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WO 2004/ 052558 POADER CQOATI NG PROCESS
PCT/ EP2003/ 014167 The invention relates to a process

wo evo4bassappl | cati on of powder coating conposPCT/BP®03/G14167
substrates. 5 Powder coatings are solid conpositions
whi ch are usually applied by an electrostatic
application process in which the powder coating
particles are electrostatically charged and caused to
adhere to a substrate which is usually netallic and

electrically earthed. The charai ng of the powder
coati ng par tRFQVWRERLOAIINGIRR @ﬂégﬁved by interaction

of the particles with ionised air (corona charging) or
1o by friction (triboelectric, tribostatic or "tribo"

C MEHeD ifV@htiBAPIPites Goda SitbBysfor: thEh@pphicdtiapedf powder coating
particles are transported in air towards the substrate
compgsitiansdorsubstrates. deposi tion is influenced, inter alia,

D HEEVE o Sl A, SFEIFSFE g8 appi by o

electéb3aiily aapsiigatioh processr imawkibhr thegpewder soatiagt patticles are

there are difficulties in 15 coatjng substrates, , .
electrrstatinglly opATDEH: 3 SRUBE 10caHRIFAI § SHBSITAtE, WEich is usually

i , i , i f ; . .
et 334 ofFFRIAZ PR, P09 craRpHy SriclSimer el piicis i
usuallp@ahieved bynintdracterst thet garticles Witlr imnisedcaiy écaspna chyprging) or

o e S RS b SReBte L APbdpd it e
char@?@ rhiSles daaRafsportéd S aRNtoiAras Niiel babsipate and their final

ctrostatic spray processes, powder coati n&]ﬁ
depasitigpoisi influencedy inter afial bydheelpetsiscieldsinas st @ret grnerated

substrate is pre pically to 2001 C - 400 O
betwgﬁasfhg ﬁBE%Y 9%’5’8"@%‘% Eﬁ'a?tgée% bed of the powder coating
CoNRpsHdviaptagetrthe @of6ra evdrging eockbals thattheretae difficulties in

contact wth the preheated substrate nelt and aghere .
coating substatesadwvistg (gRMRigeiad shapesy esrecialle Shshgtes  having

recells%ﬁ @fﬁﬂé&g}g?g@ﬂgﬁi%rﬁ%%{r%&%%é Ufﬁﬂé’el%&tﬁg field lines into

rate my subj ecte
recebsed heyatibaatin e tsubstrafd @he Rdradaycagg effeatheltepphras@y cage

eﬁeq%(ﬁ,gfqi,sgg@i%ngcs R élﬁ)q]oétﬁegg? fk'@'\gg% i Ogbg?g?ﬂ@ %?gdc’ess%rt}/ut 'tflat process
has é@@)gﬁ%&%@%ﬂfﬁ%\lﬂ RMATI ON COPY WD 2004/ 052558

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 préheated
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.
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2 Fl ui di sed-bed processes elimnate the Faraday cage

effect, thereby enabling recessed portions in the
wG@aingnsAse wor kpi ece to be coated, and are attPEDEP263/014167

in other respects, but are known to have the

di sadvantage that the applied coatings are

substantially thicker than those obtai nabl e by

el ectrostatic coating processes. 5 Another alternative

application technique for powder coating conpositions

is the so-called el ectrostat?c fluidised-bed process,

in which air is ionised by neans of charging

o o5 B S e e 55 e TRy encbiing
rétidssdl Soridhy i@fh%ﬂgéwéwgg?iéd@‘tos%@ Gddte§NahgSse attractive in

the powder particles, qui re an overal |l upwards

other irespants,sbuteanel knayin 1o have dhe cisattviantagsptiad ithe applied coatings

i denti.call h d ti . .Ih ffect .i h

ol Shrtay AieReOF AniRbse BhRian By iisiade Bl mgesses.
sur f Apsthet altBedtivei fhptegtidtetbchhltfie oHbdWRY @oéﬁrgjg compositions is
usual Iﬁ/ earthed and is introduced into the cloud of

thsoseteallgshelertpatatic flpidised-bef peocasse Inwpishi aiels ionised dy means of

SRR BESUE BB SHIORL B A R o . n o plnum
chheber Bigbelow hpatbas airdistriputioe ssembfaneneThe ionised air charges

el ectrostatic fluidised-bed process_ is esgeci al |
the,ipoxisies Rasticlesatyigh acqire a tQuaral upyar SJBOligla asyferesult of

oS OB of ARl eSS STHEYREY Pt 2o of
chamedepbvwdet. pattietes msfarmetihabamasthe siirface of rthelifluidised-bed. The

S 3l B ol TE G SRR, b8 e patces

sbfe &M@NICACHE HBSoS bR 1RhE MBksiateobugdes byleleBirditatic attraction.
that is not deposited on the substrate. As'in the case

Nof preheating ohthectubstyiateyis renuired bsthe ¢lecisesiatie uidised-bed process.

howeyer, there .5 &.S5irQ I ric.fi | h :
char §Thoeleaadans BudkraaE G i £3RHgAM, SfBold for coating

sheflWrticle$ Needzaisadhl rakoef @épesitiornpEtRe gowter partickstigiraduced as
extent and | eads to poor deposition.

f wd
theaatticls issnevrdbavay dwseihe swiaag oibesharued bagsAlsa @s in the case
of%e-rf?gdi%ﬁélef 'dié@d—%ﬁkﬂ%c@%@‘fhgﬁﬁmﬁeﬁ’ ri#’ﬁgﬁ‘ﬁnéccﬂ? an enclosure and
ormng a coating on substrate, I ncluding the steps
thdre iesicmheéed o ngowide! edquipsent berdthef recyplingl @ndc@ablending of over-

co sition,, thereby ffecting tribostatic chargin .
B gt s clercaten 9 BBrmuBsiafRorhs EhEIS PafeipL R gstana-charging

ol + I . . r .
ewgﬁf%t@gpgg%%%%t%@%ﬁ%%%% g@%g%%?e‘étné‘ﬂ@ﬁl Betleen the charging
electrodes and the substrate and, as a result, the Faraday cage effect operates to

a certain extent and leads to poor deposition of powder particles into recessed
locations on the substrate.

The present invention provides a process for forming a coating on a
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 fluidising chamber at least a part of which is conductive,
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3 PCT/ EP2003/ 014167 applying a voltage to the

conductive part of the fluidising chanber, imrersing a
waiwegnsase which is either electrically non- coPd/EPI00E014167

or poorly conductive wholly or partly in the

fluidised bed, whereby tribostatically charged

particles of the powder coating conposition adhere to

the substrate, the substrate 5 being either

electrically isolated or earthed, w thdraw ng the

substrate fromthe fluidised-Bed and forming the

adherent particles into a continuous coating over at

| east part of th bstrate, th bei
condaRRIEAA YaliAge tdhe candusive PabPhile Bidisigchammbere

égng."{dﬁ}g@@?gbﬁ%g}%@%@ﬁ fig %‘tﬁefgkcﬁm?irﬁﬁ\-ea%uaﬁve or poorly

or a plastics ~material or
camdudtiee wlosityc onghactly Ve the fhodiseg twashdubereby tniboetatigally charged

ot i i B g B e substrate
b@:ngséiﬂh%?e[@léﬁrﬁ{aillgzs?laiﬂﬁao?téé?ﬂ'\e@m erials 15 including

ctrically co ctive additi \'/e_s_, pol yam de and
hi ghwithdreswihg thengulpsteate ffrosn theaflwdiseded and exanpl e,

hav i e 3 Bt PafiesdRls = eRAUAS Boat 868 Bast part of

tHSEs@tar e, say, and 101 ohms/ square, say, may be
consi dered as Eoorly conductive while substrates

havi the arenessabeingederdugied wiwid ioniEatioRney sqiphee effects in the

be 20 considered as non-conductive. An NDF
ﬂ@@gs'&d:?;%dé may have a surface resistance of the order

of bFhwesbstrdiednahoohgsriser mediueh Headityofioregud(WIDF) or a plastics
depending on its noisture content, so that a §urfaced .
maderialt ah @aokert Renseadyctiye Qbaowwspoeélﬁws matgrial “and may, in
0L eS Ol {Stbure content than does a
p@ﬁé‘?%&:gg?ggbgggﬂ%égo ptehéem'!ﬁI g'r of 1011 ohns/ square. _
25 Whoddditich teobiF, maxha; woodeyrotecte xplasticsamaterialey glastics materials

RS TRl 0GB, BB o o AR g fpstating pastcs
rﬁéteﬁal_@,ffo%ﬁegpblyéarﬁahéwr@via@%ﬂame dobapatess

materials including electrically conductive additives

and \Babstiates ddRg iac surface resistange tafeatwepactd’ @mpipquare, say,
a%gn(wﬁt ioh/r%S/a %%iuta@/,ega{lr,aﬁw\f)% %oﬁgiﬁg?éoe as poorly conductive while
substrates having a surface resistance above 10" ohms/square, say, may be
considered as non-conductive.

An MDF substrate may have a surface resistance of the order of between
10° ohms/square and 10" ohms/square depending on its moisture content, so that
a surface resistance of the order of 10°® ohms/ square will correspond to a higher
moisture content than does a surface resistance of the order of 10" ohms/ square.

Wood and wood products may be expected to have a surface resistance of
the order of between 10° ohms/square and 10" ohms/square depending on the
type of wood and its moisture ‘content.

Plastics materials including electrically conductive additives and various

plastics materials without electrically conductive additives may have a surface
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WO 2004/ 052558 PCT/ EP2003/ 014167 4 resistance of the
order of between 103 and 1011 ohns/square, that is to
W@ 2004/098556hi . t he poorly conductive range, depRCUEPIPOBOIL4167
the material and, where included, the additive or
additives. Hghly insulating plastics materials
i ncludi ng, for exanple, polyam de and 5 polycarbonate
may be expected to have a surface resistance of an
order of above 1011 ohns/square, that is to say, in
t he non-conductive range. In 4ddit | on, poorly
conductive substrates nmay be classifi ed into a | ower
range of surface resistancg of thg order of bet

regigtaneedofiibs asrRskkriMesnatl anth1d mwaﬁkﬁreoﬁ"@d% fa.gay, within
o VB SRR RS B,

adc&l&i@&mdxﬂtwémve 1011 ohns/square can be considered
ubstrat es i.ch coated by the.
pr oc'?_l'gg‘ﬁ’of R?gmgngiéﬁt'%ma&?@a So‘f“"”@ﬁﬁ Bef eXgmp'e, Bolyamide and
T r r
PSP SRR 1AL {050 SRR g 18 of oo
i obHedecuare, that |seboeequ in theofort-bendudiize rangdet ween 103

33%‘/%239@?55/ B3R FeoneiRlvd HERlfts. Hapdbe 384t Srto = tower

raP BRI fSlifRICE re&@%lﬁéréf&ﬁé drast 6f BewRePf 16and14 0P @hh’f%quare and
substrate ma%/ be of the order of at 20 | east JQ.
17}

amhlnpﬁsmrwaeo daca resistance starting cdighily abgvgﬂ@erar@b@etendmg to

SR R T g RsDRE e RRA i 14 Gpmsisquare

ca}fb@%@hgaeﬁw éy“mé@aﬂ@g prior to application of the
conposi ti on. In the process of the prese ?t . .
[ nveﬁﬂbﬁfﬁteﬁaﬂlﬁlphlrﬁéy de Pﬁ@ﬁ%%éh%ﬁé’f’??ﬁ; of the invention are, of

t esubstrate as a result of the
QBq'?ét rggﬁlcﬁéﬁﬁr [’

|c’t ion rlboelectrlc tribostatic or 3
"t riPlod sarfacglreg}stambetdfetheeaublstreanmj hénof theibrdeyadfraitieast 10
one, anot in circulating in the fluidised bed. WO

olmB/EaYsLE; %r DER82003/ 014167

e of the order of between 10° and 10° ohms/square.
e of the order of at least 10° ohms/square.
e of the order of between 10° and 10'" ohms/square.

The surface resistance of an insulating substrate may be of the order of at
least 10! ohms/square.

The surface resistance values given above are as measured by ASTMS
Standard D257-93 with 2kV applied.

Advantageously, the substrate is chemically or mechanically cleaned prior to
application of the composition.

