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Descri ption 5 Spherical polyester particles which can be crosslinked
i f desired at |ow tenperatures, process for their preparation, and
their use for powder coati ngs The present invention relates
to spherical WO 98/6810particles having 10 particle sipCF/EPIFNOR47] M
whi ch can be crosslinked if desired at tenperatures < 200 [err]C, to
a process for their preparation and to tHeir use as powder coat i ngs.
Transparent powder coatings consist in general of a filmformng polymer 15
whi ch may be crosslinkable, and of additives such as, for exanple, flow
| mprovers or ion) 1 zing auxiliaries. Powder coatings are
traditionally pregr ed by subjecting the abovenenti oned conponents
to intense mxing in an extruder at a 20 terrperature above the softening
| ow t he crosslinking
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m 1 1ing technsyatiigspr oduces, in particular, a very broad particle
'size distribution. In addition, a broadening of this distributionis

Transparent powder coatings consist in general of a film-forming polymer
15 which may be crosslinkable, and of additives such as, for example, flow
improvers or devolatilizing auxiliaries.

Powder coatings are traditionally prepared by subjecting the
abovementioned components to intense mixing in an extruder at a

20  temperature above the softening point of the film-forming polymer but
below the crosslinking temperature and then, by means of a milling
process, bringing the resulting extrudate to a mean particle size of from
about 40 to 70 um. The milling process leads to powders of irregular
structure, which means that powders having a mean particle size of

25  markedly less than 30 ym can no longer be processed by the electrostatic
spray techniques customary in the processing of powder coatings. For
example, EP-A-0 459 048 mentions that powder coating compositions
having a particle size of less than 15 pm cannot be processed by the
electrostatic spray method.

30
The milled powders used in the prior art have a mean particle diameter of
from about 40 to 70 pm and lead typically to a coating thickness of frorﬁ 40
to 70 pm. The milling technology produces, in particular, a very broad
particle size distribution. In addition, a broadening of this distribution is



2 : observed with increasing fineness of the powders. The
bréadth’of a particle size distribution is characterized using not only
the paraneter d50, for which just 50% of the particles are greater than or
5 “smaller than the value d50, but also two further paraneters: di10
designates the particle size for which 12% of the particles are snaller

t han this value. Correspondingly, d90 designates the particle size
for whi ch 90%bserved with ihtr@asing firdressafehé poadetdlan t he val ue d90. To
characterize the breadth of a particle size distribution it is usual

to forma quotient which is referred to 10 as the span and is calculated
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particlessis the sprayl ng of polymers froma supercritical solution,

as descri bed, for 8 in EP-A-Q 661 091 or EP-A-0 792 999. This
'On the basis of economic considerations (lower material consumption) but
also of technical advantages (greater flexibility of the coating) a relatively

low coat thickness is desirable for powder coatings.

20  There has therefore been no lack of attempts in the past to obtain a
reduction in the particle size by means of new technologies without
incurring the abovementioned disadvantages in processability. The aim is,
in general, to prepare particles with a near-ideal spherical form, since such
powders exhibit substantially more favorable flow behavior than the

25  irregular milled powders. It has been attempted, for example, to prepare
near-spherical particles by spraying polymer melts. The results presented
in WO 92/00342 indicate, however, that this leads only to moderate
success. The particles obtained by this technique, although having a
smoother surface than milled powders, are still far removed from the ideal

30 structure of a sphere.

Another method which has been investigated for the preparation of
spherical particles is the spraying of polymers from a supercritical solution,
as described, for example, in EP-A-0 661 091 or EP-A-0 792 999. This



3 . met hod too has substantial disadvantages. For exanple, in the
.cited * applications it is stated that, owng to the sudden evaporation
of the supercritical "solvent"”, a powder is obtained which has a
porous structure. When these powders are enployed to prepared filns
thereis - in 5 conpari son wi th nonpoBous powders - an increased
occurrence of bubble formation and thus of defects in the coating,
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addressed in DE-C- 21 52 515. Here, an existing polymer is brought into 25
di spersion at a tenperature < 200[err]C and, by adding pignents, in sone
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Barett, Dispersion Polymerization in Organic Media, John Wiley & Sons,
London, 1975). GB-1 373 531, for example, describes the preparation of

20  stable dispersions of polycondensation polymers, such as polyesters.

The possibility of using the polymer particles from nonaqueous dispersion
processes, based in particular on polyesters, as a powder coating is
addressed in DE-C-21 52 515. Here, an existing polymer is brought into
25  dispersion at a temperature < 200°C and, by adding pigments, in some
cases at room temperature, a coloration is achieved. However, the
resulting particles are described as substantially spherical “aggregates” of
primary polymer particles, and pigment particles. The isolation of material
by spray drying leads apparently to relatively large structures which it was
30 necessary to convert back into a fine powder by means of mechanical
comminution. Following the comminution of the initially formed
agglomerates, the stated particle size range is from about 2 to 50 um,
although there is no information whatsoever about the mean particle size
or the particle size distribution. Furthermore, no methods are indicated of



4 . how t o prepare powder coating systens which crosslink at the
dedired’l ow tenperatures of between 120 and 200[err]C. In the case
of the crosslinking systens nentioned, the only systens enpl oyed are
t hose whose crosslinking tenperature is above the tenperature
required for dispersing. 5 The us#, as described in DE-C 21 52 515,
of a polyner which has already been condensed to hi gh nol ecul ar

wei ghts as a howatd pregars powder Eoating systemis switeis crosslink pttras desiredioweover ,
has the follow ng@cili sadvant a .consi derabl e viscosity
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comer ci pol yesters used as powder coatings have a viscosity at 200[err]C
in the rahge from 3000 to 20,000 nPas. 15 . The object of the present
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The novel, spherical transParent pol yester part es which ¢ be 30
crossl i nked icPMiR&ICiad Pohesters aisedas pawder coatingsdiaypea visagsithat 2000G i ng

materials for ' l'nel ,.nert high- boi | i ng heat
transfer md.‘%mﬁgﬁﬁéﬁnﬁpﬁgpﬂﬁém@ﬁﬁ% at |l east as high as the
softeni ng tenperature of the starting materials, in the presence

of . at | east e | ymeric, preferably organic, dispersion stabilizer, and
%le &(}egt of the present inventi%n, cgnsequently, fg to provide spherical

polyester particles, having a very low particle size and a narrow patrticle
size distribution, which can be processed even at low temperatures to give
a continuous coating and, if desired, can be crosslinked at these

20  temperatures and are therefore suitable for use in powder coatings.

