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present ‘invention rel ates to carboxyl ~functional polyester resins,
to a process for the preparattToh of the resins, to

pol ygl yci dyl ester resins obt ai nabl e by gl ycidating said carboxyl
functional 5 pol yester resins, to coating conpositions, and in
particul ar powder coating conpositions or liquid coating

Comosi 1 onnSIPELREILA A ke pnersbARGL PSRl ey ol e o

using the 10 I ndi cat ed coati ng conpositions. Powder ‘coati ng
conpositions based on the salid . {eacti n Ero uct g of

2, 2- bi s- (4- hydr DR pRERTE ST dpiRntion re %ﬁﬁsegpc BECEMYdrin are known

al ready forfenteRgntilnpolyester rinslf efophogiote skl gRA atheon the basis
of these 15 conpositiong are resistant agal nst hydrolysis, however,

they show PFBRALALLLN Qfetthedittiite BAIPAL¥IlYCidylestar masing:

sui tabl e fosbepphhabakl @gs JIsiddtth@ said carBohy1de9nes i¢fnut door
durability such as buil ding parts or autonotive topcoats. 20

Tri g yci dyl RRI¥RELRE &8 SLAT b UsERRT FNGoeampasitdpns, and igut door durabl e
coatings angsifiapube ROWRIPAIdd i £3bf sdicgC! | n European
Pat ent Appﬁ%%at%on _ B _ No. 44?%%%A€?%¥825447,565??1%3§gf% t he anhydri de
hal f Coatipfg FRMPOSiSFiQe ¢ampr halngarBadycampeatyilons present 25

in the tric hGiag SQLS r : I | phe
condi tions g%%ﬁFﬁbgglaggﬁ e lﬂi¢%5§yé 8k Sfégigggﬁa%X%;Qﬁiégﬁép
tricarboxyl ¥fesihepd asdudtos qured produagbsdohydivedsiby efsitmwge tigci dyl ester

forygd and/Pf4icated coating compositions.

Powder coating compositions based on the solid
reaction products of 2,2-bis-(4-hydroxyphenyl)propane
and epichlorohydrin are known alréady for a long time.
The cured products prepared on the basis of these

15 compositioﬁs are resistant against hydrolysis, however,
they show a low ultraviolet resistance and are
therefore not suitable for applications requiring a
high degree of outdoor durability such as building
parts or automotive topcoats..

20 Triglycidylesters which can be used in good quality
outdoof durable coatings and in moulding compositions
are disclosed in European Patent Application
No. 447360A (EP-A-447,360). Due to the anhydride half
ester nature of the terminal carboXyl functioné'present

25 in the tricarboxylic acid:adduct precursors, strong
alkaline conditions should be avoided during
glycidation of these tricarboxylic acid adducts to
avoid hydrolysis of the glycidylester formed and/or

hydrolysis of one or more ester groups in the resin



hydrol ysis of one or nore ester groups in the resin

-2- woRRfkh@ne. As a result thereof the triglycidyl est @TT/EP98/01903
produced wll contain a relatively high | evel of hydr ol i zabl e
chlorine and/or will contain |ow nol ecukar wei ght hydrol ysi s
products which m ght cause toxicity 5 probl ens, as may be derived from
"Wat er baseBae&dionegs As a resMIﬁ1ﬁﬂé&ébﬁnthéaﬁ@ﬂbﬂy@mdyyééﬁfﬁﬂﬂiLy|X||:th
| nt. Conf. 1987,. At hens,, G eece . 175. . The hi eve

of hydr ol i zZRBPEUEH Mifd jeontain a F%}?E&Yégyihl@%a&ﬁmg%z%ﬁ EP—%—447,360

which rel at Bydr@1i@able td1 il td dadd pBr Ofrilhecdntaadduw dolecular
hexahydr opht hal.i ¢ anhydri de and di net hyl ol propi oni c acid. The

pr oduct welghdy hyidrad wids PEIfurtnewbbaheRt bt fasme S@H G gh
leveb of regirdualensh! Afd My %@%@fﬂé? gpdRSrhiakke based coat{4P§d ! N9

conpositions. In addition, "due to the fact that 15 t

triglycidyl ¥dtlr exceddrandd sapEH Aldayigeoshpbility XIGtduilht t hey can not
be applied pRpROWY&Yg~COg onposkLons. In e.g.
InternationalnAppIicafi%#%%%%ﬁﬂ%ﬁ%ﬁﬁﬁ'??' 195¢ was taught to a person
skilled in the &he dfighhileval of hydrelizableacbfiogcimabliss coati ngs, that
epoxy resin t alJy y¢l oal Lphat i, ¢, nycl.el t.h | sadvant age
t hat they chF&egrﬁef%?lo%%e&glr%t Icgfc%gtlﬁnég?i'?%g v"'\qkrllg%% te a%%%rfe‘a. Thi s
bri 10l enessthedgllcdmaimisan tablthd 02: 1 adductoafi hgxanyldreatttinsl i as

Bt oo AR RS e ap PAREREE, .. e, bl e

prepar at i oriobttalineeahaserd idtlorine congénphati ¢ .6ar.b®udh faingtqienal

pol yester r %%@i’o%yresidualré§¥gé{ﬁ% is generally undesirable in
coating compositions. In addition, due to the fact that

15 the triglycidylesters reported in EP-A-447,360 are
liquid, they can not be applied in powder coating
compositions.

In e.g. International Application WO 96/11238, it
was taught to a person.skilled in the art of this

20 specific area of curable coatings, that epoxy resins
containing cycloaliphatic nuclei had the disadvantage
that they could only provide brittle coating films when
cured. This brittleness made them unsuitable for
coating applications, as brittleness often led to poor

25 adhesion.

