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“1- PONDER G§ATaG COMPOSI TI CNS AND THEI R USE Th’i@ss %G@%rﬁo ;
powder. £oat gng ~cp_m':).osi - 4ions and to their use.OLB@ugq%c@ AfD
rapi d¥y *grpowi ng sdctor of the,coatings market. Powder” coati ks
conposi - tiohs which are generally apptigd-by an el ectrosta £=|
process in which the powder coating particles are el ectrostdrl
by the spray gun and the substrate is earthed or oppositely
Charging of the powder in the spray gun.is effected by neans

voltage or by the use of friction (tribo- charging). The appli TR
conposi ti on gewgHie*rdpeahRd Ctd?‘i% Tk f#% ,}.gglﬁaﬁg% cles and t\éﬂ.rigfh" e
coating. The powger _coating particrles _ here to the substrate
can be recovered fdhise-inentd arhatelpiRierteopevags apaténgnominpasiin use

of ingredi eddionsAlasd HPOWIR CQald .Ng conpositions are generally free of
added solvents and,_ i do not use, organic solvents and are

I n, particul ar,
accordi ngly non- polq%q%g.cw ST Ry TIRPOLY t FBRYIRBNEREFPY @bnprise a
solid fil m ftorenicog triesjsn mausiea).| Y PaivdeIOREOHE i 11GE Ca €| 961 i DIcEBEHE §-such as
pi gnent s, ar)cq1 QRt iw%rla}:l I Y, al so _cont.ain one or nor e Rerfor mance additives.
They are usualTy theroS&tt i35G eTiAtdor R ITY, PY 0?1 ek S8 PHECSE2 ¥4 m f or mi ng

pol yner and SPrEdt PFOSEesd rig edniiahg tige mowddn choaraing t setfidreainatder
filmformn ; ' 51 L ene, I repar ed
by, 11t 1t e CaeAtiGATy AT i RS duPly A0 A CHR Y BT

per f or m@tic e SHPFtERFEs \LSf @RT&RERpIor OPRAFidakuderargeda t@mpegnqrref above
the softeni ihed@otkies! iherld lSBrbyr G 0l PEEeda Dby RedAl g tggper atur e
at which si %nIfI.C nt Iqrre-reactlon woul d occur. The extru- date is usually
rol I ed into°KPlArS VOEageaRd BYmRuNSE ForfmiGhie Girih9nding, to the
desired par chalrgisigie. The pdpliieke compoglitidn bik i fen aptited £9r nost
CoNer -

24

melt and fuse the particles and to cure the coating. The
15 powder coating particles which do not adhere to the
substrate can be recovered for re-use so that powder
coatings are economical in use of ingredients.. Also,
powder coating compositions are generally free of added
solvents and, in particular, do not use organic solvents
20 and are accqrdingly non-polluting. -
Powder coating compositions generally comprise a
solid fiim-forming resin, usually with one or more |
colouring agents such as pigments, and optionally also
contain one or more performance additives. They are
25 usually thermosetting, incorporating, for example, a
film-forming polymer and a corresponding curing agent
(which may itself be another film-forming polymer).
Powder coating compositions are generally.preparéd by
intimately mixing the ingredients (including colouring
30 agents and performance additives) for example in an
extruder, at a temperature above the softehihg point of
the film-forming poiymer(s) but below a temperature at
which significant pre-reaction would occur. The extru-
date is usually rolled into a flat sheet and comminuted,
35 for example by grinding, to the desired particle size.
The particle size distribution fequired for most commer-
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pr obl ens becoﬂ%eﬂﬁ$Erles' w1th the best ‘performance genera

¢} al elec spray apparatus is between 10 and 120 nicr

mean artﬁi@éa@s?@w’thi n the range of 15 to 75 m crons, preferaﬁlﬁ 3%@238
n1croms Such powders are normally applied at filmthicknesses of 40 50

m crons and upwards. Using powder coatings of such conventional particle
size distribution it is difficult to apply thin filmcoatings of, say, 30
mcrons or less, for which there is an increasing demand in certain sectors
of the powder coatings narket, to achieve a uniformopacity and an

aest heti cal | YCiﬁﬁaéié@tWﬁﬂCépra}arégbmatﬁs is BegWess whi amdcdadi ng.

Th hi t _of h. t I |
of poder chaMSATTES. " 18 (HEPTh At BRr o RRRL"henerarrs Baras RE APhea

W th poIyureth@nkspmmdmmmsusprqfdﬁamﬂhedQ$s@@ymn€ranas FJuchchbegersoat i ngs
of less than 20, ”?18%19§fwz£y£bdf‘nf¢a‘ @PaEMaékﬁaQséE a?ShBe?,bCﬁLa‘ons
nce 1s I cu t

pl easi ng appear a not 1 npossible. The problens
encount er €&l (dnd awpreap@e! " i nperfections, etc.) are considered to be

attributable to thgs{glatbyedy ddeiengd 26 Oéu&hecaapehtwngi phetpalki cl es
i n powder coating conpositions of conventlonal gartlcle S ﬂb tribution.

In addition tD$Re I Fer AR demattiS I FHE R EnECpBRALY E é?l ™ mar ket
itself, it isceatDngecog)i sed, tmtmiéwomﬁlabrlllé;!sof fpewdhichoahengsis

rellably and routinely to achiev i I mthi cknesses_of C r less
wi'th aesthet i3 +’S‘/CB‘F%%%"91 %‘grﬂhc%ef abﬂeSS?gPﬁg P chlf"sagrévgntl ng
further sn@stcmmtln@somasbéwentebmsmdeveea"Upafnrm bpapdtiieangoani ngs. |t

< Del 1 eved DSTLAle; OLPR SfRealine Nl dtiaL! ShackOENILBLY (! an powder

coatings could Th use o coating
conposi ti ons @ioasfvieke pepating. S|E%e qﬁ%%ﬁvﬁﬂénﬁrﬁﬁléﬁﬁh ﬁBﬁB%EF ign the

fluidisation, ,ha06hi 808 gﬁ @Pﬁhi&aélpélsehéeéa rhhyel iéfSBBMieEart'C' es,

especially partlcles whi m crons in dianeter ?iy bgggg

15 obtained with polyurethane powders using blocked isocyan-

| ates. To achieve coatings of less than 20 microns with a
uniform opacity and an aesthetically pleasing appearance
is very difficuit if not impossible. The problems
encountered ("orange-peel" imperfections, etc.) are

20 considered to be attributable to the relatively large
size of the majority of the particles in powder coating
compositions of conventional particle size distribution.

In addition to the increasing demands within the
powder coatingé market itself, it is also recognised that

25 the inability of powder coétings reliably and routinely
to achieve film thicknesses of 30 microns or less with
aesthetically pleasing appearance is one of the factors
preventing further substitution of solvent-based "wet"
paints by powder coatings. | '

30 It is believed that the problems of achieving
satisfactory thin film powder coatings could in principle
be alleviated with the use of powder coating compositions
of a finer particle size. There are problems, however,
in the fluidisation, handling and application of rela-

35 tively small particles, especially particles which are 10

microns in diameter or less. Such problems become more
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pr oMourwe4siddbe proportion of fine particles increases, PCI/CBISK2288
coating conpositions have hitherto generally been manufactured so as to
conpki se not nore than 10% by vol une of particles which are 10 mcrons in
di aneter ‘or less. It is an object of "tRe present invention to alleviate the
probl ens of fluidisation, handling and application of fine particles,
especially particles which are 10 mcrons in dianmeter or less, so as to
permit a significant increase in t 3 ﬁrgfogtion of . such paEEicIes whi ch can
he®f o

be tol erat R AR THEr&Dy - FART PPRY HaEi BRAT 5¢CLRPn1BSEFPRES ‘of good
qual i ty appedrpereder Acomtibng ecomposiet { bos dhavei bathadthagehenglbghavi our
(sprayabily coat | o; LtLon n o] Lnedsb

Gorer i et R e AOVALQ P08 Ve EBARE L0 nGE B CRABR 05y | e as
100 Fl owmeY@luneref deaxkieles WAMES afeG endbreonsninddiamgkeroopr obl ens of
fluidity apngsgel ated handl eability and performance characteristics, the
present invention js also concerned with the prevention or alleviation of

various other ptobt®mn LRI¢GHt bl Bhe oPLRBRFr ABVENELPPeFENt | al and
premat ure £l peviNsd athes SR Oemg of fhei@oveEleionar haatidsngadagd by

t tri bochargi dur i I Xi d_handl i f.th
compost 11 SHBELIGF T r A L% OBFERTF LEG1 { TABSFF B 4 PREFEREPRI which
el ectrost aare ;ﬁmmtp;qpssﬁmnﬂ&amea@teoyalé9$iosoiasdtpopérhbn_efficiency at
dif feregt apphi fhsald Ofadoliagess 16aLPGHLOL RGN B! LOCH BRLcipggps St ent

coating of &I es. ere s also s ed el ectro- static Segregation
that is tokesh care hvkoterrtepaand theneby facidibateatheeposition of two

conponent S Qfmak FOHWISE mié&ﬁﬂﬂ@@%%i?& ng@a 0it)eagpbapahtions of the
substrate during electrostatlc_spraghgoa I ng. “The present invention ‘

provi des 2 PMRRRHTLRE iHE cohpbii s oionmred RandtiRgsbaRayiaur one
filmform ngpRdy 3WET ity "B £ d phoidélr o&bihdgScohpobi Eddfdcahepew t h

15 obtained by determining its so-called fluidity index
(or "spray factor™) using the AS 100 Flowmeter
manufactured by SAMES of Grenoble.

In addition to prbblems of fluidity and related

handleability and performance characteristics, the

20 present invention is also concerned with the prevention
or alleviation of various other problems attributable to
undesirable differential and premature electrostatic
charging of the powder particles caused by spontaneous
tribocharging during mixing and handling of the powder

25 compositions. An important problem resulting froh
differential electrostatic charging is undesirable _
variation in deposition efficiency at different applica-
tion voltages, leading to non-uniform and inconsistent
coating of substrates. There is also so-called electro-

30 static segregation, that is to say, the unwanted separa-
tion or differential deposition of two components of a
powder coating composition onto different portions of the
substrate during electrostatic spray coating.

The present invention provides a powder coating

35 composition which comprises at least one film-forming

polymeric material and which has dry-blended therewith
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t e or rmrewg ijiq4es selected fromsolid, particulate, morgap GB93/02288
wat er - i nsol ubl'e naterlals whi ch may be ceram c or m neral naterlafs ang;

may be& oxi des, m xed oxi des, hydr at ed oxi des, hydroxi des, oxi de- hydrOX|des
or oxysalts of netal s and netalloids, at heast 95% by vol une of the powder
‘coating conposition having a particle size of |ess than 50 m crons. By
usi ng conbi nations of dry-blended additives in accordance with the
invention it is possible to alle- viate, or even prevent, the problens of
flui di sati on, hapdbrngonadadgptivesi salettednérpar siodlids Eerpéchanite.t hose

of 10 mcron djagRL&H: LY bSﬁS} gﬁ?BEEbhEeﬂa%QQX%lén%héhﬁom%?e%5|%E&%%%c

other problenms attfibutable ferential and prenmature electrostatic
char gi ng of th@rpEﬁH@FabaF?F%¥é§15 FRE/erf Bay S8t SXA88Si-nTaxedi RILdrGual

‘case wi |l depep d?étaarkadeg th?diakhaa@ngo&aa@m&ya&%x1aks oFhexpahute of
t he addltlves he anpunt o

d
conposi ti on® aRf @?tal?hénﬁaF?Fﬁi%OégieaBFlﬁhégﬁg%éér ngHBeCB%pﬁﬁgnts

I n general, |npawaemdebaebﬁglﬁgmpbﬁﬁﬁibhlhavdhgthepﬁmtenﬂeos;zetoEe393520@6
by vol une of tg ﬁ gﬁer coatlng particles will have a dianeter of |ess than
10 m crons, ﬂé?ﬁ?ﬁ the proportion by weight of such particles may
be at |east 30% 409@0u55696cqmbhnahGOpssQﬁbdrwrpl@hdgﬁlBﬁdhtgﬁes éontents

of such part'0585093aﬁée|$f§ﬁ ége ngeﬁgloﬁolgr isv BS%QQ%§b¥oW§1QQL in the

liniting case. Powder coatlng conpositlons having article’size
di stributi &8s Eaﬁtﬁe BEtﬁYﬁEdpﬁ9V€BﬁveﬁhetP6ﬁﬂleﬁﬁlPﬁnélubéﬁsPF&PHrenergy

jet mlling lShEh&lDﬁéfsﬁ&er ﬂéé@ﬁbﬁrngfﬁﬁbhgﬁrtIEQeéekegﬁabla§n9nﬁterS
of the particle size distributi :

owder _coat.in osli t.iop can be
e asurcn by o EORBE, obt LheRhEEEN S EREERR OFedGee) B PRETSPSH BPOSaT: i ol es
falling withi nandga¥en &6z&£lleviste other problems attributable to

- differential and premature electrostatic charging of the
15 powder particles. The effect obtained in any individual
case will depend primarily on the following parameters:
1) The nature of the additives;
2) The amount of each additive in the powder coating
composition: and
20 3) The particle size of the powder coating components.

In general, in a powder coating composition of the
invention, at least 20% by volume of the powder coating
particles will have a diameter of less than 10 microns,
and in principle the proportion by weight of ‘such

25 particles may be at least 30%, 40% or 50%, with the
- possibility of still higher contents of such particles of
at least 60, 70, 80, 90 or even 100% by weight in the
limiting case. Powder coating compositions having such
particle size distributions can be obtained by conven- -
30 tional milling, but fluid energy jet milling is the
preferred manufacturing method.

The relevant parameters of the pafticle size
distribution of a powder coating composition can be
measured by a number of methods which will report the

35 fraction of particles falling within a given size range
by weight, volume or number of particles within that
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by~ wei ght, nunber of particles within that range. '
relatipg to gﬁ*ﬁﬁl 6r volume of particles within a range are tﬁ%ﬁi“&hgﬁﬁﬁ%
are nost comonly used, -and it is obvious that for a given powder the

wei ght fraction or volune fraction within g given 5 size range are

equi val ent since they are related by a constant density. The present
specification refers throughout to distribution by volune. Such

di stributions can be determ ned by any of a variety of |aser |ight-
scattering devigf§e.t heh&l sidurésuneiatingedobyeGahitapr 1@lunkeoke! os .
(rmanufactured b npat ec and_t he Mastersjzer X uf.act ur by . Mal ver n)
bei ng preferreaxﬁggﬁngswlgﬂ§nc%nﬁ%?%ﬁl3r8e$ﬁ§gen§®g%ﬁoﬁ3%e% gge used. In a
powder coati ngconmpodyt usadefahdfieit nvsnbbunpust thedstfo¥5% gy veol pewdef t he
powder coati ng r e %,b une,

have a dlaneteFHg &Fféﬁé E?Qggééﬁfgyggéﬁg@ ?g¥§%Hf% gﬁ%??%n%léﬁygha 'l of
the particl®s Sikf n@pget hne gqgevelenérsencepﬁéﬁyraﬁﬁyreéﬁéeér ¥oPe of the

f0||0Wﬂn9 CharéBE@EhﬁtnEeﬁ£i£ r'aThé §§Eéé5te§pe6§k1c%51%&0%bf&¥svo|UWE <
50 mcrons; 20 vol une < m crons 20-100%

(
by volume < lﬁhﬁPEGBﬁ§% FE)dlsﬁr?quloﬁbeoVﬁ%Eme< SSHF@rSﬁ%tLGQPtl°&FV)50
in Lhefraﬂge 1caﬂtbe26eﬁhzmﬂﬁ§d by @ﬁ?tbﬁubaﬁbrlﬁm@f@Er&ds&@ﬁndghtkons
each of the 25 ¢ acterigin crit ria.fa .S Iet. t y al so
be nade of conﬁﬁggi?ﬁﬁgg ﬁ Vﬂ?ﬁﬁ rt pggf%& (& %@faF SN%p bgEygsdlums
is as follbOs: tperﬁkgééb(manufacture@eby]SgﬁﬁateCOn andl&@%)ﬂasspﬁsiper

< 45[err

40[e£r] ] X (manﬂé%&gﬁtéd by Malgér§25 eln? ér%QEQE%h examplef ol

< 35[err] Anyoforpappb ]deVlce may, howeyggrgr e used. < 30[err]

3 86p< 25[err] 3 Zo%gr?]powdérzé£§fiﬁg compositiofb? the inven@ion,2Q@lerr]

least 95% by volumg of the powder coating particles, and
15 advantageously at least 99% by volume, have a diameter of
less than 50 microns. Preferably, substantially all of the
particles will meet that size criterion. Preferably, one or
more of the following characterising criteria is satisfied:
(a) 95-100% by volume < 50 microns;

20 (b) 45-100% by volume < 20 microns;
(c) 20-100% by volume < 10 microns;
(d) 5-70% by volume < 5 microns:;
(e) d(v)sp in the range 1.3 to 20 microns.

In particularly preferred compositions, ‘each of the
25 characterising criteria (a) to (e) is met.
Mention may also be made of compositions in which

the particle size distribution by volume is as follows:

2 95% , or 299% , or 100%
< 45u < 45u < 45u
30 < 40pu < 40p < 40u
< 35u . < 3Su < 35u
< 30u < 30u - < 30p .
< 25u < 25u < 25u
< 20p < 20U < 20u
. 35 < 1l5u < 15u < 1l5u
< 10p < 10u < 10pu
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| THIS SHEET HAS BEEN |
REPLACED

il




&

35 < < 15 15
10[ err] WE)SJ“?HJ“ < 10[ err] [err]< 10[ err] <-6 ['(Ia{ura] ggpl)‘/%nﬁltﬁ%/m

handl #ng and applying very fine powder coating materials (powders
containing a high percentage of particlesgwhich are 10 mcrons or |ess)
offers the possibility of applying relatively thin coatings of 30 m crons
or less with a uniformopacity, and an overall appearance at | east
equi val ent -to a conventional powder coating applied at 50-60 microns. A
sur pri sing furtherdevampagelnbyamﬂahhadbyngeand abplfieéngnvenyi bhnes t hat

b f
Y USi NG Veryoduder POUIELS OBLLO0: IPL o b8l e PaOLBRE LY peRRc CRgAUr f ace

appear ance, coa |ng curing, can btai néd. This
enhanced surfﬁeecampeqeamtepanmmedﬂ%bW@l@bpéEPaﬂpymmﬁépésa?rIéa§§)5096by

vol ume of the, Ppwgrtﬁgaébgglmmaé@ 8pE17ih FLehensedpdeainl cast 99%

are < 20 mcrons, can e descri bed as an_al nost total absence of
orange peed iFOTHHPGRCOE 0RO WIPERANT Py }PEE gﬁFPaEe“Hé@Pﬁ@ APRRlEYoss and

high distinctiga h bﬂaﬁsllprﬁeéaskc@faaraaeetpethoamebe eonki rned by
measuring the surface Rroflle and det erm nin

onv naL h
quotient (as EXPYEHEA?H Pﬂ%dﬁip%??ﬂbﬂ?a?pgg&Fpoﬁ g a?% §HgTRgss
enhanced surface appsarpnisingnfbetbéraadedntiage bbtnunhbéRnQSSmgﬁnso

m crons, but é @h§$i$$$%1v§glesa£hgél tﬂ§§§§e§§r§°¥@ngogééde9‘Crons or

even 10 nicrof nesses Iom1 ons.there can be
probl ens Wt hcoptthgymaherialai a goeatiy, enhanesPesnAERFei APPRBIEASE - of

white coatingge Epétaggliéa0é855§ﬁ§ Qitéeséukﬂﬁa 1eaﬂlséoastaiﬁeaeldonlused

for decoratlve exce exa can _coa
v ket - Aso TRLSEBRARFRE: SURACH! SRERPEANEEat PRESLORLLRe SAPAET A0iVs
m crons fl!n1&ﬂé§én3ﬁ51éastesesabﬁ esphRgedr AnbepehdbrohoahEngresent
'nvention 1s %Qgérlais are < 10 microns and at least 99% are < 20
15 microns, can best be described as an almost total
absence of orange peel in conjunction with a very flat
surface having high gloss and high distinction of image.
This lack of orange peel can be confirmed by-measuring
the surface profile and determining a conventional
20 roughness quotient (as explained in the experimental
section hereinafter).

The enhanced surface appearance.can be obtained at a
film thickness of 30 microns, but is also achievable at
film thickness down to 15 microns or even 10 microns. At

25 film thicknesses below 15 microns there can be problems
with opacity in certain colours, and especially in the
case of white coatings. Coating thicknesses of less than
10 microns are seldom used for decorative purposes
except, for example, in the metal can coating market.

30 Also in this market, non—pigmentéd coatings of the order
of 5 microns film thickness or less are employed. A
benefit of the present invention is that such film
thicknesses can be achieved with powder coating composi-
tions.