The present invention achieves this object and provides spherical,
transparent, nonporous particles which can be crosslinked as desired and
have a mean particle size of < 50 ym and a monomodal patticle size

25  distribution with a span (d90-d10/d50) of less than 2.5, which can be
melted at temperatures < 200°C to form a continuous coating, and a
process for their preparation, and for their use for powder coatings.

The novel, spherical transparent polyester particles which can be
30  crosslinked if desired are prepared by
a. dispersing the starting materials for a polyester binder in an inert high-
boiling heat transfer medium at a temperature which is at least as high
as the softening temperature of the starting materials, in the presence
of at least one polymeric, preferably organic, dispersion stabilizer, and



5 ' b. then heating the reaction mxture to a tenperature in the

rarfge from ' 120 to 280[err]C, with sinmultaneous renoval of the
condensati on byproducts, until the polyester has the desired

nmol ecul ar wei ght; c. thereafter cooling the reaction mxture, in the
case of a crosslinkable 5 functi ofal polyester, to a tenperature in
the range from60 to 140[err]C and addi ng at | east one

pol yfuncti onab. ctheagldatikgnige agadtionomixepe@ty a temperature g e rarijtdfrom d.
subsequently reducing the tenperature to within a range which is bel ow

the sof tening t etRiic280° €. ayith siulianpeys semanal efdhacandpgsalian the 10
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enpl oyed are preterably oligoesters having a viscosityof |less than
1000 nPas ( neesherbadter 200[ing the @action mixturecin the case of a crosSkhkaBés, whi ch

conprise uynits of the fornmulae (1) and (2), 15 - CO- X- CO
) Om[)} 'O g functional polyester, gq é)tempegatbre i]I:I the range fronz 69 to 140°Cyper e

X is a substitut i | : - t ical or an
20 al kyl ene, po y?rg?lﬁgﬁE%ét?ygﬁ%a{ﬁ(@%fe@%érI%&nﬁ"ﬁ!ﬂ@n@%@c‘#%ﬁﬂne gr oup
or a strairghim; @andi n or branched, saturated or unsaturated al kanediyl
group a
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preferred first of all td p a rs of the above- descri bed
conposi til®n i n tresullisgtspbgrinabpolygstenpadisidsoxyl i ¢ aci d conponent s,

such as terephthalic, isophthalic, adipic or fumaric acid, to 30 nane but
a few, in the formof the acid or as | ow nol ecul ar nass al kyl esters,

toget her wi t hTheetattiay niatBBaRsHhSloybaars prditabi¢ bhiybesterahaGiRy a _
di et hyl ene gl ycol, neopentyl gl ycol “or bis- hydroxymetggl cycl ohéxane, in the

melt in the pYissesiBeoidesatham métast (easused ehRa0S €., inarticular ganganese
acetat e or 21 850 bds: whioh bBmpAsb it B e IdfuEd ) drkd @), ¢ he condensatfon

15
-CO-X-CO -0-D-O-
(1) (2)
where
X is a substituted or unsubstituted C, to C,,-aromatic radical or an
20  alkylene, polymethylene, cycloalkane or dimethylenecycloalkane group or
a straight-chain or branched, saturated or unsaturated alkanediyl group
and
D is an alkylene, polymethylene, cycloalkane or dimethylenecycloalkane
group or a straight-chain or branched, saturated or unsaturated alkanediyl
25 group.

To save time it is preferred first of all to prepare oligoesters of the above-

described composition in the melt by heating the carboxylic acid

components, such as terephthalic, isophthalic, adipic or fumaric acid, to
30  name but a few, in the form of the acid or as low molecular mass alkyl

esters, together with the diol components, for example ethylene glycol,

diethylene glycol, neopentylglycol or bis-hydroxymethylcyclohexane, in the

melt in the presence of a transesterification catalyst, such as manganese

" acetate or zinc salts or tin salts, until the majority of the condensation



6 . . products water or the |ower alkanols, respectively, has been
distilled off. In the course of this operation, however, no
significant increase is observed in the viscosity of the nelt. At
200[err]C the viscosity is still < 1000 nPas. 5 An ol i goner m xture of
this kind can be converted, for exanple, 6to a novel di spersi on
directly at elevated tenperature by conbination wth heat transfer

oi | and di spepredutts Wates onthie oiveralkareiisrmesgeétively, dagcosaradietilled off. In
i ndustrial preparati Al ternatively, however, it is possible to cool the
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from 150 to 300[err] C. Such eat transfer ofls are - In chni cal
sense - 10 ee gensrakitisaisacpessiblettacarryguidips préparatite of e dgorh@rsyincont ai n

25 not nor 0 weight, preferably not nore than 1 % by wei ght,
of ar oﬁgé%ﬂ@ﬁrﬁjﬁé}%ﬁ@ﬁts. Oning to the low polarity of these
oils, which are marketed, for exanple, by Exxon Chem cal under the

trade nanes [err]sopar, Exxsol or Norpar, t he polyesters are not
swol | en. Thi dniasPrackicalRrabedimest obthainevelprocess the stadingapaterials,ar onat i ¢

orockanr " 8RR 84 8608 Al ok Bk b ninSH 0GH
di sper sith sthuling heatstransfer medtung, themikiurkaes hbafay etdn elvatddsper si on
Pol yneri zati (%cr-‘}miprc]eract)ruF’é’:1 %lcchwr%ﬂlsta I'i'e’ above the softening temperature of the starting
materials, judiciously in the range from 150 to 280°C, and then at least one
dispersion stabilizer or a dispersion stabilizer mixture is incorporated by
stirring.
20
Heat transfer media (dispersion media) which have proven particularly
appropriate are aliphatic heat transfer oils having a boiling point in the
range from 150 to 300°C. Such heat transfer oils are - in the technical
sense - free from aromatic structural groups; in other words, they contain
25  not more than 2 % by weight, preferably not more than 1 % by weight, of
aromatic constituents.
Owing to the low polarity of these oils, which are marketed, for example, by
Exxon Chemical under the trade names ®Ilsopar, ®Exxsol or ®Norpar,
the polyesters are not swollen. This is a problem which occurs in some
30  cases with aromatic oils, which in principle are equally suitable for the
dispersion process.