From European patent application No. 0634434A2 was
known a process for the preparation of linear tertiary
aliphatic carboxyl fﬁnctional polyester resins, by
reacting:

30 (a) at least one compound A' comprising one mono-
functional primary- or secondary hydroxyl group and/or

at least one compound A" comprising one primary- or



30 (a) at least one conpound A" conprising one nono- functi onal

primary- owO8&3#@ary hydroxyl group and/ or at | east AE/ERMSHILIAA A"
conpri sing one prinmary- or _ - _ - 3-
secondary hydroxyl group and one tertia?y_allphatlc _ carboxyl group;
(b) at least one aromatic or cycloaliphatic ) dlcapboxyljc_a0|d
conpound B EBRPPESTYy NYAF R Bhed Feup g?d_°neoﬁe§é?@?dafﬁkﬂhiﬁkﬂlcdpa{boxy
roups or- t ri up; t her eof ; c) at least one dio
gonpgund C ggﬁ%&?§9h5H$36>ali- phati ¢ hydroxyl groups, which may

i ndependent (§)bataleast ong)ra¥pmatbe orserohdadypinadrioxyl grouB; and 10

d) at |eas}y; ' f I & AGl . 0 conpri sing
<(51 %ert iary ghegﬁrgﬁﬂc?icgﬁﬁ%ﬁgméggogghgﬁésﬁ\?& é“&p%l cad‘hly%roxyl
groups, whi eN AeFodalery aliphathdepanderylygieuprsi mar jthey meopdribdy
hydroxyl, tnereof: the molar ratio of conpounds A':A':B:C D being 15
NtN:X+Y+1:X:$ ’ wherein MtN=2, X ranges from2 to 8 and Y ranges
from2-Nto(g) at demstpers wisoDbfcémpoudlOCt aoRd@ ilsdmyg Gwo ali- until

essentially .the non-tertiary carhbox rOuUps , - s initially
present in ﬁ%kﬁgégﬁéé?xGEGQﬁ%g%3VeWBé§h %@Y lndﬁﬁﬁﬂﬂ%ﬂﬁiy_be a

Mor eover inprhmarapMﬁ<aﬂéénbwﬁﬁﬁydhyﬁkeﬁydlgroupﬂ dﬁdyg|yC:QYLefFer

resj Qs obt ai nabl reactin ai | pear tertiary aliphatic
Car%@xyl fuﬁg iS%aﬁ%ﬁ& one fhyé%%¥¥?9nRFPﬁ S YexCe S I&hi hal ohydrin in
t he presenceombpoznd D cdhﬁmﬂéiﬁéeabﬁé@tﬂagyoal&gﬂﬂtﬁﬁﬂéﬂﬂﬁﬁx¥f*eferab'y,
t he Bgéﬁesters werelggﬁged w th epichl orohydrin. Both the

specified | P o) &t the R¥freigongrryprs, whighh|may yeadyl esters
derived theiabepenaRint 14sek Wiim@ry or secondary hydroxyl,

the molar ratio of compounds A':A":B:C:D being
15 M:N:X+Y+1:X:Y :

wherein M+N=2, X ranges from 2 to 8 and Y ranges
from 2-N to 8, at a temperature of from 100 to 240 °c,
until essentially all the non-tertiary carboxyl groups

- as initially present in. the reaction mixture have been
20 reacted. .

Moreover in this application were disclosed
polyglycidylester resins obtainable by reacting said
linear tertiary aliphatic carboxyl functional poly-
esters with an excess epihalohydrin in the presence of

25 a suitable base and optionél catalyst. Preferably, the
polyesters were reacted with epichlorohydrin. Both the
specified linear polyesters and the corresponding
polyglycidylesters.derived therefrom were used with a
cross-linking agent for powder coating compositions. .

30 From the European patent application No. 0720997A2

linear tertiary carboxyl functional polyesters .and

r

epoxy functional polyester resins were known. These

polyester resins were obtainable by reaction of:



cross-1linking agent for powder coating conpositions. 30 From t he
Eur opean paioeusiaatgspl i cati on No. 0720997A2, | i near t er tPCAYEP98/A190dX Y |
functional polyesters and epoxy functional polyester resins were
known.. These pol yester resins werle ~obt ai nabl e by reaction of:

-4- a) at least one aromatic and/or cycloaliphatic

car boxylic adidannmnnmm éneoapomatng and/amom&dkoallphatland/or secondary
al i phati c carhqx r the anhydri.de thereof b)

| east one hy gﬁ%y %ﬂh@ %;Egﬁﬁpgsﬁnﬁomﬁ%lSlng tw%ﬂ?{ﬁ@ﬁ?%cﬁydroxy
groups, mhlgmdyunuﬁecﬁmmary aliphafdepeaddiixdyl olss Pét Meky or segondary
hydr oxyl I oups, c) at | east one hydroxyl substitute

car boxylic aah¥@§§ég theT$8hind C conprising at |east one tertiary

alipkatic b) at Cﬁé@%%n@l@ﬂ&r@ﬁ?lt womploupRaHE Ccd]’?x’ﬂ‘i)é(ﬂﬁggf@b'ps whi ch
groups each |ndependent rimary Qr secondary ydr oxyl

gr oups, and @liphatig) H%F?Ehél9§°HH§IC§P&&QM§§9%R§cF%Ehpound D 15

conpri si ng gRf<ERYE1 @Ry b drhesdm t npounds
A: B: C. D being i $hedy. o erlmary ﬁHaff{ﬁ§H£§§?% X ranges

from2 to 89¥PYRHrges from 2 to 8 and Z ranges fromO to 2. 20

These pol yester ¢ S bl e
curing agen?gfofﬁfﬁgﬁzﬁggﬁégl§9d2§§ngEQ%%Qgtd%é&]carbof%lfc éj!(::%gld be

condért ed | MAFRINEJF reePRRiEARY at leasql ywoielyesstiaxy ahiphatic

Conb'nat'ond@fﬂb l%é§ﬁ$eand two aﬁ&%ﬂylf%yﬂydég%*od%ﬁo@ﬁgd &ﬁég#he

producti on of coat
tertiary quﬂqnps;qggmoygﬁependent1y may be primary or secondary

hydroxyl groups, and
d) optionally one carboxylic acid compound D

15 comprising one carboxyl group,

the molar ratio of compounds A:B:C:D being

(X+Y-1) :X:Y:Z, -

wherein X ranges from 2 to 8, Y ranges from 2 to 8,
and Z ranges from 0 to 2.