In the process of the present invention, particles of the powder coating
composition adhere to the substrate as a result of the frictional charging
(triboelectric, tribostatic or “tribo” charging) of the particles as they rub against one
another in circulating in the fluidised bed.
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5 The process is effective to powder coat substrates
that are poorly conductive and hi ghly non-conducti ve.

w@omnrloy2ssonduct i ve substrates can be coated WAETEP2003/014167

electrically isolated and when earthed and highly

non- conductive substrates are inherently isolated by
virtue of their non-conductivity. 5 The process of the
present invention is conducted w thout ionisation or
corona effects in the fluidised bed. The voltage
applied to the fluidised-bed dhamber is sufficient to
cause the coating of the substrate by the

frictionally charged powder coating particles while
resul?h%gP"Pﬁeﬁs n'ﬁxﬁﬁf@ﬁ?"(ﬁ)t’@ntﬂoéﬂd%r £8akryubsiiates dhat are poorly

dg?ﬁ?igé{l\}sé:?ﬁ@h%lw F’i&ﬂ%&se Hé@\'e : F‘%‘?Ify SR RYS Qﬁbé’tlf’%tgg 'Bi%e coated

at at nos
vaters electrically usdlatedsand ehensedrtteedyand ihighin mohl-anndil.mﬁwle substrates

bed but ther S.ma used, exanp

RETRSERT Sl PoviTReS CESH RGP AIHAENDY o ect rost ati ¢

fl ui r

1ol oM PrOgEoDbR RS SreSeiiinienfion SO vk fipfisation or
coponaibfectatie the fleidiseddesk of the present invention

Substihs I8 BhRlien, q 155 STEREFLAT shanbet d5sullfieht to cause the
do@ﬂﬁgrwhécgubtshate thh@ﬁﬁaﬂﬁﬂaﬂ?'aﬁar@éﬁ ? m@r @eaﬁﬁ@l pasticles while

m ght occur in a substanti al ectric
reswiiing duawmaximurapetentia gradieng Tbﬁ%lédﬂﬂﬁéfbpl@ﬂiﬁp |PC@dUC@n

BH8ETI5Rey B HERSTSr, REPLBKEB AT A HEhnbherc pessur
uslually isepres28s fihe gl inhtheefitiidisgdtised &0 @tiasrugasesomaiife used, for

to 4?0 Cis undeS| rable. Also, the process achieves
PRMP J&V‘Pgﬁj},o M‘)F and plastics materials in a

cont rgd ?‘I”{ﬁ@ eler&r‘ééfa‘i?i?r flfdigedhad gpfelg:gg% din which a

becomss m)re e fec Ive as rircle sizes are
subptamtiahesiestricn field iisi gem@rats:i fdaettivieehe chargisy aelectrodes and the

SHESHaE: e fHigoate of fie Faerentnyaiim BEsoihe Bresiajty of achieving

dodld Sosting 8153@&&&{’:@& ﬁm‘?ucﬁﬁ§ flﬁhﬁﬁ REHERS - wilhsut any tendency for the
unlformty of the coating Tay be inproved by sh

fibrous mederial o stand enbsd estreighh ooewrdn a substamtist elentrsmfleld

Cont (AR ORRE i YoRorabuRSauRE, a skl Poge8ecs, tne process

of uhé rvedtioh ffepdd Bk Iffgtb‘i icobtiny niggridle itdldding #IDPand plastics
heat WO 2004/ 052558 PCT/ EP2003/ 014167
for which heating to temperatures of 200 to 400 °C is undesirable. Also, the process

achieves thin coatings on MDF and plastics materials 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 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 particles

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

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

w@ormpassas Wit h traditional fluidi sed-bed appl i PET/EPIV03/014167
technol ogy, pre-heating of the substrate is not an
essential step in the process of the invention and,
preferably, there is no preheating of the substrate
prior to imersion in the fluidised 5 bed. Since the
vol tage applied to the fluidising chanmber is
insufficient to produce eith I oni sation or corona
effects in the fIU|d|sed bed, the fluidising chanber

i c

tleBtragtankor by Taflet sibiey” reftl dirafe. \Fb S o BRgtron beam

radiatioM. iderhparkd Mffﬁ%&ﬂﬁnﬁ'f@ﬁdléédiﬁéd EQWatiWhﬁt@thﬂogy, pre-heating
substrate is 1o electrically isolated. The curren

ofitharsubstreigde tnal & gasentigdlssiepain thenprapess tqﬁethe invention and,

o2ty Sl b B Rt DA R 1748 i

bednductivity when at an el evated tenperature, the

process referably, includes the step of heating the
pl as Since &f@t‘é@'taﬁle @Rpllﬁdtt@ﬁﬁérfh’ddﬁl@g tf‘éﬂambqrt@ "Fﬁ:}lffﬂq'ﬂ@} to produce
r enpe
o e BbAe, Sl 5ol bl Bl RSN, Shamber i
uplitedy toatdmw any lededtfical cd:usredt Wwhen théheubstrdte is elmjtnca'ullyﬁ isolated and,

cSRER ofs "WIRPHCE CRtl Y, FEFTBab P hen o cbsirate i

eFe%EFR:‘éﬂ;?‘iéHlé?cedt TRe RIAERE Sraviti & BXFdXtYd to IbRCleds @8ar H8mA when the
ste re-charging the substrate before imrersing it

substtaielselacmlcelgdeamobed Preferably, the process

char ged s & B48 ool TohbiEoh b Hianile LGaRa i nBhGis surface

cbmmﬂlﬁityl Mfeheatsahb%ldv%téﬂ temperaturé, thedbroedsd) astefefdlsly, includes the
ch arge may be equal i sed by heatlng the substrate to a
s

haatinge thee plagtics anategalia i teghebrtdie belayy its melting point and
oL SN QUSIAGE SRS, B 14 BoRHER Bl Yorifion botoe

irgm@nsgstlﬁsdbsﬁam mstﬁetﬂwdlsedebéd on is, preferagl Y, ﬁ

ire VO ei.ther positive or negat . t the .
use DYneiR the ftbsateicopses agdestesyBedrs whish Shous, o substantil
sBRRCY | dAdLeRit yOEQQQeat' he\AﬁVéfe%nﬁérﬁ é‘atﬁrbm%ﬁe q&‘%%@sé,t preferably,
I'sS positive o t1nes en It 1's negat he
lrmhmasetbevsielo afepravchavging the tsubstrat® mfom Oﬁmﬁﬁng it in the fluidised
bggT/EP2003/014167

Preferably, the process includes the step of equalising the charge on the pre-
charged substrate at the point of immersion .and then immersing the substrate in the
fluidised bed.

The charge may be equalised by heating the substrate to a temperature below
its melting point or by introduding surface moisture on the substrate or both.

The voltage applied to the fluidising chamber in the process of the present
invention is, preferably, a direct voltage, either positive or negative, but the use of an
alternating voltage is possible by, say, applying the voltage intermittently at times

when it is positive or-at times when it is negative. The applied voltage may vary within
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7 wde imts according, inter alia, to the size of
the fluidised bed, the size and conplexity of the

wesnsase and the fil mthi ckness desired. On PCI/EP2003/014167

basis, the applied voltage will in general be in the

range of from 10 volts to 100 kilovolts, nore usually

from 100 volts to 60 kilovolts, preferably from 100

volts to 30 kilovolts, nore especially 5 from 100

volts to 10 kilovolts, either positive or negative.

The vol tage ranges include 10 volts to 100 volts, 100

volts to 5 kilovolts, 5 kilovolts to 60 kllovolts 15

ki | {ts to 35 kllovolts 5 kilovolts ta

wide Jirgis; gccerding, | igtes| alia. tie 8te 18i2co9bIthe f#ﬂ?rlsad seedethe size and

c?ﬁfdllea{tz%‘f He ﬁubggor%‘té ahl Mo lflmgl"ﬁclf@és Qfesﬁ&? l 'Cﬁ‘gtlﬁ) Qé%l? the applied

er conti nuousl o rrnterm
vaihaget véll lpcgatelralybe)m theeraape|df émbnv thv@ﬁs tﬁﬂ}bohelovblcm gﬂ@i’e usually

5] 1 IS ki térm'speeﬁ%l%éﬁwehé@ DR GrRLR oL e especialy
ﬁ’@ﬁf 06 vbi?eiftoS ﬁ'bfﬁlé\%lﬁ bt"thé SSitie: r'ikﬁjé?ﬁef'eré %f’fﬁq:e Rétfhes include

not di sconnected until substrat e
1Bel@a|t8 te 80 a@lts,r t0A voits toed kllaé\lrctlhsr Bdlovaitsyto Ghkilovolts atfkilovolts to

S s B o6 ol oY o 5055 may o be

sutdfaetosy. may be di sconnected before the substrate is
wi thdrawn fromthe fluidised- bed. The magnitude of
the Appireddvaliageayaynbs applied rtpethedfividisingc obamher cbntlnuously or

o555, 1514 kA S B yERAGE SR b comin

Vhﬂ'dlnternblméruvaaplhmtldmoﬁ’dﬁel voltage} el flddisingr cHamgbet rhapibe electrified
Factors determ ni ng the maxi hrum

h fl
bﬁfﬁfer e a%%&ai%ise gised jadhe Ruiciss disst ardingodliseepnagird until after
tHSuSRAkd %sbﬁéé(}’?ﬁé\ﬂw Telah gﬁe; yéghcﬁﬂ%%ﬁv@gdt@%ltage may be

substrate and ot her -el enent e appara
appliedaonlytaftes g sulestrate hasriment iemesed satﬂneJ fluidigeedbedal Optionally,

i Pl Es dissnfecte Fosdte e Sybdlale i Wishgaumiiom the fiidised-
bad NURRRBhAitRIECSRHE R h@dlbslt@% gl B véfiel Wugﬁg cﬁatunge

sim | ar maxi mum pot e radi ent woul
sui t Hbpeler dp axshidgi ionisation @@dmarona]ezlondmoas, thleumaxmmg potentlal

oy, BERRES 5 AL SO Pl R BE PBhi iy o o
other Avidicitie gas.2 Fabiorg Eetel‘ﬂmnlﬂéthéﬁ}ﬁxﬁrﬁhg%bggr?fi#mnt include the

<'=‘P&l%dtﬂn v@%a&‘ém@%ﬁ’ :ngﬁngpglamgrﬁ‘%{ygg; dweeﬂwdwemch@mber and the substrate
ard S 2retméntE of b 23 6RA4 167

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 pressure should be below 30 kV/icm. A similar maximum potential
gradient would also be suitable for use with nitrogen or helium as fluidising gas.

Based on these considerations, the maximum potential gradient existing in the
fluidised bed may be 29 kV/cm, 27.5, 25, 20, '.15, 10, 5 or 0.05 kV/em.

The minimum potential gradient will in general be at least 0.01 kV/cm or at
least 0.05 kV/cm.
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8 Preferably, the substrate is wholly imrersed within

the fluidised bed during the <coating process. As is
wat@uosksadove, in the process accordi ng to thePCT/EP2003/014167

i nvention, the charging of the powder particles is

effected by friction between particles in the

fluidised-bed. The 5 friction between the particles

in the fluidised-bed | eads to bi pol ar chargi ng of the

particles, that is to say, groportion of the

particles will acquire a negative charge and a

proportion will acquire a positive charge. The

par o1 BBy s oRf e Sl erge bl 1B ea auring the

Cdﬁt;ﬁ?%‘{@égsgge especially when a direct voltage is
appl'ied to the fluidising chanber, but the process to

of thAwid siatas akove, én tmoamcgss)aca@'dmmtae. inentien, the charging of

o 5L 5 PR o P 3 gy oo ™o

fritfiort betwédriititd Paftitieshaiies ﬂui%lﬁs%@twétﬁleﬁdsctc‘ bipoRs d.ih%ﬁf?mg of the
to attract powder. coat |rb(%tﬁart| cles of predom nan
t

pastidepdhat sty saytaprapertianeithe particiesanill @salire Aqegakive lxarge and

I t
o opaRah VT Yo, o[ Ehachl FHCEr AL B posivel anc
ngyatigelyschavged pdltlncteson the flulisgaklogrb nightrappleap 4o bieca disadvantage,
es,%;qaa(yﬁ %feﬁ%{dﬁgp ecéj%tglgil @Igghqtcﬂfo Mod qugl]lcq pcg‘@mﬂg@rr bgltjt tlhte process
fgﬁéﬁrﬂ\@nﬁén fdbabHbld Gféécogﬁrﬁkcgértgugﬁgg ﬁﬂ%ﬁ?@%ﬁg of the particles.

epl etlon progresses an nt ai ne
The Iprtheecam:l ipevhichl aoflirecimeoltsigenobf gihenspdjamtyaseapphed to the

wi,th t UI di,si.n ha i n char ndi ti.on
b PO P B Bel e (bR AICH ROk icgparticies of
pkﬂ@mn?é?\ﬂ?lﬂ%tﬂcﬂéw oh’ftﬁth%' dubstriieC KNRsesuRify 'réﬁ?l@valadf(bosulvely and

t he magnitud 8 | i ed vol tage, being generall
negatwaky pbar@edoparrhpm ab different é@f@ﬁdmi@hi he, extipcied 40 Ylead to a

R R s PR LS 2B R By o o

draiue iti is fomye thathingpraelind, die mmamtr@f mm@mamaeg @djust their
uring its period of imersion ip the fIU|d|sed bed.
I eﬁﬂ?&’erﬁﬂlﬁ‘r gigs @&ﬁepﬂenon@zaw@sges gadc W@&rba ancg Hsdf’%}f’ﬁﬁ'”ed

and/ The ??éfé ré&‘b%é%l o onh}%{élé‘ﬁj ﬂ*ﬁ‘i&f(&tﬂ%i’eewﬂﬁ'?ﬁe fluidising chamber

substra en or subject
inva lwhatrgexh condlbmmi avill tdepeadmre theasizechrd mdhmtmcraj comhplexity of the

st to fim ickeios Faiftedand bae Frao@irias of Reranpiied yottage, being
gétitdaly IheHeaMRgB i ﬂorﬁhﬂ) ﬁ’fﬂﬁééc%ﬂd& % 3l Q@rcbrogb flinutes, usually 500

[ mTer’s: oh has been Achieved 4/ 052
milsSEceRds 635 linuies, more especnally from 1 second to 3 minutes.