General rules for the design of appropriate polymeric dispersion stabilizers
are given by Keith Barett in “Dispersion Polymerization in Organic Media”,



7 ) John Wley & Sons, London, 1975 on pages 45 to 110. Princi pal
.requirenents are solubility of the polyneric dispersion stabilizer in the
di spersi on nmedi um used, and pol ar or reactive groups which allow strong
interaction with the particles that are to be dispersed. 5 For the
novel process it is preferred to enpl oy &nphiphilic copol yners or
surface-nodi fied i norgani c conpounds. Exanples of the latter are

phyl | osi | i catgshrswWileg@e SBRS) [ormibri)i1975tor pades asnenionPeantipal especi al |y
bentonite surface-nodified with trial kyl anmmoni um salts, or anphi-philic 10
copol ymers cdeguiremestsaroselubiity ¢ftbe nalymerie éispékaﬁﬁﬁéa%l%r% nyl -
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company | SP Ghtdrattidrbwith ahe partidies thatdee tabe disperbédt ar on and have been
found particularly appropriate. As described, for exanple, in EP-B-0
392 285, @ntaron has al ready been enpl oyed successfully at relatively

| ow t enper at kldrZd I @@5}\ ; | 4 has
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accor dance WiélTV"Pﬁ@'cﬁ?ﬁﬁe?H"P%%mOdﬁ'ed with E"Wzkﬁ%m il _siefg)ecgalgx by wei ght
based on the 1 fﬁ@e el I : f LiRniiiRe range
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30  250[err]&uchid B-ditdsgrRsul ting condensation byproducts being removed in

parallel. The tenperature is maintained until the polyester has reached the
desired nol ecul ar weight, which is usually within the range of Mh = 500 to

20. 000, b ef <50l Pyl RO BB 8 BB B TR R, s
15  under the trade name ®Antaron and have been found particularly
appropriate. As described, for example, in EP-B-0 392 285, Antaron has
already been employed successfully at relatively low temperatures for
stabilizing polyurethane dispersions. It has been found that Antaron can
also be employed with advantage, however, at temperatures up to 300°C
20 and results in excellent stability of the dispersions.

The content of the dispersion stabilizer is, in accordance with the invention,
in the range from 0.1 to 6 % by weight based on the polyester starting
materials, preferably in the range from 0.3 to 4 % by weight and, in

25  particular, in the range from 0.5 to 2 % by weight in order to obtain
particles having the desired size. |

In a subsequent step (b) the reaction mixture is heated further to a
temperature in the range from 120 to 280°C, in particular from 200 to

30 250°C, with the resulting condensation byproducts being removed in
parallel. The temperature is maintained until the polyester has reached the
desired molecular weight, which is usually within the range of Mn = 500 to
20,000, preferably in the range from 1000 to 10,000. The molecular weight
is determined by the duration of the reaction, which can be monitored by



8 h t aki ng sanpl es. In order to increase the functionality of

thé polyester it is possible, for crosslinkabl e systens after the
requi red nol ecul ar wei ght has been 5 reached, to add pol yfunctional
conpounds subsequent to step (b). For exanpl e, polyfunctiona
carboxylic acids or alcohols, for exanpl & trimellitic anhydride, are
added at the sane reaction tenperature, and heating is continued for
a while in ortaking sarapkesr e that the conponents added are

i ncorporated. 10 Fol |l owi ng the concl usion of the condensation in
step (b) it is also possible, in order to optimze the coating

properties of jf HRiepfd b the%nbﬁor?&tﬁ% ng'l(?e%?}gﬁtﬁr/ ietEQ poS8ibldrgp surface

quality of the powder coat finishes such as flow
assi st ant s orcrdeslinkabilé systemsrafterthe requised mole@ianweight ks been 15  done
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to 140[err]C, in particular from80 to err] in the case of a 20
crossl i nkabl etrimglltitic anhydrisis, pes added at theesameasaction temperatureaknd

possi bl ot o_ayeting §EBMinEa 35 EBAE h RECdatarie atile comboRenthar the
coati ngs obt aaddsh éfé)ilﬁbbﬁﬁ)rated_ powders have the customary gel timnmes of

from2 to 5 mnutes at the baking tenperature (e.g. 180[err]C). The
novel po¥er coatings therefore are no 25 different in ternms of baking

t enper at ures ' C Lqn .. .S ens obt ai ned , by
extrus; on and aifing e BEnCLEBHAIE SHhAE R pten 1S 0T ARO BRI
t her nopl ast i cinlgrtervicosptimidethsatceiating propertied of thpblyas®Ryr Pasi8ideRirabR
subsequent|ly crosslinkable. 30 The car boxyl gﬁ:oups of functional

pol yesters calqr Qetigwupysyifagequalityof the powdrrapatdinishes tepasd additivesanpl es
of customary %Mi | : o ; 7 Y i h.
fol | owi ng nonogr ap flé&%ﬁﬁ%téﬁg? g,v ola‘}lll%&%ﬁggé'g{&ﬁéﬁégr %’farﬁﬁlﬁdzp}sc'gati ngs"
Vol unme 115 S| Tdorieeby coblingy the rEB&U@ to 160-200°C and adding the desired additives

| at the same time as stirring the reaction mixture.

The reaction mixture is subsequently cooled to a temperature in the range
from 60 to 140°C, in particular from 80 to 120°C, and, in the case of a

20  crosslinkable functional polyester, at least one polyfunctional crosslinking
agent or an epoxy resin is added. By this method it is possible to avoid the
crosslinking reaction to the extent that the coatings obtained from the
poWders have the customary gel times of from 2 to 5 minutes at the baking
temperature (e.g. 180°C). The novel powder coatings therefore are no

25  different in terms of baking temperatures or gel times from conventional
systems obtained by extrusion and milling.

The novel polyesters can both exhibit thermoplastic behavior and contain
functional groups which are subsequently crosslinkable.

30
The carboxyl groups of functional polyesters can be crosslinked, for
example, with epoxides. Examples of customary compositions of such
polyesters are given in the following monograph: David A. Bate, “The
science of powder coatings” Volume 1, SITA Technology, ISBN 0



9 ; 947798005, to which explicit reference is hereby nmade. Exanples

M 1

of ' typical raw materials which can be used for functional polyesters
are the foll owi ng di carboxylic acids, or their |ow nolecul ar nmass
esters: terephthalic, isophthalic, adipic, sebacic, phthalic and
fumaric acid. 5 Exanpl es of diol conmp®nents which can be enployed are

et hyl ene gl ycol, di et hyl ene gl ycol, neopentyl glycol, hexanediol and

bi shydr ?xynftwlmﬁﬂolshm(iwh'ﬂ:h explicit rzfer?\iearsi h':ameby madﬁ.tﬁ)gmples ofss:c i nki ng
agents for funciiona esters and. o itives, for
egarrpl e flow VH#?PB gPa?gyala-v@ggh AN beisasics fun tlonafipglygﬂgﬁlpge the er ence.
Exanpl es of tfbﬁbﬁﬁig EB%XXP&‘SE@S%ﬁ it Iggfyrﬁb%\éblar mass eﬁtgpg:yanur at