20 These polyester resins could be used together with
a suitable curing agent for the production of powder
coatings, or could be converted into the corresponding -
glycidylesters, which in combination with a suitable
curing agenf could be used for the production of powder

25 coatings.

Although the linear tertiary aiiphatic carboxyl
functional polyester resins and the polyglycidylesters
thereof enabled a certain progress as to the |
requirements of excellent outdoor durability (UV

30 stability) and resistance against hydrolysis in the
cured state, with reference to their use in modern

economically applied powder coatings, there is still a



functional polyester resins and the polyglycidylesters t her eof

enabl ed a WE9B4RT68pr ogress as to the requi rements of SCTERIBALNG
out door durability (UV 30 stability) and resistance against hydrolysis
in the , cured state, with reference to theirlrse I n nodern

economi cal l'y applied powder coatings, there is sti a _

-5- %eﬁg‘géerror yifherrinppevonanht off thdiss cominahiaon of
properties. properties. On the other hand novel powder coating binders for
the exterior durable powder coating market derived from 5 car boxyl at ed

pol yester resin®n deecdtlien kpasynovel powtencicoartdlngadriridees pﬁd:grrgrad
have been PLARCRLM AN Gurante pbIRRVALSHRONE R HE g8 g Povder
T Agava andcBrboBylmted poByesB8e8, rédkwsTweuredpondat epfbxy Powder
CoaLing, B et SN LSRN BUEARERE 285 moon o S Sarinar o
| npr ovenent shieaWa texdrermmded i ghor ogbliedsmaadnPowddMCoatings | ower cure
tenperaturegyand WV _dur Q$Iit tgn ival that 15 of autonptive

t opcoati ng BFTERSIIBY G panér 1997, NepoQrdsansy.La, USA,
Therefore, TtAgawan 2y €D obuhdien| NYENBUQRR 3B, "New TWI-RohiSonditd
functional polyester resins,, which can_be readily glycidated so as
to ?érn1a p§PVéFﬁﬂQRﬂ§%ﬂ¥HB%Rﬂers‘rEQ?M?§S§Fd@ﬁ£M%§&ﬂ Fyhieid opal

pol yester resIC @tre Alterns@i@epol ygl ycidylester resin nust show further
| mpr oved properties when used in outdoor durable powder coating

conposi ti ons, WﬁQH?WSQ!r%ﬁe&WQ%ﬁ?t%ﬁvPﬂoﬁﬁﬁﬁtéﬁﬁyalready,fﬁﬂx#h&y. 25
As a resul t iRbrovediti o HHPEH §Mb@Nflade to provide smoother films,

lower cure temperatures and UV durability-to rival that

15 of automotive.tbpcoating or. outdoor building panel
topcoating.

Therefore, it is an object of the invention to
provide, acid functional-polyeSter resins, which can be
readily glycidated so as to form a'polyglycidylester

20 resin. Said carboxyl functional polyester resin and
said polyglycidylester resin must'show further improved
properties when used in outdoor durable powder coating
compositions, which are relatively environmentally
friendly.

25 As a result of extensive research and
experimentation said carboxyl functional polyester
resins aimed at have been now surpriSiﬁgly found.

Accordingly, the invention provides carboxyl
functional polyestér resins obtainable by.reaction of:

30 a) at least a compound of the formula



experinmentation said carboxyl functional polyester resins ained at

have beenvﬂggmggggrisingly f ound. Accor di ngly, thect/rReesd1pen

provi des car boxyl functional polyester resins obtainable by

reaction of: 30 a) at least a compbund of the fornula

- 6- [err] _ wherein x [err] 1

wherein R err] and@[err] each nmay represent an al kyl group havi ng

from1l to 4 carbon |atpns or whgrgin Rlerr] and Rerr] may form

together with tHoO-g-@p(CHIL(<Eteon])[err]-CH a 5 - cykl oal kyl group

and preferably 1, 4-cyicl ohexane| di carboxylic acid (Al'), optionally

m xed Wi th m nor " Rp annunm? of a correspondi ng conpound of fornula I,
“wherein x=0 or anhydride thereof (A2), b) at | east one diol

conpound B conpMR§hfd® vib Ao al i phatic hydroxyl groups which may each

i ndependent herein Ry Rénd@ B 1 OBEN MEyarspTeBEARY aly digp! ,

c) optionally a di hydroxynonocarboxylic acid conpound C,

conpri si ng &avdmg £xem 1 phat4 ccaabpaxgtoms or whegrsdm &id angd B i phatic
hydroxyl gr QuRs.fI¥H &b g@cp-% ' pepge be fpfinpry or
secondary hydroxyl: andd * )tggt ?gﬁgﬁl y a Rtrdl’%y)d‘r cg%lalr%ane (D) or

t et r &hydr oxgycloalkyl ke #md)preferably 1, deyahshexarsti o of conpounds

(et oA el e i Dyes, ) DoLBRRIIEE OB ol X o
Q amounts of a corresponding compound of formula I,
wherein x=0 or anhydride thereof (A2),
b) at least one diol compound B comprising two
10 aliphatic hydroxyl groups which may each independently
be a primary or a secondary hydroxyl group;
c) optionally a dihydfoxymonocarboxylic acid
compound C, comprising é tertiary aliphatic carboxyl
group and two aliphatic hydroxyl groups, which may each
15 independently be primary or secondary hydroxyl; and
(d) optionally a trihydroxyalkane (D1) or tetrahydroxy¥
alkane (D2),
the molar ratio of'compounds (A1+A2) :B:C:D1:D2
being X+Y+2Z+3Q+P:X:Y:Z2:Q, wherein X ranges from 1 to
20 8, Y ranges from 0 to 8, Z ranges from 0 to 4 and Q
ranges from 0 to 3 and wherein p ranges from 1 to S,
and preferably 1-3 and is most preferably equal to 1,
at a temperature of from 100 to 240 °C, and preferably
from 180 to 210 °C if any compound C is present, until
25 essentially all the hydroxyl groups as initially
present in the reaction mixture have been reacted.
With the term "minor-améunts" as used the optional
component -A2 are meant amounts of from 0 to 10 mole%,

relative to the total molar amount of Al and A2.



ranges fromO to 3 and wherein p ranges from1l to 5, and preferably

1-3 and 'i swipsdiapeef erably equal to 1, at a tenper at urcT/BPISI01808 100
to 240 [err]C, and preferably from180 to 210 [err]C if any
conpound C is present, until 25 esséntially all the hydroxyl groups as
initially present in the reaction m xture have been reacted.