Preferably, the substrate is moved in a regular or intermittent manner during its

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.
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The pressure of the fluidising gas (normally air) wll
depend on the bulk of the powder to be fluidised, the
wo baoiaissy8 of t he powder, the di nensions of thePCT/EP2003/014167
fluidised bed, and the pressure difference across the
porous nenbrane. The particle size distribution of the
powder coating conposition may be in the 5 range of

fromO to 150 microns, generally up to 120 m crons,
with a nmean particle size in the range of from15 to
75 nmicrons, preferably at lea$t 20 to 25 nicrons,
advant ageousl y not exceeding 50 m crons, nore
especially 20 tg 45 microns. Finer size distributigns

may Beepressire &f thetlydising g3s (aesmally arhwillderendpmthe bulk of the

Ty i f | bl ORS¢
BB e SHSRs el A G the'dPiwRE R fimehEBRR T e Midised bed
aRdthe preadureadifféfento Ardeg the porausmsMband)) 90- 100% by

I < 40 . 45-100% I < 20 15 d), .
b % 3 betRArial sie STBULR PEihe BNYRT =09 0By RASItighamaY be in the

. li f - . .
i G BnS iy LIS 0t foan arce s
irprieé eraabbyoB fidi M5PowdEs mickinspgoreferploly i 2l east vidtetei 26 microns,
the nmean powder-part i size is of the. .0 r ef .
gAY Br et miirg T, modreshEiad g 48 midrons.
par t iFfledSsigb ediBRibLAGIEE may RN pléfeRan, @e?eaéﬁwwrier:@ fefatively thin
mnimze the amount of heat applied to the substrate
agplie §lros @re irequiras dpr example. corAOsHIops da awch one or more of the

t i viel .powder coating conposition that is a
f@mﬁgﬁﬂeﬁﬁgﬁ}%&%bomosi tion permts the final step
of the powder coating process to be acconplished wth

m ni mal heating. WO 2004/ 052558 PCT/ EP2003/ 014167 10
The @ ovi S5cHIWh by vobime 2189 Wowder coating conposition

o 38 pm B 186 BB SHPER particl 6 size of the
conmpegi ti ok 16 ydRnehé ! 20 pihe
d) 5-100% by volume < 10 pm
preferably 10-70% by volume < 10 um
e) 1-80% by volume < 5pum
preferably 3-40% by volume < 5um
f) d(v)sp in the range 1.3-32pm
preferably 8-24 pm

Powder coating compositions wherein the mean powder-particle size is of the
order of 5.5 ym and wherein substantially all of the powder particles are no larger
than 10 um, are effective to minimize the amount of heat applied to the substrate at
the final step of the coating process.

Alternatively, a powder coating composition that is a low-bake and cure
composition permits the final step of the powder coating process to be accomplished
with minimal heating.
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vol ume percentile d(v)x is the percentage of the total
volunme of the particles that lies 5 below the stated

w@aroniosdses si ze d. Such data may be obtai ned usP@EP1963/014167

Mastersizer X laser |ight-scattering device

manuf actured by Mal vern instrunents. If required, data
relating to the particle size distribution of the
deposited material (before bake/cure) can be obtained
by scraping the adhering dep05|t of f the substrate and
into the Mastersizer. 10 The1Phi ckness of the appl i ed
coating may be in the range of from5 to 500 mcrons

or 5_to 200, mcrﬁns or 5to 150 mcrons, nobre
especing PrpVisishot e low-beke powider saating spmegsitin eefrpignihe use of a

mcrons, 25 to 45 microns,
régaﬁ ?3&%%&0@@@50@%%5@%% crons or 80 to 100
nri cr di()spris 3betrnedidaf particlensize Tidhe mommsmadn f dddrer generally, the

BriE perchstie ik Behg nescartaes of Pcof vobne ot e partces that ies
el tsd Ofte b@rﬂbf@aesl%é g @L&h%’té% 0 I?eoFﬁ’é}ﬁ Bk MasterSIZer X

condition and f Ising air p so |nf uenc
laser lighbacattering devies manufaniuredayi ng:lv;arrmmants hdf requnred data -

PTG b e Rt B HRA LT E04Y dBPRrisel el B Theloes bakeloure)

délnnsélsdb@éiﬁédaﬂdsémﬁ thePladRemsy Idebbs® ofthe %QBﬁF&ﬁé and into the
I\éll) The applied vol tage and the spaci ng between the

esizere and the flui di sing chanber are sel ected so

fgﬁlt sfa{{éleon po en %%b&)'h%%len%ﬂﬁ%%%*gg Fetjhg hag gf from 5 to 500

rhicrorgi s 6dog2G0 de:mns arto aeoqmd;rcm,d M’n&@éi@'ﬁiﬂ"@' from 10 to 150
sation or co ffects

PRI SRS éroabaﬁ 158 amiogs: 20t ERsbicae, RA to 45 microns, 50
tM Céd AEGoALPEN &4 écﬁ ns fdrdlis 1pa rﬁ&%ﬁéﬁ '5@°t{oef§(??mcrons. The
I C WL Rout 10ss

he I ncrease int ness is achieva
pclilhchahfaatgr affeatingadhpdhicknéss ofather coptimgsisvibe | appdied fvoltage, but the

@%"%foé\,éﬁﬁ% piE? %ﬁm Hars é? g\fnﬁ”cge (flylﬁ)§ a%'%ggig% a charged condition

aﬂ@'ﬁlﬁ&ﬂ@%{h%éééiﬁeblsd%?luéi"i&eftﬁé'i‘éﬁﬂ?t' ng on the

substrate is achi evabl e | rresfpect i ve of whether the
coat ilngensralnthg gastisgproessssoighejimartion roay be characierised by one

HHSRETARE SOy (1), SooLh coated edges are
(Bchi entmblodatingt provesef iss tirethdpRensiodalt BAd capable of penetrating
recesses.

(i)  The applied voltage and the spacing between the substrate and the
fluidising chamber are selected so that the maximum potential gradient is below the
ionisation potential gradient for the air or other fluidising gas. There are
accordingly substantially no ionisation or corona effects.

(i)  The thickness of the powder coating increases as the voltage applied to the
fluidising chamber increases. The increase in thickness is achievable without loss
of quality up to a point but a progressive loss of smoothness is eventually seen.

(iv)  Coating is achievable at room temperature.
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5 absence of pitting or lunpiness. (viii) As conpared

with a fluidised-bed triboelectric process in which a
waelnaspsss s applied to the substrate, nore exPENEP2063/014167

and consi stent coverage is achievable, and good

coverage can be achi eved nore quickly. (ix) NDF

acqui res sone surface noisture under nornal storage

conditions and 1o highly satisfactory coating is

achi eved for MDF including a nom nal anount of

surface noisture. (x) There i%l no tendency for the

ends of fibres of MDF to stand up. (xi) There is no

tendency for a pattern on one side of a substrate t
(e Wajiewa soating o e pahsieate ds ach@V@bkﬁagrq@e@tm% o whether tne

065{ i l?r?%a {:sss JOZI %gﬁ;@@%‘?ﬁmﬁ%iéf %ﬁngée%é/ 81; frl]w% ABiate.

Ics
ve)l eCSmdciHh tyatedretigesi are cbdainablee, in particul ar,

OB BB iR 0 A B e T 49 BEBF GBI and the

ggﬁﬁ? e an electrically conductive

adgﬁélv ﬁ:e&g%ﬁg ﬂegtge may be heated in 20 order to .

(wiik eAs tcoorpadted twithea fmldlse@»bladanbo@ecﬂme prongss it which a voltage is
the nmelti

' bel t trat
alTRRL B 58, shs e, ey BRtePerantd, coBgail Colideny achievable,
andgoal QvRe RS APbE AbRieved Photidigckipose for MDF, apply
to plastics  substrates, except that there are no

(i) br MDFaagqires some sirfacsqmolsiwenyndesrnarsial sterege gamditions and

nighl, S8 RBoL hoBinb S, &EARlad IpR MASH {BERing, & FoBiny dmount of

suifac@moigu. ectrically isolated, that is, wthout an
el ectrical connection (substrate electri

<x>f " kheras no RBASnGy Tar6s ende of flatee QrVBEcto:stand up.
fdetnen Rats) 1oNR R904092550:RCH, 5390% 14467 sstrae 1o be

espacn en t'he subStrate and the Tlu
re;dladﬁnmd msthatmmtdetrlw thea:rm)oaﬁe fsuﬁe mﬂthefslubsuamed bed

tribgelectric S|n oIta IS ap

e S0pdrPeRs BiofRbn P poudel et BupBifos SuATRBRUER ncludes
ahhérecﬁrc@WSéonddmel Addinge,! in t}ﬁr@améhepmyahﬁ@él\mm a conductive
potential” for the fl uid (nmost usually air) used In the

ad@lpaeat us. 5 A powder coating composition according to
the LI'Héﬁ %c':é’sré S Hs& ﬂé@t'i\)% B powder coat a plastics substrate which does
not include an electrically conductive additive. The substrate may be heated in

order to make it conductive. During heating the temperature remains below the
melting point of the substrate and glass transition temperature of the powder
coating.

The above observations, including those for MDF, apply to plastics
substrates, except that there are no fibres and there is no requirement for moisture.

In the coating of the plastics substrates, referred to above, 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).
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single filmform ng powder conponent conprising one or
nore filmformng resins or may conprise a m xture of

W0 M4052560r e such conmponents. The fil mfornm ngP@EEPIV03/014167
(polyner) acts as a binder, having the capability of
wetting pignents and providi ng cohesive strength
bet ween pi gnent particles and of 1o wetting or
binding to the substrate, and nelts and flows in the
curing/stoving process after application to the
substrate to forma hoanenedU% film The or each
powder coatlng component of a conposition of the

't nile#PERBE RSt Bo Spbelrie haa Tucignd SBieE s about the
s%epﬁ ¥R Tha§Ri d|§éﬁ‘bé8‘ t%é&ébﬁb?r@@eé@ﬁ\dwhlbﬁté%ltaéé is applied to

T her nosett resin iIs he solid
theobyivetrate doi pdmntlab/gltaehentgmercnmpanabta tthmtaprooess) that is, well

oaiowBdST5elon BotsTHaLior B iadMaS HeFlaingised in the apparatus
therﬂ“?@\h&lél"%éﬁﬁ%nﬁéﬂ% B8 66kding€o fthé Mhi@itermenay contain a

pol ymer used in e manufacture of the or each
smglmblm;fnrmlm pawdee cotsNEnh GORPIGEND. Or® &F iNteye film-forming resins

of PRGN BeAFERUS Bt Bfye PHRREOARSRAS Vocror

resi mhe fhmdﬂbmﬁmgf FEER i(polgmerpatisess er biheler nlsavm@dha capability of
resins, and functional acrylic resins.

wedting pigmesvipane Rroviding r@hééwgéirwahb@werr rae**&néﬁart@'es and of
\A}(%g I_{%f‘i%zidbnm&l 345 Phe ds@g r¥ t?'h@l?se farglY fib E” in the curing/stoving
g y y

_ c ar box unc ester | ' m
pfopess dter @pplicativadowhé lsubst}oaﬂe)te rﬁomn amm'nogemam@e‘rlm.

R Sl it Al A = i
il tg ﬁér‘éhl&g%@@ﬁ%&é@&hﬁrsﬁféﬂﬁréllti‘nd’udha&eﬁﬂoﬁﬁsﬂc\é%té?ns (based,

er average nolecul ar
fwvea@nmpl&’mmpoumﬁﬂ@es)o:amnwmcmlﬁi be ugeddssteadnsi ti on

tenmperature T from 30C to_85C

| castiagE s Hgnimeptieh B e e SRliyihefly tinder systom
BreIm! d lig fSHAE tHemedEt lternatively t

gpRetmy "*9“' B B o ockIfg resin; altematively two

cma@mtﬂm—fmmmmen@p@?ﬁmg resingd0AY be wsedas

di gl mqﬂﬁq-fog&%&gﬁ%? gltsggnr‘?ﬂ{ésrpr%n@fé’c‘fur%y&féﬁé'@ eath component

bi sp e EOXy T Es h

of & reiobetting | powaler ayi agtmrﬁoélmn fiocordingy foeBieningantion may be
alternatively be used with

OpEsPLEOkE seEcsd, Hory pamogfg)fuecgfqr}% polygstRr r&ging. hydroxy-functional
poffdsfat! rabins NYHER R bhdddh &SRl Serylic resins.