([err]Araldite PT resins ase bi sphenol
A, or B-hydr dnmhtbalmnlsmtbahagaﬁmic]sébam cphﬁlaltwﬂ)d fumaric acitihe content of

K t ] 2 1 % b b
Froms 110 BRTIPies Q| Somhanests whishsian be érplew?%mﬁmyleneprec&? for

so-cal l ed ep ,@\.{% to 50 % by wei ght .
20 Fol | owi %éﬁ% %&??Iohég?éﬁxgm;ﬁ? I ng age the tenperature of

t he r edvishygdroxymetiwicyiciohexaneed to a terrperature which is bel ow the
sof t eni ng tenperature of the polyester, preferably < 60[err]C
In this process the polyester is obtained in powder form The resulting 25

spherical pol xestigw di%rutstdiﬁ@fy OSSR aé&ﬁsffépﬂhbh@natﬁwéﬁé@“énd gpction

solutlon and are purified if "desired he pol yester particles
obt ai ned®y tregujsed eglditivesstoriexemple ﬂownmpswerems given in thedabewe be prepared

500 o wn < SBSGTR Bifele Exdtibles.sy ygitaiRpEalket Bre tiaydidlar ) ho
i nstances of |sddswmmate| (ﬁAtéﬂanté PAT8 10), Bpbry redme Basdeden bisglycidyl- reduction

in the yield. ans of the novel Rrocess it is p055|ble to
obt ai n spher,Qggphqmlfegr&hydroxyalkylamldes (e.g.” Primid XL 552).

15 The content of crosslinking agent is usually from 2 to 20 % by weight,
preferably from 5 to 10 % by weight, based on the polyester component,
but for so-called epoxy/polyester hybrid systems can be up to 50 % by
weight.

20  Following the addition of the crosslinking agent, the temperature of the
reaction mixture is lowered to a temperature which is below the softening
temperature of the polyester, preferably < 60°C.

In this process the polyester is obtained in powder form. The resulting
25  spherical polyester particles are separated from the supernatant reaction
solution and are purified if desired.

The polyester particles obtained by the process described are transparent
and can be prepared with any desired molecular weight, for example in the

30  range from Mn =500 to Mn = 50,000. The yield is > 98 %. There are
virtually no instances of adhesion in the reactor which would lead to a
reduction in the yield.

By means of the novel process it is possible to obtain spherical polyester



10 . |, particles having a nean particle size (d50) < 50 [err]m
preferably < 40 [err]m and in particular < 30 [err]m and a
nononodal particle size distribution (d90- d10/d50) of < 2.5, in
particular < 2.0 and, preferably, < 1.5. 5 The resulting pol yester
particles are also notable for the fact that after application to an
appropriate surface they can be nelted at tenperatures bel ow

200[ err] C, i nparéickeschaving atmeampartizleisize (d50) 8 SO0rangprefeiniyl 2 A0t om,

200[ err] C, . %ﬁife ablé/ from éfso to 200[err] C. to fgorm a contl nuous
coating, whi c"ﬁ"qﬁ'g cular < 30 gy @ngra FopeaIqaak RBTticte sizpdistsibytientddPso be

cured at thes r i I { gnarrow particle
&1 Glﬁg?ﬁgfa% gh% ﬁtl'n géfuculﬁlr yﬁ%ﬁ&ﬁ&}ﬁ%f%épwg 15

size distribution po €S  according to the
i nvention are extrenely suitable for processing by the customary

t echni ques of_powder..coatjng techngl ogy, and give rise to coatings
havi ngqa er yTIS%B%FL@L'ﬂg BQ'Ié(egtPf) paﬁfcﬁe%g?/ﬁ)ﬁépﬁa'%ﬁfﬁr ﬁ'@]ﬁ?@ﬁfh%@éﬁer powder g
whi ch usual | ygpH i i ' f it is
possi bl e usi n%ﬂ%"ﬁgt'g%i&gg?taepf ’8%%‘3? Slﬁfé\ ’&@%ﬁe?%gécri ngeﬂgg g‘%‘n‘g gﬁ%ﬁrggduce
coats havi ng Relowi2Q95€ein pasicularmat lemperattirasdblitije range frompt26 t2001C,

0 eknesscs, kil RH J4oRB A8, 151 & BnBhdi Skl B i e o

novel powder sg f Shnka ' ' r rdi.ng to
Exanpl e 4m and. croséHt F%d‘g%g%tgﬁg%%tafﬁn%f%dtﬂetﬁg%g‘?mg?'t%?‘("gghpl e

accor di nboto Fig. 1 B), and the correspondi ng particle size

0oL Pt T b Bty TR AP i ion o9 Sipd B3

g(\: exanpl es particlesfaecbaiing tethiglingaatich hre ékt'rét%bfyaél.ﬁt_a!b'l@fdrrﬁféd?é%éﬁ%
mple 1: Preparing an oligoner mxture as starting materia r
by the customary techniques of powder coating technology, and give rise
to coatings having a very good surface.

15 In comparison with conventional powders, which usually give a coat
thickness of from 50 to 70 pum, it is possible using the polyester powders
described herein to produce coats having thicknesses < 50 pm, preferably
coats having thicknesses in the range from 5 to 40 ym, in particular from
10 to 35 pm.

20
Figures 1A, 1B, 1C show a comparison between the novel powders
(Sample according to Fig. 1A, prepared according to Example 4m) and
milled powders obtained by the prior art (Sample according to Fig. 1B), and
the corresponding particle size distributions in Fig. 1C. The particle size

25  distributions were determined by light scattering with a Malvern
Mastersizer. '

The examples which follow are intended to illustrate the invention:



crossllnkable pol yest er 4090 g of dinmethyl terephthalate (21.06
mol’), 838. 4 g of dinmethyl 5 | sophthal ate (4.58 nol), 2814 g of

neopentyl gl ycol (27.05 nol) and 1.5 g of manganese(11l) acetate
tetrahydrate as catal yst are weighed out into a 101 four-necked
round-bottonmed flask. The flask is conneklted to a packed colum (I =
10 cm fitted with distillation bridge. The reaction mxture is t hen
brought to 158%amplpd: undePl’éwa'ﬂng g oligamert mistureap starting matetial fof t he 10
nononers are in nelt form_ Fu rrmr t this tenperature esterification
begi ns. The tenperature igrocsghr['nlf If“é’& ?rhat t he overhead tenperature

does not exceed 75 [err]C. The internal tenperature is raised from
150[err]C to 225[err] C over the course of 4h in order to renove from
the reacti on 4% @ptdimethyl tesephtbalate {2 1,06 mal), 8884 graf dmeﬂwhol that has

temerat it e (RonEnglete .58 AP BLG Bl NoBoollaivhel 02 05 racl Rb 688 o

met hanol (t henasgarmsde(ll)fclar tetrahydra@é agﬁialﬂﬁggd éreaﬁéi é@'o%i ﬁﬁoa 20