Wth the term "nPrefezablyt Lartomskbdfihet Dphadnpblyester re@ip@aite A2 are

S :

e o 3Rl SR ¥ G0ur 2 + o Lob2 bYPuhG P2 Tl
Preferably carbﬁxyl_f@nctlonal pol yester resins are ai red at wherein

Y>0if Z+ or 0if.Y=0. It
will bg appreC|aFEdWPH&rQFhéﬁﬂqﬁﬁké%%dc%?%Bx§FeSallphaF&ﬁbﬁ@ﬁRHXXkﬂyester

resi s thus @ﬁﬁdﬁﬁaﬂamaxpdwefster res RS Bhiist BrblakkdC #ak0Xer 1@ Oups
pendant of the main hai n, whereas only at each end of the main

chain C%Eehaaﬂcfrc?émﬂa@w% SEPYPRaPPAgantopfl ther ywd in

hexane di carbRxyhi c r n 0 f gpdesnt t he act ual
presence of con%gnegﬁgﬁ%%%i6hpgeé€ éa?ﬂ nd 8 nEPﬁD%%a%n\Mﬁﬁ be |i near

(conponent s £rgpadary canhnxyﬂ)gtmum$aﬂsh9dne§enpoﬁ¢wm D% 4o D2 i s
resent). ec ose skilled in the art 15
p heane dlC%?B%#%&%?%ﬁ%&ﬁ é?% ﬁr%%ehQ

that the nol ecul ar- wei ght I oh an aver age nol ecul ar
wei gh? of the re@ﬁpepd@mnxﬂnvuhé actual gepesadcencifheogpenicrites r €kt ant s

and the ratigs apgli gl ain éﬂ%% 908351958%96(éxﬁﬁﬁﬂﬁﬁﬁﬁBPgﬁE%ent in

Wil st the tertiary 5t Tar oxy gr oup

conpounds C abaenit¢alory bd:mm:hed (componentt Dlinded /iolre D@sties i fi cati on
condi tions enPIo eq) gl ycidation of these non-termnal tertiary
al i phatic : '

' It will be appreciated by those skilled in the art

15 that the molecular weight distribution and number
average molecular weight of the resin produced will
depend on the specific reactants and the ratios applied
in the procéss of the invention.

Whilst the tertiary aliphatic carboxyl groups

20 optionally present in compounds C practically do not
react under the esterification conditions employed,
glycidation of these non—terminal.tertiary aliphatic
carboxyl groups and the terminal secondary carboxyl
groups with epihalohydrin can be performed under

25 standard alkaline conditions, whereby a polyglycidyl-
ester resin can be obtained which contains a low
hydrolizable halogen content, usually lower than 1% by
weight and preferably lower than 0.7% by weight, based
on the total weight of the composition.

30 It will be apprec1ated that other aspects of the
present lnventlon_are formed by polyglycidylesters of
the hereinbefore specified carboxyl functional poly-

esters and by coating compositions and more in



carboxyl groups and the ternminal secondary carboxyl groups with

epi hal ohycu,'br; ghasgbe performed under 25. standard al kal | pergebglétobns,
wher eby a polyg yci dyl - ester resin can be obtained which contains a
| ow hydrol i zabl e hal ogen content ,8 usually | ower than 1% by

wei ght and preferably [ ower than 0.7% by wei ght, based on the total

wei ght of tkpanbﬁpukhtipnwd&& coating ddmpbsitb@nappremlquéd t hat ot her
aspects of t sent .i nvent.ipn are fq{ '

| | t f
oo o bt bingace: PPERT Az inG i bt | TEipoYsBRaY Sppiyehe e &' b ©

coating conpessihonanarerneagd Polyglycidylesters derlved therefrom
- 8- particul ar pomder coatln onp05|t|ons or liquid

coatings, compfiRYnguEsAdPERANGHA inphb %o??é%gthese CbaFé@ﬁns
and/ .o said pohyekyeigpkesters derl ved ther efrom and by cured
products, obtained by using these coating onposi ti ons.

The process for PREpBFAEPSH éPrtﬁ§%ﬁﬁHﬁﬁﬂQQ:°f the 2h#BBAFLC unct i onal

pol yester ' DeERhcRE oF RN | PrCQEARPI1! BeCRAYRAPNAl
esterificagﬁ%%f%%?g © %ﬁmg?%giﬁﬁ%ftg?%aeotroplc congensa?p%L

taki ng care Q%ﬁtaqgordlnghéot@Mﬂﬁﬁntkﬁnﬁﬁukﬁgenhfb@ﬁ?kOgrmap@ogﬁe only

originating y&l,0 For=YgoTeh AV | articul ar,
t he condenséé#%ﬁé%gé%gr?Pe%ggﬁggﬁghgﬁarglré#§é€§6g tgkég 885 Q&éﬁ&
optildhal | y Ghedtepnipail sgcohdairy carboxy] growpsaaeeushyyto the reactor

whereafter t . ayur,e C e r.at re to a

tenperatw%a$§ %ﬁ%aFéﬁs ?&#rd%:ﬁg%%éhégﬁﬁ%err§%££599TEE ngg Iy from

180 to 210 [partibhmarhetpeesgmdenﬁatmqn is carrnedpounde cﬁamgﬂmga g
toinitiate an

EgrbfgchdBQ% er ﬁﬂoﬁn Egﬁtlﬁuo eéiéﬁ#%&?c ap n%ggggégeiﬁtgg ébnerally
t he D2, simultaneously to the reactor whereafter the

15 temperature is increased from room temperature to a
temperature in the range'of from 180 to 240 °c,
preferably from 180 to 210 °C in the presence of any
compound ‘B, during a period of 3 to 8 hours, ‘thus
allowing the reaction to initiate and to proceed under

20 continuous azeotropic removal of water. Generally the
azeotropic removal of water is being continued until at
least 90% of the original hydroxyl groups have reached
-and more preferably at least 95% of the original
hydroxyl groups have. reacted. An esterification

25 catalyst known in the art, such as for example
dibutyltinoxide, paratoluenesulphonic acid, tinoctoate,
zincoctoate and lithium ricinoleate may be used in the
esterification procesé,.bﬁt is ih general nbt required.