A powder coating component of the composition can, for example, be based
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 30°C to 85°C, preferably at least 40°C. The poly-epoxide can, for example,

be a low molecular weight epoxy compound such as triglycidyl isocyanurate
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5 Alternatively, a hydroxy-functional polyester can be

used with a bl ocked isocyanate-functional curing
w@o@ans51368 an am ne-f or mal dehyde condensat e sSucPCHEP2003/014167

for exanple, a nelamne resin, a urea-formal dehye

resin, or a glycol ural formal dehye resin, for

exanple the material "Powderlink 1174" supplied by the

Cyanani d Conpany, or hexahydroxynet hyl nelam ne. A

bl ocked i socyanate io curing agent for a

hydr oxy-f uncti onal pol yester 1#ay, for exanple, be

internally blocked, such as the uretdi one type, or

(T Epharcomsain 2%51:2@%%%&9 dvCler onthits sobfngad ghickiyl ether of
bi éﬁ’ol st g l@ﬁf*st%ﬁlé@&?&a)"fefsnw ag rk?a‘rBWfdn%ﬂéhal polyester film-

ring agent °suc ex arrp di cyandi am de.
fofm&tgemilmbaaralmnmate/elw betusedawithias bis(bétachyalgexyalifydamige) curing

I b d,
agare cuph oy eleRal Yo e Gl ERe i on of
epi chkhatvely, 8 Wder%rﬁ?ti‘éﬁéﬁ p@iyé@térpb@rwe Aséd haith a blocked

is to say, a polyphenol nmade by adducting bi sphenol A
lsamarmheétmmtwnabsumg agentfarran aaiRg-forsraldehydeceandensgie such as,

o BRI 5" PO B CEPUEISC M Sy 65880 s

foMnéIdé'h?é @sirf, | foftdh@miple ahgomatatles "Cavdeslinks dd74'f supplled by the
exanpl & car boxy- functi onal FOl yest er, can

Cynamig &qra@&rw f O diexahydroxymethyd melamingnd Paeb'e%ﬁdngsocyanate

o3 55EE T3, R AR SR 46 el b rcmaly

blpeksd, biudh heshe upstdivneetypk| ndenays petathe capralabtany-bjocked type,

hydrox -, or ePoxy functlonal acrylic resin may be used
O\F\Ae?(ﬁ digogyanatgo| yester 25 resin (carboxy-

or ?raofﬁ}‘thtel" E%élﬁi‘i@é ne rESH &FPQQJQIBQQWIW BRindunctional

sel ec curing, for exanple
curing aggnt sucht agrfar exampla, dicysndiaroislec uinsteas than amine-functional
Xy re or_a_car boxy

o500 1k ey AR BB B Y5168 g, prfeably =

M&@éﬁaﬁé#ﬁééﬂ Yy reaBgte bf epié:ﬁh)rﬁhytﬁﬁw witAdaT eﬁc@tsemfsblepmenol A (that
fornulated s6 as to be cured with a single curin
%/ %xy resin). A

lsa‘@eﬁfy (2 grolyphemel sades by siddaicting disrhansd &y aRdtan
68%635&&%%&%/ g?é%ﬁé grlcéé;rlééx% hg%lro‘?(y or epoxy-functional resin

cé‘ﬂ@ém‘s\edfwmhh@p@komwweatmg Bgenfnot her pr ef erred
fornmul ati on i nvol ves the use of a |ffer cur

agenMixigres £¢ HiMoRAEIG SPIVANFFSxERR SOMSE ?fo?ﬂ?ﬁ'@g,eca carboxy-
fHBARES pblyRtdr* &P e ud8d At CarsckyeR@Nonal acrylic 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 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 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
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resin used in conjunction with a bl ocked

i socyanat e- cured hydroxy-functional 5 acrylic resin).
w@edensX5s8 m f ormi ng pol yners which nmay be nent POHEP2003/014167

i nclude functional fluoropolyners, functiona

fl uorochl oropol ynmers and functional fluoroacrylic

pol yners, each of which nay be hydroxy-functional or

carboxy-functional, and may be used as the sole

filmform ng polyner or in conjunction with one or

nore to functional acrylic, ﬂ&lyester and/ or epoxy

resins, with appropriate curing agents for the

functional polyners. Qther curin gent s, whi e e
torBAel BB oKD aTish goTice FBFIN Ho of dr e sbRpal polyester).

Argc&ﬁéloére%’r’f%%ﬁnulbﬁ&wme% {hi D o itk eH QG ap’ehf‘for each

as 1 sopherone d||socyanate ' ocke
bingéhy! a ehixiurekefttwo pelymiesictlindense(féryéxanapley banamine-cured epoxy

dj i socyapat e bl ocked th one, oxi ne smopdur .
romin wpéym soeychetnuit' 8 PEekel st Ftate R e ARy ox-functional
aé}k ¢hywi t h et hyl et hyl  ketoxinme; |ight-stable

oxy rg3| ns such as "Santolink LSE 120" supplied by
Mons@tites; filamtbraing: yoolhyroersowickpoayide Bwestioned include functional

T, THRRbAS s ey BHAC iR, fuoroaconc

&%%F@%afch%ﬂmgﬁ%@ob@%zdfw(yﬂlﬁ@ﬁ@al bhbaﬂmxylleMctlonal and may
contains one or nmore suc ents (pignents.or dyes

).
bexused 8s tbe polgniim-forming ahdnep &ruifegorHaCqH Mjihope or more

N T L B e

thei faRetidrial pelymeérs, for exanpl e, phthal ocyani ne, azo,
ant hr aqui none, thi oi ndi gq, |sodbbenzanthr

tri pREdi 64ERe agentgui iH8Ne 95“}?@'9@1%83'”%6 d%Pé’Xy phenol
n%\?cgggia?uda%g?kgkﬁés&f 8¢bides: ba%‘o%géﬁ‘é*e”@ﬂﬁ#@é‘tagents blocked with

can e used i nst or as
onmmerﬁus:h Akeisopherosiet diisoayanatee blaokedt with m@%%l@b)" ketoxime,

it i B SOl i e rifBosmocr
(dzi&o‘&/ Oe&ynﬁ efHRRES diiSbcydHte © ahT%ynt?Sb@cﬂedj u@ith. ﬁa(@hyl ethyl

558 PCT/ EP2003/ 014167 e foll ow n%eran
katosimel blightsiablenepoXyresing sus:haas Sadelinks LBFe 20 supphed by

LS PRSP By SR AT PRS0 i b D,
addi pi yewder coating composition for use according to the invention may be
free from added colouring agents, but usually contains one or more such agents
(pigments or dyes). Examples of pigments which can be used are inorganic
pigments such as titanium dioxide, red and yellow iron oxides, chrome pigments
and carbon 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
fillers, which may be used inter alia to assist opacity, whilst minimising costs, or
more generally as a diluent.
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0%to 55% by weight, 5 0%to 50% by weight, 10%to
50% by weight, 0%to 45% by weight, and 25%to 45%
whymesgst O the total pignment/filler/extendePCT/EP2003/014167
content, the pignent content will o0 generally be <
40% by wei ght of the total conposition (disregarding
post-blend additives) but proportions up to 45% or
even 50% by wei ght may al so be used. Usually a
pi gment content of 25 to 30 or. 35%is used, although
in the case of dark colours 4k’f’pacity can be obtai ned
wth < 10% by wei ght of pignent. The conposition of
the invention may al so include one,o re or mance i
15 akeR tfolleying csane&%nfm%ﬂd enraanfmﬁﬁﬂ%hdﬁ {9«@1 pigment/filler/
ﬁbﬁéét‘ ChAfnt & at ngbe?ecroatlﬁ gcomﬁ‘é@hmtadébrdmg to the invention
egradation, or ah ant |-gass ng agent, such
(dmaatdmg post-blendladdmves)such addi tives may be used.
The {) ranggg shoul d be nentioned for the
tota ditive content of a powder coating
corrpg%ltblw%@gqpé@hpg to the invention- (disregarding
post - bl end additives): 20 0%to 5% by weight, 0%to 3%
by \/\éﬁ)%ﬁp 505 by veeight,o 2% by wei ght. In general,

col oxg nt s |1 ers/ extenders and performance
addi @li/ @g%yd%%é‘ above wi Il not be incorporated

by p@@%tblz@%h byaveight Wi || be incorporated 25 before
and/ or durin the extrusi on or other honpgeni sation

pr oc@éstheartotal  pigsneridillegrxiendenecqiaber thoapigment content wil
g&‘?éFE I 9”4?1 pgﬁ{ 2f $he t&t‘é[‘\‘:ﬁﬁﬁio%ﬂ o‘ﬁf |§¥%gardmc1:1 rbos’c-blend

resu i ng—ad Icles 0 a con ous coat
addlmes)dbutgoropmhm ap [to 615% ajresveru0¥gby fwenght gy alsd be used.

USeARER BiaP o ST Bonh e 15 Eh bR Eo%h e b7ty NGYa A the case of dark
o2 o, U tpgat

subsirhacentppsrtime efifpeiinerition ndy blsatin¢iue oneraduske pérformance
aéﬁ%lf\\éee,SPth ne 8 merflo%vabﬂ)'rﬁot?nsg ré%lebt anOIplfe\ls c\:/}/sgrnda astablhser e.g.
against UV degradation, or an anti-gassing agent, such as benzoin, or fwo or more
such additives may be used. The following ranges should be mentioned for the
total performance additive content of a powder coating composition according to
the invention' (disregarding post-blend additives):

0% to 5% by weight,

0% to 3% by weight, and

1% to 2% by weight.

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 appropriate, curing of the applied composition) may be effected by heat
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5 curing tinmes and tenperatures are interdependent in
accordance with the conposition forrmulation that is
wais@d/o5268l t he foll owi ng typical ranges may bePCT/EP2003/014167
menti oned: Tenperature/CTinme 280 to 100*10 s to 40 min
10250 to 15015 s to 30 mn 220 to 1605 mn to 20 mn *
Tenperatures down to 90C may be used for sone resins,
especially certain epoxy resins. The powder coating
conposition may incorporate, by post-blending, one or
Is nore fluidity-assisting adtRtives, for exanple,
those disclosed in WO 94/ 11446, and especially the
preferred additiye conmbination djsclosed in that
treglaenti angd/ ooy racispbpenengignalabi figniesk Lifea-yigéet or electron beam
ré}ﬁéﬁ‘gr{wi um hydroxi de, typically used in proportions in
the range of from1:99 to 99:1 by weight,
advafhagewdesr ys tiswatiyl€uréd dmth&Osut&%ratqobyeftm abbb’rc;aft'romnrmf heat (the
20: 80 to,80:20 or 30:70 to, 70:30, for_exa e,.from
Pipgiess of Gtewd)s e BOVKRE Patistas Fislt A TGH 4 aifikerigdaireed. The
I h&C 0 byl pakehtt iy eged i
c%ﬁl&@? rrg9§i E&ggﬁﬁﬁgﬁgﬁeﬁﬁ slgﬁggsﬁesed |tn"¥h§Cdp§jr? g\%‘i{@cewnh the
compogioprfeseulationvibat iie rysedf ande faenfoligwiogritypical iranges may be
| nel {_}ji,ng silica. Alum nium oxide and silica may in
%&gpﬁ %‘n be nentioned as materials which can be used
Si ngWy@gmgﬁg/chl ended Jpgkhtives. Mention may al so be
made of the use of wax-coated silica as a post 2s
bl end@Qtad@dti ve as di scl@sda 40minD 00/ 01775,
I ncl ygel nmbi nati ons t hergQfsaw al um ni um oxi de
and/ gsbg?agnﬁni um hydr oxi ngsng:ag%ng@ al so be made of a
PTFE220rtgl160 ed wax or ot befiinweR0matreri al, for exanpl e,
as_di sclosed in WO 01/59017. The total content of | .
" pdSHURFTEHAES U 1P J°Fsmav HSREHRF 8BMEi TeRINEhBSRRARAIY certain
c j osition will in general be in the range of
o R o 10% by wei ght . WD 2004/ 052558 ‘
PCT/ TEr (os/det 4061 ng Zopnpdsitionb mayaincorpasdte 0 by pdsi-blending, one or

mi8e APERgRRtg SREYER o S embie vos Blecksed 11 WB bfi14s, and
eSskbidllyV eRS) preférpdi AdditANScothbmbHeh NhidBlos8d | #e MBE Specification,

al um ni um hydroxide (and simlar additives) are o
ceipasing ghsusiun gxide and aluminiumdyidroxide typinglly wsed ingiroportions in

tHe fahdeCof #hRT°1%0 5! $81 by WiligH2 Al¥altagBoldly HrdR % 0:90 to 90:10,
preferably from 20:80 to 80:20 or 30:70 to 70:30, for example, from 45:55 to 55:45.
Other combinations of the inorganic materials disclosed as post-blended additives in
WO 94/11446 may in principle also be used in the practice of the present invention,
for example, combinations including silica. Aluminium oxide and silica may in
addition be mentioned as materials which can be used singly as post-blended
additives. Mention may also be made of the use of wax-coated silica as a post-
blended additive as disclosed in WO 00/01775, including combinations thereof with
aluminium oxide and/or aluminium hydroxide. Use may also be made of a PTFE
modified wax or other wax material, for example, as disclosed in WO 01/59017.