Exanpl e 2: Prepar| ng transparen crosslin yester powders

300 g of the Qlifg)grreckedround- hqt@m@ﬂaqk dhe, flezskos goonectedgara pagkedxon

1 oxi ae’ g corari e 10X g fin ARlIRHOR RECGR . She ceadial BuRvedlE,  "Ter )

Antaron V 25 theﬂbﬁod@fﬂuﬁﬁos@,’@nﬂ@birferﬁ?aﬁfﬁt thid) tehfseratire, 1l 8f thel | reactor
with a ter arator. The reaction m xture is heated under inert

gas (fir® ri JRORAINALS are in melt forg, Fugthiermere, 1t this tempeeature esterifieation r ansf er

oils) to an '”%?ﬁ t f i on of
heat ) transfer éwn %ﬁ@g&%{”ﬁgﬁ ?,%’E}P'ngs.‘?nsq‘g% L‘%rh—gggégt"%%%tk'g% rjc (t =
0 min). 30 doestrdtlextead 75§0:é|"hei internak tetmperdraisirdissd froi 1569C fpeed:

2000 rpm an h of trinellitic anhydride (0.114 nol) are
added at t he%@tgf &l‘ﬁ@r the couqsgrﬂjél,l"hmlgrger 1o EeRye trgm therreastion mixtyea boxy|

group functi (yg%uéyas | the reaction mxture is
hel d at boili n%l duri ?&s%egftheﬁméfﬁéﬁ%ﬁttﬁq h?rsrgﬂF %f water is distilled
of f. Subequéitily! gieé oligamer orixturetwhichisslidifies at room temperature to form

12 C QG pHrs R, YhidousHass and 1638.8 g of methanol (theoretical: 1640 g

of methanol) are isolated.

20 Example 2: Preparing transparent, crosslinkable polyester powders

300 g of the oligomer mixture from Example 1, 240 g of Isopar P (Exxon
Chemical) and 60 g of Isopar L as heat transfer oil, 117 mg of antimony
trioxide as esterification catalyst, and, as dispersion stabilizer, ® Antaron V

25 220 (amount see Table 1) are weighed out into a 1 | reactor with a water
separator. The reaction mixture is heated under inert gas (fire risk owing to
low ignition temperature of the heat transfer oils) to an internal temperature
of 240°C. The distillation of heat transfer oil and neopentylglycol begins at
about 230°C (t = 0 min).

30  Distillation is carried out for 30 minutes (stirrer speed: 2000 rom) and then
21.88 g of trimellitic anhydride (0.114 mol) are added at the boiling
temperature in order to increase the carboxyl group functionality. For a
further 40 minutes the reaction mixture is held at boiling, during which a
small amount of water is distilled off. Subsequently the reaction mixture is



At 180[err]C the additives benzoin (1.2 g) and Byk 360 P (BYK Cheni e)

(4.5 g) are added. After further cooling, at 100[err]C 21 g of triglycidyl
i socyanurate (TG C) are added as crosslinking agent. After the reaction 5
m xture has been cooled to 35[err]C, it is filtered and the pol yester
powder is washed five tins with it®hexane in order to renove the
heat transfer medi um After drying at 30[err]C 0.1 nbar for three
hours, 336 g edoledwdthrstirring. coating are isoI ated. M crographs show t he

| | °

dependency of At TG Efuines Benzein 1.2, Sharc Ey%%%&%@f%hmie%bﬁ i zer
h Ti ahi | i

usualty S ) fre OGS IASTNNE ESONED at WO TG LB 10T 1

Di spersant coispeyanusatet ﬁ@lmareuaddemastmmeshmmg agem Aftee theen ceatpion of
and a t owder coat

1E ihﬁi ;ﬁs]th l) negmr’&lérﬁeffarfébm\ﬂ@?leé%%%loc t'smf' dsiﬁoéﬂg? ShPOWHRT il e si ze

S Fi | myhp
(888 1o/ dl‘SO) [fhee?dr(ﬂ%ﬁm%%th isoPekane'in Sfier t?"g\%'rt%g?% ﬁh{lﬂégt) trahgeF 1 M

220) [% medium. Argqadrying a.305C/0.1 mbawfor three hours, 336 g of powde?9

b 0.9 . 1.4 9 . 2, 13

iz 1(_2%tmgza%'e lsola&aod Micrographs shoy t&e formation of sphegl(c::al particles 1.4
12 25 (sébq:Tgm@lﬁ)rs obt ai ned have a gel time at 180[err]C of 2-5
m nut es. e powders were sprayed both with the aid of a

triboel e'!:er c gun and with 30 a corona gun onto alum num panels with a
t hi ckness of ured. at err]C for
20 i nutes. THE pepefddficdiing pariclE 8 o ind BoeRE e dighafsidh smanzer | © '
13 is shown in Table 1. Increasing the content of dispersion stabilizer usually

leads to a reduction in the particle size.

15 Table 1: Dispersant content of the reaction mixture, particle size and span
of the resulting powders, and a typical film thickness of a powder coat
finish formed from the powder.

Sample | Dispersant [Particle size Span Film thickness
20 designation | content }(d50) [um] | (d90-d10/d50) |[um]
(Antaron V
220) [%]
2a 0.45 34 1.3 29
2b 0.9 22 1.4 119
2¢ 1.3 12 1.4 15
2d 1.8 8 1.4 12

25

The powders obtained have a gel time at 180°C of 2-5 minutes.

The powders were sprayed both with the aid of a triboelectric gun and with

30  acorona gun onto aluminum panels with a thickness of 950 um. The
material was then cured at 180°C for 20 minutes. The film thicknesses
obtained are shown in Table 1.