In order to be sure that the terminal secondary

30 carboxyl groups have originated from the structure of
formula I dicarboxylic acid wherein x 2 1, and in
particular 1,4-cyclohexan¢ dicarboxylic acid, and not

from the cbrrésponding 1,2-structure (x=0) and in



azeotropic renoval of water is being continued until at | east 90%

of the oriviomsia2iesdr oxyl groups have reached and nor FCHERIPSOLIBY at
| east” 95% of the original hyd[o§yL groups have reacted. An : :
esterification 25 catal yst known in the art, such as for exanple

di butyl tinoxi de, paratol uenesul phonic acid, tinoctoate, . zincoctoate
and |it hi unPpir&iifollas el miydbeyeaselekanehdicarboxyddie@ddidatd apaptocess,
but ising I td B £ &4 _ to he sure that the

t er m nal se%gﬁéglreyq%% 4 %cgl?bgﬁyf'gr'oﬁbé ﬁé«'\%&%@%%nﬁat&éd fromthe
structure ofarboxylid caeidat¢ bécanbdngeds aeivdbsheddead }dyreing flheand in
particul ar - GV:cl.0 | C xvlic. acid, and _nqt : fromthe
correspondi%Séfﬁffg%Eﬁ%?&ﬁ%g%xéﬁgggﬁébﬁx in7its qag% stage.

-9- 5 parsuiicidlere lcdnpbuyds oRefapeudiecanbaty iproazisk &f pelié g

of the total _batch of e.g..1, 4:cycl ghexane di - . carboxyljc acid to
be i ncl udedPFFRF He HUHTH- R | Bgiﬂge grancgeﬁe&&ﬁgﬂ?gﬁﬁfWnﬁ%%%ﬁéferably
inits |astadtigdmtid-, or aralfiphhthbecenppondds Bdnaiysend Ncdkde process
of the . _present. inventjon include branched aliphatic-, cyclo-

al i phati c-, 2t Jicbﬁf‘;\Y‘?’_éo’_é SHABBS / cBACK: ARG ViWnally beingiphatic
hydroxyl greuphereachpiitfhyy doal bysBebfary hydro¥yiN@frsudy id@Ey Q5 a
secgndary hydr oxyl group, such as 10 or “exanmpl e propyl ene gl ycol,

neopént yi gﬁ?&olﬁxample PR B nEL ¥8Odr pRERPESItYLo Sk HE AHDPP) |
L a hydr oy e e R SELECBPANE (T iy PRI R O
2- butyl - 2- et '—Binydepardtpenyt , nlxdocyslebexanedimatdntiobf whi ch HDPP
b TSR ctohsone, OSSR Syl o op.
di met hyl ol and 2-bykywbidreéthwuttl, 3-propanediol or mixtures
15 thereof; of which HDPP is particulafly preferred.
A typical examplé of a Suitable'compound C for use
in the process of the present invention is dimethylol
propiénic acid. - _ _
A typical and preferred example of compound D1 to
20 be used for the prepération of the branched carboxyl
functional polyesters of the present invention, is
trimethylol propane and a preferred example of
compound D2 is pentaerythritol. |
As indicated above the aliphatic carboxyl
25 functional polyester resin obtainable according to the
process of the present in#entidn'can be easily
converted to a polyglycidylester resin according to
methods known in the art i.e. by reaction with an
' excess epihalohydrin in the presence of a suitable base
30 and optionally a catalyst. Most conveniently
epichlorohydrin is used.
It will be appreciated that due to the polYmeric
nature of the polyglycidylester resin of the present



A typical and preferred exanple of conpound D1 to 20 be used for the

preparatlﬁg)ﬂﬁ ap branched car boxyl functional pol yeayeEresoodest he
pr esent e trimethyl ol propane and a preferred exanple
of conpound DQ is pentaerythril@l - As indicated above

t he aliphatic carboxyl 25 functional polyester resin obtainable
according tiGJdition a reiaee%wf 1idie IRrARSIedf itser¢iop can hewepei |y
converted to a polyglycidylester resin according to met hods known in

the art i.eomyinedcvibh RKERlagnt coatifig QALORSKHEEINMIPFRE 1R the
presence Ofpaaréi'éﬁf‘glre HaéﬁcéQlent @é%r%&tdﬂn?iéy @n@a,;@iast Most

conveni ent Iy orohydrin is used It will be
appreC|ata¢e$m§tdneetmnthemPQP?MEQﬂ:Wlth anrﬁﬁiﬁ%ﬁ%ﬁv%héllm flow,

poI %gl yci dyle‘%t_&%vé §6He9Entth nr z(\%mﬁhoveqpea e, very

ron~a relativ evel o tOXICItg can now be
conblned\Ma&tfaceiVenhacdaesngﬂmanxhﬂlxﬁy hakan¢e, have beanticul ar an
excell ent weatherability and acid resi stance in conbination with an
attractive ¥5¥W¢fow, 5 gi ving a coherent and snooth appearance, very
attractive hardnesaaélebhbﬁlkhytbdhmnﬁapdtygﬂ&m&ﬁylester reathed.

It was foun t hat .t hose y i dyl.ester re rived fromthe
car boxyl RT1 R4 ﬁSPyggF %%ﬁ&ﬂﬁg} nctl %ﬁafh%°%¥ 3E?Foﬁ f&ein Y
r anges ffC”&ﬁ-tﬁe41n¥e§tﬁbh-wherelntiﬂﬁih§éy faoges tood 1Xt @ifulZ ranges

0to 2 and Q ranges 0 to 2, can provide the st Brefgrred out door
durabl e poWB%?e€B§%VnﬁaESﬁﬁoéqﬂWnﬁst%m © %r%?%?%ﬁlgn

pol ygl yci dytgsges begbne a@%\&?¥b¢MEEE%HEXmOSQ ,péferred SutdoorZ = 0, Q =
0. The curabl’e powder coating, conpositions of _the
durable powder coating compositions. More preferably
polyglycidylester resins are used wherein x = 3,
15 Y=1.5, 2 =0, Q= 0.