The total content of post-blended additive(s) incorporated with the powder
coating compasition will in general be in the range of from 0.01% to 10% by weight,
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5 based on the weight of the conposition wthout the

additives. Amounts up to % or 2% by weight may be
wae@d/ 053568 probl ens can arise if too nmuch i s UBEHEP1003/014167

exanple, bit formation and decreased transfer

efficiency. The term "post-blended" in relation to any

additive nmeans that the additive has been

i ncorporated after the extrusion or other

honogeni sati on process used in the 10 manufacture of

the powder coating conpositidd. Post-blending of an

additive may be achi eved, for exanple by any of the

fol | ow ng$dry bl endi ng met hods: a) tunblj n into {1
prefarpbly et deast 9 1%.hvgwelgb$ ane Jn@&@meobmg ﬂrOe/o yiweighis(hgpsed on the

f
o AHE 08 Birh 85 S AR Sorfifadd o Sumina
o>?<|we tagul aumkl)muémghWEwde (amj simjlan ac}iolhtwh;gtareradvantagebasly used in
I di A ner r
ampHS coP TARUS GG (38 1t ESlhab bR, PIclEiebly 5 to 0.55%
ba<¥d' o THE %ﬁgﬁopfﬁécgtﬁﬁ?bﬁtlﬁ?%ﬁgﬁnﬁ@ aMditlvesN@mounts up to 1% or

I nventi on a sever or ns process I n
2% dmoweight mayi henuseath biubhprotiéron canldrisadffobemndels isrugedd for example,

oiltooRlatond RSP G R R Fi o 1 shove the

generi@e tdrAl Post-biehdédl if eelabienl td hhPaabifeé Meandanaethe additive has
coating apparatus in diagranmatic section, Figs

2A
begminzerRoratedeaftaidbei axirusiopr i elheationipgenisation groeass used in the

R B B i h g BaftpodBl Lo o™ & 1 And
subsposttigendisg W esh additis atpy ee3achibied) fonaxatgsde,aby any of the

electrically conduyctjve additive nmaking the substrate
follpwingrdry-higrigingetipdsonduct i ve. WD 2004/ 052558

a)PCT’t%Prﬁé?ﬂg’@égﬂéZh.k% Lohfijfgy Lo Fig. 1 of the

acco raw Ui di sed- bed
bt ri bmﬁohomatmepmmder coating apparatus includes a

pas AU B SIS SaF BT SR Rirbr ane (3)
dyi Spﬁ@%r&&@%\ﬁ%éﬁilﬂg lnsé)“t@ﬁ'nb‘lé?” g Mﬂh@?s@:%léhﬁﬂﬁ@ﬂewce or
into a l'ower plenum (4) and an upper fluidising "5

e) onpiatrogeetion(islo. the fluidised bed.

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:

Fig. 1 shows the general form of fluidised—bed triboelectric powder coating
apparatus in diagrammatic section,

Figs. 2A and 2B are perspective representations of first and second MDF
substrates as used in Example 1 and ‘

Figs. 3A and 3B are perspective views of a plastics substrate, as used in
Example 3, which includes an electrically conductive additive making the substrate
electrically poorly conductive.
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In operation, a substrate (6) having an insul ated
support (7), preferably a rigid support, is inmmersed

w0 nooa/053588 di sed bed of a powder coating conposPCT/BP2003/014167
established in the fluidising conmpartnent (5) by
means of an upwardly-flow ng streamof air introduced
fromthe plenum (4) through the porous nenbrane (3).
10 For at least part of the period of imersion, a
direct voltage is applied to the fluidising chanber
(1) by neans of a variable vol&age source (8). The
particles of the powder coating conposition becone

el ectricall y charged as a result of triboelectric
act i BefeiiBegta nkigpat t PEI ﬂs@ 38SORRMAINGt 1SEAWINES ¢ rtaeeflwdlsed -bed

trfb?%o nﬁ@y&é hg%{plpl ca %L@r%scéoﬁu [ %e su% (Qipavmg an air

inletg2) a‘aibst pasdrand raopdrﬁus b districaiorcmentrane (B)udispased transversely

oor | onducti v strate be either earthed by a_ .. .
5 3 461 Ve Bie (chamhes ke & Ges: DiSLUT da 3k AnpRer” fuidising
?5& eﬁ? connectl on. Triboelectrically charged
tic f t he powder coating conposition adhere to
t he Ir‘sulwatlam,@ gabstraté éd)ehavirg ao insstatedtsuppor(7) prefacably a rigid

Skle[%:]jcoe té§s HHH%E?EV ] tagwdisslf?@pqeéﬁgﬁ 3 “391%; gaa{u}g @ﬂé?}gl{lgn established
B ﬂfélﬂgfdigmg Somarthient @) Ly ﬁ{e%\néﬁdf BRYudRardRMERSving tream of air

%ul ar _oscillatory manner during the <coatin process
lrﬁrp n@%dwﬁorfbﬁhesﬂ@wm i(4) thrayighthe ppravspaempsane (Ih 4
subs FBla%f gré?r {}Qﬁ oﬁﬁI Bﬁgg ot Qoﬁ h§ SREL \%l%a:g?%rls applied to the

i nterm or CO |nu ust I mers

fluiabsu’@echamba’t @dllby rheamy ofeal vaﬂablwvbhdg@wumet(B) The partlcles of the
desired t ot ngerl od of immersion. has been achie g
PawderCcoating g Re l%@fsemeu ?'9CTHPa|We6|B€FrS§dt4$ea§§§%’¥ Ph frboelectric

adidrl ém@ﬂg thg*? dpd %\‘Eovﬂ? hes ep%t&(tb&@i‘hbé‘ 91&2 ScthEﬁeconnectlon

or stirrfn ed W
(edectiically ‘ﬁkaatmgf)oﬂnl eleetricalbn nbhe:omdbsinveasabstmtw irteditaloly, has no

eler e, B8nneation hiird ngote PRt Seaiefate piies st paghed by a

SGIRPROS idlé@RcaN el € dr here@iakd Nawit\O n%o Oé(egﬁ%ﬁﬁs connection.
PCT/ EP2003/ 014167 19 The voltage source (8) is

Tﬁbmqeigctﬁ@alé'r elargad naﬁ@cleﬁnob the powdegeoatingreampeeition adhere to the

SUBL44 18, el BB B 4 SRR sppres b o

vMiEJg% SOLRES (ﬁ k@tﬁlbé%v@ﬂmaléﬁéltréqa@ecﬁfmg%er@te@@h effects.
wth_a fluidisation unit supplied by the 5 Nordson

Cor pdhatsubsiraia, (@gﬂaygt@qmoapdyn@reguiar esgillaiprynmapnen fluring the
cOLtifde b HeesS DyCRLARY notlsABRASH Fg. £ hitematively, 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 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.
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In the Exanpl es, the substrate (6) was nounted on an

i nsul ating support (7) in the formof a rod of |ength
wW@@40m558The substrate was positioned central | RCEPINI014167

the fluidising unit, giving rise to a maxi num

potential gradient that is expected to be no 1o nore

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 below the

i oni sation potential which isl®B0 kW cmfor air. It

will be evident that the substrate would need to be

much closer than it is to the wall of the fluidising

uni t The veltais sewicet(Bris maksrewgsed andithe qutpidiwitage ¢s measured

. V. ol tage of 3 kVis applied to the
a\?wﬁ%%ﬁ{nﬁéﬁﬁﬁgﬁﬁﬁﬁl The maxi mum potential gradi ent
whenThé golewihgIExaPPlsi mu&rﬁek’fﬁe prcx:eestmm&teem\&huen 13and were
kV/cm and at a vol tage of 2 kV the

cafﬂgd PykHSipgtanparaus @sagjno%\t ln iFdg.ahwith Ebﬁwngﬁ(ypI& it supplied by the
NS Cpt RSO E R i) Bindl il 0, Slylgftos om and

dramdt@k 1&cmbt ai ned in conditions providing maxi mum
B 3 B (508 e S i oo
RO Wf » rofl- cﬁ’%rl%x ‘Qﬂj‘otrﬁnﬂ Ghk \4us8iratdl wadl| b@s’tlbrﬁ@cﬁ centrally within the

reporte inth anples are in seconds. Exanple
flitdisingr umity givingirige 2/ mammmmemﬁairwadignumlmgxpe@ed to be no

ikt L pE et ALk Y Ry TRPBISY o Mk Publsfipfimoer (1)

That i9r satistiiofynedsiftesare dUtiReE f@a‘iob@érmaqudlemsnsueﬂ below the
| i near depression Z%képar ating two |inear raise

ionisetian petential whigh is oo foysas Hoviboe/quitenh 2 the e#b%@te would

obBE 55, e, ) 2 LRI W LAY B5pi Prr for e
mdRimuvhi gdtemtial Igwdhemlgw e 30 lk\ﬂ’c;m Iwrmmda volthgelef 3KV is applied to the

curved surfac ressi on The fi strate 20
flaidising ¢hambey. e eT '%ﬁé'ﬂ‘l&“ kP ?l grarent ioeegﬁ% ypfags,dped is 0.5 kV,

is ﬁ%é@ﬂ“ﬁf“b'% kvydihl?e%ﬂ@'a?‘-‘é Nofidge ‘b?rmﬂcli\y"chéYesﬁtlH@?ed maximum
e second substrate shown 1h Fig.

pdiemt}alsgradsenbfs albmJtsmO’éﬂ(k/MS Allewing fos the bS@U@tlon o thetvibration of

the subs?ra%e iig expe%tted that tsgtis]fgctgw 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/em to 5 kV/cm and, possibly, 0.05 kV/cm to 10 kV/cm.

All dip times reported in the Examples are in seconds.

Exampie 1
Referring to Fig. 2A of the accompanying drawings, a first substrate 20 used in

Example 1 is a block of medium density fibreboard (MDF) which is rectangular in form
and includes a surface pattern comprising a linear depression 23 separating two
linear raised formations 21, 22.
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10 Depth = 1.5 to 2.5 cm Two powder coating systens
designated A and B were used in Exanple 1, both nade

wapoolpsiske same fornul ation and differing in peeT/ERL063/014167

size distribution (PSD) 15 and the manner of

preparati on. The powder coating systens were prepared

by conventional powder coating mlling. The

formul ati on cormon to the systens is given bel ow 20

25 Parts by weight Rutile Titanium D oxi de321 Filler

(dol omi te) 107 Carboxylic Acid2€unctional Pol yester

Resi n374 Epoxy Resin Curing Agent 152 Catal yst 30 Wax3

FI ow nodi fier10 Benzoi n3 TOTAL1000 In addition, the

fol | mfﬁrgmad@. Fiov &8 of e accp%*npara/rmqﬁéawmg%na|se@omﬁ§ubstrate 24

(eaﬂﬁ‘f m £04/ (540 3P / %34&](& Tarzljn 1%‘?1% ﬁd’ ?ncludes a
1

orrrul am nirum
cUjved é,ﬁfacerdeprésﬁlm@?@ht AI um ni um HydrOX| de (I\/Iartl naI

to ﬁéla%tcf%rét stz f?%sﬁ%?‘ﬂnitig ?ﬂ%s Bg“'m@' g eh%mrg content and,

o&?%enﬂ%og@h%g el%%ﬁh%g%ncriﬁ){g}ﬁ/gg‘tl&rg&ﬁ %8%01{8 SohetBite 24, shown in
Fig. 2B. ' ' '

The dimensions of the substrates range as follows:

Width =7 to 11 cm

Length= 510 15 cm .

Depth = 1.51t0 2.5 cm.

Two powder coating systems designated A and B were used in Example 1,
both made up by the same formulation and differing in particle size distribution (PSD)
and the manner of preparation. The powder coating systems were prepared by
conventional powder coating milling.

The formulation common to the systems is given below:

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

In addition, the following additive formulation for post-blending was prepared:
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System B d(v)99, mb54.18 15 d(v)50, m20.77 %10 m
16.83 % 5m 4.96 The general operating conditions

woweea/ 05558 ol | ows: 20 Wei ght of the powder | oaPETEPIV03/014167
the bed - 800 g Free fluidisation time for
equilibrating the bed: 30 mn. at 3 bar Standard bake
of deposited material 30 mn. at 120 C 25 The
substrates were di pped in the powder coating
conmpositions which included 0.6% of additive |I. The
results obtained are sunmari &dd in the foll owing
tabl e: WO 2004/ 052558 22 PCT/ EP2003/ 014167 Coati ng

Type, of, ,PaFeI plied D p- Potential Coverage,

Thi cf 2 T0r ' ar dConnect i onVol t age, Ti ne,

G adhRMiniurd"81idE(Degussa Aluminium Oxide C) — 45 parts by weight
Aluminium Hydroxide (Martinal OL107C) — 55 parts by weight

Below are reported the particle size distributions (PSDs) of the two powder
coating systems:

System A

d(v)eg, m 96.26
d(v)so, pm 37.69
%<10 pm 4.33
%< 5um 1.34
System B

d(v)gg, pm 54.18
d(v)so, pm 20.77
%<10 pm 16.83
%< 5pum 4.96

The general operating conditions were as follows:
Weight of the powder loaded in the bed - 800 g
Free fluidisation time for equilibrating

the bed: 30 min. at 3 bar
Standard bake of deposited
material 30 min. at 120 °C

The substrates were dipped in the powder coating compositions which
included 0.6% of additive 1. The results obtained are summarised in the following
table:
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KVsecKV/ cm AFi g. 2AEart hed+5602. 51004510 AFi g.
2AEar t hed+51802. 510015510 AFi g.