35 Fine powder coating compositions according to the
invention can also be applied to give the enhanced
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vt hi tkne be achi eved with powder coating conposi- ti wder
coati ngaggéﬁ{gg%l ons according to the invention can al so be&gf{ﬁ'rézﬁz gi ve
t he enhanced -7- surface appearance at relatively high filmweights,

say, up to 50 microns or ‘even higher (say, for exanple, up to 80-90
mcrons). It should be noted, however, that there is in general an

I ncreasing risk of disruption of the filmsurface at high filmweights
(believed to be attributable to back-ionisation phenonena). A rel ated
benefit of shliealc@va@bea&ah&et BQ ﬁ@.&tn@llytmqﬁ ODLmi we ightd) tsdy ¢e"|

coati ngs. maxi num parti er coatjng material is
close to OI“H é-‘?s%tohé{'r’lctrﬁé'sd&'l reé((?"f %1@?{ ‘{ﬁﬁ-‘és ?lﬁe?‘f‘?'?ﬁi?)bs"é? bFfi ty of
bit fornat i8er9ion mikeohisl)m cats ethoml ds dre rd:aieaizi haweher ex&hmlﬂmm mlling
phase of t ro n_he | T f n a .
bit-free fplpsmgat %%8’%§%amaglr 3%:(} %%qnﬁo :srk c%%tﬁr%%ferl al d be ground
such that 104w surfaceprsdidghwdd le wais BB g1 rohieverhaie bs aI so the

possi bi li txsthn%kva%\ibn&oabtaW-qoqﬁls%ldm gﬁ&am&a d coating by
el ectrostatic Sprayl ng@)ﬂ a conposition whi'ch conpr| ses pOV\deI‘ coati ng com

ponents of two @oFeﬁfé G’leflﬁérléntofcdl%rlsnvwmw@% EPSB2860A)

di scl oses, pintiey alfi aptaiat ngy "lllﬂl)tl—fﬁéém dodtimge) dif feieniadyimehour ed
powder coatin qnpos - tloni f|C|enthéhsnall ggtlcl sizes, for
exanpl e haPPagigisastre 8fsithe (ﬂ° Th R 9, R § 4R 5§ L0 |y al |

the panbi cloes llezse thhai thieadgedired ferisi drthinkroess0 ther atlse a povvder

coat | N cORRIRtign.Naying a dLtheiqy G4l ale 140 casllof e gguponent s

could be a |eve SpEcCi ion al'so oses I vi dua
powder coadiefgctodposhei GPFS‘,—rH&\lmvg ox purktline hase d?%tirhﬁbmlrm%mch t hat

substanti aly, @l abB%ded. Thus, for example, to obtain a bit-free
film at 30-35 microns, the powder coating material would

15 be ground such that 100% of the product was below 35
microns. ' .
There is also the possibility of achieving a third
colour in the applied coating by electrostatic spraying
- of a composition which comprises powder coating com-
20 ponents of two (or more) different colours. GB 2226824A
. (EP 0372860A) discloses, inter alia, that by mixing two
(or more) differently coloured powder coating composi-
tions of sufficiently small particle sizes, for example
having a particle size distribution such that substan-
25 tially all the particles have their largest dimension
below 10 microns, a powder coating composition having a
different colour from each of the components could be
achieved. That Specification also discloses that the
individual powder coating compositions having a particle
30 size distribution such that substantially all the
particles were below 10 microns, and mixtures thereof,
are not readily air fluidisable, and in particular are
not fluidisable by commercial electrostatic spray
apparatus. It was accordingly proposed that the
35 particles needed to be agglomerated to form a powder

coating composition of a larger particle size distri-
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partiél'és wWh'e Lkew 10 nicrons, and mixtures thereof, are nopcirfagé r
fl ui di sabl e, dgr/]@%f‘ﬁ particul ar are not fl uidisable by com"nerc?’Crr Vi

el ectfostatic spray apparatus. It was accordingly proposed that the
particles needed to be aggl onerated to f-orgn-a powder coating conposition of
a larger particle size distri- -8- bution to achieve fluidity in air,
and allow for appli- cation by comrercial electrostatic spray apparatus.
According to one aspect of the present invention, very fine powder coating
nmaterials, fobubiamite, aWd’néleeeStfbsﬂidlittiyalier il , tared pElridwe | feor MRl thei r

| ar gest di meng Q-_rlol%eé) wc%qlmrgr%%%qs,el eﬁ@ﬂ;r%é&l ragpatigti sabl e. A

surprising furth antage obt ai na resent invention is that,
when mi xtures of twecoadimer &p @inef éls@lﬂqty ol 1R RESASIL fime ovRier

coating mater s, %fﬁé*%»dewco%@mgawaﬁéwapér forigisaple, Jndrd hey can
be applied: u5| ng comrer cical el ectrostatic sprﬁéﬂgparatus to give a film
whi ch will be %&%@é&l\lysﬁélll Fhgs PRx 0 dur! aW‘-’tergFtno evi dence
of the indivi Qidlensars el 1©olnauﬂrsmsand:arm mudameﬁ aalnect rostatic

separation of these £ l.ours. In_.addit.ion, resu sho enhanced
surface appearf;’ﬁ‘c1 1£4di \7é‘r5’5c,‘3r1(5ﬁgngﬁ{rm ‘#1 a na\%
conpound of abyettale fpme@toumvzmmhaqaetmajm mmerblmxtfure%m@

cal ci um oxi de; u I

oxi de; a corrpéu%d%g);pgg 3’ 0] og%n?"ri n&ot]iogfr?e%&%}}suc'{?ap &f th'Lrom G oup
4, for exd®pl matsnieds arer magieni MOtoOM Y NP UEREY ALY rﬂtandlﬁaﬂﬁee oup 6,
for exanple, rﬂﬂry@@w@a&{ 'b%x'a‘ﬂﬁal(iredt WRGHEEInneE 5 & st f a

metal from Goup 1 for exanple, .alum nag or alum ni um hydroxide;, a
conpound  of asé’-rlﬂYoéPHﬂ?taé:iusort%ﬁtléﬂq & cf’sld'bﬁ'”é%c}? rW]G%?uppeﬁFelf"cﬁd exanpl e
silica; or a edERERAUNY Gfs an’ Aohogehldbusricdlod®rwikamy evidendammmune de

or Cerlun}ox'%%leldual constituent colours, and no evidence of
15 electrostatic separation of these colours. In addition,
the resulting films show enhanced surface appearance.

An additive according to the invention may be a
compound of a metal from Group 2 of the periodic table,
for example, calcium oxide; a compound of a metal from

20 Group 12, for example, zinc oxide; a compound of a
d-block transition metal, such as a metal from Group 4,
for example, zirconia or hafnia, or a compound of a
metal from Group 6, for example, molybdenum trioxide or
tungsten trioxide; a compound of a metal from Group 13,

25 for example, alumina or aluminium hydroxide: a compound
of a p-block metal or metalloid such as from Group 14,
for example silica:; or a compound of a rare earth metal,
for example, lanthanum oxide or cerium oxide.

An additive which is an oxide may be a basic oxide,

30 for example, calcium oxide, or an amphoteric oxide, for
example, alumina or zinc oxide.

An additive which is an oxysalt may be a silicate
(for example, aluminium silicate), a borate, a phosphate
(for example, magnesium phosphate), a carbonate (for

35 example, magnesium carbonate) or a sulphate.

In the case of an additive which is an oxide, oxy-
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An additive which is an oxide nmay be a basic oxide, for exa
oxi de, or eric oxide, for exanple, alum na or zi ncn.gi;(l c{é@,g%%
addi téve which is an oxysalt may be a silicate (for exanple, alum nium
silicate), a borate, a phosphate (for examl e, magnesium phosphate), a _
carbonate (for exanple, magnesium carbonate) or a sulphate. In the case of
an additive which is an oxide, oxy- -9- hydroxide or hydroxi de of
~alumnium it is believed that any of the main structural types may be
used, that i hyd@oid¥e dr H%Hﬁﬁﬁﬂdﬁfaﬂ]alumlnlum, i €01 sindehi @ved ALIGEOH)

D aspore a - r e r

Boehnite [er & gﬁ%(ﬁ—rbes main st ‘A%] Yifs) tg)(\g/laé\/\%ﬁﬂ:ﬁml['%s% %O(CH)
preferably caemgy:i ses funed S|I|ca Preferred conblnatlons of addltlves for
use in accordance with the i_nvgn qon i ncl ude t@@rgﬂ&bﬂ"“ ng: (A) An

additive sel ected from al (hi na,” Zalum ni um hydr oxi cal cium oxi de, silica,
zinc oxides zirconia, nnlybdemmﬁ&QHbX|de cerPtasrPEe and t ungst en

trioxide, preferably alumgpa o &H)y nore egspgetatby alumna; and (B
An additive selected fromgal um n(lsdum%ydr oxi de, ?um niumsilicate, (8
zirconia, zinc oxide, silifda d@¥%al ci um oxide, preferably al unminium

hydr oxi de. Whil st the majo .tyAm(@dprtrve compbanhieas chosen from (A) and
(B) above may in general expected to be eff ve,over the whol e size
range of powder. coating caprrpofﬁt q}ﬁ)siifor use iﬁ é%ﬁb}:aance with the
i nventiono conbr natn caddithickeldinigchnol sy betehioa t prefedablyecoBpokses
fumed silica.
Preferred combinations of additives for use in
accordance with the invention include the following:
(A) An additive selected from alumina, aluminium
15 hydroxide, calcium oxide, silica, iinc oxide,
zirconia, molybdenum trioxide, ceric oxide and
tungsten trioxide, preferably alumina or silica,
more especially alumina; and
(B) An additive selected from aluminium hydroxide,
20 aluminium silicate, zirconia, zinc oxide, silica and
calcium oxide, preferably aluminium hydroxide.
Whilst the majority of additive combinations chosen
from (A) and (B) above may in general be expected to be
effective over the whole size range of powder coating
25 compositions for use in accordance with the invention, .
combinations including molybdenum trioxide, ceric oxide
or tungsten trioxide as the sole component(s) (A) will in.
‘general be less suitable, the higher the content of
particles of less than 10 microns, and there may be cases
30 towards the lower end of the size range in which the
effect of those particular additives is too small to be
significant.
Preferably, one of the additives is alumina
(aluminium oxide) in any combination of additives for use
35 according to the invention.
An especially preferred combination of additives

I
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or. tungste | ,0xj de as the sole conmponent(s) (A will in gen

sui-t abl e, ﬂ’ﬁ%&*{?gﬁgr the content of particles of ) | ess thanglo(i{rﬁllépgﬁg},&gggd
t here¢may be cases towards the | ower end of the size range in which the
effect of those particular additives is tigo-snmall to be significant.
Preferably, one of the additives is alum na (alum nium oxide) in any

conbi nation of additives for use according to the-invention. An especially

preferred conbinati on of additives -10- according to the invention
conpri ses al vatcoarding atenine uhnhsmir bom deomprnosker aprafiaar addconbi nat i on

conpri ses al ug fa; AN, 3 WiE g4 4L Si | ] PheLeedbll, cBRBiARLEBAN .
dry- bl ended a%%#ﬁ_ve |?k%ﬁr?%§<#ﬁ;2é orAﬁﬁ:(}gﬁljoéi de. Pref erred conbi nations of
addi - tives ieenpotses akimiknarand xabubindenwsihlgadeher oxi de or ni xed

oxi de, and an oxi dpr&fefAXEY, O¥héeoM tdch ByJ-plendeysi dadibydeoxsdanor
oxi de- hydroxi de, In such preferred conbinati gns of .addi.tives egéaéaddi tive

may be any5 of OXER P& PREXEF (¥ 192 nentF SheHT R8r EPRPIPAREPNBeC] Fi al
bel ongi ng to Biwesf ihdEudé assesxspecoti mbkey oriticomethhanetherThaidemay be

nore than two_of the.said. dry-blended addifiv i Liign according
to the invent Pon™HRUsO* Y5 XX ?%,‘”t‘h‘ggeaﬁagigggt %E?gﬁ%}%be? addi tives
from the groupgddesednaxtde ( B)y&bovede noronkidernydrekidean dddsurbe from
the correspon E'Eeﬂfé?é‘pc&ﬁ’éiﬂé'@{&@'s(&-?E&ﬂ%gg' ¥acROWBUSEiv@ mAYPBEI tion
according to e rnvention conprises only two dry-blended additivés as
defined. ¥Pe amyaPf ceheeatspecthicallyprengéangddhereds PrRcBRYoPSt8d with a

powder coat i Nga€OAPPFI hé Dbhn inc%h@oimlynéfoanw thakBegeBpeal fhealnyt he range
of fromO0.01 ;gn%?gggg Xg; 1%. based on the total weight of the conposi-
There may be more than two of the said dry-blended
‘additives in a composition according to the invention.
15 Thus, for example, there may be two (or more) additives
from the groups designated (B) above in conjunction with
an additive from the corresponding group designated (A).
Preferably, howevef, a cdmposition according to the
invention comprises only two dry-blended additives as

20 defined. o

| The total content of the dry-blended additives
incorporated with a powder coating composition of the
invention will in general be in the range of from 0.01 to
10% by weight (based on the total weight of the composi-

25 tion without the additives), advantageously at least
0.05% by weight and preferably at least 1.0% by weight.
A total additive content of over 10% by weight may in
principle be used, but will have an increasingly
detrimental effect on the surface appearance of the

30 finished coating.

In the case in which one of the dry-blended addi-
tives is alumina, the proportion of alumina incorporated
may be at least 0.01% by weight (based 6n the total
weight of the composition without the additives),

35 advantageously at least 0.02% by weight and generally in
the range of from 0.2 to 0.4% by weight.  Because of its
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ti‘en wi't ho Itives), advantageously at |east 0:.05% by |
preferablng?Bpéagﬂyl 0% by weight. A total additive content o 5§$*§€g§%y
wei ghtt may in principle be used, but will have an increasingly detrinental
effect on the surface appearance of the finished coating. In the case .in
whi ch one of the dry-blended addi- tives is alumna, the proportion of

al um na incorporated may be at | east 0.01% by wei ght (based on the tota
wei ght of the conposition wi thout the additives), advantageously at | east

0. 02% by wei ghi—emdlgenyarﬁﬂutdns@ éheecangn elettobsalitoplehtmeyaveitplat . _
Because of its re at %intense e ect on ele rostatlﬁ Rh@mo na, the
t d

proportion of Efﬂﬂ?ﬁalﬁfl? URHP 3l eQBEeBOEmB By €8&"G i gher
proportions mayeighpyibet phigiver appoper t abasi magpéni priociplesbences, for

le inth .t.h
particle size aPEroppLt sl ShaCPal! CRrCRRRARELED VoL RakBlY Trothe
used, one o whasd ¢£ z2oppeder obapimyicowposhtihnavdtbubsvenyi birlepdal

| ess than 10 n%&f@i‘éleaé'ijzé hei SLPEHuPA bR 8rI6HBT 2h! ¥neeAT aChiditalel of
bution. In such circunstances, it 1s conceivable that the proportion of

al uni na i ncor pb¥at BeWAREHt 19elsed hi ofe a8F 2WBICHr 18VEATBISEY REi ght . An

al unmi na cont enpaﬁtlupeé owH D8 byrees @bt aAYiAD1Pr ANT méeSbenuaedo but will
have an |ncrea51ng?¥ detrénental effect on the sur Sig eara ce. of the
r

fini shed coatif4€ | FRS ARG WITR JefBREF2 c3 F&En dﬁ&ﬁ?lty of
powder coalOngbubnpmS|tImnsu¢hec3m®umstaﬁceachladdstcuacéhahbWelthhe needed

d | | b h
e Sl 1 o | nEBpoPTOBPLE L0 e PELLRINBTERCOPBERALEN B1ARE, Bl bs)BiBHOTC
t hat the anounaso?- é§d¢r|QEEMe@%eﬂyfﬁelqhgbveﬁnqﬁéﬁmiﬂ? @Pnﬁﬁﬂéepfl§P

dependent on tpg DSy 0fi PRE Lh&Y €5n PHLSRGIple be used, but will have
an increasingly detrimental effect on the surface

15 appearance of the finished coating.

It is believed that, in general, for a given
quantity of powder coating composition, the amount of
each additive that will be needed in order to produce
particular performance characteristics will be higher,

20 the smaller the particle size of the composition, because
it is believed that the amount of additive needed for a
given quantity of powder is dependent on the number of
particles present.

Typically, in the cése in which one of the additives

25 is alumina, the content of the other additive(s), for
example, those designated (B) above, will not exceed 5%
based on the total weight of the composition without
additives, and will in general not exceed 3% based on
that total, and in the preferred case will not exceed 1%.

30  An example of a preferred additive combination comprises
0.36% by weight of alumina and 2.64% by weight of
aluminium hydroxide. |

In cases in which alumina is not used as an additive
(for example, in which there is used another additive

35 designated (A) above), the total additive content
incorporated with the powder coating composition will in
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Twpical ly,  in the case in which one of the additives is alum
content of YOW/L¥AE, additi ve(s), for exanple, those designat g@(@?&z{%@g
wi |l not exceed 5% based on the total weight of the composition without
additives, and will in general not exceed ;3% based on that total, and in
the preferred case will not exceed 1% An exanple of a preferred additive
conbi nati on conprises 0.36% by wei ght of alum na and 2.64% by wei ght of

al um ni um hydroxide. In cases in which alumna is not used as an additive

(Lor fxanﬁ|e,géﬁfﬁ@hcbethQQﬁefStHSﬁdwﬁéﬁthQﬁmagdiﬁbvesdesigndtmdy(A)

above), the total additjve.copntent incorporated w.th t Rowde I ng

conposi tion meP*FﬁggY %2 éangﬁﬁlrBBgﬁiSEeFrPWaR'Rhgﬁ gsuﬁiﬁg nggggd, and

may typical | ywhehi aheheonaege of &aom On8ivadisl%alkdgiteivghbeingt Ant kbe

content of - eaghbndpyi gyl 804 1LVE DEkNG,I DeBgerange of from 0.1 to 14.9%
two a '

by weight. In preferred case o ditives, the relative groportions
of those a#ditivesImaghbeprafencedangseopff tym addigaveg ohe yelpfavea |y

(except whereﬁgaggghbhe a¢dihb¥eSakd; i yBkNfhy beOMnd@nhe 88nbe 6¢ : 40. In

the case of t Itives designated (A) and (g) above, the proportlgn of
conponent (A) fRBF Be:f PBnte09P0: 489 EYPLABLLY: APXGEETL PEF SaRBSt RE the
proportion of aaB) tAewsbesf kotméRaly 208mokot he sottal caddi iove. IAl theugh the
particle size of e

ach dry-hl.ended additive, nmay up .t § ns r even
up to 10 nicrﬁﬁgeiﬁ%sﬁﬁﬁ 5§9é§}vFﬁe ﬁﬁf?PEFg%sﬁgg ngngSegéépg’ngpggreater
t han 2 m gpbonpropbttisnnoife compeneat! yAnomagr det €romhd® tonid®korf Lthe

general, the wer the.thickn t Is at, oi\S | ed, the
smal | er the p§§??é|gg§ﬁ%55§f Apg gh&y??&@%?E+%% ggdﬁ?ﬂvgégu?§d§?ﬁh %
accordance w th BR& pfivéhe totadeaddasiyerated into the powder coating

conposi tion by Although the particle size of each dry-blended
_additive may be up to 5 microns, or even up to 10 microns
15 in some cases, the particle size is preferably not
| greater than 2 microns, and is more especially not
greater than 1 micron. In general, the lower the
thickness of the coating that is to be applied, the
smaller the particle size of the additives. '

20 The additives used in accordance with the invention
are incorporated into the powder coating composition by
dry blending into the composition after its manufacture
in powder form. It is strongly preferred for the
additives to be pre-mixed, preferably intimately and

25 homogeneously, before being dry-blended with the composi-
tion, but alternatively each additive may be incorporated
and dry-blended separately.

In principle, it is possible for the additive
combination of the invention to comprise one additive

30 bearing a coating of a second additive. Thus, for
example, an oxide additive (for instance, alumina) may
have a coating of another oxide or hydrated oxide or
hydroxide (for instance, hydrated zirconia, hydrated
silica, or aluminium hydroxide) deposited thereon. Such

35 a Coating may be formed by methods known per se, for
example, by precipitation or by evaporation of solvent
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dhy bl endi R@oloBf1944d1€ conposition after its manufacture in powen‘/(tmmziss
Is strongly preferred for the additives to be pre-m xed, preferably

intimately and honogeneously, before being dry-blended with the composi -
tion, but alternatively each additive may b® +ncorporated and dry-bl ended
separately. In principle, it i's possible for the additive conbi nation of
the invention to conprise one additive bearing a coating of a second
additive. Thus, for exanple, an oxide additive (for instance, alum na) may
have a coati ngfnbmaaothénonm dfherehpdyabed aosidg s Qﬂﬁfrld)a AT M@Te

i nstance, hydr g} ed éhECBBb@mpyﬂE?t gd §blp'flc@d or al um ni um hydr oxi de)

deposi ted thereon. a coa ormed by nmethods known per se,
for exanple, by predi ppwdt&roﬁoéf—lb? é?&ﬁ@lséttll(%’ Feedidit to Hgom

sol ution. Ther ¢ gBKtE8nanayNBbAPEELI BT s idig @ IFowdErn coter ianaldoagpormnthe
applied. A powder coating Conposition accordin qqe‘ﬁ{o t e |nvent|on m%%%
%o i ng

conprise a 8i n§fé&lBofRERIBEaPPAYTEE M EHEANI( r
agent, where appOpptabaalandoapt benabre @madur:rm; eagmiml)r |cng mgents) or

may conprise a mxture of or re.suc ch powder
CO)a/.tI ngpcorrpongﬁf"F’BFsﬁ éoﬁ"b\ggf‘ﬂaogg gwf’hg gp :Eggér\?\n H?%rléér:\sgr al Iobe a
thernbsetting systefheabtrheagh phwdampb&annnqAﬁnmnmﬂthséﬁaf(N exanpl e,
on polyam des) c&iillo %Qtth” gfp'tﬁeb%%ﬁ@ﬂo%skﬁidl g?egéﬁ%] a1 Yding pol yner

used in the manu ure of the or eac ent er nosetti ng powder

coati ng codfoskthesmosetsinongyssemhe allmﬁfbﬁww%ﬁfél%rsﬁﬁﬁeé“%el ected

from carboxy- fl('BSEbﬁnanBOE%‘éﬁx 8k ,! B8 POLyRAERYy fete tiP st intilpies ey
resins, epoxy resins, and functional acrylic resins. A powder coating

conponent of tHéeéoH‘ﬁ§§FtaFion can, for exanple, be based on a solid
pol yneric binder systeme film-forming polymer used in the manufacture

of the or each component of a thermosetting powder
' 15 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,
20 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
25 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
30 weight epoxy'compound such as triglycidyl isocyanurate
(TGIC), a compound such as diglycidyl terephthalate
or diglycidyl isophthalate, an epoxy resin such as a
condensed glycidyl ether of bisphenol A or a light-
stable epoxy resin. Such a carboxyfunctional polyester
35 film-forming resin can alternatively be used with a

bis(beta-hydroxyalkylamide) curing agent such as
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canpr?Sing y-functional polyester filmformng resin |
e SERIER. | 9 resin Usef s

pol yepoxi d ent. Such carboxy-functional polyester s ns are
currefitly the nost wi dely used powder coatings naterials. The pol yester
generally has an acid value in the range 1{; 100, a nunmber average nol ecul ar
wei ght Mh of 1,500 to 10,000 and a glass transition tenperature Tg of from
30 [err]Cto 85[err] C, preferably at |least 40[err]C. The poly- epoxide
can, for exanple, be a tow nol ecul ar wei ght epoxy conpound such as

triglycidyl isegyaanialeg- ﬁ?&&yeenypwaan@amab .as digl yCI dyl

t erepht hal ate or dlg|%i | SO Ethalah an re5| a3 3
condensed gl yci dyl Fe Faﬁigg ¥nof Y8F°§yl ﬁﬁ%tlgpg ngyeregfﬁ
Such a car boxypanaseanal tpohypsbekedi hsbi:gamam@—rf@sucmmmlalcuerinat pgeny. be

used with a big bgta h ﬁro§xgm§¥éggy§F)cgghegg qggghcﬁu%g a¥or ekim S

tetraki s(2- hydP xyetﬁy adr pam t Ernati vel roxy-functi
pol yester can bemaied1m&thealbboekeueasﬁeymﬁé@@hW@ﬁbﬁﬁ@ﬁ@h @Er@n@ld&@ﬁt or

an am ne- formbgsﬂy@srﬁgmdsﬂgaaeragﬁh a%or! QeafAB)| tned nikleaTiale resin, a
ur ea-f or mal dehyde resin 9 dral” for mal dehyde resin, for exanple

the material " paméerithnklmu sEPPPRAGADPY: P eOFITRART SOSRBRARY r0PT

hexahydr oxynet B)ékaﬁ?b%ﬁk?ﬁetﬂyhﬂ ﬁéKﬁﬂllh&QCyanailead)dﬂd @ oay@nia tieolcuaring
hydr oxy- f uncti onal nallyglgpked such

e er

as the uret dlﬁﬁénFyEQ¥ Brhﬁ§§°%¥ SPnFﬁé §&r@°<¥ ﬁ% Bl §EWed “Cype, for
exanBIe |aophe&aﬁp1dl|becyanaraa1Ag albumkwerqmmhydmluhmyurgm Sdone resin
can be used w tIT an anm ne:functi.o E!Qg agqeht X3l e,

di cyandi am de. EVﬁgfegﬁ ngaﬁ a%?ngg Fonal curﬁ%%EgﬁgﬁFy%bf gn epoxy
resin; a phenoexempideer igbphayobe dséépcwﬁ@ﬁﬁﬁably a material forned by

reaction of epi chl or oRydei ByupthBraBogEEBI ity DiasPlagialy Aeslifaicans Heo
' used with an amine-functional curing agent such as, for
15 example, dicyandiamide. Instead of én amine-functional
curing agent for an epoxy resin, a phenolic material may
be used, preferably a material formed by reaction of
epichlorohydrin with an excess of bisphenol A (that is to
say, a ﬁoly phenol made by adducting bisphenol A and an
20 epoxy resin). A functional acrylic resin, for example a
carboxy-, hydroxy- or epoxyfunctional resin can be used'
with an appropriate curing agent. Mixtures of binders
can be used, for example a carboxy-functional polyester
can be used with a carboxy functional acrylic¢ resin and a
25 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 acrylié resin may be used with an epoxy resin
or a polyester resin (carboxy- or hydroxy-functional).
30 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
35 systems are formulated so as to be cured with a single

curing agent (for example, use of a blocked isocyanate to
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say, a poI Y W B%P de by adducting bi sphenol A and an epoxy rﬁé'i‘}&wﬁozzss
functional acrylic resin, for exanple a carboxy-, hydroxy- or

epoxyfaunctional resin can be used with an appropriate curing agent.