The curable powder coating compositions of the
invention may be prepared by addition of a cross~
linking resin to either the hereinbefore specified
linear or branched or star shaped aliphatic carboxyl

20 functional polyester resins of the present invention or
to the polyglycidylester resin obtainéble by
glycidating said linear or branched aliphatic carboxyl
functional polyester resin.

The amount of cross-linking compound used in the

25 powder cocating compositions of the invention will
normally be such so as to provide about equal amounts
of reactive groups of the cross-linking compound and of
the aliphatic.carbOXYI groups present in the linear or
branched aliphatic carboxyl'functional.polyester resin

30 or of the epoxy groups present in the polyglycidylester

' resin. |
‘Suitable cross-linking resins for use in

combination with the aliphatic carboxyl functional



I nvention may be prepared by addition of a cross-

l'i nki ng resin to

ei ther thephsbpizbef ore specified li'near or branched grr/gbgsio1sdaped
al i phatic carboxyl 20 functional polyester resins of the present
i nvention or to the polyglycidyléster resin obtainable by

glycidating said linear or branched aliphatic carboxyl

functi onal

pol yester resilyester resins EHGtQﬁD@&bsﬁhﬂﬂiﬁﬁbﬂtf$mnﬂr§0589und used in

the 25

normal |y be ALY Qutd

powder coatlngo% ( b&lons of the |nvent|on\MII

SoERO*IqERS Hibuntech as forpf reactive

groups of thxuEbs- th@kpamyggwqu@qe%&@zofresms acébed phypRat Lhecar boxyl

groups present in the linear

branched al i phatic”carboxyl

functlonal[Rﬁ%&%ﬁ%rl?%gPHlSG' theodigil wHdWRsEL B ovbsapphaent in

p0|yglyC|dYHﬁﬁﬁﬁ'-dlbrancﬁea'Bicarbox 1ﬁc aciHd abl e f§8?§?EHthng

for use in

- 11 -

| t ) r | e the
Sé?{;& Scfgyf*@g{ etg&g 3! n}és;@géxdgiﬁls%rs YWl af dif polyca rhof$ iy

conmbi nation wth | phatic car oxy unc
Euroﬁﬁﬁ@egﬁ‘é?nteépﬁél@fatﬂ-lw mrudslaira t e manipe ar 8189A 08

cor tion,

the
resi.ns

I onal

t he

di gl yci dyl esakds otamrphag tgo alkazllptsaibatmmnedoxdl eacbox;?l theaci ds as
di scl osed in, o] P e e ti 0 ubllcatlo nber
ﬁyC|d3?%ﬁ¥£ RE Qs e s %ge r]‘:LPope g Pg

and t he pol yg

sters ase ol POV AT baky I TE

518, 408

S carrying

wo 18 kyl sm@§11¢E¢¢enopubémbamﬁomhaumber 36&uzmm.carbon atogg a8366 205,
dlsclosed I n EurQpe t nt 10 ap catio ubllcatlon nunber
Sui t abl e crossléﬁ)égkﬁg- FRESTEANELRD gpﬁe51ns %dﬁblﬁﬁlon with the

pol ygl yci dylestleinaesonswotht Bke polyglyiRBaRistdweréspnsape tae exanpl e

t he (correspondl acid f

15

20

25

30

ese 1nventlon are %or exampl (corresponding)
acid functional polyester resin of the present

invention; solid polyacids such as sebacic acid,

ncti onal pouyester resin of the present

1,12-dodecanedioic acid; anhydrides such as polyazeleic

polyanhydride; acid functional polyesters such as the
reaction product of one mole of trimethylolpropane and
3 moles of hexahydrophthalic anhydride, the reaction
product of 1,6-hexanediol with a molar excess of
1,12—dodecanedioic'acid, the reaction product of

4 moles 1,10-decanedicarboxylic acid, 1.49 mols
hexanediol, 0.47 mols 1,1,1-tris-(hydroxymethyl)-
propane and 0.27 mols pentaerythritol, the reaction
product of 4 mols l,lo-décanedicarbOXYlic acid,

1.2 mols hexanediol, 0.45 mols trimethylolpropane,
0.29 mols pentaerythritol and 0.21 mols dimethylol-

propionic acid and the reaction product of one mole of

hexamethoxymethylmelamine and 3 moles of hydroxypivalic

acid and amine-type curing agents.

Most prefe%red are combinations of the aliphatic
éarboxyl functional-polyester resins and the polygly-
cidylesters derived therefrom.



15 I nvention; solid polyacids such as sebacic acid,

1, 12- dode&&ggﬂ'z%é: aci d; anhydrides such as pol yazel eic PCT/EP98/01903

pol yanhyd , acld functional polyesters such as the - reaction
product of one nole of trinethyl ol prepage-and 3 nol es of
hexahydr opht hal i c anhydri de, the reaction 20 "product of 1, 6-hexanedi ol
with a nol ar exgggsp@lvder coatihglZdhsiosaneshoi 6£achd, pthgeheaction
product of ' 2 mol es_1, 10- decanedi car boxylic acid, 1.49 nols
hexanedi ol , i0ventions meyl funther (GRRpPBiSee? hgealyst and gpgdaméland 0. 27
nol s pent aer yt hei , . ti s Pr Ck ,of I ]