WQ Aa515e81+10180510023530 BFi g. PCT/EP2003/014167

2AEar t hed+5602. 510017. 55 BFi g. 2AEart hed+51802. 5100238
BFi g. 2BEart hed+1018051004511 The abbrevi ati on STDEV
used in the above Table is the standard devi ati on of
the filmthickness nmeasurenents carried out on the
faces of the substrate. It is evident fromthe above
results that both the System22and System B 5 powders

provided a full coati ng under simlar conditions
although the System coating was generally thjicker

Codp | heSisRad B co/é@n“wg Bifdef PepRiel hEovermgai|tTniskpess, | STDEV
Skstanp] Boatd 1OCaHnectismp%|tegé € TiRe d Gratlichi Fmpl e 2 |ig

avai | gbl e under the I{%@AM produged by
Pol ypenco Korea Co E\?d ) [an g@gﬁgaat pol yani de

Aexhi bj Fig24 isEareed contfuct i Vi 89/, | ZBe subddd at e [h48 t he | 10

 [Af O Ofig AT BEIRBEUT s ST Abigy [ HE 10N o Y| 755 10

ions: | Wdth =77 15 engt h = 116 LDQnTJ:L =

Yot

A0 ) T@AhRIERS coht1og $13 efPused | M%ExandI252 wag 30
Bt he san‘gzas Eehﬁecﬁyst&m B pﬁn/vdez._sused n(m) Exan I1e51 5

pugo: =0 €&—S as51=S ' A—Blaaple—1-
__BJIMIEhI Flg%AO Eéﬂﬁ (e:f:rt |:’\/e5 ; E@ %1%509:9 a? oper a??

Bcondi [ Figr?8 mearbedhs 10 ows 180Ae| §ht of | 10 povdéb 11

["oaded T n the bed: 0 g Free fiurdrsationm time for
equi li brating WO 2004/ 052558 PCT/ EP2003/ 014167 23 the

bed: TBeabiae\dalicrk8TDEWessakintthd aboae drabée is the standard deviation of

the film thickness measurements carried out on the faces of the substrate.

It is evident from the above results that both the System A and System B
powders provided a full coating under similar conditions although the System A

coating was generally thicker than the System B coating under similar conditions.

Example 2

The substrate used in Example 2 is available under the name CONAMIDE R6
(produced by Polypenco Korea Co. Ltd.) and is a cast polyamide exhibiting some
conductivity. The substrate had the form of a rectangular slab of the following

dimensions:
Width = 77 mm
Length = 116 mm
Depth

10 mm

The powder coating system used in Example 2 was the same as the System B

powder used in Example 1.

The formulation was the same as is used in Example 1 with 0.6% of additive 1.

The general operating conditions were as follows:
Weight of the powder loaded in the bed: 750 g

Free fluidisation time for equilibrating




30 mn at 3 bar 30 mn. at 120 C5 The results

obt ai ned are summarised in the foll ow ng table:
w@eatiosagsPanel Applied Dip-tine, Potential CovRCHER2003/014167

Thi ckness, SystenConnecti onVol tage, SecG adi ent,

%STDEV vol t skV/ cm BEart hed+1000100. 2610014516. 2

Bl sol at ed+1000600. 261004612. 0

BEar t hed+650100. 1710011814. 3

BEar t hed+650300. 1710020417. 2

BEar t hed+150200. 041007215. 2 3% val ues reported in the

"t hi ckness" columm are the average value of 12 film

t hi ckness neasurenents performed for each _substrate.

Each H#Bedwas nmeasured 1o at 6 dP¥NEREHS bB6i nts on

each feﬁ‘ﬁ%rd §E@der1]§pc}sﬂ§d5t andard deviation of the film

t hi ckness neasurenents. The substrate can be either

el ect matefidly eart hed or el ectri cal By migoatt20XC The
substrate exhi bited noderate el ectrical conductivity
and the process was nore effective when the substrate

The Ta7 Rl dHhdfiod sRERHiRSE Bt R Ke a0 Pl age

i nfluence the performance (speed of coating process

and miformtyvy and oavaeanneace film nattarn + hieclknacc)

CE1g hE=hwder [0S o 0T m R SokRdFel TSNP nlgSTPEY

Syjet ePfpimmstion seYoltage, |Feocess |c@mdietti 0i¥s (appl ined
vol tage, dip-tiyRs ai|r-pressurgjcf or |the besft

©

B Earthed +1000 10 0.26 100 145 16.2
B Isolated +1000 60 0.26 100 46 12.0
B Earthed +650 10 0.17 100 118 14.3
B Earthed +650 30 0.17 100 204 17.2
B Earthed +150 20 0.04 100 72 16.2

The values reported in the "thickness" column are the average value of 12 film
thickness measurements performed for each substrate. Each panel was measured
at 6 different points on each face.

STDEYV is the standard deviation of the film thickness measurements.

The substrate can be either electrically earthed or electrically isolated. The
substrate exhibited moderate electrical conductivity and the process was more
effective when the substrate was earthed rather than when electrically isolated.

The polarity and the magnitude of the applied voltage influence the
performance (speed of coating process and uniformity and evenness film pattern
thickness) of the powder coating system used. The powder coating system has a set
of process conditions (applied voltage, dip-time, air-pressure) for the best
performance.
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per formance. WO 2004/ 052558 PCT/ EP2003/ 014167 24
Exanple 3 Referring to Figs. 3A and 3B of the
wQ@e@anpEsy/i ng drawi ngs, the substrate used i NPEREPPOE014167
3 was a section of a notor vehicle wheel cap, Fig. 3A
showing the 5 front face of the section and Fig. 3B
showi ng the back face of the section. The wheel cap
had a dianeter of 7.7 cm and the section used was
about a quarter of the wheel ap. The material in
whi ch the wheel cap was fabri€ated is avail abl e under
the nane Polyam de 66 and exhi bits neasurabl e, but
significantly poor, electrical conductivity. Referring
to Fig. 3A, the substrate 30 had the formof a
Edagleagt of a disc 1o bearing edge formations 31 and
“Tnner Tormations 32 extending across its front surface
i n alefarfiop t@d:iQSOB:%tami aBpefethei apponyANYing dravings.t the substrate

SRR S Eh SLEA 0 € vl fed 13D, R, 39w e
froft Ak iof fise §§ctm0bnmﬂgr 3Bahslingthe Béckefabemltms@cﬁbnsffhe wheel
its back surface in addition, jsolated

cae bﬁ@ﬁd'@ﬁ“@tef(})fgnﬁl cnzm anddhe sertianousest Wae @bpeta ayarianef the wheel
c:g@ 'fﬁ;ér’n \Kagérﬁa&i}zg}ﬁ u@%gﬁn%eel%ban bﬂe @ﬁ%}‘éﬂ?é‘ﬁdﬂ‘%under the name

Pmﬂyagﬂde 68 emdi eth)(BwPéﬁréblenHthSi% ] fmearglyrp@oa,l elegideal tonductivity.
con r X [ f, t .
oaaBEeTng He HaqoAniie, SHossiale 14 bd dhe ATt dhet figadrant of a disc
b%gﬁhé &8 ?drﬁ%tloﬁé)gh‘ %n@%neﬁ@rrﬁ"éﬁbr@%ﬁeﬁéhdlﬁb %Péb”sqts front surface

cure of deposited m n. C nmateri al
lrﬁéd'dhttorl &lablatemm’eaﬁdna% aﬁdrﬁ‘ﬂmﬂ E@ﬁontrsurfa@ef ol | owi ng

Tabl ?{efe\‘{%é ?(9 %Gr%% ?H u@sthg%P?HSvmg?P{g rr&%eEJ(eQ %ﬁé&%ﬂt of a disc,

bore edge formations 36 and inner formations 37 extending across its back surface

and, in addition, isolated depressions 40 and 41 and isolated projections 38 and 39
on its back surface.

Only one powder coating system was used in Example 3 and was the System
B powder used in Examples 1 and 2.

The general operating conditions were as follows:

Weight of the powder loaded in the bed: 750 g

Free fluidisation time for equilibrating

the bed:

Standard bake and cure of deposited

30 min at 3 bar
30 min. at 120 °C

material

The results obtained are summarised in the following Table:

Voltage Gradient Dip time Panel Coverage | Deposited | Evenness
connection mass 0-5
+5 kV 0.67 kV/cm | 80 secs Earthed 55% 0.5grams |4




10
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Evenness connecti onmass0-5 +5 kV0. 67 kV/ cnB80
secsEart hed55%. 5 granms4 WO 2004/ 052558

weonABRES03/ 014167 25 The substrate was of a reBCEHEP2063/§14167
conplex formincluding a plurality of curved and
recessed areas, making filmthickness neasurenent
difficult. A neasurenent of the Deposited Mass was
used as a nmeasure of the filmthickness built up. The
coverage was assessed visually. s The evenness of the
filmthickness pattern was a#dessed visually, the
value: O indicating very bad and the value 5

i ndicati ng ver%@%ood. Better results were gbtaine
when! iehautash ofv elativaln samplexrfoiAdRc! u&?m% plurahty of curved

FLEEREERS b, FRURGE, 05 FREYRIMEIYRAL A ridasurement o
the ®&xposiied Mass wast usedead a naeasermefmedilm tAickhedsi il Lpy

beI the nelti n @EOI nt of t pl astics substrate
t ek1e$OVEHOS WaS AegrRsed \isH ¥1 nt (Tg © of the powder

corrpp,% EVéHhesB'df Hie fifn q’hé]?‘le%g pa-ﬁEPn Wﬁ%&é&é&d&/l@ualﬁlhme value:0

substrate at the nonent di pping was less t

indigating verarb@drartdﬁhe Vlah@ @MIHMQMQMH e to the

2" s featurté g Pad R s et pdind Mo hen twas

elestriedllyissldte@ut in an air-ci rcul ating oven. The results
obt ai ned t hrou eating of the substrate are
sunﬂarthgé@serpftkpeampla 3,0hwimg found dnatdhercaueeage was enhanced by

hé@lﬁé?ﬁ%&%}%@ﬁg g&#ﬁ@@)&ﬁ%@%ﬁ@%ﬁﬁ? Hefsly BYE R point of the

i oNMass
plédtiossstiivaianiiat=sa andite transition point (T °C) of the powder composition

prior to dipping. The temperature of the substrate at the moment of the dipping was

less than Ty °C in order that the powder would adhere to the substrate only by a
electrostatic process and not by a kind of sihtering process. The heating process was
carried out in an air-circulating oven.

The results obtained through heating of the substrate are summarised in the
following Table:

Oven Oven | Voltage | Voltage Dip | Panel Coverage | Deposited | Evenness
Temp | Time _Gradient | Time | Connection mass

°C Mins KV KViem Secs % grams Oto5
40 10 +1 0.13 30 Earthed 70 0.6 4

50 5 +3 0.40 30 Earthed 80 0.9 4

40 5 +3 0.40 60 | Earthed 90 1.0 4

50 10 +3 0.40 30 | Earthed 100 2.1 5

40 5 +5 0.67 156 Earthed 100 2.4 5

40 15 +5 0.67 15 | Earthed 100 3.1 3

40 5 +5 0.67 15 . | Isolated 80 1.1 4

40 5 +8 1.07 15 Earthed 100 3.6 3
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4010+10. 1330Ear t hed700. 64 505+30. 4030Ear t hed800. 94

405+30. 4060Ear t hed901. 04 5010+30. 4030Ear t hed1002. 15
W@ 0B+HR56¥ 15Ear t hed1002. 45 4015+50. 6715Ear t hedrODBPA83/014167

405+50. 67151 sol at ed801. 14 405+81. 0715Eart hed1003. 63 WD

2004/ 052558 26 PCT/ EP2003/ 014167 Exanple 4 The

substrate used in Exanple 4 was a transparent

pol ycarbonate (non-filled) rectangular panel of 47 mm

x 101 mm Only one powder System was used in Exanple

4. 1t was the System B powdeES 5 used in Exanples 1, 2

?nﬁl3. The genﬁral operating conditions were as

ol l ows: Weight of the powder |oaded in the bed: 750
Expmplede 1 uidisation tinme for equilibrating the bed:

30 mn i
depolls SipstiefEloed B ARMR £ W Eudthtihtcarbonate (nonilled)
re&té@@hfa@*p@nélgcﬁg&qhhexed‘l nhe uni formity of the coating

was i nprove eating the pl.astics terial

t enpentanes QS%W%QJ“%@SN B Wplggdﬁﬂ‘@%o%%@temec’Wder

i t he powder coating conposition

u%%oﬁgféeﬁnﬁﬂ%fgi %%Pg%ii Furt her i nprovenent V\n/gs obt ai ned

on pTiee gbrergl ogerating somditions: welssasfodowsmer si on and

still fyrther inprovenment. was t ad by equalisin
t he mﬂ"ﬁ@?g‘f? Q%derg%n%ilgﬁﬁegggo%ﬁ%rsi on. Charge
equakiAUi@SativistirAs Roraxgslibfatinger by heating the
substrate to a tenperature belowits melting point or
noi st &me bedit he surface of the sub3® FHRat 3P
Standard bake and cure of deposited
material 30 min. at 120 °C

Coating of the substrate was achieved. The uniformity of the coating

was improved by heating the plastics material to a temperature below its melting point
and below the transition point of the powder coating composition before immersion.