M xtures of binders can be used, for exanplgsa-carboxy-functional polyester
can be used with a carboxy functi onal acrylic resin and a curing agent such
as a bi s(bet a-hydroxyal kyl am de) which serves to cure both polyners. As
further possibilities, for m xed binder systens, a carboxy-, hydroxy- or
epoxy- functionaebracayhydroeg+funayibpalisedryitik aesépoapdr esihydroxy-

Pol yester resi ne(GRERGXN1 861 PUOEGXY- T UABLLABR! by PUER iR BRIIRA | ONS
may be sel ected so as be Co-cCuri ng, exa a carboxy-functi onal
acrylic resin cénvatedswthé uacepbxy deffareot aucanboﬂyentuﬁ@rugn@h

polyester co-cUpgfqut-tHraaOhygtdys- éyneaboeahyﬁg&w bihaed. (¥ore usually,
however, such m xed bi nder systens are fornulated so as to be cured with a

singl e curing aB¥ARPLEeraBxafHNe CUERA0EPAXY| 5ERAN HS6EyARareNIynctions.

cure a hydroxy- &8st hopabcredylik6cyafhbeatdradhngaevyxy Funetionall
pol yester). Another%greferre fornul-ation involves the use of a different

curi ng agent fofCEALHCbFRTLT of a mixture of two polymeric binders (for
exanpl e, an am ne- cuotheepbHiymreorningegoil ymews] whithonay be aehlitdohed

I socyanat e- cureg ng58x¥u%gg %oga%}ggggki : §En)fpﬁEQ§EnE | mformng

pol ymers whi ch nmay bée nen onél uaropo yners
f unctional iDuofbuhr9¢bbor9nel¥mana andcﬁuonﬁﬂohhdofdaoryBCGYQépyners each

of which may bepByghexy fUBEk! 9Rekn0EnCREDOKY: hyBELLQNElncREGnERY dbe used

as the sole film ?orn1n | ynme i n con UnC?IOH W th one _or nore
functi onal acryFP€b°§bT§B§FE%°ﬁﬂH/o?“@pﬁﬁy gspged ﬂFchSpﬁPéﬁrﬁéﬂ@ curing

agents for the FgpRih§NPS1PREYNBFSin(EBARUALLLBE @EEA! snehoghmare be
ment i oned InClugunctlonal acrylic, polyester and/or epoxy resins, with

15 approprlate curing agents for the functional polymers.

Other curing agents which may be mentioned include
epoxy phenol novolacs and epoxy cresol novolacs:;
isocyanate curing agents blocked with oximes, such as
isopherone diisocyanate blocked with methyl ethyl

20 kétoxime, tetramethylene xylene diisocyanaﬁe blocked with
acetone oxime, and Desmodur W blocked with methyl ethyl
ketoxime; light-stable epoxy resins such as "“Santolink
LSE 120" supplied by Monsanto; and alicyclic poly-
epoxides such as "EHPE-3150" supplied by Daicel.

25 A powder coating component of a composition of the
invention may be free from added colouring agents, but
usually contains one or more such agents (pigments or
dyes) and can contain one or more performance additives
such as a flow-promoting agent, a plasticiser, a stabili-

30 ser, for example a stabiliser against UV degradation, an
anti-gassing agent, such as benzoin, a filler, or two or
more such additives may be present in the coating
composition. Examples of pigments which can be used are
inorganic pigments such as titanium dioxide,.red and

35 yellow iron oxides, chrome pigments and carbon black and

~organic pigments such as, for example, phthalocyanine,
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et hyl=ketoxine, tetra di i socyanate bl ocked with acetone
oxi me, and Desnodur VV t hyl hyl ketoxine; l|ight-stable
epoxy resins such asi "Santolink LSE 120" supplled by Monsanto; and
alicyclic poly- epoxides such as "EHPE-3150" supplied by Daicel. A powder
coating conponent of a conposition of the invention may be free from added
col ouring agendso, baxﬁtmﬁa@hiryoﬁ@ntamnsmaegar ﬁemlm@haaganbsecpu gnents or
dyes) and can gontalqdone or ngnce addi ti %%%hd ? a

f1 ow pr oot i ng- ot h?ﬁ?%%t?%?s ?1“3?5% BPFi PrEEFD Fdr exang e a
stabi | i ser agapihghents dend atiskesnof aacadt i bgassi agdagertdansudiieasulbénzoi n,
e 0F Lifedr R e SHELy AHHLLLYGSOTmY DG PLEIT el BabREneRA! | N0
conp05|t|on npl es of pig Ich can be use are in ani c pignents
such as tltinlun1d|oxAd@lgm%mtaﬂqﬂyehtomﬁlFoﬁoéxbaeyelgﬁﬁoﬁﬁ ghgneataland
carbon bl ack aaéga&gfaianp diBPL§asdch aaryfg&e%&a%abatlpaghakoenanlne
REPLACEMENT SHEET azo, ant hraqui none, ? hi oi ndi go, i.sodi benzant hrone,
tr|phend|oxanel%ﬁﬂnﬁﬂ?%hcm?ﬂoﬁ% wsedent YSUad Yd@e PAOFRBAt SORKENFaRES 28T
acid, basic agﬂoaoiﬂaﬂéedyesluﬁéﬁgn Dj(ﬁstgéncbeeuﬁﬂd fdlalirﬁt eadoui:sobpaelwg! |
as pignents. | nt. content o of .the tot c gsition
(di sregar di ng ta%}g*a ePRAERREY | YEED oF ?ﬁé byvERLE ) r‘?a;?lﬁg‘e{}ged.%%ﬁ&ly a
pi gnment coh0 enappfopbiatO% asfikker mayhbeghsied ttoe assietobpdaikycol ours
opacity can bewﬁpiégnﬁgnfﬁiglﬁb ng@% wei ght of pignment. \Wiere appropriate,
a filler may be use assi st~ opacl whi | st m nimsing costs.

Conveni ently, althotepvemienthys ﬂhtbﬁuaheméﬁﬁﬁaﬁé§ Hﬁ}cgeaﬁ§e§°é§ur9d
dry-bl ended adﬂd%'ﬂésuééﬁ £9"BPYLE1 ORG8C8AATIEIYO thRe coRy88iteBnsi t 1S

not in general sired
according to the invention, it is not in general desired

epoxy phen ovol acs; isocyanate cu ﬁ?ﬁ
bl ocked wi '%1’ (r)bglwr)r‘es ﬁ% s‘l Ene@dl | socyanat e bl ocked FEQG 6%2%8

15 for the additives to change the colour of the composi-
tion, that colour normally being determined by the
colouring agent(s) that may be incorporated before the
composition is converted into powder form. -

The invention also provides a process for forming a

20 coating on a substrate, which comprises applying a composi-
tion according to the invention to a substrate by an elec-
trostatic spray coating process, and heating the applied
composition to melt and fuse the particles and cure the
coating. .

25 The electrostatic spray coating process may be a
corocna charging or tribo charging process. In the case of
a tribo charging process, it is recommended that the powder
coating compesition should be one that has been formulated
especially for such application, for example, by the use of

30 suitable polymers of which the so-called "tribo-safe"
grades are an example or by the use of additives which can
be introduced prior to extrusion in a manner known per se.

The invention further provides a substrate coated
by the process, the thickness of the applied coating

35 preferably being 30 microns or less.

The substrate may comprise a ﬁetal, a heat-stable

plastics material, wood, glass, or a ceramic or textile
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= _
far the additives to change the col our of the conposi- tion, tg%&
normal |y beVAP4E46 ni ned by the col ouring agent?g) that may b 168b8/d288
i ncorporated before the conposition is converted into powder form The
invention also provides a process for fornipng_a coating on a substrate,

whi ch conprises applying a conposi- tion according to the invention to a
substrate by an elec- trostatic spray coating process, and heating the
applied conposition to nelt and fuse the particles and cure the coating.

The electrostalLgo300L3Y CRBLLAYABERGESY M RAA NG HhATH heii L bO
charging proceSe “In°the case of 'a triBd chargi ng process, it is
reconmended t heglile oonechasdseildy €3RIt iR Shot® RBR! WirF¥utChalshdeen

fornmul ated espeghabkythigh, Supl 2RPHrERErAb1 Y Hubiadide, tdchdifi ce Pe-
sui tabl e pol yners of which the so-called "tnlbo-safe")%;ades are an exanpl e

or by the use &Feaddentved OFhiedR ™ P4® b& it dRE RPPRH 0 T usion in a
manner knows pehos®hatle oirn¢diomar of.ur Sidis et sl astivers uttsdn atetaldbied by

the process, the thickness qf the appljed .cat,i f [ 30
m crons or | es§FeTRE SGEHSEA é’rﬁg\?a%%rdprplrsleora én%?aa‘ﬁéfﬁgﬁgﬁqs abl'e pl astics
mat eri al, woodpregtaeatedr witheramategr alexthdte will 1id edgatregtatic

~Advant ageousl y .rate is chem- cally or nmechanically cleaned
prior to appligg?ﬁ%ﬁggklﬁﬁgﬁ%éﬁfosition, and is preferably subjected to

chem cal pre- treatnent, for exanple, with iron phosphate, zinc 5
phosphate or chiampies Substrates other than nmetallic are in general
preheated prior to anIication.or are pretreated with a material, that wll

aid electrd8tatic s fRIERG Sxames o WFh PR TR i § ¥Tn the
present 10 spegirbitiahi ahdanet &girsldmdddtriasde, nl lass tAd e nehe Ressroolfir th&ema

Vol static, HOS%@%- 1@&3& ’a&S?P¥¥£% in accordance with the present
invention.
In assessing the appearance of films formed from
15 powder coating compositions, and especially the so-
called "“orange peel“ effect, it is useful to consider
graphical representations of data generated by
profilometer examination of cured applied films. In the
present Examples, such examination was carried out using
20 a laser profilometer of the type UB16 manufactured by
Ulrich Breitmeier Messtechnik GMBH (UBM). Light from a
semi-conductor laser in the sensor is directed onto the
panel surface as a focused spot. A movable lens
suspended in the sensor is continuously adjusted to
25 ensure that the focal point of the beam is always
coincident with the film surface. The sensor is designed
such that any roughness in the surface of the coating
causes a displacement of the focusing lens which in turn
is detected by a second measuring system.
30 The resulting data is shown graphically in the
accompanying Figures 1 to 7, in which:
Fig. 1 shows, for comparison purposes, the results
of profilometer analysis of a 50 micron film
formed from a powder coating composition of

35 _ standard particle size;
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Lar opal, I nal ul i nex, Nordson, Powderlink, Santolink a
EXAVPLES 2@5692;&] e follow ng Exanpl es, which are given for 1Tl us- 702288
tration and not for limtation, illustrate the use of the dry-bl ended
additives in accordance with the present hgvention. In assessing the
appearance of filnms forned from 20 powder coating conpositions, and
especially the so- called "orange peel" effect, it is useful to consider
graphi cal representations of data generated by profil oneter exam nation of
cured applied filnmerid.n 4 hesHywesSaiie Aol Bomeseic hresahisacf oa emsedarri ed

out using 25 a l|aser prof:_%%Bt er %d{‘ﬁhcelf_élygefgp&gdnppgﬁa{;ﬁgred by Urich

Breitnei er Messtechni k GvB foma sem -conductor laser in the
sensor is directed onto the:q:nmm:hsa:mfm:iearad;aadTopw@elrs%$crﬁbﬁ6vabl e lens

suspended in the sensor is %S{)JH YEJO(UISJ Y- agj ﬂgg‘gggrtguggngps%etggat ukbg

focal point of the beamis ys col hcident wth | m surface. The
sensor is designed such thatn dsrming ke st} hmt Frepseseated ot "t ha9coifi ng

causes a di spl acemepiy of3 t hgydipcusidgpt €ns1 9k EBr i Pebul Bsi 6£det eared by a
second measuri ng system 35 The resul ti ng?dat% LS shgh graphically
in the acconpanying Fi guresfil® ®f 3¢ migrers EPE™e9 ER8Us™for conpari son

purposes, the results of prcﬁimd»amﬁ@ﬁ '&naéxyaasdtbf pawaérmiesombeﬂmihormed
froma powder coating conp W-Fgln o{) standard particle

Si ze; -18 - Fig. 2 sho ¥1ioneter results of a cured filmof 55
m crons foroed fronfide cormmwsothé spraoflat diependeesditsr Pbed FHrEsiarrpI e

(1) - a powder superior to gl tpeghif;LpoRLNEothea! LA keabeasnted 1 n

Ao L with the 1nvent10n, from the "standard"
powder of Example (1) after size reduction
and incorporation of an additive mixture

15 | according to the invention:

Fig. 5 shows the profilometer results of a cured
film of 20 microns formed from the
comparison "standard" powder described in
Example (2):

20 Fig. 6 shows the profilometer results of a cured
film of 20 microns formed, in accordance
with the invention, from the "standard"
powder of Example (2) after size reduction
and incorporation of an additive‘mixture

25 according to the invention:

Fig. 7 shows the profilometer results of a cured
film of 35 microns formed from the powder
composition according to the invention
described in Example (6):;

30 Figs. 8, 9 and 10 of the accompanying drawings are
graphical representations of data reported
in Experiments I and III hereinafter.

Referring to Figures 1 to 7, the graphical represen-

tation reflects the "orange peel" of the surface. The

35 greater the amplitude and the shorter the wavelength.of

the series of peaks the more pronounced the orange peel.
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Fi'g. 3 ““shows the profilonmeter results of a cured filmof 30 m_crons forned
fromthe cofM/3M46" st andar d” powder described in Exanpl e (1);P@E/GB93/02288
shows *the profilonmeter results of a cured filmof 30 mcrons formed, in
accordance with the invention, fromthe ~st ndard" powder of Exanple (1)
after size reduction and incorporation of Yah additive m xture according to
the invention; Fig. 5 shows the profilonmeter results of a cured filmof 20
m crons forned fromthe conpari son "standard" powder described in Exanple

(2); Fig. 6 shows the @&anit %QESEEEEth%EUHBS Figut LU 8 id Ry HdbdE crons

formed, in accordance with e 1nvention, fromthe "standard" powder of

Exanpl e (2) af BEFT8LF&Cr BAREAF8ATENd i ncorporation of an additive nmixture
accogI d} nlg tOfthe i n\zantnhenédegn]:cha’g&hﬁ\m idae Weofddemmetoar irr@iﬂrtcfie afhac
cure ilmo 5 mcrons for ~fromthe powder conposi.tio cording to
the invention égEFFbgd ?"’ﬁl aftpPys 8y el’—‘?ﬂ&ﬂ%f’%%%"&f aft‘ir‘i)eW ant
acconpanyi ng§ dieweddsingr,ehgsapiimogt hepdesdataldrorfron tohat aerspe tlechea N
Experinments | .herej.na i t i 0. 7.t he

gr aphi cal reprggg%ghkéFgoﬁhge%ﬁgéFgRt%&galo%%r?geg]%egﬁ G(\.’oiﬂfal"tg}?e ps?uer 'acgherhe
greater the anphktaufilerattiet hmpdhtnter of hé&heawalanpg pasfl dae e icenvusrpeaks

the nore pronoyggedot Her8b@NABaR8huare rbighnbs HdrBntressilad id
Figure 1 has a very poor _aestnetic "appearance. In marked contrast, it can
be seen for in&KRKE&SEHafn microns, and is the so-called Rg value
10 (igferred to herein as the roughness gquotient). The
wofst flow (Figure 1) has a roughness quotient of 1.89um
and the best flow (Figure 6) 0.086um. From this it can
be seen that the lower the roughness gquotient the better
‘the flow. In each Figure, the vertical axis shows the
15 surface profile in microns. The scale of the horizontal
axis is in millimetres.

The aluminium oxide used in the Examples was
Aluminium Oxide C ex Degussa, mean particle size <0.2
microns: the aluminium hydroxide used was "Martinal

20 OLl107" ex Croxton & Garry, mean particle size b.9-1.3
microns; and the aluminium silicate used was Aluminium
silicate P820 ex Degussa, mean primary particle size
<0.1 microns.

- Dry-Blend Additive Composition 1
25 | Aluminium okide 120 g
Aluminium hydroxide 880 g-

The dry blend additives were charged to a Moulinex
high-shear blender, mixed for 60 seconds, and reserved
for future use.

30 Dry Blend Additive Composition 2

Aluminium oxide 350 g

Aluminium hydroxide 650 g
The dry blend additives were charged to a Moulinex
high—shear‘blender, mixed for 60 seconds, and reserved

35 for future use.
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thur%*6, which shows an exanpl e of excellent flow and |evelli Eﬁgﬁ
al nost no mg‘é@i'ﬁ? fromthe centre line, reflecting the al m)sl?g{/ /02288

absence of orange peel. The data for the anplitude of the orange peel can
be conver- ted to a root mean square roughgess paraneter which is expressed
in mcrons, and is the so-called Rq value (referred to herein as the
roughness quotient). The worst flow (Figure 1) has a roughness quotient of
1.89[err]mand the best flow (Figure 6) 0.086[errJm Fromthis it can be
seen that theprowen ehie AnaYghRes SotipRisiidlilort e better the flow |In each
Figure, the vertical axis ows t.he sur.face profile dqp, mcrons. The scale
of the horizontal axis is PfritYREHYe 2SS The al uni il Umxi de used in the
Exanpl es was Al um ni um Oxi dau@ieni ubegiddaateean part3df & si ze <0.2 m crons;
t he al um ni um hydr gxi d "NRILL o MEVA i mean
particle size O. 9-% %rg’fg)ﬂs?%;r?é@httel%@um ni urﬁhm e(%?eg %gﬁl%sﬂé&

Al um ni um 5si hiight-ehe820 bd)enBegus Fd xefe fiopré herscqngds i @nd Feseryed

m crons. Dry- A i Conposition 1 Al um ni um oxi de 120 g
Al um ni um hyd?ggge ¢ u\é%880 g The dry blend additives were charged to a
Moul i nex hi gh-shear bl ender, m xed for 60 seconds, and reserved for future

use. Dry Bl engyAgiris wa yConposition 2 Al um ni um oxi de 350 g
Al 'um ni um hydr oxi de i Q%P.{'Thqzinyc?lim1;¥¥¥£jyes were charged to a
Moul i nex hi ghtsHed— M daders=txed—tor-oo—secorus—and reserved for future
use. -20 - Runi 18 aidadddint iDiexGdepodiiticorp Bymnmi ni um oxi de250 g
500 ¢ 10 Black iron oxide 306 lg
Ultramarine Blue No. 17 lg
Filler (barytes) _ 150 g
. Carboxylic Acid-Functional Polyester Resin 37z g
Epoxy Resin Curing Agent 164 g
15 Aldehyde Resin Laropal A81 50 g
Catalyst ig
Flow Modifier 5 g
Benzoin 39
Polyethylene Wax 3 g
20 The ingredients were dry mixed in a blender, and fed

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

distribution:
25 100% <103 microns
30% < 20 microns
10% < 10 microns

3% < 5 microns

oP

D(Vv)gg 30.9 microns

30 The fluidity index of the above ’‘standard’ powder
was measured using a SAMES AS 100 Flowmeter and was found
to be 39.3.
A part of the White Hybrid Powder Coating Composi-
-_
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Al'umi ni‘um 500 g The dry blend additives were ch
Moul i nex h%gg'ﬁég‘” bl ender, nixed for 60 seconds, and reserve %fe %ﬂﬁsé
use. EXAMPLE (l) White Fybrld Powder Coati ng Cowposition Rutile Titanium

Di oxi de white pignment ' 250 g_Blgck i ron oxi de 306

1 g Utramarine Blue No. 17 1g Filler (barytes)
150 g Carboxylic Acid-Functional Polyester Resin 372 g Epoxy Resin
Curing Agent ' 164 g Al dehyde Resin Laropal A81

50 g Catal yst tion was then electrostatically spray applied goFbﬁaembdifier
5 g Benzoin . . . . ? hyl ene
Wax paneis to give cured f*lm53°6 ?ﬁemﬁﬁéPaél S mere %%y¥n1xed
in a bl ender, E&Ebé&iﬁ?&ﬂYLEXSWWVEnqxemmeitiudsroﬁpeﬁamungtas att @gpérature

of 108 C. The & txé?s o QUG {k%u%ggact ?%k}l g%ggggoq%e g@spowder

vmththefollovmng part| e size di's m crons 30% < 20
.mi crons 109% < 41Ps$i &} oke®dip < Tie flew oard DLeY83130990fntbeofid 1 mRewere

fluidity 'ndexa§§eééﬁhfﬂ§&ﬁ§ §tﬁ££§idpr8P%FSﬁeﬂ@§ ”E@§95e6a0§|93ugh§éygs AS
100 Fl owreter and was found to be 39. gart of the Wite brid Powder

Coat i ng Conmposquotientss (9% \RapUR h@?Fe‘F%%t BdshAFres ng‘pﬂ?daﬁp??éﬂ to
steel panels tgogitge C30 et dtdirsf DIm D5 ThEs0Ds ando38nhbwar apapheepetyi vel y,

(Stoving conditlqos of 15 muutes at 180ercl¢,

10 -; Each of these coatings formed from "standard" powder
(wﬁich had a gel time of 80 seconds at 200°C) had a
Gardener impact resistance of 10 Joules (Forward and
Reverse impact), and a 5.0 mm Erichsen indentation.