Exanple 3: Preparing an oligonmer m xture as starting product for

t hérnopf astic pol yesters 2475 g of dinethylterephthal ate (12.75
nol ), 2250 g of dinethyl 5 i sophthal ate (11.59 nol), 450 g of
neopentyl gl ycol (4.33 nol), 2500 g of et hyl ene gl ycol (40.28 nol),
252 g of diethylene glycol (2.37 nol) ant3 1.485 g of manganese(ll)
acetate tetrahydrate are weighed out into a 10 f our - necked

r ound- bot t onmrexdmphkek3: Prepérinig anicligomey asixturé asrstartingproducttfore i s

heated to a t era err]C 10 At this tenperature, all of the
nonomers have t? '?P@W?é??ljénol formed is distilled off via a

packed colum (I = 10 cm with distillation bridge. The tenperature
is controlled so that the overhead tenperature dpes not exceed
75[err]C. Th9247a*'agtdf@mne1hylter®hﬂsalam¢1éd75 mad), 2260y of dimetivyl

15 °rehcti ononpinalde (FTYmaTM § SneRBenbaredl At oo cappg 957 o)

wer e distill esthglehe ghpsdli(ag, 28%6902‘52 9.0f dletgzl&érélﬁéﬁl‘iz%vrﬁog% g of

hi ghly vi scous oI i goneric mxtu Prepari ng
t ranspar ent théﬁﬁmfaﬁangamﬂqiﬂ)samtatmmfwdme are weighed out intoa 10 | use

as powder co goner m xture from Exanple 3, |sopar
P aﬁd/or Isogfépp'ﬂacmd rowghﬁ%[ﬂqr@e@élgs ‘abl e 2) as heat transfer oils, and

al so Ant ar on Und&dinar gis, théiréawbﬁIrﬁiﬂttﬁé@héatb%rto(@@mﬁéraﬁﬁs Jfalec?) and
100 ng of antinmony trioxid as transesterification catalyst are

wei ghed Hait |Mt5'satempﬁf§%€0ﬁ1" af the monpmers have meltedaThemmethzhel r eactor is

cubsequent | y RaapdT BliAFE BRI e pel By SRR IL: g o Mk blifaSn

200- 240[ err] Cbr(ch;me Theltemp2ratuld & contedlicensdoait tise ét'emb@utteﬁ@b?étﬁ}é: bel ow
heat transfer nmedium (t = 0

he 30 boi | t of th
tD| gt illati gln (ige% Ot'erkcegﬁt75n§ea’hedeaqnprammhae sdheated to éﬁ@@P&f&IﬂEﬁ?ﬂf t]tlet )
"~ h f o 0 e
eat transferogyec (‘lscﬁ'ﬁer tci remdPAE neopé%’@?é@?l@ﬂf?hé @ﬁ%ﬁmﬁlﬁe

m xture of ethylene glyco ycol gl ycol
are dist19| ed’eacﬁommnanm)t rop| C distillation with the heat transfer
ﬁd' um  The gfs%%t t Rthartdl ¢ ( heorgucaﬁly 1535Ll g) were distilled off. Cooling to room

temperature gave 6240 g of highly viscous oligomeric mixture.

20 Example 4: Preparing transparent thermoplastic polyester powders for
use as powder coatings

400 g of oligomer mixture from Example 3, Isopar P and/or Isopar L
(amounts see Table 2) as heat transfer oils, and also Antaron V 220 as

25  dispersion stabilizer (amount see Table 2) and 100 mg of antimony trioxide
as transesterification catalyst are weighed out into a 1 | reactor with a water
separator. The reactor is connected to the water separator. The reaction
mixture is subsequently heated under inert gas to an internal temperature
of 200-240°C (see Table 2). Distillation begins at about 20°C below the

30  boiling point of the heat transfer medium (t = 0 min). Distillation is
continued for 4h at the boiling temperature of the heat transfer oil (see
Table 2). During this time, about 82 ml of the mixture of ethylene glycol,
neopentyl glycol and diethylene glycol are distilled off by azeotropic
distillation with the heat transfer medium. The greater part of the distillate



consi sts of ethyl ene glycol. The pol yester powder is separated

frdmthé heat transfer oil by filtration. To renove adhering heat
transfer oil, the polyester particles are washed 5 three tines with
i sohexane and then dried at 30[err]C 0.1 nbar for 3 h. Tabl e 2:

Reaction conditions, particle size, partigle size distribution for
t her nopl astic pol yester powders, and filmthickness of the

transpar ent ceortsistgof etitydenmedlycber ef rom 10 Sanple  Dispersant
Mass of Rati o Reacti on Particle Span Film
designation content [9%4 heat | soper P/L tenperat uroe size d50
E Pi Ck]nﬁiss The polyester powder is separated frof ABHe JiE: 'nsfer[oﬂky)y‘fillratioh[ er 2]853:]
err
50/ 50 2200 remove adhenng heatZtraﬁsfer oil, thelpblyester partlcles aréb:vashed 40. , 5
c
566 % Ot“%ree tlmga /vggl |sohexa4-n£)and then é@eé at 30°C/201 mbar for 3ty
4d 933 80/ 20 240 16. 6 2.1 19
4l err] 266 80/ 20 240 12. 4 2.4
15 Tableaﬁ Reaction tonditions, pmele size, [EaMibl@ size dist@bution for 1421461
2.16 17
42 139 tI'Be_[n?@Iasl%% polyestghpowders, agdgﬁm thlckn?)g?gg the 0/2 égo
200 32.1 fraRBparent coaifings obtained thereffm. .
80/ 20 240 29.§?L 1. 8g4 35 4j 1.5
266 1®/ 100 200 7.62 1.51 11 ) 4k
1.5 266 Sampe Of Bipbrsant RGP “Reehon | it Span flm
41 0.5 |y 24 Viousll AL L. 5% 29
25 esren [ tai%{ E‘f "”;’L i/pitole s'z°£ 00 iggess
1.14 1p Theg po ] plﬁ%d ty"‘g’br Ayi ng, psi F;f@]
triboelectric 3 — s e W op-hen—panals i Lhoa
t hi ckness of P5U@PM 1@ POt 5 o 500 e Aucf_,hzhe cc:;g: e was
t hen melt%d B0l arr 1 C 1 dr_taesve [m : 1K (S LEEE) '3'02—'k T tTarspat ent
film coati ngsjwui dh;Eﬂﬁm grs S¥er d Bp/Roy| miss) Lknassep 19 see
Tabl e 2). Mor pevgr—iheHHe—iwadroY 3 4.1 i
probl ens_ by t[TE ZgUSTIOMHEY SPT @3 t 9 er-egt —5r——P°
Exanpl e 20 2 Hremar 1 1]g_ass_e[josopec) o Y ezeb & [y | CGEtTT
4i 0.5 266 80/20 240 29.1 1.84 35
4 1.5 266 0/100 200 42.62 1.51 11
4k 1.5 266 0/100 200 7.33 1.8 10
4] 0.5 266 80/20 240 24.5 1.54 29
25 4m 0.5 750 0/100 200 14.8 1.14 16

The powder was applied by spraying, using a triboelectric gun and a
corona gun, to iron panels with a thickness of 950 um. To obtain a uniform
surface the coating was then melted at 190°C for five minutes. High-gloss
30  transparent film coatings with no craters were obtained (film thicknesses
see Table 2). Moreover, the fine powders could be processed without
problems by the customary spray techniques for powder coatings.