1, 10- decane%ycgﬁ %)%Iylalc%:&lgtcliv&asc' & ]?r?ovin Zlﬁoﬁgghéignggi glg, §8.l}1:§br%oel S

tri met hyl ol poopase, in powdex). @atoig eempasiyianttol and 0.21 nols

di et hyl ol - . r,Qpi oni i n one nol e of
hexarret hoxynet h?f‘l%é-’la%r%egecaamn%gén%la(aa)ggo#gﬁy%ggﬁ h}i-)l % P%g@gglfargf acid and

ani ne-type anmond uageintd.phosphonium abktsprmééaiegaéte/ommmqund&ww of the
aliphatic sHSh: 884" %Q%Wé | 902 BOLYER] §Eb&RLIS v L he pol yaly-

cidylesters

- © complanpiamaicke ass | igr coxpasléi the dfitheoiessering

I nvention may fyrther conprise a catgl€st andlophLona - | y ot her
addi tives, LSTEAGHRY idPHTRS SFECR P HetQhi BXBTRLS d13Z3P4 yse in powder
coajpng conpgeilldudecene. Suitabl e catal ysts are for exanple
guat er nary ammoni um and phos honiunrsaL&i;unet% sal t s/ conpounds

|
such as for exafpite HHoRY 1 F3521 Sk cuSBdsHE sualdyyPSinds such as for

exanpl e the sigfeddeHESin Ak range &6 Ek8hy 030 RES 23Uy afke ifit exanpl e
di azabi - 10 cycl oundecene. The amount of, catal yst used
wi || usual | pased on the gépdaier ef i RhenEokahgPoyrerr GRaFiP% 0 2% by wei ght

composition.

12

15 Suitable cure times and cure temperatures of the
powder coating compositions of the invention are those
conventionally applied in connection with-powder
coating systems.

The invention is illustrated by the following

20 examples, however without restricting its scope to

these specific embodiments.
Example 1

Preparation of aliphatic carboxyl functional
polyesters 1 to 6 according to the invention.

25 Compounds Al to D2 were charged in molar amounts as
indicated in Table 1 in a round bottom glass reactor,
equipped with a condenser, temperature control,
nitrogen inlet, stirrer and vacuum inlet.

The mixture was then heated to 150 °C in
30 minutes. Thé temperature of the reéction mixture was
increased in two hours to 210 °C and kept at 210 °C
until at least 94% of the original hydroxyl groups have

reacted. The acid functional polyester thus formed was



based on the wei ght of the total powder coating conposition. 15

Sui t abl e cwocosi4zmess and cure tenperatures of the poWRCT/EP98/01903)
conpositions of the invention are those conventionally applied in
connection with powder coating %%sfens. The invention
Is illustrated by the follow ng 20 exanpl es, however w thout

restrictingdischargrdtand allowedhése copdcidawn dnbatiament s.
Exanmpl e 1 £ reparation of aliphatic carboxyl functional

pol yesters 1%%?%5%&%%rding to the invention. 25 Conpounds Al to
D2 were charged in nolar anmpunts as . indicated in Table 1 in a round
bott om gl ass,_eact.or equi pped with a condenser, tenperature
control, %aﬁier#n+%g%h inlet, stirrer and vacuum i nl et. The
m xture wag {hen heated to IS0 f[errJ[CTn 3P_m pur eg._ TN
tenperatured§£§?%¥feactionlﬁxt%re vas |3 4i ngPeagdd il twd Sourp to
210 [err] Clamthdeidnal gdykerr|] C unti| at|leagt 94% of |t he
ori gi nal h)dr0ﬁ¥l groups have react ed. | Thelaci d functional '
pol yest er RS oriRtthas - 13 -
di schar ged [andal T owed_T O COO [dOWT {tT T OopTm tefpergture:
Table 1 1) |4 4-CHCA (AEjyrboxyl| 9 9 ] 2 |23 |64(5% |6.5 8
functi onal [poty= ESterrest

HHPA (A2) - - - - - - - -

DMPA (C) | 2.5 |2 1.2 |~ |- |- 1.5 |1.5

HDPP (B) 5.5 |6 6.8 14 {8 |1 |3 4

T™P (D1) - - - 1 3 |1 - -

PENTA (D2) - - |- - {1 |- - -

1,4-DMCH (B) - - - |- |- 12 1- -

1) Numbers given represent the amount of moles of a
particular compound charged to the reactor in the
process of example 1 for the preparation of the linear
tertiary carboxyl functional polyester resins 1 to 5.

5 2) The chemical compounds represented by the
abbreviations used are:

1,4-CHCA: 1,4-cyclohexanedicarboxylic acid

HHPA : hexahydrophthalic anhydride
DMPA : dimethylolpropionic acid

10 HDPP : hydrogenated diphenylolpropane
TMP : trimethylol propane

PENTA : pentaerythritol
1,4-DMCH: l,4-dimethylolcyclohexane



1, 4- CHCA (Al) 9 9 9 7 21 6 55 6.5 HHPA (A2)

- - - DVPA (C) 2. SpcE/Ep9s/d1963
8742768
- 1.5 1?§)9 HDPP ( B) ' 55 6 6.8 4 8 1 3
TMP (D1) - 1 -314 4 - - PENTA (D2) -
1 - - - 1, 4- DMCH ( B) - 2

i EHam@g%?@rs gi ven represent the amount of noles of a
parti cul ar conmpound char ged tg t?e reactor in the £ process of
example 1 for t ?ﬁ%’b%?g‘?ﬁ‘oﬂ oft E-HBaFF-ﬁeéEPrbOXYl yngtienad car boxyl

functi onal VP rr 9548802difAgoto Bhe indlenthi¥h chem cal conpounds
representedggi t he ab brev?atlons used are: 1, 4- CHCA:

1, 4- cycl ohexaneF R YRY$ | BHRA; HDPP, TMBHRA a molpsx atatdraphf hhtﬁic:Z

h de d 0 Mo :
ﬁgd)r/g’gr_:;:anat ef%ﬁ%h%f%e%r%%a%g%{ma bg%‘%%&noral%‘%c a]';tqhyzf olé_%f -