Another part of the White Hybrid Powder Coating

15 Composition was then further size reduced using an Alpine
jet mill (400AFG). The classifier speed on the jet mill
was adjusted until the particle size was such that the
maximum particle size produced was nominally 35 microns.
The particle size distribution of the resulting powder

20 was as follows:-

99% < 50 microns
72% < 20 microns
35% < 10 microns
1035 < S microns

25 _ D(v)sp 13.9 microns

' The size-reduced powder coating composition was then
blended with a 0.8% by weight addition of Dry Blend
Additive Composition 2. The total composition incor-
porating the Additive was spray applied to a steel panel

30 to give a 30 micron film. The flow and levelling of this
film were determined, and its roughness gquotient was |
found to be 0.31 um (Figure 4).

The same composition was subsequently spray applied
to aluminium substrate under the same conditions as above

35 to give an 80-85 micron film with no apparent defects as

~a result of the high film build. The flow and levelling

1This Sheet Has Been Rer




wer e used to cure hoth panel s). Both panel s had 88% gl oss 60
fl ow and Impf’i'ﬁ‘b“of the filnms were assessed usi'ng a | aser pr‘;ff’?%?r?%?@?s

Thi s gave roughness quotients of 0.55[err]mfor the 55 micron film and
0.83[err]mfor the 30 micron film This_igsalso shown graphically in
Figures 2 and 3, respectively. Each of these coatings forned from
"standard" powder (which had a gel tine of 80 seconds at 200[err]C) had a
Gar dener inpact resistance of 10 Joules (Forward and Reverse inpact), and a
5.0 nm Eri chsej¥ ivientmitlind e AN ripiaridd ofi tihei ¥¥i ke Vvybié df Gondeto

Coati ng Corrpozgtio S then further size reduced using an Alpine jet mll
(400AFG) . TheTI%ssi14ier speed on the jet nill was adjusted until the
particle size was sthxh ddiattinee ofaximenp@edér cardsthe physiuceal sag

nomnally 35 mj NS .1 Lol & sl L SE 4 | Of o thend esul £4,89
powder was asraeo%r o2t gbt&)adééltébg ré‘iz:‘ra%}?\és fl%%}?u'&ég% %n?c%%?\s 35%111% 10
m crons 10% <standandrpawdd) \G&E1ng &oweerons The size-reduced powder

coating conposi ti on e ddid) blgndethait ha as SnBPe bys Wehghta@ddiséon of Dry
Bl end Additive Conposition 2. The total conpposition incor- porating {he

Addi tive was STRICbRAMEILT ¢as REAMdedneia1d §PYeSheap HeehBhIRe | ¥t The

flow and | eveld j7er ot tohs Bidna Weddi tierercompositioni3 s rohghoessl quoti ent
was found to be 0.31L [err]m (Figure 4). The s conposi.tion

- subsequent | y sﬁﬂW%ﬂp{)‘i‘?’bd"l%o%ﬁ?ﬁﬁH U Etﬂl?)s?‘?‘g?’énﬂﬁd%?st R0 .5 2% ndi ti ons

as above tl® giapmgplired:dB% rdtoran panel o hgive appa@ enicxieh efitmas Theesul t

of the high fi 1 l.d. f I L : - Of ' L@ wer e
determ ned wit &?:‘?és&% c\‘/fa;ql}ge f%%ﬁ{geﬁﬂ’ﬁ -&Ilpgd £i1%%wad rbbhd £ 822
0.32um. This is a similar result in terms of aesthetic

appearance to that achieved when using Dry Blend Additive
~ Composition 2.

15 In a further experiment the White Hybrid Powder
.Coating formulation was manufactured as described above;
with the exception that on this occasion the impact mill
'was equipped with a twin cyclone collection device. With
this arrangement the finer particle size powder that

20 normally might be expected to escape from the primary
cyclone is collected in the secondary cyclone.
Accordingly the impact mill (a Hosokawa ACM30) was set to
produce the smallest particle size (classifier speed 2700
rpm and an air flow of 26m3/min.). The fine powder

25 particles were collected in the secondary cyclone, and
had the following particle size distribution:-

100% < 35 microns
97% < 20 microns
75% < 10 microns
30 32% < 5 microns
D(Vv)sp 6.7 microns
The fluidity index of the resulting fine powder (not
incorporating the additives of the invention) was
measured using an AS 100 Flowmeter and was found to be
35 only 2.1, as compared with 39.3 for the powder of

‘standard’ size.
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be 0.1%[err]. The gel time of the powder and the physical and

properties A il mwere the sane as the standard powder c d@?ﬁ&gﬂéﬁgbﬁs
I n anot her experinent a sanple of the raw size- reduced powder was bl ended
via a | owshear technique with 0.75% of Dr)s Bl end Additive Conposition 3.
The total conposition incorporating the additive was then spray applied to
a steel panel to give a 30 mcron film The Rg value of the subsequently
cured filmwas found to be 0.32[err]m This is a simlar result in ternms of
aest hetic appear anceni® fihad @N%a\i\hﬁneﬂaeagwlﬂty& Bl endzAbgi weight
Conposi tion 2. a. further e eV\h br| Pgwder, Coat i ng :
fornul ati on we® %’aﬁﬁ%c‘? Igrdyxg %fé‘g‘?‘%%%g Yiﬁo\/S’“pﬁA gﬂeaexcept i on that on
this occasion ﬁmumacindn* Iof/vatsheqmmbtllmgt boadmm roegdhgneompblséct i on
device. Wth this arrange ﬁ% {‘r%ei?@%hc'(ﬁ §Eﬁ?e90\ﬁg?fwgt Ratapgisnel |y

m ght be expec‘fl%lnto escap fro Imary cyc FoRe I's co cted in the
secondary c@cl&ﬁmﬁoakflnwmemﬁw)tWESlh@%ctaﬁ1Cpmparﬁésvk§ha°A¢NB@)1wé§rSet

to produce thet ﬁé%ﬁ lr&&?]ééc?'ﬁo&aéﬁ :GSJ:%;’%&:B%FB:-%I%@%@ 2FQ0aBBAaRdsan air

flow of 26nferr i'ne er particles weré collected.in the
secondary cycl@hethantn¥ericior. fonP%V\F‘PlﬁagaFPWEP§1§|1?§ 4PSPrPBEREIRI- 100%

< 35 mcrons &?&)A&d?@;véﬂﬁé@n@hgﬁ%,pfa90apﬁn@éanto?,a%stée15pmneaom
D(v) 50 6.7 n]crons The, f|UId%+ib % t he e Itlgg L ne pgﬁﬁer (not’
i ncor porati ng $HE® RIAQ i HEEER i nveREi h?wMﬁg §¥ﬁ &8s Phg “HASas 100
FI owret er :amd f\bm fwere detdemimeég, 2aidd atscoopgheess qhosgeatf wAast he
powder of " stapfd'+ 1€ 0.17um
Again the gel time of the powder and the mechanical
properties of the film remained as for the standard

. powder coating.

15 EXAMPLE (2) -

Thin Fi imer C si
Rutile Titanium Dioxide White Pigment 190 g
Bayferrox 3 g
Helicosin Blue Pigment g
20 Carbon Black g
Filler (dolomite) . 60 g
Filler (barytes) ' 80 g
Bisphenol-A Epoxy Resin 533 g
Styrene/Maleic anhydride Resin SMAl1440 90 g
25 Amine Curing Agent 28 g
Flow Modifier ' 6 g
g

Benzoin . 2
' The ingredients were dry mixed, and fed to an
extruder blender operating af a temperature of 90°C. The
30 extrudate was ground in an impact mill to produce a
"standard" powder with a particle size distribution as

follows: -
100% < 98 microns
33% < 20 nmicrons
35 , _ 11% < 10 microns
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- .23 - ~Thi wder was blended with a 1.0% by wei ght addig/l

Bl end Addi @égﬂ&%osi tion 2. The fluidity index of the resul t‘%‘?&%&ﬂ?ﬁ&
coatifng conposi- tion according to the invention (nmeasured using a SAMES AS
100 Fl owreter) was 109, as conmpared with gply 2.1 for the size-reduced
powder not incorporating the additives of the invention. The total '
conposition incorporating the Additive was then spray applied to a steel
panel to give a 30 mcron film The flow and levelling of this filmwere
determned, and its roughness%quatient mdas.fdmnd to be 0.17[err]m Again
the gel tine of the powdg)r ndthe p’i roperties of the film

remai ned as for the stan ér Sﬁomder coa |ng EXAVPLE (2) Thin FilmPriner
Conposi tion Rutil eThisapirimed pewder\\WHompds igreen was eledigpsftaaiydak Fox

3 g HelicosingBiue Bi %4 to an aluminium panel to13 i FArP s 1B agken

2 g Filler (dolomte Flller baryt es)
80 g Bi sphénoP- ANEgKRNeSRe§ifn 20 microns. (Cure at5§§§ / Mal ei ¢

anhydri de ResipinG¥et440 The floQOaﬂdAméVéﬂlﬂﬂdﬂbf¥ﬁﬂH fllm were
28 g Flow Modifi er, zoin

36 The | ot erEMiSe ety dAFCT RERTIARISEY 1 Flth K5 MR Ehder
operating at gubtipatadeterafingd €o béha .autumidasywss Fr.ound i n an i npact

o) v, Sa0ce 2 3R BOYAEG Wl AL As 4Rt on =
10 using an air impact jet mill. The particle size
di;tribution of the resulting powder was:-
99% < 10 microns
47% < 5 microns
_ D(V)sgg 5.1 microns
15 The fine powder was then blended with 1. 1% of Dry
Blend Additive Composition 1, and spray applied to an
aluminium panel to give a film with a thickness of 20
microns (cure at 140°C). The film was examined by laser
profilometry, and its roughness gquotient determined to be
20 0.09um (Figure 6).
The coated panels obtained in Example (2) were then

compared in a series of performance tests.

TEST RESULTS OF TEST

25 PERFORMED STANDARD SIZE-REDUCED
C : POWDER POWDER

Impact Resistance : Pass Pass
{50in.1b. for 30in.lb rev)

30
Dry and Wet Tape
Adhesion Pass Pass
Salt Spray Resistance : _

35 (1000 Hours) Pass Pass
Filiform Corrosion Pass Pass
Resistance (1000 Hrs) (1.5mm creep) {1.5mm creep)
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3% < “5 mcrons D(v)[err] 28 microns This pri ner povvder Lt
was el ect r ¥Q 3#411446 y spray applied to an al um ni um panel to gfw*”(

with a thickness of 20 microns. (Cure at 140[err]C for 15 minutes). The
flow and levelling of the filmwere exam pgd-by | aser profilonetry, and its
roughness quotient determined to be 1.31[err]m (Figure 5). The priner
powder was then further size reduced using an air inpact jet mll. The
particle size distribution of the resulting powder was:- 99% < 10 m crons
47% < 5 m cr otDLAUR @xn&; ExaMpuEMS The fine powder was then bl ended with
1.1%of Dry Bl-end | iV t %ggt a | um ni um
panel to give a fi ﬁ%’devm ahse %)?qipoqﬁne‘ggs%%r ¥o?f§l3%%€g?ﬁ%4g&é?r] 0.

The f|In1was(puﬂpanaﬁtaﬁIkﬁdﬂvqﬂuﬁhIQHHEQ%ﬂtamﬂsl@@C@EGgh%eEQ Eoet i ent
determ ned to A | Q:h HPrddRdd ddtgllgfﬁi 6). The coated panels obtained in -

Exampl e (2) were then conpare series of performance tests. TEST

RESULTS OF TEST PERFORMED STANDARD SI ZE- REDUCED
POADER 5 pdIQWEEER Moty Regiretmnce , Pass Pass
(0in-10. for JOG TR Brpand el Tape Adnesion
Pass Rutbdss Htadriomn Goxiose ovhite pigmenPass 313 @ass
Resi st ance (1ngl|1ﬂ(oolomlté .5mm creep) (1.5nm creep) -257-g
Carboxyllc Acid-Functional Polyester Resin 473 g
10 Epoxy Resin Curing Agent ' 190 g
Catalyst 2 g
Flow Modifier 749
. Benzoin SN 3 g
Polyethylene Wax 5 g

15 The ingredients were dry mixed in a blender, and fed
~ into a twin-screw extruder operating at a temperature of
108°C. The extrudate was ground in an impact mill to
produce a powder with a particle size of 100% < 180

microns.

20 This powder was then further size reduced in an air
jet mill (Alpine 400 AFG) to produce a powder with the
following particle size distribution:-

100% < 12 microns
95% < 10. microns

25 55

' D(V)sgg 3.6 microns

< 5 microns

o

Blue Hvybrid Powder Base

CI Pigment Blue 60 ' 49 g
Filler (barytes) : | 30 g
30 Filler (dolomite) 30 g
Carboxylic Acid-Functional Pblyester Resin 642 g
Epoxy Resin Curing Agent 234 g
Catalyst : 249
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GG]_CIJR M LES The base col our powder coating conposi ty
W ¢ - i b Aidiass

pr epar ed Gual conpositions according to the follow n

formut ati ons. PC]_YESTER/ EPOXY HYBRI D White Hybrid Powder Base Rutile

Ti tani um Di oxi de white pignent - 26 313 g Filler (Dolomte)

7 g Carboxylic Acid-Functional Polyester Resin ' 473 g Epoxy Resin
Curi ng Agent 190 g Catal yst _

2 g Flow Modi fier - 7 9 Benzoin

3 g Pol yet hyl ermeowW\Modifier 5 g The7 g

I ngredi ents weée drly m xed in a blender, and fed into a tw n-screw_extruder
operating at dtature of 108 C. The extrudate was ground in an I npact
mll to producmkquvﬂeane/\mdxa particle size of 100% < 180 nmicrdng. This
powder was then further size reduced in an air jet mll (A pine 400 AFG to
produce a powder with the follow ng particle size distribution:- 100% < 12
mcrons 95% < 10 mTronn@EBERierFsivehsdny vijbged Bnea Riendas.BROE FgBrid

Powder Bases Cl j fi 9t iBl 14180 extruder operatlng at a temperatﬂ?egoEl Il er
(barytes) Filler (dolo

30 g Carboxyl i ¥°8& d- ﬁﬂf’ctq%dqi'r:ﬁ;)’&?e‘?r‘??é%‘?nlg an 1mpggb ﬂlgﬂ)o?? Resi n
Curing Agent produce a powder with a padiglé&ashbysdéf 100% < 180

29 . REPLACEnll\/l%I\]l:_'I;isI-!EET -26 -
This powder was then further size reduced in an air
10 jéE mill (Alpine 400 AFG) to produce a powder with the
following particle size distfibutioh:—

1003 < 12 microns

93% < 10 nmicrons

54% < 5 microns
15 D(V)sgg 3.9 microns

Red Hybrid Powder Base

CI 170 Novoperm Red Pigment 78 g
Filler (barytes) 52 g
Filler (dolomite) T 52 g
20 Carboxylic Acid-Functional Polyester Resin 564 g
Epoxy Resin Curing Agent 237 g
catalyst : 2 g
Flow Modifier 8 g
Benzoin 3 g
25 Polyethylene Wax 4 g

The ingredients were dry mixed in a blender, and fed
into a twin-screw extruder 6perating at a temperature of
103°C. The extrudate was ground in an impact mill to
produce a powder with a particle size of 100% < 180

30 microns. '

This powder was then further size reduced in an air

jet mill (Alpine 400 AFG) to produce a powder with the

following particle size distribution:-
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Frow Midi fiyg W 94711446 9 Benzmp@:ncs%mzzss
3 g Pol yet hyl'ene 3gT

ingredients were dry m xed in a bl ender, and fed into a twn- screm/extruder
operating at a tenperature of 108 C. The ®Extf¥udate was ground in an inpact
mll to produce a powder with a particle size of 100% < 180 microns. This

powder was then further size reduced in an air jet mll (A pine 400 AFG to
produce a powder with the following particle size distribution:- 100% < 12
m crons 93% < 10 microns 54%06&%5 #i &romscPOnE[ err | 3.9 mcrons Red
Hybrid Powder Base CI 170 Noygper ed t 78 g
Filler (barytes) §oRer 85 nfLeBRS 52 g Filler (dolomte)
52 g Carboxylic Acid- FuncDIbhgb P3} yesMEErRBSi n 564 g Epoxy Resin
Curing Agent 237 g Catal yst

2g Fl ow Modi fier 8g Benzoin

Pol yet hyl ene VBXAMELE (3) 4g The ingredients

were dry m gedrignd Ehﬂ@dﬁbwdéﬂdcbédlh t gofn
at a tenmperature.o The extrudate was ground in an inpag

| to
produce a pomd@PlRFtHYQIerF?UﬁﬁrsPQEeOf 100% <[ err] 180 mi crons. dﬂ#
powder was theBliuar Hppridi pewdeduBadein an air jet mll (Al pi neM0® AFG to
produce a powder with the follomnng partlcle size distribution:- 27 100%
< 8 mcrons

rating

~

The powder bases were charged to a Moulinex high-
sﬁéar blender, and mixed for 10 seconds to give a :
10 mixture having a fluidity indeX'[SAMES AS 100 Flowmeter)
of 0. The powder mixture was then sprayed at -30kV and
-70kV application voltage (Ramsberg Gema PGl gun) onto
two separate aluminium panels. Powder spraying was
particularly difficult due to the fine particle size of
15 the powder coating compositions, which gave rise to
substantial blocking and surging of powder in the spray
gun. _
The coated panels were stoved at 200°C for 15
minutes. The two panels were then analysed for colour
20 difference using a Macbeth MS 2020 spectrophotometer and
an ICS colour computer.
The colour difference between the two panels was
found to be A E (D65 light) = 6.7.

Light Blue Powder Coating Composition B

25 Accordi to the invention
White Hybrid Powder Base 500 g
Blue Hybrid Powder Base 500 g
Dry Blend Additive Composition 1 10 g

The powder bases and dry blend additive according to
30 the present invention were charged to a Moulinex high-
shear blender, and mixed for 10'seconds. The resulting
powder mixture (which had a fluidity index of 51
according to the SAMES AS 100 Flowmeter) was then
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60% - 440( V) 50 3.1 nicrons EXAVPLE (3) Light Blue P x
C0np05|t|on A‘?Egnparlson) Wi te Hybrid Powder Base PENGBSAZEY

500 g- Bl ue Hybrid Powder Base 500 g The powder
bases were charged to a Moulinex high- shggr_bl ender, and m xed for 10
seconds to give a mxture having a fluidity index [ SAMES AS 100 Fl owreter|]
of 0. The powder m xture was then sprayed at -30kV and -70kV application
vol tage (Ransberg Gema PGL gun) onto two separate al um nium panel s. Powder
sprayi ng was pathyed artl y3dkif aadl +70us h@pﬂh@dﬁﬂun[Mnnﬁageeﬁﬂansnﬁrqhe
powder coating co I tJons | g Al g and
sur gi ng of po&ﬁ% ”R%ﬁ U%gpngg %QO $%§ coa pangﬁlﬂﬂé#§4§tove at 200 C
for 15 ninute&hiﬁh@cmw51p@n$hs wewderhs@n@%QQNﬁntékw col our difference
using a Macbeth MB-3Q2Q spee HARRILORRLE AR IS dPloUocamuter. The

col our difference between the tmo panel's was found to be [err]. E (D65
light) = 657. mingfesB u&hrokwer peoatlrsngee@nﬁcs@rt e 1y Sk SRR} QU t he

i nvention) Wigig fidylericé Rusier aBaSebeth MS 2020 spectropHetbmetrieardybrid
Powder Base 500 g Dry Blend Additive Conposition 1
10 g The powd@ B&SeSOHOYTdCPMPNERT -additi ve according to the present

i nvention were chamged dod carMadlfifeeendie] betsfeanr tternney pared smiweexd for 10
seconds. The resultln |ch had a fluidity index of 51
according to Fﬁ@ngA ggoé E#één%f%ﬁ?ﬁmas t - 28 - sprayed at
-30kV and - 70k\ appllcatlon vol t age (Ransberg GEHH PGL gun) onto two
separate gbun@% l,s. On

P e wder Composition Co 1s0
White Hybrid Powder Base _ 400 g
. Blue Hybrid Powder Base | 200 g
Red Hybrid Powder Base 400 g
15 The powder bases were charged to a Kenwood chef

blender (low shear) and mixed for 15 minutes. The powder
mixture was then sprayed at -30kV and -70kV application
voltage (Ransberg Gema 701-6 gun) onto two separate steel
panels. Powder spraying was particularly difficult due
20 to the fine particle size of the powder coating composi-
tions, which gave rise to substantial blocking and
surging of powder in the spray gun.
The coated panels were stoved at 200°C féf 15
minutes to give cured films with a film thickness of 30
25 microns. The two panels were then analysed for colour
difference using a Macbeth MS 2020 spectrophotometer and
an ICS colour computer.
The colour diffefence between the two panels was
found to be A E (D65 light) = 3.35.

30 Purple Powder Composition B (According to the invention

White Hybrid Powder Base 400 g

Blue Hybrid Powder Base : 200 g

Red Hybrid Powder Base : 400 g

Dry Blend Additive Composition 2 . 10 g
This Sheet Has Been Replaced
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this ‘o¢casjon the powder sprayed freely. The coated panels wer

200[err]C WQOYdIH6 i utes. " The two panel s were thgn anal yse or cg?%?}ﬁ
di ffefence using a Macbeth M5 2020 spectrophotoneter and an | CS col our
conputer. The colour difference between_thg two panels was found to be
[err] E (D65 light) = 0.3. 0 EXAWPLE (4) Purple Powder Conposition A

(Conparison) Wite Hybrid Powder Base 400 g Bl ue
Hybri d Powder Base 200 g Red Hybrid Powder Base
400 g 5 The pomi_erpd:ws@s DY e Cah@dig@flytblenKeaddmtllvbeéCbbEdng tbow

sh d d f 15 t The powd
300V and - 7RSI AT TN A RERCERPhoERnto b rxghacan” BhBE Lo,

fﬁpagate StEKﬂbféﬁ&éﬁ éﬁuwkmxéqw%qrng5mm5npae8|cuwaelyeauitioglpoﬂd@rto

e fine partic oatin I = n ve
rise to substa“?ft {l%ﬂg;e%an% e g{: 9°§3u”§9§’| n7Pkg §B?§€bgg’ﬁ%me
coated paneds wm&taqﬂ(ﬁRﬁhsnenHKﬁQma]Iploﬁ Bnﬁ1ﬁOF@stF9 geparatifedtrrins
with a filmthiokoass Qﬁm%gdg(%éﬁ§513hetﬁéo pBabeks spehgetingreangl.ysed for
col our difference using a Macbeth ectro hot onet er. and_an | CS

col our conputer. Th'@‘%cﬂ‘tﬁ#e%ﬁ?%?bﬂc‘ée’éﬁtﬁggﬂephéttﬁﬂ OpSnEPT wds found to
be A E (D65 |igifdtes ksyiTar@hre®ontns Corphsiat fadmBthAcknedsngft 80t he

i nvention) Wite br|d Powder Base Q1 Bl ue
Hybrid Powder M two panels were th68 §rREYSETLFCE g wger Base
400 g Dry B endli ffietrénoe Goimpsa tMacb&th MS 2020 spectropngtgmeter 204 The

powder bases and® according to the present invention were
charged to a K@ﬁwgé $%f§ﬁ¥fﬁgkﬁﬁ¥§f

The colour difference between the two panels was
found to be A E (D65 light) = 0.5.