35 Example 5: Preparing an epoxy-polyester hybrid powder coating

In analogy to Example 2, a polyester dispersion is prepared with additives
and 1% Antaron V 220. Instead of TGIC, 600 g of a 50 % dispersion of the
epoxide type 3003 from Shell AG in Isopar L as dispersion medium,

40  stabilized with 1% Antaron V 220, are added at 100°C. Such a dispersion



In anal ogy to Exanple 2, a polyester dispersion is prepared with additives
and 1 % Antaron V 220. Instead of TAC, 600 g of a 50 % di spersion of the
epoxi de type 3003 from Shell AGin Isopar L as dispersion nedium 40
stabilized with 1% Antaron V 220, are added at 1 00[err]C. Such a

di spersi on 15 15

is obtained just by briefly heating a m xture of all the conponents to 1
0O[err]C is obtdined gustroyi brisflytieatingld miktave efakthel 66Mmpongsls toh@osgst em i s

allowed to cool, to . rgom tenperature and the powder is isolated as
described in \gg{laﬁ[rglgz_Aﬂer 1% m'”@'@)gﬁt 0°C, soausystepnistaliawacia ¢apl 40 nean

article siz ntPR ‘e i £Ge £ m nut es
gt 180[ err] Cergr%fgl gegﬁlgéir%}eud-eaa 6 FsH?’Yudeerplts) T elétegi ves %r%gbelét%r'@eleg)ati ng of
20 [err] filmthickness with high gl oss. 10 Exanmpl e 6:

Preparing:a r.coating using Primd as crosslinker ' I n anal ogy
o Exampi® 2 00 e sasimdet dCaBBaNG & ricar aRdivieSka @5y, sspen o
Antaron v 2202.07ld #¢eDmbftt ARiHiIeSR: Fh0tORradEidihggs al 180[err]C the 15

m xture is cooled to 125[err]C an nperature 16.5 g of
[err]Prinid Xthe powdeegives cedefedittee Abating 0baDiwntiim thickresstwitiphight ur e,

filtration artﬂ %ﬁm)val of : resi dues of the heat transfer oil by
washing with 2 exane, a colorless powder having a nean particle
size of 21 [err]mis isolated. The yield is >98% 20 The powder

is processed anal ogously to Exanple 2 to give a defect-free,
transpar&t coating having a filmthickness of 23[err]m

Example 6: Preparing a powder coating using ®Primid as crosslinker

In analogy to Example 2, a polyester dispersion is prepared using 0.9 % of
®Antaron V 220. Following the addition of the additives at 180°C, the

15 mixture is cooled to 125°C and at this temperature 16.5 g of ®Primid XL
552 are added. After cooling to room temperature, filtration and removal of
residues of the heat transfer oil by washing with isohexane, a colorless .
powder having a mean particle size of 21 um is isolated. The yield is
> 98 %.

20
The powder is processed analogously to Example 2 to give a defect-free,
transparent coating having a film thickness of 23um.



16 Patent cl ai ns: 1. Pol yeste(rﬂy Hﬂ’ﬂymwm i a nmean particle size <
50 TerrI'm: which are t ranspar ! i MHP have a nononodal
particle size distribution with a span !d9b-d#1Q d50 < 2.5 and can be
mel ted at tenperatures < 200[err]C to give a continuous coati ng. 2.

Pol yest er parW@98/36040c| ai nred in claim 1, which can be PCE/ERIS/Q0P4TCe
coatings having a thickness < 50 pm 3. Polyester particles as clainmed in
claim1l or 2, which conprise units of iéhe fornmula (1) and(2)y——

- CO X-CO -0-D 0- (1) This Sh
where X X is a substituted or unsubstituted Clerr] Hwﬁﬁ

2)

on éi C
radi cal or anpgientbiaihene. pol ynet hyl ene, cycl oal kane I ﬂ'

di et hyl enecyc?oa.l kane group or a straight-chain or urat ed

or unsaturated al kanedi yl group and D is an al kyl ene, pol ynethyl ene,
cycl oal kape o | net hyl ene- cycl oal kane qgr oup, or strai ght-chain or
b?/anphed, sat {rr g%cﬂge%é paﬁ'ﬁ@zﬂq}%{%ﬂ @d"%@'k&ﬁglﬁ% g'zﬁrﬁgﬁ .Um’.‘ﬁl%PBI%F@st er
particles as cl aiziR@atdht@ind icgnfha% éhﬁha@gﬁggga&icl%@z%mistribhﬂa a

mol ecul ar weight Miin the range from500 to he use 0
pol yest er parti ovithsa span|(d90ndd 0/d50) < 2.6zand carebeimeited aktemparatures f or

powder coati ngs. rocess . for preparing spherical, transparent,
optionally crossﬁ‘?%@gof%e&"e %‘6‘?’1’@9@ cﬁ%ﬁpgtl es by a. di spersing the

starting materials for a polyester binder in the

10 2. Polyester particles as claimed in claim 1, which can be used to produce
coatings having a thickness < 50 uym.

3. Polyester particles as claimed in claim 1 or 2, which comprise units of
the formula (1) and (2)
15
-CO-X-CO -0-D-O-
(1) (@)

where X

20 X is a substituted or unsubstituted C, to C,,-aromatic radical or an
alkylene, polymethylene, cycloalkane or dimethylenecycloalkane group
or a straight-chain or branched, saturated or unsaturated alkanediyl
group and
D is an alkylene, polymethylene, cycloalkane or dimethylene-

25 cycloalkane group or a straight-chain or branched, saturated or
unsaturated alkanediyl group.