Further improvement was obtained on pre-charging the substrate before
immersion and still further improvement was obtained by equalising the charge on the
substrateAbefore immersion. Charge equalisation was achieved either by heating the
substrate to a temperature below its melting point or moistening the surface of the
substrate.

Example 5

The substrate used in Example 5 was a rectangular block of MDF board of
dimensions 10cm x 15cm x 18mm.

The formulation given above in relation to a System A powder was used, but
was milled to a smaller particle size distribution as follows, this being identified as a
System E powder:

System E

d(v)es, im 10

d(v)so, im 5.5
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Exanpl e 5 The substrate used in Exanple 5 was a
rectangul ar bl ock of MDF board of dinensions 10cm x
wasorisesi8mm The formul ati on gi ven above in rBCHEPN3/014167
to a System A powder was used, but 25 was nmlled to a
smal l er particle size distribution as follows, this
being identified as a System E powder: System E 10
d(v)99, pmd(v)50, pnb.5 WD 2004/ 052558
PCT/ EP2003/ 014167 27 %5pm 42 In addition, the
fol l owing additive fornul ati o/ for post-blending, was
prepared: Additive formulation 2 Alum nium Oxide - 15
parts by weight 5 Al um nium Hydroxide - 45 parts by
vei gt <3S ¥Mca4@wacker HDK H3004) - 40 parts by weight

Sl e _ L il , .
5 o gt 0 i, ST h F BoaT ARl s proprec
denoAdditine $ormutaionf2 whi ch t he surface has been .

cxanEniEn T AR SR bonded 10 the 1o

surfgﬁﬁnin%rgﬁw@_gggaﬂgmﬁﬁﬁpi tions were as

fol | ows: t of the po the fluidised bed -
5009 SHcadVWdcketHbit H3004)i-+40 parts bywidighir at i ng t he bed

- 300 . _Fl ui di sat,i.on.,. ' .
cont SR o 3 i RbiS BuBh BV akTe idkh Whser Cherme. The
ternﬁﬁ%dl‘oﬁh@lﬁickﬂ@a@eﬂ@ed@%ilt&%ﬂ@hl&ﬁ%e?ﬁ%@é HeR Bé¥0modified by
of t eSstemEgovvdervmth 2% of additive | and 2%

ther inigiuela 0 SiybgpuEs: o Fxamil, diakslmetisiexarss lEmded fo the
s?ﬁ&&ﬁds in each case, 3kV was applied to the
'urdi si ng chanber and the panels were heated at

The general operating conditions were as follows:
Weight of the powder in the fluidised bed - 5009
Free fluidisation time for equilibrating the bed — 30 min at 3 bar
Fluidisation pressure during coating — 3 bar
Standard bake of deposited material — 30 min at 120 °C

Two MDF boards were dipped in 500g of the System E powder with 2% of
additive 1 and 2% of additive 2, respectively. The dipping time was 60 seconds in
each case, 3kV was applied to the fluidising chamber and the panels were heated at
120 °C for 30 minutes. The results are set out below and show that the System E
powder with additive 1 post-blended has a relatively poor coating performance
whereas, when additive 2 is used post-blended, the coating performance is
considerably improved.

Post additive Potential Gradient | Coverage Film thickness
Additive 1 1.2 kV/ecm 30% 9um
Additive 2 1.2 kV/em 100% 41 um
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20 120 C for 30 mnutes. The results are set out bel ow

and show that the System E powder with additive I
weowtAoksehded has a relatively poor coating peP¢DEPBN®@4167

wher eas, when additive 2 is used post-bl ended, the

coating performance is considerably inproved. Post

addi tivePotential G adi ent CoverageFil mthickness

Additive 11.2 kV/cnmB0% pm Additive 21.2 kV/ cml00%!1

pm 25 WD 2004/ 052558 PCT/ EP2003/ 014167 28 Exanple 6

The substrate used in Exanpl €% was a CONAM DE R6

pl astics slab details of which are set out in Exanple

2 above. The general operating conditions were as for

5 Exanple 5 above. Two CONAM DE R6 sl abs were di pped
Eg(QmE%¥ of the System E powder with 2% of additive 1

of additive 2, respectively. The dipping tine
was Bhe sabstrate used e Exbmpies@ waska/COMNAMME Rédplastiastsdab details of

TNl I TR W

E&Qﬁ,ﬂiﬁgbgy@t em E to powder with additive 1

pos ended has a relatively poor coati ng per f or mance )
wher Two, CONAMRRIRG slebowere dipped to $00g|0f flre Systene E powder with

2% adefulo] AR 2 SRt Ao RRERRY THERIGA iglEWEs 60 seconds
irP8stH dase BRVvAVASHIRA%E She fluidliid theeniBér.ahd the slabs were heated at
kV/ cml00%6 7pm Exanpl e 7 15 The substrate used

18R &fplas 30 MHRUIRBFT e deeiliasare et vk sl @n_gbs_j\py\ll thet the System E
ppYARL ﬂ\gﬁog@[ﬁg&og g@éﬁﬁléﬁ]&gﬂﬂ g,aé1 dé %f%iv@@%&bﬁ’ ®oating performance

whereas, when additive 2 is used post-blended, the coating performance is
considerably improved.

Post additive Potential Gradient | Coverage Film thickness
Additive 1 1.2 kV/cm 80% 38 um
Additive 2 1.2 kV/cm 100% 67um
Example 7

The substrate used in Example 7 was MDF board as for Example 5 above.
A second powder formulation and a third additive formulation for post blending,
as set out below, were prepared.

Powder Formulation 2 Parts by weight
Titanium dioxide 252
Filler (Dolomite) 161

Carboxylic acid functional Polyester Resin 400
Epoxy Resin 147
Catalyst 24
Wax

Benzoin

Flow Modifier 10
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| t ow, were prepare . e as se ou Powder Fornmul ation
2 Parts by weight Titanium di oxi de252 20Fil | er

W@ Dokossse) 161 Carboxylic acid functional Pol yRGI/EP2003/014167
Resi n400 Epoxy Resinl47 Catal yst24 Wax3 25Benzoi n3
FI ow Modi fierl10 WO 2004/ 052558 29 PCT/ EP2003/ 014167
Additive formulation 3 Al um nium Oxide - 40 parts by
wei ght Al um ni um Hydroxide - 48 parts by weight 5
PTFE nodified wax - 12 parts by wei ght The above
Powder Formul ation 2 was used9and the particle size
distribution was as for a System A powder used in
Exanpl e 1 above. The general operating conditions
were as for Exanple 5 above. Two MDF boards were

Adlif ' 5 of the Formulation 2 System A powder
additive I and 0.6% of additive 3,
A]Uﬁﬁ—n@mt@jdﬂé)h4ﬁrb@rts1bpmefghttl nme was 60 seconds in each
case, 3kV was applied to th fl ui di si ng chanber and

A'ﬂﬁ@”“\é@ﬁ’é&’@"’iﬂé?e‘ $eafe yéi‘fe‘gi 0 C for 30 mnutes.
PTEE Wi ®ax M PELBY Qighed show that the

The above Powder Formulation 2 was used and the particle size distribution

The

was as for a System A powder used in Example 1 above. The general operating
conditions were as for Example 5 above.

Two MDF boards were dipped in 500g of the Formulation 2 System A powder
with 0.6% of additive 1 and 0.6% of additive 3, respectively. The dipping time was 60
seconds in each case, 3kV was applied to the fluidising chamber and the panels were
heated at 120 °C for 30 minutes. The results are set out below and show that the
coating pei‘formance can beA radically improved for a particular substrate by careful
selection of the post-blended additive.

Post additive Potential Gradient | Coverage Film thickness
Additive 1 1.2 kV/em 75% 22 um
Additive 3 1.2 kV/em 100% 44 uym
Example 8

The substrate used in Example 8 was a CONAMIDE R6 plastics slab details
of which are set out in Example 2 above.

The general operating conditions were as for Example 5 above.

Two CONAMIDE R6 slabs were dipped in 500g of the Formulation 2 System
A powder with 0.6% of post-blended additive 1 and 0.6% of post-blended additive
3, respectively. The dipping time was 60 seconds in each case, 3kV was applied to
the fluidising chamber and the slabs were heated at 120 °C for 30 minutes. The
results are set out below and show that the improved coating performance can be
maintained, even when the substrate changes, by careful selection of the post-
blended additive.
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coating performance can be radically inproved for a
particul ar substrate by careful selection of the
Post addi ti vePot enti al PCT/EP2003/014167

w@omtARsended additive.

Gr adi ent Cover ageFi I mt hi ckness Additive 11.2
kVI cn759%22 pm Additive 31.2 kV/ cnl00%14 pm 15 Exanpl e
8 The substrate used in Exanple 8 was a CONAM DE R6

pl astics slab
2 above.

Exanpl e 5 above.

The general

details of whi

oper at i rlc/%
20 Two CONA

ch are set out

i n Exanpl e

conditions were as for
DE R6 sl abs were di pped

in 500g of the Fornmulation 2 System A powder with
0._6%of post - hl ended additiv

| _and 0. 6% of

ﬁﬁ%tﬁdﬁﬂl@ﬁded 2

Fatentiab Gradient §

boyerags y. The

Ellmﬁhwgness

,gﬁgofo SkV—was—a
N I/abs wer e he

gl et

Addive §or 30

and _show t hat

ASIRETE o si ﬁ%ﬂ%ﬁm‘ﬁ' and |

MIRIk¢Rem The T

bqpb¥s are set

the inprm/pﬂ C

ating perform
~ i

5491 ik OW

ce_can bhe

25 mui nt ai ned,

even when the substrate changes,
bl ended additi ve.

i on of the

ost -

BB 9,555 i
2558 30 PCT/ EP2003/ 014167 Post

addi tTheedtdiseate asedIraBkaimbleoy WaaddbiF !fbdrbla@ﬁﬁ S&mple 5 above.

Additjive 11.2 kV/cml00%8 pm Additive 31.

kV/ crfibeysak AP PeWdeT FRsmulasian ag @ew&@aquw, was prepared.

R PRk a"d e aetg, °

s in
f or mul

r@n\ﬁ’a@

Set

by
WO

@bove

out beI ow,

Bproxy i poate 8003 (RdsolutiBalke and 5@6re formul ation Parts

HRRERODRBBE 32 bovy 172 i gRént. (Ti02) 302 F ow
PIgsieht riog) 302
Flow modifier 4
Benzoin 3
Wax 3

The Low-Bake and Cure formulation was milled to a System A particle size

distribution:

The general operating conditions were as for Example 5 above.

The MDF board was dipped in 500g of the low-bake and cure formulation
powder system with 0.6% of additive 1. The dipping time was 60 seconds in each
case, 3kV was applied to the fluidising chamber and the panels were heated at 120
°C for 30 minutes. Bake and cure were achieved at 120 °C in the time normally
required for bake alone. The results, which are set out below, show that good coating
performance can also be obtained by using a low-bake and cure formulation in a

powder System with a normal mean particle size.

Post additive

Potential Gradient

Coverage

Film thickness

0.6 % additive 1

1.2 kV/em

100%

137 um
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10 Benzoin 3 Wax 3 The Low Bake and Cure fornul ation
was mlled to a System A particle size distribution:

wdasooFlos2sgener al operating conditions were as fBCT/EP2003/014167

Exanpl e 5 above. The MDF board was di pped in 500g of

the | ow bake and cure formul ation powder systemwth

0. 6% of additive 1. The dipping tine was 60 seconds in

each case, 3kV was applied to the fluidising chanber

and the panels were heated at 120 C for 30 m nutes.

Bake and cure were achieved a81120 Cin the tine

normal |y 20 required for bake alone. The results,

whi ch are set out bel ow, show t hat good coating

cﬁj{!for mance can al so be obtai ned by using a | ow bake
re formulation in a powder Systemw th a nornal

mean particle size. Post additivePotenti al

Gradi ent CoverageFi | mthickness 0.6 % additive 11.2

1k V/ c WLHRe8S farrfodhind@ Cd¥tihigsr? & SBIbBate-RNGBNG 1 §teps f:

a coatin

Subs st ARt &t apoVger SSanatcbmPodiionghareby
2 'f ?g%ﬁgn#’ﬁﬁb&fat% clsrg.wgﬁg U bggdeﬁamﬁgt ESpodiNeRn ARy

ost at rging e powder coati ng
conpdisidiseshbed ineluding iadluidigingeshanmiasradileasta part oﬂwhiqmgs
champer ,at,.l east a part of which is conductive,
appl )ﬂoﬂa t\(?ol tage to the conductive part of the

f1 ui dipplyiey aRRE é to fre d:cfﬁﬂi‘foﬁ\zél Baft cﬁtthétﬂumﬁ@ngvahémbes
elther electrlca non- conductive or poo

conduaamarammwtgst@te waigh ip aither ﬁteqtnlcmllw@@opwchve or poorly

uher SBYahERAThALY SAbdty in HIROReRYEH Ghefet blstatically

powde O the su
t he s:hbegeroa\bm\b\esrm tm bbwaeeb@@tirrg w’nbasme@ bdherk w@rthe
eart hed, w thdr he substr tefro

f1 ui arbsiEate ety FiRagjthaie %F&H‘@‘@H%O'Bkﬁq prepardhed,
Into mﬂth‘b‘?é\kin@%ﬂé%uﬁgﬁéfe%xﬁ‘fﬁé fidlideABbd BART Of

forming the adherent patrticles into a continuous coating over at least part of
the substrate,
the process being conducted without ionisation or corona effects in the

fluidised bed.