EXAMPLE (5)

15 ‘Red Powde C' osition ccording to the inventio
White Hybrid Powder Base 666 g
Red Hybrid Powder Base 334 g
Dry Blend Additive Composition 2 10 g

The powder bases and dry blend additive according to

20 the present invention were charged to a Kenwood chef
blender, and mixed for 15 minutes. The powder mixture
was then sprayed at -70kV application voltage (Ransberg
Gema 701-6 gun) onto an aluminium panel. On this
occasion the powder sprayed freely.

25 The coated panel was stoved at 200°C for 15 minutes
to give a cured film with a film thickness of 12-15
microns, and excellent flow and levelling. The surface
profile of the film was measured using a laser profilo-
meter (manufactured by UBM). This gave a roughness

30 quotient of 0.182 um.

POLYESTER/HYDROXALKYY AMIDE
Blue Powder Base
‘Graphitol’ Blue Pigment 33 g
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bi 'end‘e'r-, a gi)i%j“for 15 m nutes. The resulting powder m Xt urgCFEB32288
sprayed at V-and -70kV application-voltage (Ransberg Gema 701-6 gun)

ont o -4 wo separate steel panels. On this occasion the powder sprayed freely.
The coated panels were stoved at 200 [err]30 f-or 15 m nutes to give cured
films with a filmthickness of 30 mcrons. The two panels were then

anal ysed for colour difference using a Macbeth M5 2020 spectrophot onet er
and an I CS col our conmputer. The col our difference between the two panels
was found to bRilker](Baxysss]light) = 0.5. EXAMPLE (5) Red Powd&/ 9

Conposi tion (ASLASSkVD: & Oad 18- FEWERL bRa) y@l&éstﬁerdsEﬁMder Bage g

666 g Red Hybrid Powder Base 334 g Dry Blend Additive
Conposi ti-on 2 Hydroxyalkyl amide 16 hefdd9eBhses and dry bl end addPtive
according to thpowrneseintiémventi on were charged to a Kenwood cheft bl ender,
and m xed for 15 m nutes. The powder m xture was then sprayed at .- fOkV
appl|cat|oﬁ\uﬁ?%&ﬁ9Tﬁansberg Gema 701-6 gun) onto an al um ni um parel. On
this occasi on té@enpavalewaxsprayed freely. The coated panel was stdéved at
200[err]C for 15 minutes to give a cured filmwth a filmthickness of
12-15 mcrons, and excellent flow and levelling. The surface profile of the
filmwas measured UBt@gingredkents ofere-dnt Bixedanandcf8Ae8ChPPUBM) . This
gave a Eoughneéft{gﬁ@¢e@&?ﬁﬁep dBr PELE LYESTERRPEPREUALKYE ADDDE. Bl ue
owder Base Pi g

30 - Filler (@gng%ggudate was ground in an impact m1118§ogp63938§y?lc

Aci d- Functi@napol@byesithn Resarticle siz826£01bipdr axyabkylicAonde Curing
Agent

This powéﬁquas then fuither size reduced in an air
jet mill to prepare a powder sample of which the particle
size distribution by volume was as follows:

99.0 % < 10 microns
15 43.0 ¥ < 5 microns
D(V)go 5.5 microns

Earth Red Powder Base'

Red Iron Oxide Pigment 130 BM 111 g
Filler (Barytes) . 190 g
20 Carboxylic Acid-Functional Polyester Resin 656 g
Hydroxyalkyl Amide Curing Agent ' 27 g
Flow Modifier . 10 g
Benzoin 3 g
Carnauba Wax 3 g
25 The ingredients were dry mixed, and fed to an

extruder blender operating at a temperature of 140°C.
The extrudate was ground in an impact mill to produce a
powder with a particle size of 100% < 180 microns.
This powder was then further size reduced in an air
30 jet mill to prepare a powder sample of which the particle
size distribution by volume was as follows:
99 ¥ < 10 nmicrons

47 % < 5 . microns
R — D(V)SO 5.1 microns
eet Has Been Replaced
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@ ¢ .
FI 6w Modi fi 14 g Benzoi
3 9 Car UL 84711446 3 g TGH/GBY3/02288
i ngredients were dry m xed, and fed to an extruder bl ender operating at a
temperature of 100[err] C. The extrudate-wgs ground in Fis Siigearss BadnlRdpRiced’

produce a powder with a particle size of 100% < 180 mcro
was then further size reduced in an air jet mll to prepa | e
of which the particle size distribution by vol une was as . 0% <

10 mcrons 43. @h%rs PowderoBasB(Vv) 50 5.5 microns Earth Red Powder Base
Red Iron Oxi de_Pi nt,.130.BM . . o . 111 g Filler arytes)
190 g Carboxylthgggd&#%ﬁﬁﬂPgngﬁoﬁdpfegpéFﬁ%ﬁﬁqvent 656 ¢ {§§ﬁ%xyalky
Am de Curing Agédfler (Barytes) 27 g Flow Modifier 25 g
10 g Benzoin  rarphoxvili AL . £ Resin 3 9 uba Wax
3 g The ingredi ents wer e 3r°§de>‘<lé‘8,“§rﬂ‘é'lf ggltygsarfrext(?suldqer bl en%’s,\grqi1 '
operating ab abyvérpxvallyé &migde0Cgrimlke Agentudate was ground i re&ard i npact
mll to produceigwPoederivkth a particle size of 100% < 180 mcrppsg This
powder was then further size reduced in an air jet mll to prepare a powder
sanpl e of whi cRePRE1Particle size distribution by volune was as fdl9ows: 99
% < 10 m cronsc4fn¥ubs wax mcrons D(v)50 5.1 mcrons -31- Wgte
pouder Base Rutile HheanhymuRi@xkde the! 6.5 UM, ana rea o 4R O FIller
10 extruder blender operating at a temperature of 140°C.

The extrudate was ground in an impact mill to produce a
powder with a particle size of 100% < 180 microns.
This powder was then further size reduced in an air
jet mill to prepare a powder sample of which the particle
15 size distribution by volume was as follows:

100 ¥ < 10 microns
44 %3 < 5. microns
D(V)gg 5.3 microns

The fluidity_index of each of the Blue, Earth Red
20 and White Powder Bases [fine powders, no additives
according to the invention) was 0 as measured using the
SAMES AS 100 Flowmeter.

EXAMPLE (6)

Cameo Blue Powder Composition
25 (According to the invention)

‘Blue Powder Base 330 g
White Powder Base _ 520 g
Earth Red Powder Base 150 g
Dry Blend Additive Composition 2 ' 10 g

30 The powder bases were charged to a Kenwood Chef

blender and mixed for 15 minutes. The Dry Blend Additive

according to the present invention was then added and

mixed in at low speed. The powder composition incor-

porating the Additive (which had a- fluidity index of 84
35 according to the SAMES AS 100 Flowmeter) was then

THIS SHEET Hae
: AS BEEN
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Car b65<yli | d- Functi onal Pol yester Resin 595 g Hydr ] de
Curing Ag rﬂflﬂ’?'ﬁg 25 g Flow Modifier PE/BB64)02 288

14 g.Benzoin 3 g Carnauba WAx
3 g The ingredients were dry m xed, and fed_to an extruder bl ender
operating at a tenperature of 140 C. The extrudate was ground in an inpact
mll to produce a powder with a particle size of 100% < 180 mcrons. This
powder was then further size reduced in an air jet mll to prepare a powder
sanmpl e of mhleqféddt@s&alttltﬁlmy%wa%a Idritd i0m dyuviot e ;ymela&cf 1was:
100 % < .10 _ % 44 % m.crons D( %% W& _ n1crq£s The
fluidity i nd& C&‘F’etsﬁeogl de, "e5H Red HHG ﬁle"qbo"‘(ﬂfercﬁ% anl ne
powders, no 2ddi’td fes aocmitumgst.o tihe iresanitiong Sl Gvas ardass-ed uSi ng
the SAMES AS 100 H.0 ter 6) r é&yp ition
(According tg]etqlne | n\\%ﬁt | or?)lléﬁ?%o&desr%? ﬂ&? J)ngse ( 6i'a
330 g Wi e POwddreaBdseith excellent flow. The rou@reess @;qttnem;d Powder
Base for this f£ilm wak®® 42U Yuf! olith A Lhye, idd
10 g The powder bases were charged to a Kenwood Chef biender an n1xed for
15 mnutes. Fii¥e Bry Blend Additive according to the pres

ﬁ ﬁe';ilaced'

then added and m xed in at |ow speed. The powder conp05|&h % ﬂiﬂ

porating the Adgitive (Which had a fluidity index of 84 a '
SAMES AS 100 AL was then 32 electrostatically sp

al um ni um pargzieano Igw Elaski Mnitiictlaresineof 35 mcrons. The
cured at 10 Hybrid Powder Coating Composition
‘Formulation | |
Carboxylic acid functional Polyester Resin 33.79%
Epoxy Resin Curing agent 27.12%
Benzoin | 0.18%
15 Wax 0.54%
Charge Control Agent 0.36%
catalyst 0.02%
Rutile Titanium Dioxide Pigment 27.12%
Black iron oxide : 0.03%
20 Red iron oxide 0.01%
Yellow iron oxide 0.14%
Filler 9.06%
Flow Modifier 1.45%

The ingrédients were dry mixed in a blender and fed
25 into a twin screw extruder at 108°C. The extrudate was
ground in an impact mill and sieved to produce, for
comparison purposes, a powder with a particle size
distribution of 100% <l06um.
‘A part of the resulting cream hybrid composition was
30 then tribostatically spray applied to aluminium panels
using a Nordson ICAB gun and stoved at 180°C for
15 minutes. The cured films were of a film thickness
50-60u with a gloss level of 26-28% (at 60°).
Another part of the cream hybrid composition was

35 then further size reduced using an Alpine jet mill

| THIS SHEET HAS BEEN
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200 é'for 10 mnutes. The resulting filmwas a honp- geneous
whi ch show®P A4 oss (90% on.a 60 head) with excellent floﬁ%ﬁglgﬂss

roughness quotient for this filmwas 0.124 [err]m and is shown graphically
in Fig. 7. EXAMPLE (7) Cream Low G oss Jribochargi ng Hybrid Powder Coating
Conmposi tion Formnul ati on Carboxylic acid functional Polyester Resin

33. 79% Epoxy Resin Curing agent 27.12% Benzoi n
0.18% Wax ' R o 0. 54% Char ge
Cbnggol Aant(;ooAFG). _The classifier speéﬁiﬂﬁ%&ﬁﬁiﬁetﬂmil% was _
gk?deﬁ) Ruti _ .e -gldtj%rs“tlé gn?:)illd%hzl %rar%r'tl_ticl& (?3‘7 2 RUPS | Lhclrb%ﬁ?itz @hBel ack iron
0.01% Yel | ow magimani @particle size produced was nominally DBgrki | [Bre

9. 06% Fl ow Modifier . . . . nat - ARB NS,

I ngredients m@?gtdF;}ems%gg Fﬁsgrngﬁ&gp é)nfd t;fl"eed ]ferﬁ%ltaqu}/ipn s(%e-rl;l(;waeitar%der
at 108[errpbC fohdowst:rudat-e was ground in an inpact mll and sieved to

produce, for conparison--purposes, a pRewder< Wgh a particle size
distribution of 100% <106[err]m A part of the resulting &hi8®neéHEBden Replaced

conposition was then tribostatically $gfay @ ied to alumn

using a Nordson | CAB gun and stoved ataok8( arg] C for 15 m nul wllljﬂlgwul ,!Ii
filmse were of a filmthickness 50-60[err] w.th a gloss |evel .
60[err]). Another part of the crea i d ition was then further

si ze reduced using an Alpine jet mll -33- (100AFG. The classifier

speed on Ege jet n&%% W33 e-reduced powder coating composition was then

blended using a low-shear technique with a 1.0% by weight
addition of Dry Blend Additive Composition 2. The total
~composition incorporating the Additive according to the
invention was then spray applied to an aluminium panel

15 using the same Nordson ICAB tribo gun as before to give a
30 micron film. '

The flow and levelling of the two films were
determined using a laser profilometer. The Roughness
quotient of such a system is seen to be a combination of

20 two types of surface roughness - firstly from the
general flow and levelling of a powder coating and
secondly from the deliberate disruption of the surface
designed to give a matt appearance. However, because
the nature of the two types of surface roughening were

25 very different, it was possible through the computer
programme which controlled the profilometer to separate
the effects. The results were as follows:-

Standard “Thin Film powder
(Comparison) (Invention)
30 Orange Peel Matt & Noise Orange Peel Matt & Noise
Rg 1.41 0.36 0.29 0.34

The Rg value for the film formed from the standard
(comparison) powder shows that the orange peel effect is
more pronounced than that for Figure 2, but not as
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agdjusted until the particle size was such that the nmaxi mum partj: |
pr oduced e O] 144p | y 35[err]m The particle size distributi O%@(Epwgzss
resulting powder was as follows:- 100% < 36[err] 87% < 20[err] 40% <
10[err] Dferr](50) = 12.1[err] The size-regduced powder coating conposition
was then bl ended using a | owshear technique with a 1.0% by wei ght addition
of Dry Blend Additive Conposition 2. The total conposition incorporating
the Additive according to the invention was then spray applied to an .

al um ni um paneéx&?a;@ﬁaéé@ sanender d56un! CABrigube gun aswheberethe gigve a
30 mcron film The flow and |evellin f the two filns were determ ned
using a | aser BR4¥E| BAEtERe ?ﬁ%eFBﬁaﬁgﬁgspaﬁgﬁFeﬁf df ZAERCRSsYESefi s seen
to be a conbi ngppearohcé eréygey oimsuatace thughrepsesehitest by Figurehe
general flow and levelling of a powder coating and secondly fromthe

del i berate dis?Uption of the surface designed to give a matt appearance.
However, bebsause thehaagel etbhetbf the pyppdsrofnsuthecehysaghdniang were
very different, j 0SS/ ongh €6 g '
controlled themﬁéé?ﬁﬁgﬁgté?éﬁéfgggérg?etﬁﬁefg?ﬂgg%gg @Eg %gggffgh%gge as

" foll ows: - Stangtppdard powder coating abpva-Fil m powder (Conpari son)
(I'nvention) Orange §@§%eqﬁ@ﬁ€l§-“@héetribgréﬁﬁgggﬁg|(CVhtEa&iquéQ Rele

1. 41 0. 36 0.2% Q.34 The Rq vaiye for the film
formed from t hetapdaadrand corparresirefoRarretRoas: Atermensfakye pee
effect is porecpnpectingdthdadisbnar§dngFpgtiine 3n lehe gan a® eartB4via

exagger at ed asafgﬁérégoﬁgtéP Ekgfég %éast??%&e%het%%rggghput of the

powder through the gun in grammes were minute. The

results were as follows:-
(1.10 * 0.08) x 10”3 C/kg

.Standard powder

15 Size reduced + 1% Dry
Blend Additive

Composition 2 (0.39 + 0.04) x 10~3 C/kg

EXAMPLE (8)
High Flow Full Gloss System
20 Formulation ' _
Special Black No. 6 1.50%
Acid Functional Polyester Resin 82.00%
Primid XL552 3.40%
Antioxidant ' 0.20%
25 Benzoin 0.40%
Silica Absorbed Flow Aid 1.50%
Blanc Fixe HD80 10.00%
Flow modifiers : 1.00%

The ingredients were dry mixed and fed to a single-
30 screw extruder blender operating at a temperature of
130°C. The extrudate was ground in an impact mill to
produce a coarse powder with a particle size distribution
as follows:-
100% < 180um
35 ' 25% < 20um
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val ue ‘For t he size-reduced powder at 30 microns has an appearance broadly
simlar toWM84/13846 esented by Figure 4. The gel tine of the pBREGB %Mﬁe
physi eal and mechani cal properties of the filmwere the sane as the
standard powder coati ng above. Subsequent{%é the tribo charging (C/Mratio)
of the standard and size-reduced powders s determned by connecting the
di scharging point on the gun to earth via a charge neter whilst neasuring

t he t hroughput of the powder through the gun in grames were mnute. The
results were as follows:- Standargspovd = (1.10 [err] 0.08) x
10-[err] C kg Size reduced + 1% Dry Bl end1 Adbi tive Conposition 2 =
(0.39 [err] 0.04) x 10-[err] C/kg3@XAIVPLE5(£87 H gh Flow Full G oss System

Formulation Special Black No. ff(50) - 554 : 1.50% Aci d
Functional Pol yester Resin 82 00% Primd XL552
3. 40% Ant i oxi dant 0. 20% Benzoi n

0. 4096Si:ica Ags?rMmiéqpmud@ﬁiwas then further size ﬁe&ﬁ&é@|ﬁﬁCaEI£QgHD80
10. 00% Fl o m)l Ier 0% T redients:
were dry m thd“’flé‘d (PGPANG A0 AFEDr & BEFUNT %I%‘ﬁ‘&‘g ro‘ﬁb&%t? at a
tenperature offcﬂl’ﬂﬁivamq @arthld eextiraed aties taisbwt bamd-i n an i npact m I | to
produce a coarse powder with a ggrot%’ cle Siaz;ﬁn distribution as follows:- 100%
< 180[err]m25%< 20[err]m -

68% < 10um
23% < 5um

-

10 Dy(50) ~  8um

The fine powder was then dry blended using a
- low-shear technique with 1.0% of Dry Blend Additive

Composition 2 and the resulting composition according to
the invention was spray applied using a Gema-Volstatic

15 MPS 1-L electrostatic gun onto aluminium panels to give a
film with a thickness of 50-60um (cure: 15 minutes at
200°C). The film was examined by laser profilometer and
found to have the following value:-

Rg = 0.24

20 Subsequently, some of the raw jet-milled powder was low-
shear blended with 1% of Dry Blend Additive Composition 3
and the resulting composition according to the invention
was spray applied in an identical manner to the above
sample to give a cured film of 50-60um. The flow and

25 1levelling of the cured film was determined using laser
profilometry and found to have the fpllowinq value: -

Rg = 0.25
EXAMPLE (9)
Ultra-thin Film
30 Formulation
Hydroxy functional Polyester resin 93.37%
Powderlink 1174 " 4.83%
Catalyst . 0.40%
s Sheet Has Been Replaced :
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8% <*10[errlm3% < S5[errimDlerr](50) - 55 err]mThis pQ

then furt hg'péq/ly“ﬁeduced inan air jet mll- (A pine 100 AFG %‘ﬁqﬁ%’%@%&a
‘powder with the following particle size distribution:- 100% < 23[err]m
68% < 10[err]m23% <  5[err]mDerr](30)_ - 8[err] m The fine powder
was then dry bl ended using a | ow-shear technique with 1.0%of Dry Bl end
Addi tive Conposition 2 and the resulting conposition according to the .

i nvention was spray applied using a Gena-Volstatic MPS 1-L electrostatic
gun onto al um ni umg@pl;ssto give a filmwth a thickness of 503 68fgrr] m
(cure: 15 mnutes at. 200 C). The filmwas exam ned by | aser profilopeter
and found to have tHE% SHi%wi ng value:- Rq = 0. 24 Subsequently,ls%%% of the
raw jet-m |l ed powder was | ow shear blended with 1% of Dry Blend Additive

Composition 3 and e resultj.ng.conpasitjon according to the invention was
spray applied in a ede’ﬁ}qr&dleﬂ)&ﬁnglrierteo e ™tie YA I%l?rb&%ﬁ?v%mg lLc%‘?ed
filmof 50-60[ierhd m thhien-fdanevarecktradedd iatg 1fo the cThedettitudaks was
det er m ned USi f¢ r fi ﬁgg;r- n :ﬁﬁgﬁ V, f | ng val ue: -
Rg = 0.25 ém&%éﬁ?%ﬁr{r)é‘“{ In Il—le'Il% g:()gr a llic'gph r‘%)(%\r f‘ﬁin%)?}/%)nal

Pol yest er resipgrticle size gi s3zotmdidey |9iid 00%F4<200 microns.

g.ggg?catalyst The powder was. then further size réidt¥8 usintp anBenzoin
. 0 :

Alpine jet mill (100AFG). The classifier speed was
aéjusted such that the maximum particle size produced was
10 noﬁinally 100% <15 microns. The particle size of the
resultant powder was as folloﬁs:—
100% < l4pm
93% .< 10um
43% < Sum
15 Dy,(50) ~ 6.lum

This size reduced powder was then blended using a
low-shear technique with a 1.0% by weight addition of Dry
Blend Additive Composition 2. The resulting total
composition according to the invention was then spray

20 applied using a Gema-Volstatic MPS 1-L electrostatic gun
onto aluminium panels to give a film of thickness 4-6um
of uniform appearance (cure: 15 minutes, 180°C). The
coated panels were then immersed for 45 seconds in an
acidified copper (II) sulphate solution in order to test

25 the coherence of the film. No reaction was seen to occur
between the acidified copper sulphate solution and the
coated portion of the panel indicating that the film was
coherent, without pinholes or a degree of porosity which
would have allowed the acidified copper sulphate to -

30 attack the substrate.

