectrically isol agehfr s6€as H@éﬂabh(sﬁﬁ fIUE@Q@bécP(Sf tﬁ’eﬁﬁé% &lhﬁ%ﬁ‘\%ﬁﬁh&@ t he

electrically conductive part of di si ng or at ['east part
of the period of iihgebyetectog trth‘?ét%i‘:lgﬁfg'ag éfthmw@qwoamogws@mu cles of

the powder coati COmR ¢ I
wi t hdrawi ng the sn%bst ratggé ft%@??ﬁg‘m% aecgbg%%wggﬁé?c é’gﬁo& Orﬁ@%ﬁ@rﬁg %I ui di sed

bed and {f) neans ﬂ%‘i"ﬁﬁﬁﬁﬂeﬂﬁﬁh‘@sﬁﬂébﬁﬂ%@'ﬁ@ﬁﬁle%%'h/@%ed erearthedont i nuous
coating. 29. Appfm ééﬁésfoﬁ§pﬂ9b@t A98itdgB t&ih@'e@c@(%?ll V&h&t'fbtl\/é'ﬁér't'gﬁﬁe 'ﬂﬁ@l@@gf or

shaking or vibratin rate renove ose particles.
coat ed substrate omamheé@r@yleastmaa@éﬂf@ pggoctpfammwmoféhg/sm&at@fwmrabxms 1to

27, or by neans of igRRRMiddsT tSpdvdel B&fing BorRpctitiBh48h&fe t6 il stbsifate,
(e) means for withdrawing the substrate bearing adherent particles from the
10 fluidised bed and
)] means for converting the adherent particles into a continuous coating.

29. Apparatus as claimed in claim 28, which includes means for shaking or vibrating
the substrate to remove loose particles.

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