2. A process as claimed in claim 1, wherein the substrate comprises a medium
density fibreboard (MDF).

3. A process as claimed in claim 1 or claim 2, wherein the substrate comprises
wood.

4, A process as claimed in claim 1 or claim 2, wherein the substrate comprises a

wood product.

5. A process as claimed in claim 1, wherein the substrate comprises a plastics
material.
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the substrate, the process being conducted w thout
i oni sation or corona effects in the fluidised bed. 20

WQ@20080f2568ess as claimed in claiml1, wherein tPEI/EP2003/014167

substrate conprises a nedium density fibreboard
(MDF). 3. A process as clainmed in claiml or claim2,
wherein the substrate conprises wood. 25 4. A process
as claimed in claiml or claim?2, wherein the
substrate conprises a wood product. 5. A process as
claimed in claim1, wherein t¥e substrate conprises a
plastics 30 material. WO 2004/ 052558 32

PCT/ EP2003/ 014167 6. A process as claimed in claim1
or claimb5, wherein the substrate conprises a

eP! as?\i ;‘J}BCQ%‘ %5’ &l’%‘iméd‘iﬁ' Aath ofBlafth 8C Whieféih the Slisivatd corprises a

additi've process as clainmed in claim§g,

wher elastichimaériad inciusingae elestricatirpendective geldiigi de. 8.
A process as clained in claiml1l or claimb5, wherein
the substrate conprises a highly insulating plastics

7mat e Gloceddadelatndd PCAaiin 8swikdreimpe plasties ahatefial comprises

wherein the plastics material conprises

pol ypalyaoride.e. 10. A process as clained in any one of
claims 1 to 4, wherein the surface 15 resistance of
the substrate is of the order of at |east 103

goh s jaspreaess ad tlairfed irociaiss 1as cldirai Syevherein ding solpstradé comprises a
clains 1 to 4 or claim10, wherein the surface

r esi Sighlcwspleting plastissmaderdli s of the order of from

103 to 105 ohns/square. 20 12. A process as clained

in any one of claims 1 to 4 or claim10, wherein the

9. A process as claimed in claim 8, wherein the plastics material comprises

polycarbonate.

10. A process as claimed in any one of claims 1 to 4, wherein the surface
resistance of the substrate is of the order of at least 10° ohms/square.

11. A process as claimed in any one of claims 1 to 4 or claim 10, wherein the
surface resistance of the substrate is of the order of from 10° to 10°

ohlmslsquare.

12. A process as claimed in any one of claims 1 to 4 or claim 10, wherein the
surface resistance of the substrate is of the order of at least 10°

ohms/square.

13. A process as claimed in any one of claims 1, 5 or 6, wherein the surface
resistance of the substrate is of the order of from 10° to 10" ohms/square.

14. A process as claimed in any one of claims 1 or 7 to 9, wherein the surface
resistance of the substrate is of the order of at least 10" ohms/square.
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surface resistance of the substrate is of the order of
at least 105 ohns/square. 25 13. A process as cl ained
w0 pooafy2sse of clains 1, 5 or 6, wherein the SPCT/EER®03/014167
resi stance of the substrate is of the order of from
105 to 1011 ohns/square. 14. A process as clained in
any one of clains 1 or 7 to 9, wherein the surface
resi stance of the substrate is of the order of at
| east 1011 ohns/square. WO 2004/ 052558
PCT/ EP2003/ 014167 33 15. A piSdcess as clained in any
one of clains 1, 5to 9, 13 or 14, including the step

of heating the plastics materi al toatengera#,e )
1%el ofevpm@swsmlm@weedn a0y oRR®f slaips 1: Rdo & A4S dftolRcluding the

p0| . .
rertef of hERREHE Hadi R mal B EirHoR RES S s pettig point
pr OC@a‘ﬁbelswctheltmdltlon pOlr’dibfl‘tHé mowderaioatify compbsition efore

t he _ste& har %még égtrate bef ore

i mrelfgn IE§"'|9t ﬁ"éa I"& wdisgd®eds7 A process as
clainmed in cl a| m 16, including the step of equalising

the charge 110 on the substrate before i mersing the

1&ubsA pabeessnag blainiediiriclaisa Shercclainrg, includingethe siep of pre-charging

claiped in c I ncl udj heating the
substesubstg e%éew?'@ﬂmqﬂﬁ‘lgé{ 'th%@“idf d?ﬂﬁ‘{l ng point in
order to equalise the charge. 15 19. A process as

claimed in claim17 or claim 18, including the step of

1%oi shanberss ashelained i elain 16hincluding ihe éteuprpfcﬁcﬂ@hsmg the charge

one. o R S0tREEbERe MinefRul FERIRs AT IeRitd s2ated,
of the substrate prior to inmersion in the fIU|d|sed

qbetd OA%%OEMSG&%I%%%ZE q?qunf ’nggqﬁgdlhgﬁa; o? mg ﬁ”ne substrate to

roc [
o e RmPar R 16 T3 LRl s

claim 21, wherein a negative dc voltage is appli ed WO
15004/ 052558 34

A process as claimed in claim 17 or claim 18, including the step of moistening

the surface of the substrate in order to equalise the charge.

20. A process as claimed in any one of claims 1 to 4, wherein there is no
preheating of the substrate prior to immersion in the fluidised bed.

21. A process as claimed in any one of claims 1 to 20, wherein a dc voltage is

applied.

22. A process as claimed in claim 21, wherein a positive dc voltage is applied.

23. A process as claimed in claim 21, wherein a negative dc voltage is applied.
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PCT/ EP2003/ 014167 24. A process as clainmed in any one
of clains 1 to 23, wherein such a voltage is applied
WO b@itt/053568 maxi mum pot enti al gradi ent existing POI/ER®03/014167
fluidised bed is 29 kV/ cm 27.5, 25, 20, 15, 10, 5, 1
or 0.05 kVfcm s 25. A process as clainmed in any one
of clains | to 24, wherein such a voltage is applied
that the potential gradient existing in the fluidised
bed is at least 0.1 kV/cmor,,at least 0.5 kV/cm 26.
A process as clained in any g’ﬁe of claims | to 25,
wherein such a voltage is Zo applied that the

otetial radle exi st ' : f 'd' : j :
24 csd Rpegi afY ol dr s s E Rlch 8 Blage is
pr Ocﬁpﬁﬂlea &lthé mlm[lnﬂstyteﬁm dishtadisting it the2fuidised bed is 29
wher ei n as,d?/olta e in ranggéof fromt1;OVto 100kV
i s dpfcmedy’. 51352%0 18, ﬂpoée@,@r D5HVUPMed in clai m 27,
wherein a voltage in the range of from100 V to 60 kV
is applied. 29. A process as clained in claim27 or
25 ai MpPGeesetercdimed inahy ame dfcidiine rtaride whiereiz@uth anoltage is

Kk
iﬂg %/pél%g?tggn t\glglrpfpta |al @raggan%@wép i e&@fcf‘%eggchh q(j,ééast01
rang@wapn &rg[r[égs‘q% iRm0 KV is appl ied. 25 31. A

process as clained In any one of clainms | to 30,
mhereln a substrate conprising a non-netal is

o3850 OO0 500 T B b Bon vorage's

“‘“e[ﬁb nédhﬁaﬁmeﬁadtémm bfadidriTeRrssag imiefluidised bed t atilegst 0.01
er in a charged condition for a period of up to

30 nkWierneer atdeastihQh K¥/cm.0 mi nutes, 5 minutes or 3

m nutes. 5 33. A process as clai med in any one of
claims 1 to 32, wherein the substrate is i mrersed

oW t hAtm@céésJagiclaimw mrmgtm e ofrclainshatog2s] wiwreinta eottagerin the
a period I'l1jseconds, 500

of
mill rﬁﬂ'@@d?fcf@%ﬁovt@,éggh\ﬁ is applied. pr ocess as clai med in

any one of clains 1 to 33, wherein a coating of 10
t hi ckness of up to 500 microns, or up to 200, 150, 100
28/ 8P procesyas claimed in claim 27, wherein a voltage in the range of from 100 V

to 60 kV is applied.

29. A process as claimed in claim 27 or claim 28, wherein a voltage in the range of
from 100 V to 30 kV is applied.

30. A process as claimed in any one of claims 27 to 29, wherein a voltage in the
range of from 100 V o 10 kV is applied.

31. A process as claimed in any one of claims 1 to 30, wherein a substrate

comprising a non-metal is immersed.
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applied. 35. A process as clained in any one of clains
1 to 34, wherein a coating of thickness of at least 5
worR@sossss or at | east 10, 20, 50, 60 or 80 mi CPONEP1083/014167
15 applied 36. A process as clainmed in claim 35,
wherein a coating of thickness in the range of from
20 to 50 mcrons, 25 to 45 mcrons or 50 to 60 m crons
is applied. 20 37. A process as clained in any one of
claims | to 36, including shaking or vibrating the
substrate to renove | oose pardi cles. 38. A process as
clainmed in any one of clains 1 to 37, wherein the
3£omder coating conposition is a thernosetting system

5 38 precass@sciaimed ia pay ebg of glaimailie3y, Wieesiaithe sulestrate is
fil N i . oAt .
B EeB AKTRli LA BEe R B ShaBR  period of up
mor etos3) Airiuges, f200mintées) dBymihutes; BonialiteganBasireites.

resins, hydroxy-functional polyester resins, epoxy
resins and functional acrylic resins. W 2004/ 052558

6 P A 167 ' i i
o8 53520 Gty thy e s 70 1 1S s s
conpinwhersed with thetfluilising chamber iya clearged condition foreperiod of at

as c| ai LN a f . clai I 40, . wh in th
e b Rl iR o saataie o 11
post - bl endi ng, one or nore fluidity-assisting

additives. 42. A process as clainmed in claim4l, i
3dher Aiprocess gsoviaisreddio anymnecafralaigist | tor33, Wherein a coating of

nCOLBRENER: B PSR SRS Bt bp SoPr b e
procggslicds clained in claim42, wherein the

fluidity-assisting additive includes hydrophobic
silica. 15 44. A process as clained in claim42,

3#he! &iflobdi 4 Ubhddindity oild SLIARR 1 10'84, vt dPeodting of
thickness of at least 5 microns, or at least 10, 20, 50, 60 or 80 microns is
applied

36. A process as claimed in claim 35, wherein a coating of thickness in the range
of from 20 to 50 microns, 25 to 45 microns or 50 to 60 microns is applied.

37.  Aprocess as claimed in any one of claims 1 to 36, including shaking or

vibrating the substrate to remove loose particles.

38. A process as claimed in any one of claims 1 to 37, wherein the powder coating
composition is a thermosetting system.

39. A process as claimed in claim 38, wherein the film-forming polymer in the or
each powder coating component of the powder coating composition is one or
more selected from carboxy-functional polyester resins, hydroxy-functional

polyester resins, epoxy resins and functional acrylic resins.
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45. A process as clainmed in any one of clains | to 44,
wherein substantially all of 20 the powder particles
wa@e@4nseskar ger than 10 pm 46. A process as clBCTEP20031014167

any one of clainms 1 to 45, wherein the powder coating
conposition is a | ow bake conposition. 25 47. A

process as clained in any one of clains | to 46,

wherein the substrate is wholly imersed within the
fluidised bed. 48. A coated sybstrate obtained by a
process as clainmed in any onef clains 1 to 47.

40.

41.

42.

43.

44,

45.

46.

47.

48.

A process as claimed in any one of claims 1 to 37, wherein the powder coating

composition is a thermoplastic system.

A process as claimed in any one of claims 1 to 40, wherein the powder coating
composition incorporates, by post-blending, one or more fluidity-assisting
additives.

A process as claimed in claim 41, wherein the powder coating composition
incorporates a combination of alumina and aluminium hydroxide as a fluidity-

assisting additive.

A process as claimed in claim 42, wherein the fluidity-assisting additive
includes hydrophobic silica.

A process as claimed in claim 42, wherein the fluidity-assisting additive

includes a PTFE modified wax.

A process as claimed in any one of claims 1 to 44, wherein substantially all of
the powder particles are no larger than 10 pm.

A process as claimed in any one of claims 1 to 45, wherein the powder coating

composition is a low-bake composition.

A process as claimed in any one of claims 1 to 46, wherein the substrate is
wholly immersed within the fluidised bed.

A coated substrate obtained by a process as claimed in any one of claims 1 to
47.