TESTING OF ADDITIVES
The following éxperiments I, I and V to VII
illustrate the evaluation of individual materials for use
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A ow A d S ©1.20% The i ngr edi
mixed in a0 eHAEMand fed into a twin-screw extruder at 110 g}}ﬁlﬁ;ﬁy‘(’ﬂ@/

extrudate was ground in an inpact mll to produce a powder with a particle
size distribution of 100% <200 m crons. _T powder was then further size
reduced using an Alpine jet mll (100AFG . The classifier speed was

adj usted such that the maxi num particle size produced was nom nally 100%
<15 microns. The particle size of the resultant powder was as follows: -

100% < 34[ e(r]I rlay V\g&ﬁ/dftil@éﬁr ih lr)r?éé%%maﬁéer wherth[tﬁrer ]ﬁﬁ5@htioﬁ,_6ai|a[:ler r] hm Thi s
Sl ze readuced po er.was. t n naedg_usi ng .a_lL oW ear ec I que W t a

T 0% by wer ght SXERTPOREDf LFy BY entl AGaROPYEXCOADBSEERGR SheTHE ! 82Ul ti ng
total conpositvanieesosddingive ¢debinyenbheniwaactbedaspeayiappkhed using a

Gema- Vol st at i c.wgﬂg%%nel ectrostatic gun onto alum nium panels to give a
-o[e

filmof thickn&ss fr]mof uniform appearance (cure: 15 m nutes,

180[ err] C).5The coalrdeypereisenkselthenIVimerdedrf enadyssecwadsnoh an
acidified coppgirfdiied WbRNtEve! P1im8. | “IHEGSEdt,OtBESSP?PgécggﬁigrEQS of

the film No reaction was seen to occur between the aci pp
sul phat e sol utY®%h R&TEL P¥Red 0@k canger ed opoviernheopanat-spnayedt PA§Ot hat t he

filmwas cohergnimimd dhopdn®lHhorER Rrsemfledr @Ae0banei 8skbyeWapehyugul d
have al |l owed t he i dified copper sul phate to attack the substrate. TESTI NG
OF ADDI TI VES THETH| FOIPTGEE GOV RFRvesoF , TP SHESHEE5CVFRS ARBLEVSTeanAe
eval uati onl@f tipehva dybdssahicroscoperslsi@e was3plasedaddeti ¥the sample
?Ffﬁ;??gf: r%gp%gég%#éggnéﬁgnpogggr?nggigggtgng LSiLV@aglLLrgggd|§Ut
: by presenting the glass slide face up to a spectro-
photometer inspection port. 1In all cases the standard
sample was taken to be that sprayed at -70kV and the

15 colour analysis identified the colour of the -30kV
applied sample in comparison to the -70kV sample.

Additional analyses were made by examining panels
coated by turning off the application voltage and
spraying the powder mixtures separately onto aluminium

20 panels at +20kV and -20kV potential, respectively. Each
aluminium panel (7cm X 5 cm) was connected to a |
Brandenburg Alpha III DC supply unit.

In Experiments V to IX, the colour analysis was
carried out on stoved films as described.

25 The procedures illustrated in Experiments I to IX
are believed to be of general application in the evalua-
tion of materials for use as additives in combinations
according to the invention, and in the evaluation of
combinations of additives, and the principles underlying

30 those procédures are accordingly considered to form a
part of the invention. It will be appreciated that the
details of the procedures (substrate panels, application
voltages, mixing times, etc.) may be varied from those
specifically described without departing from the

35 underlying principles. In practice, in assessing the
utility of additive materials, it will normally be
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varigus addi tive conbi nations in accordance with the invention_ | '
experi.nent SWPO 4414446 col| our anal ysis was not performed on stovggr?f;?%/pzzss

I nstead, the col our anal ysis was perforned on uncured powder corona-sprayed
onto al um nium panels (7cmx 5cm. The pangls_were sprayed until conplete
coverage of the substrate was achi eved and then a gl ass m croscope slide
was pl aced over the sanple to protect. the powder. Col our anal ysis was
carried out by presenting the glass slide face up to a spectro- photoneter

i nspection portyskDc@abheCa§eSalP SLENEALY €ARDLE oWy -LRIkeN compae ikbat,
sprayed at -70kV _and the colour_analysis identified thelcoI%pr of, éhe - 30kV
appl i ed sanpl eaPfl EBRpaffibhopalt AEMPRHRGOSaMy & STRIGRPIITAT18RaNPsdE Wer e

made by eXﬁninhag papeks §QB§€ﬂab¥stuthngonthh@e@@@LiCat:on voItaEe ang
sprayi ng the powder xtures.separately.onto umi.ni nel s + an
-20kV potential , reggéc%P58P§?gEBBﬁ Bﬁéﬂiﬁpu FEanem gﬁﬁx%g g%;wﬁa% bs
connected te afBliaodsnburg Alpha |11l DC supply unit. In Experinments V to

| X, the colour analysis was carried out on stoved filnms as described. The
procedures illustrated in Experinents | to | X are believed to be of general
appl i cation i nReePplyeatert Powdet Baserials for use as additives in

conbi nations apg¢grdhfdrk@ 196 invention, and in the evaluation afg g

conmbi nations of additives, and the principles underlying those procedures
are accordi ngl Fi&65i 4BREYLES)form a part of the invention. It W99 be

applrgaci ated thl@hrbbﬁy@Qbakl:idgﬁ‘uhbﬁiaha(}.ewll%;(tﬁrbﬂdsaitr? panelh7:9,1 g
application voltages, mxing ti etc.) may be varie rom t e

speci fi cal £§ dEQBgFaﬁdFHPFﬁgaPaggggFfpﬁgkﬂﬁgﬁlthe under | yi ng pr%ﬁbﬁples.
In practice, i|imlassHedifigerhe utility of additive materials, it \ild
normal Iy be  g885in 39

Carnauba Wax ' 3 g

The ingredienﬁs were dry mixed, and fed to a single-
15 screw extruder. (Buss co-kneader PR46) operating at a
temperature of 140°C. The extrudate was ground in an
impact mill to produce a powder with a particle size of
100% < 180 microns.
This powder was then further size reduced in an air
20 jet mill (Alpine 400 AFG) to prepare a powder sample of
which the particle size distribution by volume was as

follows: _
100 3 < 11 microns
68 ¥ < 5 microns
25 D(Vv)sgp 4.3 microns

Blue Polvester Powder Base

Monolitet Blue Pigment 3R type ' 50 g
Filler (Barytes) 91 g
Carboxylic Acid-Functional Polyester Resin 778 g
30 Epoxide Functional Curing Agent 60 g
Flow Modifiers 15 g
Benzoin 3 g
Carnauba Wax . : : g
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st fici'ent rry out only the -70kV/-30kV conparison, and t L1l I
conpari sonvg‘$9§§rlﬁx%ppl I cation voltage and [err]. 20kV substrat gér%g/hﬁg
be needed. The fornulations used in Experinents | to | X were as foll ows:
Red Pol yester Powder Base Pi gnent Red 170 39 -

78 g Filler (Barytes) 60 g Carboxylic
Aci d- Functi onal Pol yester Resin 791 g. EpOXIde Functional Curing
Agent 59 g Flow Modifiers

6 g Benzoin The ingredients were dry mixed, and f@dj tGamanaulng l\éax

3 g The i ngredl en%&l\é\?{gugeil ”hxgg cgngne%%ego P?M%c}n%l %d:a%qrn%h a@X 4y uder .

(Buss co- kneadgdr® operating enperat ure e extrudate
was ground i n tempepaturei bE neopﬁodu&‘laeaeg@mi@atﬂ msaqgmqndcll@ ginze of
100% < 180 m C%@Béctmhmp%‘jﬁ{—o&@éet Qegob'a%@%t% %emﬁa%ddi%qﬁé i RNF T et
mll (Al pine 400" AFG to prepare a powder sanple of Ich the particle size
di stributioh b%OQGIGnﬁaﬂa§1§§°ﬂ§FIoms 100 % < 11 microns 68 % < 5

m crons D(v) 50 478181 pbRARSrBlHE Eﬁbﬁe&mn@wmrzeBmmlm ein Bliye
Pigment 3R ty 1 er Bar yt

91 g Carboxyl|éeﬁcwal#uﬁéipbﬁﬁl498I9§§9 F°R§§9Pa e pfdh?r SaBRIG &
Functi onal CurwhfcAgené particle size dlst&&ngﬁﬂdmNHwMﬂdMume;was as
15 g Benzoin 3 g Carnauba WAx

39 - 39- Thgo}ﬁﬁ?"ﬁdl ents were dry mixed, and fed to a single-
10 . 100 % < 8 microns
72 % < 5 mlcrons

D(V)sgg 4.3 microns

Experiment T
50 parts of the red polyester powder was mixed with
15 50 parts of the blue polyester powder and blended for
10 seconds in a Moulinex blender. The blended mixture
~was sprayed electrostétically at -30kV and -70kV applica-
tion voltage onto aluminium panels. Electrostatic
spraying was very difficult due to surging and blocking
20 in the gun. The colour difference between the two panels
was N E (D65) = 5.01. A\ A (D65) was 3.52 (redder).

" The same'powder mixture was also sprayed at
individual aluminium panel electrodes at +2okv and -20kV,
respectively, and the colour difference betwéen the

25 ©panels was A\ E (65) = 13.15. N\ A (D65) was 7.69
{redder).

In order to evaluate the effect of aluminium oxide
as an additive, a blended mixture of the powders was made
as before and individual samples were mixed with various

30 quantities of aluminium oxide C. Each sample was sprayed
at -30kV and -70kV application voltage. The samples were
also sprayed with no application voltage onto aluminium
panel electrbdes at + 20kV. The colour analysis of the

resulting coatings is set out in Table 1 below:
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sctew extrud
140[err] C

PR46) operating at a terrperature of

%68388

&Bbjss co- kneader
Hdat e was ground in an inpact mll to produ

with a partlcle size of 100% < 180 m crons. This t her
size reduced in an air jet mll (Al pine 409,AEG nmwygédsarrpl e
of which the particle size distribution by voI Irﬁsgﬁé‘éi’ﬁ 100 % <
8 mcrons 72 % < 5 mcrons D(v)[err] 43 mcr 50
parts of the red polyester powder was nixed with 50 Iue

pol yester powdeagasd 1bl ended for 10 seconds in a I\/bul I nex bl ender The

bl ended m xture was sprayed el 5@?‘&0 tat | caI ly at -30kV - 701%\;_ lica-
tion voltage onto al um ni um pa _ dtrostatic sprayl

difficult due tqo%% rgi ng and gg the gun. The c (ﬂf;'foec{ence
[RTE

bet ween t he _t l,.s was 5, 01. [err D[%
% tare was al s@sprayed atdl ndi vi'dual a45um ni um

(redder). Tt?e samne povvder
md—20KV,Tespectivel
di fference bet Wed% t he panelbsOlaBefder] E (63?2 = 13 1113- 15 [RedderA ( DF5)6as

panel el ectrodes—at—+20kV a
7.69 (redder). d.pserder to gvahugbagkhe effeg> of al wWidy Wagwdde as; am
addi tive, a blended mixture of the powders was made as before and

i ndi vi dual samR-é$ were i x8d3%i BAYGEr i ous Ogtdhti ti es? gt ANAMI umEkite C.
Each sanpl aowap .9z ayed at 23QkVeaner- 70kMiamd | cat i ;g a0lglagae: The-gsawl es

were al so spra wi th no application voltag onto al unmi ni anel
el ectrodes at )[éelc’i’ﬁ] 20kV. Tﬁegeoggﬁf Tanal yg of the re%lqtit coat |5n‘gss S
2.740Bl10ABLE 1-1.70

i n Tabloe'e® bel ow. 6.96 Bluer -4.18
1.0% 1.95 Bluer -1.30 4.30 Bluer -2.18
2.5% 1.94 Bluer -0.31 1.09 Bluer -0.31

set out

15 The electrode panels show the positive and negative
the

charges being generated by spontaneous tribocharging of

nature of the components of the powder mixture,

the components. In the absence of the aluminium oxide

additive, the blue polyester is deposited onto the

20 negative electrode, indicating that it ‘has itself picked
up a positive charge by tribo interaction with the red
polyester. The red polyester in turn is deposited onto
the positive electrode indicating that it has acquired a
also reflected
showed that,
tribo—charged
at -30kV.

The colour analysis of the powders collected on the

negative tribo'charge. This behaviour is

25 1in the variable voltage spray study which in

the absence of the additive, the negative

(red) powder was preferentially deposited

+VE and -VE electrodes at increasing proportions of the

30 aluminium oxide additive
additive has the ability
charging of the blue and
proportions of aluminium
blue polyester now takes

35 preferentially deposited

(Table 1) indicates that the
to change the relative tribo
at
oxide of 0.1% w/w and above,

red polyesters such that,
the
on a negative charge and is

on the positive electrode. This

change in behaviour is also reflected in the variable

voltage spray application where the blue polyester is now
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-30kV Panel s +VE el ectrode conpared to

‘conpar ed tWO411448[ err] 3 - 70kV panel | PCT/£B93/02288
el ect.r ode content [err] E (D65) [err] A E (D65)

[err] A 0.0% 5. 01 Redder 3.52 : 13. 15 Redder 7.69 0.05%
3.07 Redder.  2.02 9.84 Redder” 4! 7.13 0.1% 0.84 Bl uer
-0.38 2. 04 Bl uer -0.94 0.2% " 2.48 Bl uer -1.56

6. 75 Bl uer -4.05 0: 3% 2. 73 Bl uer -1.35 9. 48 Bl uer
-5.57 0.6% 2. 74 uer, =1, 6. 96 Bl uer -4.18 1. 0%
o0 Buer erarepentiaflyGengsifadrat -39xy,%, 70, ~1.94 Bl uer
-0.31 1. 09TReugata frOm3Tabhe &l ¢t Preésepars §nsKAGUERe Bpyserieve
and negati ve pRLULS: Olx! Bec £OTBANEDY 93 Of ) tHECROUACERE! BhHESs Lbessbanges
bei ng gener at spont aneous b t he conponents. |n the

absence of th@rapl!m:ﬁlllm @gauesadalpm«mu@h@xap&e Cﬁé‘l%é@tféutlf’é’ dep&Si t ed

onto the ”ﬁgaébﬂ€eﬁiéﬁ&é0€ﬁe tadi €81 bg LAk elrenid@s iist stlownplagked up a
pOS|t|VeC tribo interaction wt eSter The red

ar ge
pol yester in Paﬁhziged‘ébbﬁ?téﬂdoﬁpﬁ Plllé‘epﬁgllfm\’fe%é'l%g FO§E @Rdifcati ng t hat
it has acquirgdgategatvayget akrbanahar gal pdint kdlian cwprieseattsaor ef | ect ed

in the varlable vol t sho t hat,, | nce of
the additive, ?ﬁ@uﬁeégffeg %th gﬁﬁ?ﬂe r #gowdeﬁnwa% p?%f %lr%%ﬁt ially
deposi ted at £86k\Vth@hgraphothaanakysi srétichd jomeemedisitieecoaged the +VE
and - VE el gct t kN p ti 20 %ingie
additive % FPQ?FOR k géﬁﬂih%ﬁm 5%98% ?’?ﬁ&gbﬁa%‘%ﬁbﬂ ﬂ@y t o change
the relative 0ribo Ehargeﬁgréﬁlt RE briboariaredngoRpderdity HEEPMeRFat, at

proportions Oﬁaewmmyueaagsmeeof w;QLtii%tW/eWr%@QllQ:bQ:\f&t difadll uampRirkesiter
now t akes on a negative ch arge and is ﬁreferentlal I%Soq'ﬁag’ osited.an the
positive el eci—'?@dénd bhre pRANGSLPR PEWAFFoRALNT: 1/ POFIEIVE taﬁ’éi

vari abl e vol t aggagRivaychaphecahtoeleberesidat il weqragadsitcer iiss miow-
15 mised. (As demonstrated by a A E of 0 or no more than
+ 0.5). It appears, however, that this particular
concentration of aluminium oxide is both very small
(<0.1%) - hence insufficient to generate satisfactory
powder fluidity - and very concentration dependent (i.e.
20 there is little or no tolerance of the matching condition

to small variations in aluminium oxide content).

Experiment II
50 parts of the red polyester powder was incor-

porated with 50 parts of the blue polyester powder and
25 several additives were incorporated individually at a

range of concentrations. Each sample was mixed for

10 seconds in a Moulinex blender. As in Experiment I,

the samples were then electrostatically sprayed

individually at -30kV and -70kV application voltage onto
30 aluminium pénels and also at OkV application voltage onto

panels at *20kV. The colour analysis of the resulting

coating is set out in Table 2 below.
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-41- pref deposited at -30kV. The data from Table 1 j resent ed
' ' eg@/‘%er e péfﬁ &Bgi{ 02288

in Figure he col our difference ([err] E) bet ween t he

nveni
the red colour difference is shown as a posltlve v Iu geé¢§éﬁgﬁﬁecolour
di fference as a negative value around a LA p0| t no col our
di fference between the panels: It can be seen fro t at a
critical intermedi ate concen- tration of alun1n|u e bet ween

0. 05% and 0. 194pifhe,reversal of tribo charging poIarlty becones partially
conplete, with the result that equal nunbers of red and bl ue pol yester
powder particles have positive and néBhvi ¥@aneharge andVEl edeFE3PEEI ¢
segregation is n1n| m sed. (As deﬁBﬁB?F&geHOby a [ eFPTPETBF 8%r no nore
than [err]_O. %@F t appears howevel 7CkNaPaPfils parti cYEaPlE64&E8AEr ati on of
al uni ni um 15'¥%th very s B dPo3) - Ledce i ASuFriPPaAL t Egrnerate

satisfactory powmter—tluidity - ant—very—coneentrati on—dependgent—+—e—there
is little or ;ol of the con on t | .vwaria sin
aluniniun1OX| con e§£§9 Experlﬁg%% ??ggﬁ Efég f tgéﬁgah Séﬁ estf’egIzll
powder was in%@@ pb¥ Al with 50. @&rReddérthe bbue pbdl g2sReddpowder 6and

several addit3y®s s & iCOr por aj egg i duall ygat a,rganpg -
concentrations. Each sdﬁple was m xed ﬁ?bgflo éeégnds |n§§ ﬁ%ﬁ%rnexobﬂgnder.

As in Expk?inbrdldrighe Ramti@be wetzetfeht®l ectrostatical |y sprayed

i ndi vi dual | y edg+ 3014/ wanel - 70kV ppphigadepr vl bage opt g;akughpium pagel s
and also at 0 V app |cat|on voltag% onto _panels at [err]20kV. The col our

anal ysis of t # MMy coatint 13 Refdetit #n2Fabl e323BeBbuer -2452
y
TABLE 2 Cao 10% w/w 0.38 Redder 0.30 1.85 Bluer -1.31
*BDH, all particles < 10um
15 .Si05* 1.5% w/w 0.16 Bluer -0.11 6.71 Redder 4.44
Si0, 3%  w/w 0.41 Bluer -0.16 4.92 Redder 2.94

*Degussa, particle size 2um _
Al(OCH)3 0.8% w/w 4.74 Redder 3.43 19.06 Redder 12.11

Al(OH); 3% w/wWw 2.46 Redder 1.79 4.02 Redder 3.10
20 Al(OH)3 10% w/w . 1.68 Redder 1.21 1.10 Redder 0.34
MgCO4 1% w/w  2.77 Redder 1.92 2.64 Redder 0.86
MgCO4 3% w/w 0.86 Redder 0.46 6.20 Bluer -4.34
MgCO, 10% w/w. 2.08 Bluer -1.31 5.06 Bluer -2.16

Mg;(PO4)y 1% w/w 4.25 Redder 3.12
25 Mg3(PO4), 3% w/w 0.99 Redder 0.42
Mg;(PO4), 10% w/w 0.56 Bluer -0.09

Aluminium
silicate 1% w/w 5.04 Redder 3.70 19.60 Redder 13.46

" 3% w/w 5.71 Redder 3.96 12.62 Redder 8.16
30 " 10% w/w 2.76 Redder 1.89 4.2]1 Redder 2.39

The results show that each additive shows a definite
trend towards cancelling segregation as the concentration

of additive increases.

Experiment III
35 50 parts. of the red polyester powder were mixed with

50 parts the blue polyester powder. To this mixture,
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30kV Pan o4 "446+VE el ectrode conpared to ~ conpared kg@/;%%&%gl

-VE el ec artive [err] E (D65) [err] A

[err] «A 1.26 Redder 0.85 4.42 Redder 3.14 ZnO 3%
7rﬁ.9 "Re a°§5 1.92 Reddg gf 1686 210 10% w w 0. 96

Bluer r -0.16 * Aldric particle size < 1[err]m CaQ¥

1% w w 1. 22 2.51 Redder 1.39 CaO 3% w w

1.73 Redder 1 23 3 49 Bluer -2.52 CaO 10% w w 0. 38 Redder

0.30 1.85 Bl §%rw/wla§\1m115.qﬂn ﬁ&ér@ﬁﬁhbcb%% %dl:ﬂcﬁrarrﬂdmaSMQa 10 % W w

0.16 Bluer -0.11 Redder " 4.44 SiJerr] 3% 0.41 Bl uer

-0.16 4. 92°Réaler'asza§ﬂed DeYGasEhapap; serd s Af f[aérprl]eﬁ M3E0H) 3 0. 8% W w
4.74 Redder ﬁréaucea9w96hR@dﬂ@énﬂ?a&ioA1©CHP3 0.3% Woya% andi6 oRedder 1.79

4. 02 Redder 1.21 1.10 Redder 0.34
MyCd err] i/‘“wwg‘qg"‘r?ereé‘dé‘é\r{v %EE% Sa?“’g‘z? MEFI S e TS Mycos 3%
ww 0.865Redtlatic8llg spréye@d BtueBokv4add MyOBRY andl@dsw wpra¥ye@B a8 uer
-1.31 ~ 5.06 UL .- er 2 1Y% Z der 12
My[ er r]( PO4) [8‘?{(] Bhipo, por Vg chnal AELELGLLS eégéféwﬁ (*Sq(ef"r %Q’qerr] B i w
0.56 Bluer -©0doux| andhyshssefitheereswliying DayinRsddsr set. pot i1, 60
Redder 13. 46 @d’m@ 5.71 Redder 3.96 12.62 Redder 8.16 10% w w 2.76

Redder 1.89 .21 Redder 2.39 The results show that each additive shows
a definite trend towar ds cancel ling segregation as the concentration of
additive increages. 3Experinment |11 50 parts of the red pol yester povvder
wer e m xegow L0 08, Par b Sshs Pl ue BObYGSLEnARIeT - Tqyhi g e
+ Al,03 at compared to compared to
concentrations -70kV panel -VE electrode

A E (D65) DA I\ E (D65) A A

15 0% 4.74 Redder_ 3.43 19.06 Redder 12.11
0.2% ' 0.43 Redder 0.27 1.63 Redder 1.45
0.3% 0.53 Bluer -0.20 3.40 Bluer -1.87
0.4% 0.71 Bluer -0.28 4.47 Bluer =-2.80
0.6% 0.43 Bluer -0.20 2.69 Bluer -1.57

20 . The data from Table 3 is presented in Figure 9 where

the colour difference (/\ E) between the panels is shown
graphically against aluminium oxide concentration. For
convenience the red colour difference is shown as a
positive value and the blue colour difference as a

25 negative value around a nul point which represents no
colour difference between the panels.

If can be seen from Figure 9 that, when compared
with the use of aluminium oxide alone (Experiment I), the
addition of 0.8% (w/w) aluminium hydroxide

30 a) increases the amount of aluminium oxide to be added
for the matching condition (i.e. to between 0.2% and

0.3% w/w) and
b) moderates segregation effects over the full

concentration range of aluminium pXide.