4 Polyester particles as claimed in at least one of claims 1 to 3, which
have a molecular weight Mn in the range from 500 to 50,000.
30

5. The use of polyester particles as claimed in at least one of claims 1 to 4

fgr powder coatings.
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©. A process for preparing spherical, transparent, optionally crosslinkable



17 form of oligoesters which have a viscosity of less than ——

1000 " * nmPas (neasured at 200[err]C) in an inert hiagb-hailli
transfer medium at a tenperature which is at gjﬂ g I MHLI m‘
vl Ty *

t he softening tenperature of the starting mat
presence of at |east one pol ytieric dispersion stabilizer, and
b. then heating the reaction mxture to a tenperature in the range

from 120 to 280pelyekster partitlesibyul t aneous renoval of the
condensati on byproducfts, unti] the _poln{%e;st,er has the desired . .
mol ecul ar wei ght&  digpersingibe startieg najsrialsgor aealyasten indar inan iert n t he

¢ _ y . _ ¢ .
the range PG BRIRGHRES yelSfer e el o fthgoratd hibfiTpeE 2t ure 10
pol yf uncti onal least asrhighs laisithe sgfteniegttempeeptuxey of e startimy d.

subsequent |y reducing the te rature to within a range which . S
bel owqt heésgf t eni ng Mﬁ@?ﬁﬁ ﬁf@e&feﬁﬁ@%%*el@@ﬂ orgg,go%lmenc glsPe'éﬁiﬁi'hr ating
off the resulting spfggggiﬁ,z'gr’ ARyyester particles. 7. The process as
claimed in claim6, wherein the starting materials enpl oyed conpri se
units of the fobnul athen healing the) reaction mixture te @dedipeature in the range

-0- D 0- Xis a

1 e 2 X
substituted or unsub;{Dl"% &?880éFQr‘Pr]WF'ESSEi['%'F‘?']Q%%fﬁHMVé' P%%LZI or an
| kyl , | hyl ; i
al kyl ene, pol ynet hyl eaadefstloPPbyb8u&s, th'ﬂqﬁégo B e@ﬁ%'yooup or

a straight-chain or branched, saturated or uns gr oup
and DI®s an al kyl ewdecar weighty| ene, cycl oal kane or

o ey iR REPecind the18aln fRRUFe, % 1R BASDEH  Saturated
crosslinkable functional polyester, to a temperature in the range
from 60 to 140°C and adding at least one polyfunctional
crosslinking agent or epoxy resin, and
15 d. subsequently reducing the temperature to within a range which
is below the softening temperature of the polyester and

separating off the resulting spherical polyester particles.

7. The process as claimed in claim 6, wherein the starting materials

20 employed comprise units of the formulae (1) and (2)
-CO-X-CO -0-D-O-
(1) 2)
25 where X

X is a substituted or unsubstituted C, to C,,~aromatic radical or an
alkylene, polymethylene, cycloalkane or dimethylenecycloalkane group
or a straight-chain or branched, saturated or unsaturated alkanediyl
group and

30 D is an alkylene, polymethylene, cycloalkane or
dimethylenecycloalkane group or a straight-chain or branched,
saturated or unsaturated alkanediyl group.

8. The process as claimed in claim 6 and/or 7, wherein oligoesters having
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8. The process as clained in at |east one of claim6tTo 7, whereimthe
starting materials are heated in step (a.) to a terrperaﬂmﬂllemﬂm
18 . range from 150 to 280[err]C 9. The pro | "m(l”"

at least one of clains 6 to 8 wherein the heat t ransf et rrédlﬂm'used
has a boiling point in the range from 1598to 300[err] C. 10. The process
‘as clained in at |least one of clains 6 to 9, wherein the content of
di spersi on st abid viseositysof € 1000 mPagard émlrﬁldyeﬁ é@stﬁ%ﬁtym@erﬁlts

based on the polyester starting materials. The process as cl ai ned
in at |l east one of clains 6 to 10, wherein an anphi phi l'i c copol yner

I's enpl oyed ag di SWﬁé%rB&%s%‘é@\/\El’aﬁrﬁS& in at k@st %% %?c%ﬁrﬂ‘??ossgﬁh%eﬂ) EFF% in at

| east one of clai Vi nyl pyr T i cosen)
i s enployed as di sptang)masedeslareaeated ihstep (d))¢o priempesatuse il theed in at

| east one_of clains el subsequent to step (b) and
after the>desired Fﬁﬂ%ﬁ?@rf%ﬁogéﬁo E‘as been achi eved, pol yfuncti onal
conponents are added to increase the functionality of the polyester.
14. The process as clained in at | east one of clainms 6 to 13, wherein,

following  10. tThbeprocssssascladhed ireatieastoseof ohaims aslbép wiereirt ihe
ddi t1 ves. are addebeRiranierggium uSed Hasis Pliao Belrtda d6e radR BB (7Cs of
t he pol yester. to 300°C.
10
11.  The process as claimed in at least one of claims 6 to 10, wherein
the content of dispersion stabilizer is in the range from 0.1 to 6% by
weight, based on the polyester starting materials.

15 12.  The process as claimed in at least one of claims 6 to 11, wherein an
amphiphilic copolymer is employed as dispersion stabilizer.

13.  The process as claimed in at least one of claims 6 to 12, wherein an
®Antaron V 220 is employed as dispersion stabilizer.

20
14,  The process as claimed in at least one of claims 6 to 13, wherein
subsequent to step (b) and after the desired molecular weight has
been achieved, polyfunctional components are added to increase
the functionality of the polyester.
25
15.  The process as claimed in at least one of claims 6 to 14, wherein,
following the conclusion of the condensation in step (b), the reaction
mixture is cooled to 160-200°C and appropriate additives are added
in order to optimize the coating properties of the polyester.
30 _
16.  The process as claimed in at least one of claims 6 to 15, wherein
the polyesters obtained have a molecular weight Mn in the range
from 500 to 50,000.
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15.  The process as claimed in at |east one of clains 6 t '
polyest érs obtai ned have a nol ecul ar weight M in the rangBl i[“ml
10y vk

50, 000. 16. The process as clained in at |east one of

wherein the pol yester particles are obtained in powder form

19 17. The process as clained in at |le&ast one of clains 6 to 16, wherein
t he pol yester particles obtained have a nononodal particle size
distribution 17, Thé pbétedd d¥ claiMedin at léabt one dBclaimd BaopIe) agrseins cl ai med
in at |l east one of clains 6 to 17, wherein the pol yester particles
obt ai ned can be us@ RAYestBHDRRICIRS RIerokigiRed!in Moyies form. havi ng a
coating thickness < 50 [err]m 19. Spherical polyester particles having
a nean particle size < 50 [err]m which have a nononodal particle

si ze distribut8.on The praceSsas «ﬂdﬁ@edﬂr&tdéﬁﬁ ohe of clairds 8, toaT] wineine nel t ed

at tenperatures < 0 Cto a cont i nuous coating, .
char a(r:r}t)er sed int Jcﬁ}‘%‘beha@@% tginac-have %W%WM@%g Siz¢ ¢l ai med

in one or nore of g@ibiioR (H00-H40/d50) of < 2.5.

19. The process as claimed in at least one of claims 6 to 18, wherein
the polyester particles obtained can be used to produce powder
10 coat finishes having a coating thickness < 50 pym.

20.  Spherical polyester particles having a mean patrticle size < 50 ym,
which have been prepared by a process as claimed in one or more
of claims 6 to 19.
15
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