35 These effects are clearly demonstrated in Figure 10

which compares the results from Experiment I and Experi-
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0:8% wW w ] N hydr oxi de was added and al um ni um oxi de wa
that a se%@?"@f'%ml es was produced with concentration O. 2%553@%3@%
and 0.6% al um ni um oxi de (W w). Each sanple was el ectro- statically sprayed
at -30kV and -70kv and al so sprayed at _Olﬁ\é-o_nto positive and negative
el ectrodes ([err]20kV). The col our analysi's of the.resulting coatings is
set out-in Table 3. TARLE 3 Al (OH) 3(0. 8%V w) - 30kV panel s +VE
el ectrode + Al[err](Jerr] at _ conpared to conpared to
concentratioffent 111 edOkthdAhples sprayely ELectiodeadEa(BpSar [err] A
[err] E (D65) :[err] A 0% 4. 74 Redder 3.43 19. 06 Redder
12.11 0.2% ~30kV'and “70V43 Redder 0.27 1.63 Redder 1.45 0.3%
0.53 Bluer  -0.20ccorddhdlWerin -drddr 0cd%btain the full BerdfBtuer
-0.28 4.47 Bluer -2,80 0.6%. . .. .0.43, Bl uer -0.20 . %.69

Bl uer -1.57 Y8 £LF R s Ohraddhtiyernl B 3EFere2ingr ¥t e
c;)l our di fg ertehe el i{ieaitrjork) b@tmedibrﬁshﬁd@ﬁéﬁlﬁhhﬁ shewsrgbaphi cahty agai nst
al um ni um oxi tratio Far. conveni ence_the_r 0, ifference is
~shown as a poésj%eﬁ}%g\%;fsute raenéc]'“f%gdb? utée%(g?’?)%}' (le?ﬂ%ré%%ég%sﬁéxﬁ{ééét f’ge

val ue around segnggaks nkn vithe mamepere sexpba imedohbavedahfiethatethet ween t he
panels. It c i , e gt he use of
al um ni um ox%%%mgg%{nﬁ%ﬁ ?éjt e_% di ??gﬁﬁggﬁgg8§>§(€vrll%v) al um ni um
hydr oxi de a) matghrknrgiseend Hel gt VaX1iaklenai 4im addikive penag@e®etor the
mat chi ng xendi{dpn (i.e. to between 0.2% and 0.3% w w) and b) noder at es
segregation effects over the full concentration range of al um ni um oxi de.
These effects are clearly denonstrated in Figure 10 which conpares the

results frommbExpearineit 3V and Experi -

' 50 parts of the red polyester powder was added to
‘50 parts of the blue polyester powder, and different
‘additives and additive combinations were incorporated as

15 shown in Table 4 below. Each sample was mixed in a
Moulinex blender and sprayed as described in Experiments
I to ITII. The colour analysis of the.résulting coatings
is given in Table 4.
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- 44- nment sanpl es sprayed el ectrostatically at -30 70kV.
Accor di ngl yWQ%%P%{}r to obtain the full benefit of the use of k’é{;ﬁ&d'??é*(?m§
of additives in accordance with the invention, it is considered that one or .
both com ponents nust reduce the tendency for a powder mxture to
segregate in the manner expl ai ned above anolll that the second conponent must
| essen the dependence of the matching condition on variations in additive
concentra- tion. Experinent |V 50 parts of the red pol yester powder was
added to 50 parfapigf 4 he blue polyester powder, and different additives and

addi ti ve conbi nations were incor por at ed as shown in Table 4. bel ow., Each
sanpl e was mi xetPLFLYMRT i nex bl emidh aﬂglnﬁg)rayed as . 8ECPLB Brf’ﬂe

Experiments | {PHRYBAEHRD o our the resul F 5 § gs is
given in Tahl e 4. - 45- TABLE }é‘ %

+VE el ect ro?’e Conbi nat i on A? 5 e)d t coﬁ‘r‘par ed 450A 70kV
panel —VETetectrode [erri—E(D65)—TerT] TerTE(D65)

lerr] AZ0O2" 1A% 5 sy 2.99 Reldorpodyof Bf1g8o4 Pedg! redadé Z50841. 5%

+ 0.2% A1203 Bl uer uer err] 1.5% +
0.4%A1[err]CIegIrd 1.5 0.3 Bluer -0.26 2.92 Bluer -0.78 *Aldrich:

particle size < g 08,2 1. 76 Bluer0. 16.Bbuer 2:851p1uert. Zb. Bodder

4. 44 Slqerr] 1.5% + Al[err]O[err] 0.2% 0. 27 Redder 0.0 1.42
Redder 0. 9% Sif#b.l.13%% _
+.0.4% Al504 0.3 Bluer -0.26 2.92 Bluer -0.78

*Aldrich: particle size < Sum

Si0, 1.5% 0.16 Bluer -0.11 6.71 Redder 4.44
Si02 1.5%
15 + Al,05 0.2% 0.27 Redder 0.0 1.42 Redder 0.95
5102 1.5%
+ Al,04 O. 4% 0.34 Bluer -0.15 2.7 Bluer -1.44
Zn0 1% 1.26 Redder 0.85 4.42 Redder 3.14
Zno0 1% .
20 + 0.2% A1203 0.59_Bluer -0.15 3.74 Bluer -1.59
Zn0 1%
+ 0.4% Al,04 0.54 Bluer -0.31 5.66 Bluer =-3.12
Ca0 3% 1.73 Redder 1.23 3.49 Bluer -2.52
~ Ca0 3%
25 + 0.2% Al,04 1.37 Bluer -0.56 = 3.88 Bluer -2.24
ca0O 3% .
+ 0.4% Al,04 0.66 Bluer =-0.28 2.56 Bluer -1.60
~ Aluminium
silicate 1% 5.04 Redder 3.70 19.60 Redder 13.46
30+ 0.2% Al,04 1.4 Redder 1.05 2.32 Redder 2.05
+ 0.4% A1203 0.87 Bluer -0.23 2.53 Bluer - -1.08

It will be seen that each of the additive combina-
tions tested exhibited the general characteristics

outlined in the discussion of Experiment III above.
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+.Alferr]err] 0.4% '0.34 Bluer -0.15 2.7 Bluer -1. 9
epﬁlg.’bgs}oﬁss

1.26 ReddeWO®4/43446 4 42 Redder 3.14 ZnO 1% + 0.2% Al err] 2]

0.59 Bluer -0.15 3.74 Bluer -1.59 ZnO 1% + 0.4% Alerr]2[err]3

0.54 Bluer -0.31" 5.66 Bluer -3.12 CaO 3% 1. 73 Redder . 1.23
3.49 Bluer -2.52 CaO 3%+ 0.2% Al err] 20 &frT 1.37 Bluer -0.56

3.88 Bluer -2.24 CaO 3% 0- 0.4% Alerr]2[err]3 . 0.66 Bluer -0.28

2.56 Bluer -1.60 Alumniumsilicate 1% 5.04 Redder 3.70 19. 60

Redder 13.46 + 0.2% A! err | 2[err]3 1.4 Redder 1.05 2. 32 Redder
2:05 + 0.4% Al L 0.87 Bluer -0.23 2.53 Bluer -1.08 It
wi |l be seen that eaclpaxftd e addi tepoeyc quddli yester ovss tebred widih bf® ed t he

general characteristics . aytlined.jn.t ' ' peL | t ove.
Experi.nment V ﬁrr}:asr % o"_‘?m;{eed e@ﬁ%}yrbﬁoﬁ%ee%%f%%%r%%%% ‘fec# g%@psaéfc%cgmgéf)
white epoxy pdinyestMsuldmespldrensierf.or Tee selen@ed | FLAEWERI Y3 SR 2YR@r . The

bl ended it ur é/@&c;gogaacyiq%ﬁdf%tﬂ QSiy GAHd V- Pékv 3L pedl id@kdb1tage

application voltage onto al um'nium panels. The, panels re then stoved at

200[ err] C for OBqrigdimaiym Qaneds at iTheRansHy 1oL vEPS ot ¥RV due to
pordh 0,20, QT B M e geleen it opeagemn L
5766 (redder) AN S Bt SHEHAID R 5] 20 by ayRache FRMViTbE )
g! ;J][ﬂepgg(r:n pagsiogeixﬁfthdemm?tcawmd 1RO ko egqueem veasg An&E t he col our
differ encgl({)er(ﬁf%‘l)( 565'%1%’.8%3@% Eac%{cf(radrrséz 4%%%%?%6‘Agv€pﬂ)£@§tﬁ?°g?ect
of al um ni um oixretider) . - .

The same powder mixture was also sprayed at
individual aluminium panel electrodes at +20kV and

- -20kV respectively and the colour difference between the
15 panels was A\ E (Dé5) = 18.19 and the chroma difference
/A C (D65) = 12.89 (redder).

In order to evaluate the effect of aluminium oxide
as an additive, a blended mixture of the powders was made
as before and individual samples were mixed with two

20 different concentrations of aluminium oxide C. Each
sample was sprayed at -30kV and -70kV application
voltages. The samples were also sprayed with no
application voltage onto individual aluminium panel
electrodes at +20kV and ;20kV, respectively. The colour

25 analysis of the resulting coatings is set out in Table 5

below.
Table 5
-30 kV Panel +ve electrode
. compared to compared to -ve
30 ~-70 kV panel electrode
Al,04 content /N E N\ C (D65) FAND N\ C (D65)
0 % 4.55 3.66 Redder 18.19 12.89 Redder
0.05% 4.33 -2.52 Whiter 6.86 -2.65 Whiter
35 0.1% 5.63 -3.52 Whiter 9.16 =-4.10 Whiter
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~as ah additive, a blended nixture of the powders was nmade as before and

i ndi vi duad¥o frip‘l were mxed with two different concentrati ®JI/6B93/02288

al um_ni um oxi de C Each sanpl e was sprayed at -30kV and -70kV application
vol tages. The sanples were also sprayed with no application voltage onto

i ndi vi dual al umi ni um panel el ectrodes at4%#26kV and -20kV, respectively.

The col our analysis of the resulting coatings is set out in Table 5 bel ow
Table 5 -30 kV Panel _ +ve ‘el ectrode conpared to : fogpared
to -ve -70 kV panel el ectrode A[err]2[err]3 cont ent err

[err] C (D65) P TEFrFEec"—fode papgls| sBqy &g itgiwg and negatxye 3. 66

Redder 18. batut?. 8¢ ReddebmPolbits of thedPbowdedhmiWdures. Ir5t&5e -2.65
Whiter 0.10 -4.10 Wi ter 7 The

el ectrode paRBFETS sﬁO\?v?t ﬁgep8§PP'H7éu5.'n8erréjgeaﬁ%tﬂa‘{%r &1 "‘fhr‘?eteco‘?rﬁﬂiﬁénts of

t he powder nprilyester| nst Hepabsé&rdeonftct henealnegat iuna celdjem:zaxélih L vg tthe
[ t el ect.r.ade ndi cati ng
whi te epoxy EBEXF?': 8' ﬁag%pgﬁl ng ?[ll_ts%lfhg)r %&D I Vp(ra aDcPosrhtél i Il'ba}{'% th

that it has itse up a posifive'ch
the red epox?Ypﬁlfyé’@t éflterh§ti§d wpShy e )F@Si @paxy tRelyestetoposihed ont o

the pOS't'Ver@lﬂeﬁbbﬁqeprQEEE‘E{:ngnt RRbrl G N QU LG NGGRE 1 Ve tribo

charge. This behaviour .is also reflected in the varlable vol tage spray

study which BRSHEAVEnSEeCEROHReIRAEALATSE HhRE dddihasy@camidesedat i ve
tribo-char gedlegaedyepevipo msl-gée}‘ elr?ggl ?rﬁérﬁtérﬁ@iﬁsutsﬁ%{%?ex%?@%crtgﬁs at
colour 198 b5 Bb, A8 BBMELS, ERhesken R NS ol el s
that the addthevebhascehefabhéi sgiditiveanghe hegatliatd \teibo-Heharegear gi ng - of
the white a“@r589 5895¥rp9£¥eﬁggférgnga&q§tﬂeposited at -30kV.
' The colour analysis of the powders collected on the
+ve and -ve electrodes at increasing proportions of the
15 aluminium oxide additive (Table 5) indicates that the
additive has the ability to change the relative tribo-
charging of the white and red epoxy polyesters such that,
at proportions of aluminium oxide of 0.05% w/w and above,
the white epoxy polyester now takes on a'negative charge
20 and is preferentially deposited on the positive
electrode. This change in behaviour is also reflected in
the variable voltage spray application where the white
epoxy polyester is now preferentially deposited at -30kV.

Experiment VI
25 50 parts of the red epoxy polyester powder was

incorporated with 50 parts of the white epoxy polyester
powder and several additives were incorporated
individually at different concentrations. Each sampie
was mixed for 10 seconds in a Mouiinex Blender. As in.
30 Experiment V, the samples were then electrostatically
sprayed individuélly at -30kV and -70kV application
voltage onto aluminium panels and also at 0kV applica-
tion voltage onto panels at * 20 kv. All panels were

stoved at 200°C for 15 minutes. The colour analysis of

35 the resulting coatings is set out in Table 6 below.
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at *prop al um ni um oxi de of 0. 05% w w and above, -t | £0oXY
pol yestgéﬁg&ﬁf‘g‘ies on a negative charge and is preferenti aP%%Zg" d on
the positive electrode. This change in behaviour is alsqg reflected in_the
vari“abl e voltage spray application mherg the white epoxy polyester is now
preferentially deposited at -30kV. Exp iment VI 50 parTGSSﬁ&x

pol yester powder was incorporated wth 50 parts of the mhl

pol yester powder and several additives were incorporated i
di fferent gapgenirations. Each sanple was nixed for 10 secon
Moul i nex Bfender. As in Experinent V, the sanples were then
el ectrostatically sprayed individually at -30kV and -70kV application
~vol tage onto al um ni um panel s and _al5@r alarfdlV applica-+¢d o Ot tS@E ont o

panel s at [err] 20 kV. Al panel s cofgarsdpuwesl at 200[ essigarded d& aut es.
The col our analysis of the resulti-ngyogdri@s i s set odlectrdddl e 6 bel ow

In

-48- Tabl e A@di3Q3k¥ Panel A\ E tye el epéppde conpared noc (D65)
conpared to_-ve -7CkV panel el ectrode Additive [err] E
[err] C (D65) [err] E [err] C (D65) No additive 4.55 3. 66
Redder 18.19 12.89 Redder Al(CH)[err] 5% 1.99 0. 09 Redder
4.66 4.49 Redder Siderr] 1% 4.61  3.04 Redder 15.77 11.04
Redder 2% Nb. @#ditdv@4. Wiiter.55 3.6 aer]3 18.19 12089 RRgider(. 19
Whiter - Al(9H39 -1.995%hi 1e®95% 02,087 Redde@dg Wi ter66  4.492 Rydger
5% 1.51 1. 48 Redder - 8% 1.35 -0.38 Witer 5.32 -3.96
Wit er Zr OSdPr] 1306 41698 31 %8 RRQARY 13:69 1b.0% Redrrr 10%
1.67 1P 50 Redder 25 33-012 of -RdtrL 841 .~ 5% 7.54 5.60
Redder 14.69 7.13 Redder . .
MgCO3 2% 1.35 =-0.19 Whiter 3.89 -1.99 Whiter
5% 2.27 -1.98 Whiter -
CeO, 5% 1.51 1.48 Redder -
8% 1.35 =-0.38 Whiter 5.32 =-3.96 Whiter
15 2ro0» 3% 1.98 1.83 Redder  13.69 9.19 Redder
10% 1.67 1.50 Redder 5.32 2.93 Redder
WO, 5% 7.54 5.60 Redder 14.69 7.13 Redder
10% 1.58 0.81 Redder 11.90 5.58 Redder
cao 5% 2.96 1.98 Redder 4.75 2.55 Redder
20 10% 2.77 2.29 Redder 2.55 =-1.04 Whiter
Aluminium :
Silicate 5% 1.39 1.05 Redder 10.69 7.09 Redder
8% 1.55 -0.20 Whiter 8.00 6.35 Redder
Zno 2% 1.58 1.30 Redder 5.11 -2.58 Whiter
25 5% 3.67 -2.25 Whiter 7.45 -4.38 Whiter
Mg3 (PO, )5 3% 2.95 2.25 Redder 4.95 2.15 Redder
8% 0.94 -0.59 Whiter 5.88 -5.08 Whiter

o

Zinc Borate 5% .86 1.37 Redder 4.18 1.74 Redder

10% 4.44 2.93 Redder -
30 BaTiOj 3% 4.47 2.99 Redder . 7.56 13.88 Redder
8% 1.86 1.78 Redder 7.41 8.16 Redder
M003 5% 2.61 2.38 Redder 15.02" 9.53 Redder

The results show that each additive shows a definite
trend towards cancelling segregation at the concentration

35 given or, as the concentration increases.
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10% “1:58 _ 0.81 Redder 11.90 5.58 Redder CaO : 0

1.98 ReddeWO%/1144 75 5 55 Redder 10% 2.77  2.29 Redder PCt/GBy3iaans
-1.04 Wiiter Alumnium Silicate 5% 1.39 1.05 Redder 1669

7.09 Redder 8% 1.55 -0.20 Witer

8. 00 6. 35 no )
2% 1.58 1.30 Redder 5.11 -2.58 Yiter 5% 332"%‘%re il Replaced
7.45 -4.38 Wiiter Mg[err](Pderr])2 . 3% 2.95 2.2H H ﬂ 4.95
2.15 Redder 8% 0.94 -0.59 \Witer 5.88 -5.08 Wi e

5% 2.86 1.37 gbdq§r 4.18 1. 74 Redder 10% 4.44 - 2.93 Redder

~ BaTi C8 EXpeibBenEAHL 2. 99 Redder 7.56 13.88 Redder 8% 1.86
1. 78 Redder To 4Qurtiged GeRenipei £ ¥Other ef fect of aluggpipmgpxide 3g

pedder 1582 tnd- aredbrdefadie Lged t eRHOWoLRAb repelaaddi tinve shows a

definite trend towards Ing s gatlon at the congentration _given
or, as the coRMt¥hEFesi ob0iPR¥Eases. a red polyesternwas Wrredo Wil mer

exenpl i fy &hepgffects oby @ uphnyE8texi dananplbadelegbirogbakieeossa)n a
behavi our of Rg&?ers in mxtures rts of .a.re Iyesterégas m xed
i

50, pa d po
with 50 parts bres B%?%%fer,Tﬁﬁdbgﬁgﬁﬁgdmﬁé‘r’mﬂ? g’@foﬁé’§ayn a Moul i nex
bl ender. The blegftedsbaiics bl wast Spoayvdaadee70ust appdalcayian VOO gmsd

at 200 C for 8o AEVRERTERCPRBe Tty o e PaRea Do e o el vas
[err] E (D65)fer2169mbmdtéssr] The(B65pur AirfefeadecPptvrien $are thowder
20Ky 1 opeBi e e B A e P e Donel s was
[err] E (D65)(eegd@D)and [err] A (D65) = 6.3 (redder).
The same powder mixture was also sprayed at
individual aluminium panel electrodes at +20KkV a =-20VV
-respectively, and the colour difference between the
15 panels was /A E (D65) = 8.30 and A A (D65) = 6.3"
(redder). ’
To show the effect of aluminium oxide as an
additive, a blended mixture of the powders was made as
before and individual_samples were mixed with various
20 quantities of aluminium oxide C. Each sample was sprayed
at -30kV and -70kV application voltage. The samples were
then stoved at 200°C for 15 minutes. The samples were
also sprayed at no application voltage onto aluminium
panel electrodes at * 20kV. The electrodes wére stoved
25 at 200°C for 15 minutes. The colour analysis of the

resulting coatings is set out in Table 7.

Table 7
-30kV Panel +ve electrode
compared to compared to -ve
30 -70kV panel electrode
Al,04 content N\ E DA N\ E DA
0.0% 2.69 0.71 Redder 8.30 6.3 Redder
0.1% 0.49 -0.34 Bluer 6,11 -5.11 Bluer
35 0.2% 1.06 -0.86 Bluer 2.54 -0.22 Bluer
0.6% 2.63 -2.12 Bluer 8.65 -7.01 Bluer
1.0% 2.35 =2.31 Bluer 5.44 -2.55 Bluer
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Te show the_ef fect. of al um ni um oxide as an additive, a blende '
t he pomder§” /iﬁﬁ as before and individual sanples were nixgﬁﬁzFPE5%ZQ&

variqus quantities of alum niumoxide C. Each sanple was sprayed at -30kV
and -70kV application voltage. The sanples were then stoved at 200 C for 15
m nutes. The sanples were al s sprayed af A8 application voltage onto

al um ni um panel electrodes at [err] 20kV. The el ectrodes were stoved at
200[ err]C for 15 minutes. The colour analysis of the resulting coatings is
set out in Table 7. Jable 7 -30kV Panel tve electr to
conpared to -ve -7012‘;[7%§§§Ctr°dlé panegllsecﬁhroo"‘életr}ﬁ [%orsrfﬁ‘gér rﬁc}gcgoﬁ)igr}?{&
[err] E [ err]nakure of the cdmparient’s of ethr§d powd@®omixture. 1In tlg®

O T Reder | Splned ot FROPnilin onjae adaifed ofe mver | 611
2.63 -2.12 Bl malyesterphs dpmpsigqsont@oghe negative jelgrtroda gl yer

5.44 -2.55 Bl Uglaicatridfy tHa alteddoda fanelsi shaw dpea Rssd 1t Mee atkhrge
negative nature of the conponents of the powder mixture. In the absence of
the al umi ni um & d&IRRIIMNEARFAGTHODHIMIEH BRI PRLRDRT t ed Wt he
negative el ect ifigredtitdl Gaf itigr Hal ddpdititcdd sehfo piiskesbsitivepasiddve
furn | s depost GRS IE L (AL & Bdt (e T Ao TR s
acquired a negafhiargye.r i Ithisharegavithirs irelElMsouref bectied ireftlertwariablae
i i ve, |t NEARHERL AR St A o e UF P e ATy Of
deposited at - 3tie/.adpidive ofheamegadiiveftrikophimeged cOTedL tRAVART tWAS +VE
- and - VE el ect r%&teﬂﬂglq%sidgbggi% tidonsy@ivt he
The colour analysis of the powders collected on the

+VE and -VE electrodes at increasing proportions of the

15 aluminium oxide additive (Table 7) indicates that the
additive has the ability to change the relative tribo
charging of the blue and red polyesters such that, at
proportioﬁs of aluminium oxide of 0.1% w/w and above, the
blue polyester now takes on a negative charge and is

.20 preferentially deposited on the positive electrode. This
change in behaviour is also reflected in the variable
voltage spray application where the blue polyester is now
preferentially deposited at -30kV. It is believed that,
at a critical intermediate concentration of aluminium

25 oxide additive between 0.0% and 0.1%, the reversal of
tribo charging polarity becomes partially complete, with
the result that equal numbers of red and blue polyester
powder particles have positive and negative charge and
electrostatic segregation is minimised. It appears,

30 however, that this particular concentration of aluminium
oxide is both very small (<0.1%) - hence insufficient to
generate satisfactory powder fluidity - and very
concentration dependent (i.e. there 1is little or no _
tolerance of the matching condition to small variatiéns

35 in aluminium oxide content).
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alun1nfun1OX|de additive (Table 7) indicates that the additiv
ability toWe4bhe rel ative tribo charging of the bl ue and?’l‘gg&"wfozzss
pol yesters such that, at proportions of alumniu

above, the bl ue ponester now t akes on a negative charge and
preferentially deposited on the positive élect rod'Eh's WW
i

behaviour is also reflected in the variable voltage on where
t he bl ue polyester is now preferentially deposited bel i eved
that, at a critical internediate concentration of alun1n|un1OX|de addi tive
"bet ween 0. 0% axperiment WeIXbversal of tribo charging polarity becomes
partially conplete,syipdrtdect esurédt palyeguak pbWBQIrSweﬁrer ed xadd whitihe

ol yester powder particles have posjtive and negativ e
glegtrostaflc %%gg%ﬁﬁﬁl%ﬁ ?sbhF%Pﬂ?%%ﬂSt?F Bﬁﬂgg ﬁ8 3&? mgﬁqyrehls

particul ar con@ﬁﬂféﬁémﬂnc@ﬁc@humaﬂiunso«fdanladﬂathveemyxgngbl0€<0 1% -
hence i nsuf ICI nt.to gener t tisfactor lLu Y aaaaRd very
concentrati %@hﬁ @ XLee %r%flsl?%Fﬁlgggggkéhtoth%nge OP

mat chi ng condltlon Tbesmdditymelm;xbnselHaalmﬁﬂﬁl@wléﬂﬁ@élﬁén?éﬁﬂynlum 51-

Experinment VI paL ks Wik jVer eomcend raicibn20 parts
of a blue poly%s? ¥ Q%%d%gﬁmﬁgft Qyégg?ﬁgé Pglf e#ent goncenfraglgns of an

“additive n1xtul@60V/ﬂIUn?ﬂfuﬂiﬁklﬁé %nﬁoaﬂﬁﬁﬁﬁlEﬁﬁﬁﬁ&bePﬂelw@F€u§ﬁﬁed The

additive ”1XtUTEe“@&df@ﬂ@ebﬁlﬁfﬁﬁg'ﬁgsafﬁghnbﬂabaxuﬂec@h@eﬁkﬁﬁtﬂbﬂ@ of
hydr oxi de (relative concentrations 10% Nbull %ét ender -

for 1 m nul®@. #Hezaﬂﬂﬁt?%ewﬁVxFﬁrEhﬁaglfﬁgﬁeaR%eJePna 8n Hfrg nS of 1 n
2 and 3% wW w t gowidersi ¥bugevefarsd aadnbéueramhpestem pouger © .2 ginde A1203

trat VL 2% 3@6 I
bl enaed for 10°S8koHe FRORSKE ? A N e T L

"seconds in a Moulinex ulender and sprayed at -30kV ard
-70kV. The samples were stoved at 200 °C for 15 minutes

15 and the colour analysis of the resulting coatings is
given in Table 8.

Table 8
A1(OH)4/Al,0, -30kV Panel
(90 : 10) compared to
20 concentrations -70kV panel
AE . AA
0 % 2.69 0.71 Redder
1 % (0.1% Al503) 1.16° 1.09 Redder
25 2 % (0.2% Al,0,) 0.25 0.00 Redder
3 % (0.3% Al503) 0.47 0.32 Redder
As compared with thé use of aluminium oxide alone,
the mixing of the aluminium hydroxide with the aluminium
oxide: _
30 a) increases the amount of aluminium oxide to be added

for the matching condition (i.e. to > 0.3% w/w) and
b)- moderates segregation effects over the_concentration
range of aluminium oxide.
Accordingly, in order to obtain the full benefit of
35 the use of combinations of additives in accordance with

the invention, it is considered that one or both
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+70kV. Th were stoved at 200[err]C for 15 mnutes a |
%0 4RI 8R Pt BN

anal ysi s of resulting coatings is given in Table 8. Table

Al (OH)3/Al[err]err] -30kV Panel (90 : 10)

conpared to concentrations -70kV panel [err]E [err] A
0 % 2.69 0.7% “Redder 1 % (0. 1% A1203)

1.16 1.09 Redder 2 % (0.2% A1203) 0.25 . 0.00 Redder 3
% (0. 3% A1203) 0. 47 0.32 Redder As conpared with the use

of al um ni um_oxi de al one he mi xi ng.of ,the alumnium hydroxide with the

a1 umi ni um oxcaerole e Ruska g elulied g rash ki Hesf e sl adec
for the nat chiongegoediatieon n( ithe. magmrer) .39 i i) echrabdVe ambdehatt eshe
segregation ef S entrat] i d Xi de.
Accordingly, %iefr?%g]trc_idgr%l?’%ntgg'l?a%gﬁtcthgtefgﬁn?br{eﬁn%;]}g{pég{dﬁ%@u%e%&corrbi nati ons
of additives Ma¥CRAESr GRREE tkorh onh & ariadiiqrsh, 11 2931 YR i GRING]N T hat  one or
bot h -52 trg@eqpanents nust reduce the tendency for a powder mxture to
segregate in the manner expl ai ned above and that the second conmponent nust

| essen the dependence of the matching condition on variations in additive
concen- trat pxperfneati mgnt | X 50 parts of the red pol yester powder was

24dTtive mixturcs ePERtiS oS PR S8 a PN T SN ABei
addi ti ves werte S@deabgsbbéndhegbine pellytestemnmupaiean orendfdiffertent
components shawd ¢l §ekNend2Blsfi i hiReifds Wb MUt AR &N -

10 shown in Table 4 below. All additives were made by
blending the relative proportions of the two components
shown in the Table, for 1 minute in a Moulinex blender.
The additive was then mixed into the red and blue
polyester powder mixture using a Moulinex blender for

15 10 seconds. The samples were sprayed at -30kV and -70kV
onto aluminium panels which were stoved at 200°C for 15
minutes. The colour analysis is set out in Table 9
below.

S
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The addit | en mxed.into the red and blue pol yester p % j e
using a M?%i"ﬁqender for 10 seconds. The sanples were sprg gé%g’é?(ﬁév
and -70kV onto al um ni um panel s which were stoved at 200[err]C for 15

m nutes. The colour analysis is set out gg Tabl e 9 bel ow. -53- Table 9

- 30kV panel conpared to Additive or - 70kV panel
Conbi nati on [err] E [err] A A1203/Si Q2 M xture (20%
: 80% 1% (0.2% A1203) 0.59 -0.16 Bluer 2% (0.4%
A1203) Table 9 0-37 0.01 Redder A1203/ZnO M xture (20%: 80% 1%
(0.2% A1203) — 1.31 -0.93 Bluer 2% (0.4% A1203)

0.79 -0.57 Bluer Al1203/MgCJ err] M xture (20% : 8O¥gkvogangl 20, A1203)
1.17 0.14 Redder 2% (0.4% A1203) conppared %9 01 Redder
A1203/ Al umi ni um spAdEhi¥eNPXture (60%: 40% 1% (U@)&VAlr{aé}Grli O[err])

0.80- 10°61 RedH88PPiNBEIPD. 9% A1203) 582 A.0.34 Bl uer

Al[ er r]  er r H-€ecfFert—Mxtures—30% : 90% 2% —(—9.—2—%—A&-Ee+-|=]—q—e+-r-})
1.00 0.84,.BlLu % % %g 3% A1203) 1.02 -0.29 Bl uer
Al[err]Qerrf‘é@?PZ 3¢ >’< PES (10%: 909% 2% (0. 2% A1203)

0. 66 uér
1% (0.2% Al503) 0.59 -0.16 Bluer
10 .2% (0.4% Al505) 0.37 0.01 Redder

-

Al ,045/Zn0 Mixture
(20% : 80%)

1% (0.2% Al,04) 1.31 -06.93 Bluer
2% (0.4% Al503) 0.79 -0.57 Bluer

15 Al,05/MgCO4 Mixture
(20% : 80%)

1% (0.2% Al,04) 1.17 0.14 Redder
2% (0.4% Al503) 0.20 0.01 Redder

Al,04/Aluminium Silicate Mixture
20 (60% : 40%)

Al504) 0.80 0.61 Redder

1%
1. A1203) 0.58 -0.34 Bluer

6
9

o0 o\

5

oo

(0.
(0.

Al,04/Ce0, Mixtures
25 (10% : 90%)

2% (0.2% Al,04) 1.00 -0.84 Bluer
3% (0.3% Al503) _ 1.02 -0.29 Bluer

Al,0,/WO4 Mixtures
(10% : 90%)
30 (0.2% Al,04) 0.66 -0.06 Bluer
{0.3% A1203) 0.26 0.13 Redder

a0 o0

LN
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3% ‘(o.s%mz,qgg(, 0.26 0.13 Redder [ Table 9 Conti nued]
-30kV panel conpared to Additive or -’?ﬂ@%@?”s

Conbi nhat i on [err] E [err] A
Al[err]Qerr]ll\/g[err](PQerr])[err] Mxtyre (10%: 909 1% (0.1%
Allerr]Jerr]) 0.99 Redder. 3% (0.3%
Al[err]Jerr]) 1.37 -0.19 Bl uer Al[err]CIerr]/ZrCIerr]

M xtures (20%: 80% 1% (0.2% A1203) 0.92 -0.54 Bluer 2%

(0.4% A1203)[Table 9 continubdP -0.48 Bluer A1203/Zinc Borate (10%
90% 1% (0. 1% A1203) : 1.76 0.18 Redder
Al[err]err]/BaTiderr] (20%: 80% 1% (0.2% A1203}pxvy 1 0. 95
-0.51 Bluer Alferr]Jerr]/CaO (10%: 90% 2% (chn(fgﬁé)‘%s
0.66 -0.27. Bldy@ditives®r CLAI M5 1. A pomdem@wt pha¥e £OMPOSI tion

whi ch'cor?prl ses &ombdaxtiome filmform ng pol ynen & nat %I al and whi ch has
dry- bl ended +herewi-th-two or nore additives selected 5 fromsolid,

CITreT

parti cul ate i nor gani c, vvater-i nsol ubl e materials which may be Ceranmic or
m ner al %(i %I s,.and/ or be oxi des, m xed oxi des, hydrated oxides,

hydr oxi des, M@%df@kﬂae 16F“6ﬁysalts of metals and
10 1% (0.1% Al,05)
. : 3 1.55 0.99 Redder
3% (0.3% A1203) 1.37 -0.19 Bluer

Al 503/Zr0, Mixtures

(20% : 80%)
s 1% (0.2% aly0y) 0.92 -0.54 Bluer
2% (0.4% Al503) 0.62 -0.48 Bluer

Al,04/Zinc Borate
(10% : 90%)

1% (0.1% Al504) 1.76 0.18 Redder
A1203/BaT103
20 (20% : 80%)
1% (0.2% Al,05) 0.95 -0.51 Bluer
Al703/CaO
(10% : 90%)
2% (0.2% Al,04) 0.66 -0.27 Bluer
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net al I oi ds, at | east 95% by vol une of the powder coating 10 g)rosm
‘having a pa¥Pi%(B446 ¢ not exceeding 50 nicrons. 2. A povvc!> ’@38@’03688

conposition as claimed in claim1, wherein at |east 20% by vorume of the

powder coating conposition has particle si of 10 mﬁ@@ﬁe? sléé
preferably at |east 30% 40% or 50% by vol éﬁe A e“ 2ged

conposition as clainmed in claiml or claim 2, V\/nerel n fr

vol une of the povvder coatl ng conposition has a particle han
50 microns. A powder coating conposition as clai rred i n any
one of clains E_PCITE V\,herel n from45 to 100% by vol une of the powder
coating conposition lhas a par Pordersicra tding examrafalit ban ilk@hsComprises

powder coating ‘éoﬁBﬂé'tt bﬂ L et G el A MEnd Wi ¢h
wherein from 28 to % b ¢ ﬁllﬁ'rrgbgﬁqnlqn %&&der lcoat| neg co SI$ on has a

particle size BPS| Qé'é"tbl%éﬁdfé fhersHd the two OIdiRKs Hok osition as

claimed in BnYaaHQth\re§| @'elI&cizeEiOf5omV\l@,@1&|d’l fﬁazrﬁfcanﬂé)%:hwmm of 30
t he powder coat cQnpo art | Clcjl size of |ess than m crﬂgs

- 56 - 7. é'r l@&&'ﬁf"}?&ecﬂ’ 8§|1ta &Wé&l AP FERPhe ofmlc’?%]f
to 6, wherei n dét)eﬁ:aaﬂ]s fhad /blre mpgwiber osrdaldsng morqmsomdafs,l swydrated r ange

of from1.3 to Ition as
claimed in cl alor?rkt(')L %S'ﬁr‘)?(tlﬁe par ?uglee cqglvéﬂ? ributi o};maby vol une of the
powder coati ngme@aﬁgs andonetad langdsof atthele‘acﬁu Ahndry [vaygsrt the

[err]99% 100rpowdégoéb£Q1ng com§o§§E§Uﬂ hav1ng a partf&fgﬂéﬁié not <
45[ err] ,or "< 4ferr Of[err] 40[ err] , or
' exceeding 50 microns.

2. A powder coating composition as claimed in
claim 1, wherein at least 20% by volume of the powder
coating composition has particle size of 10 microns or

15 1less, preferably at least 30%, 40% or 50% by volume.

3. A powder coating composition as claimed in
claim 1 or claim 2, wherein from 95 to 100% by volume of
the powder coating composition has a particle size of

less than 50 microns.

20 4. A powder coating composition as claimed in any
one of claims 1 to 3, wherein from 45 to 100% by volume
of the powder coating composition has a particle size of

less than 20 microns.

5. A powder coating composition as claimed in any
25 one of claims 1 to 4, wherein from 20 to 100% by volume
of the powder coating composition has a particle size of

less than 10 microns.

6. A powder coating composition as claimed in any
~one of claims 1 to 5, wherein from 5 to 70% by volume of
30 the powder coating composition has a particle size of

less than 5 microns.

(R )RR R
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".<35{>err]T,Vo%m446 < 35[err] <35[err] =~ , or < 30}?&(’&8@;{!]2288

< 30[err < 30[err] ,or < 25[err]

< 25[err] ,or 15 < 20[err] < 20[err] < 20
, orr < 15[err] < 15[err] _ 56 - < 15[ err] , or < 10[err]
< 10[err] < 10[err] 9. A powder coating conposition as
clainmed in any one of clains 1 to -8, wherein one or each dry-bl ended 20
additive is an oxide or m xed oxide. 10. A powder coating conposition
as claimed in any one Pfdldlichdihd cafissel 8 bheads v plgagleh agiyt i ves
conprise an OX|de or nlxed OX|de W th hydr at ed oxi de, hydroxi de or

oxi de- hydr ofNfe ofo51aims 1y fto 6, W@?ﬁﬁ&ﬁw EB450 nfPEoMPBSPYYLEFE as cl ai med
in any one @oadidid"echdds i ioMearseiim tige dfandé estetirafdi 13 vies zonpri se:

(A) An additive selected from alum na, alum nium hydroxi de, cal ci um oxi de,
silica, zind§E%E 30 zi rconi a, nol ybdenumtrioxide, ceric oxide and
tungsten trioxide, preferably alunina or silica, nore especially al um na;

and. B a0 acgtive sol aehitl. (el DLuER DY i gY ! 4. o 24

silicate, 2|rcon|a zi nc oxi Crum oxi de, pre era I'y

al uni ni um hydragi de. wherein thqomml%batwge c@h@'@siw‘@xprasbxcl‘acphwel n any
one of ¢l ai B kried pbluatN UL RN ipe fhifs bl gndyl geldggdves is al uri na.

13. A powder coating conposition as claimed in claim 12, wherein the
dry- bl ended #ddi9ifgs conprise al umina and al uni ni um hydroxi de. 14. A
powder coating comuesjtionas claineghin c|abm 12, 1@@gre|n t he dry-bl ended
addi tives conprlgp Tunmina and al umi njum silicate. A powder coati ng
conp05|ﬂ|on as clai in any one of Kims 1 to 1ﬁ %%ereln t he total
content of < 40p < 40p 404

< 35pu < 35u < 35u

< 30p < 30u < 30p This Sheet Has Been Replaced

< 25 < 25 S T

15 < 20 < 20u < 20u

< 15u < 15u < 15u

< 10u < 10pu < 10p

9. A powder coating composition as claimed in

any one of claims 1 to 8, wherein one or each dry-blended
20 additive is an oxide or mixed oxide.

10. A powder coating composition as claimed in
any one of claims 1 to 8, wherein the dry-blended
additives comprise an oxide or mixed oxide with a

hydrated oxide, hydroxide or oxide-hydroxide.

25 11. A powdef coating composition as claimed in
any one of claims 1 to 8, wherein the dry-blended
additives comprise:

(A) An additive selected from alumina, aluminium
hydroxide, calcium oxide, silica, zinc oxide,

30 zirconia, molybdenum trioxide, ceric oxide and

' tungsten trioxide, preferably alumina or silica,

more especially alumina; and
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“the ary- lstSh\éGtS-lasrBéGn eplatedd Wi th a powder coatin ion of
t he inve‘lr?h onis ﬁﬁ' rom 0.01 to 10% by wei ght q’(cglgggﬁg@?zgtﬁe
total., wei ght of the ugu hout t he additives) advantageously at

| east 0. 05% by wei gh r y atgleast 1.0% by weight. 16. A
powder coating conposition as clalned |n any one of clainms 1 to 15, wherein
one of the dry-blended additives is alumna and the content of alumna is
at | east 0.01% by wei ght (based on the total weight of the conposition

wi t hout the(ggdi hhveahlﬁq\bénbég@@lt%Wf%nl eﬁsimiqmi%@ﬁw I, and nore
especially in the,range of fro 2 tq 0.4% by wei A powder
coating conposit F&Hmég"(‘:‘f“aﬁﬁédcia Cany? 15TETH | & %Jt%e 161 Mk e?’ﬁj one of
the dry-bl ended eddctiumesxigeql piieferand vt A dniitrdlunt orjidadix iefe .t he ot her
-58- additive(s) does not exceed 5% of the total weight of the conposition
wi thout the additives, and advantageously does not exceed 3% by weight. 18.
A powder coatingléenp05|B|anaercbaamawq coamposonei af ad ailwsinkead arnl7,

wher ei n §heaRgr bhe! stbiglﬁé gagh dqy- th%'}%‘ﬂ Al tdf‘"}h‘?eo%%f%tl eqe

m crons, advanta eousl oes not excée m'crons, nore “especi Al y does
not exceed 3 ?n’lEHﬂﬁS 19 alumipapowder coating conposi tion as clainmed in any
one of claims 1 to 18, wherein the conp05|t|on conpri ses a single powder
coating conponent _(filmform pol curing agent, where appropriate,
and optional ly oiu% or f*epeﬂag‘ﬁr FR t&é’@nl‘:é’)‘“p%tlon ag dge‘d’c i ng
conposi ti oncdginl akpedhereanytheedoy-blandedl awlﬂ,vwﬁoaiph@ée .

conposi tion, s a M xtuce of two or. nore powder coating conponents
(each conprlg?ﬁgﬁg %ﬁ?n} ﬁpﬁam gygﬁgfldfhrlng agent, where appropriate,
and optionally one or

10 14. A powder coating composition as claimed in

claim 12, wherein the dry-blended additives comprise
alumina and aluminium silicate. '

15. A powder coating composition as claimed in
any one of claims 1 to 14, wherein the total content of
15 the dry-blended additives incorpbrated with a powder
coating composition of the invention is in the range of
from 0.01 to 10% by weight (based on the total weight of
the composition without the additives) advantageously at
least 0.05% by weight and preferably at least 1.0% by
20 weight.

16. A powder coating composition as claimed in
any one of claims 1 to 15, wherein one of the dry-blended
additives is alumina and the content of alumina is at
least 0.01% by weight (based on the total weight of the

25 composition without the additives) advantageously at
least 0.02% by weight and more especially in the range of
from 0.2 to 0.4% by weight.

17. A powder coating composition as claimed in

any one of claims 1 to 16, wherein one of the dry-blended
30 additives is alumina and the total content of the other
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nore col o%\l\égrgéﬁgngméshéthas Beer/Rplatger coating conposition ?égig’l:ﬁ’é ggn

cl aim 20, eac g conponent is differently our ed.
22. « A powder coati r“ﬂ_as claimed in any one of clainms 1 to
21, wherein the or eachTi g polkgner is selected from

car boxy-functional polyester resins, hydroxy-functional polyester resins,
epoxy resins and functional acrylic resins. 23. A process for formng a
coating on a substrate, which conprises applying a conposition with

dry- bl ended aflt i1 Mas( S el bt @xafved®s obf Ctiwé nBotlal webdht tof 22héo a
substrate by an el ectrostati.c spr coatin rocess, . an eat i ng,the
applied corrpo%‘?’?‘?%ﬁ'ﬁlooqrewjtt%%‘btofﬁgee ?Cﬁ%l%g‘f?? el %‘%ga?]%v%ﬁ?%gé 1(Jaglc%ati ng.
24 A subsioed enatoatarkdry ¥ pnooesiglaiccording to 5 claim 23, 25. A

substrate according to claim24, wherein the thickness of the applied

coating is 30 microns or |less. ' o . )
18.. A powder coating composition as claimed in

5 any one of claims 1 to 17, wherein the particle size of
each dry-blended additive does not exceed 5 microns,
advantageously does not exceed 2 microns, and more
esgecially does not exceed 1 micron.

. 19. A powder coating composition as claimed in
10 any one of claims 1 to 18, wherein the composition
comprises a single powder coating component (filw-forming
.polymér, curing agent, where appropriate, and optionally

one or more colouring agents).

20. A powder coating composition as claimed in
15 any one of claims 1 to 18, wherein the composition
comprises a mixture of two or more powder coating
components (each comprising a film~forming polymer,
curing agent, where appropriate, and optionally one or

more colouring agents).

20 21. A powder coating composition as claimed in
claim 20, wherein each powder coating component is

differently coloured.

22. A powder coating composition as cléimed in
any one of claims 1 to 21, wherein the or each film-
25 forming polymer is Selected from carboxy-functional
polyester resins, hydroxy-functional polyester resins,

epoxy resins and functional acrylic resins.

23. A process for forming a coating on a
substrate, which comprises applying a composition with
30 dry-blended additives according to any one of claims 1
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to 22 to a substrate by an electrostatic spray coating
process, and heating the applied composition to melt and

fuse the particles and cure the coating.

24. A substrate coated by a process according to
5 claim 23, wherein the thickness of the applied coating is

preferably 30 microns or less.
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