PENTA : péhtdergteendenser, tempezrabmes: cpn¢nmhnnwnggewcimheuane
- 14 - stirfePAMRE Facuum inlet. ThEPHEXLIL QfaflHPNELY O Sar bOXYI

functi onal o ) )
: 190 "C and kept at this temperature until the acid

value was below 0.1 meq/g. Subsequently 1,4-CHCA was
10 added in an amount aécording to a molar ratio 1,4-CHCA
+ HHPA, HDPP, TMP and 1,4-DMCH of 13:8:1:2, and the
mixture was further reacted until at least 94% of all
original hydroxyl groups had reacted. The acid
functional polyester thus formed was discharged and
15 allowed to cool down to room'temperature.
Example 3
Preparation of'corresponding polyglycidylester
resins A, B, C, D, E, and F.
An amount equalling 1 carBoxyl groﬁp equivalent of
20 linear tertiary and partly secondary aliphatic carboxyl
functional polyester resins obtained as samples 1, 2,
3, 4, 7, and 8 respectively in Table 1, was dissolved
in 16 moles epichlorohydrin (ECH), 15.5 moles iso-
propylalcohol (IPA) and 15.5 moles of demi-water. The
25 solution was charged to a glass-reactor equipped with a
temperature control, stirrer and reflux condenser.
Next, the temperature was raised to 70 °C, followed by
gradual addition of an 50 %wt aqﬁeous solution of
0.16 moles of NaOH over a period of 20 min. The
30 temperature is increased during this caustic addition
from 70 to 80 °C. At this temperature the mixture is
Stirred until virtually all acid groups are converted

(approx. 50 min.). Subsequently, the mixture is cooled



pol yester 9 according to the invention. Conmpounds HHPA, HDPP
TWP in a mploigga2aé8 0 of 1:8:2 5 were charged in a rounBCEEPOYRINS ass
reactor, equi pped wi th a condenser, tenperature control nitrogen
inlet, stirrer and vacuum inleti®The mixture was heated to

190 [err] C and kept at this tenperature until the acid val ue was
~bel ow 0.1 meop S Sibseluehhliys tempEréAuwas teadual giibicion anf aamunt .
according t | ar _rati - CHIC + HHPA, F T nd 1, 4- DMCH
of 13:8:1: Z%Qn Fhaau oud %O%ug;%eo\ﬁag fguzr ﬂ?ellrégﬁeoaé:{%eggo%nw(?ga? | east 94%
~of all period gbHab0hpdnoxfboldomens Rftereactpmbt-Hencicion of

functi onal | yester_thus.formed was di scharged, and ..allowed to cool
down to roo ﬁgh%Efa%%rQOles oF wg%ﬁﬁnﬁ%? ?a%%d andjéheFW%ﬁﬁﬁﬁgiBﬁsof
zérresponmlﬁxffieglgﬁkdsLmthrThe reacdd%ﬂdﬁhﬂ%?ﬁiﬂfﬁ illfwe@nﬁoF. _

n anount equall jng 1 carboxy rQu ui.vgl ent o i pear tertiary
and partly g@%ﬁﬁﬁ%r?“ﬁlFBH&FﬂBe%§3§8%$% brine was,®ReRrAtedof 588t er resins
obtai ned as tsdPbL§aRicphase. Thedexbess A&, asneci pAChNdi Bohabl e 1,
was di ssol ved L in 16 nol es epichlorohydrin (ECH), 15.5 noles iso-
propy! al cohofenaaingnyatsrswas| £daghege@ifatidh viaruym. sol ution was

charged to a 9|af§ér€é§EQEiEBUEQH§$‘@éélnaA, B, C,t§$ﬁ@1a$H&eFCQQErO|
stirrer and reflux condenser. : Next, the tenperature was raised to

70 [r]c - fdisebredyin methylgdspipatydddiations ofMB#KE0 ot aqueous

solution of urpk/re8i8s7! G991 MR 4 ROMOL PIerO.atEy The 30

tenperature Is 1ncreased during this caustic addition ¥ron170 to 80

[err]C. At thwateevrpesanaidlt ivé Wi xatur’®-7% °C. The MIBKedlsuneinbvedrtual |y

all acid gr S o] rte I 0%, 10, ). Su quently, the

mxture is c |%§E8uﬁ BY§5hednd the péf?&i§8&d§¥£é%é& wa§_8ig . '
charged from the reactor and allowed to cool down.

15 The epoxy resins obtained showed the following

properties:

Table 2

Resin A B c D E F
EGC (mmol/kg) 1360 1214 996 1355 1400 1250
Tot. Cl(cor.) C

(mg/kg) 5640 5338 5029 6212 7500 6500
ICI-viscosity .

(Poise, 200 °C) 9 11 16 14 9 16
Tg (°C)

{DSC, second
scan, mid. val.) 35 39 47 38 32 39




to 55 [err]C. At this tenperature, gradual addition of an 50 - %M

aqueous s%‘?%&mapf 0.92 nol es of NaOH over a peri od pfT/EH8M1903
foll owed. "Affer a post-reaction of 5 mn., 15 noles of water was
added and the m xture was 5 stirré@ for 5 mn. The reactor content was
allowed to settle and subsequently the brine was separated from
t he orgpghtepBase. The excess of ECH, the | PA and sone remai ni ng
wat er -was_fl F)Q.h(:\(‘l of f with vacuum The-resiul-ti Rg 2sin A,
B, C, pingredagntswWas 10| P1  di sspPged i hPRet hyl| B%obutyl k&Pone (M BK)
(M BK/ TUGSh L WS andr wasted 4 | T TTES Th wat ¢r Water/regin=1/1
v/ v) afgé%y?gyférﬁ C. The MBK is [enoved by vacuumyfl ash and the
pol ygl yestiglkest er was di - chargefl fromtihe reactorjand alloyed to
cool dpwn,: 15,4, The epgxy resins optained|showed the|follown
propert}‘,:wé\g:l;i (1) AI'aol e g Regin . 3\ B C
D E ~ F B ECC (+#mol / kg)750 1360 (1214 - 996f 1355 1400
1250 Fot—~OC-co+) Hrgi-eg : 5640—-5333—5649
[Ty \ C 7 - ‘3 2 J '750 . - -

6212 500 6500 | Cl-viscopity (Roi se, 200 ferr] O 9
11 [6 ~ 14 D- 16- -Tg {[er+]CO) 738 (IPSC, second
scan, pd__val ) 35 39 47 38 32 39
- 16 - " E - = - - 1000

Carboxyl

functional

. resin (2) 6 397 450 369 500 724

Titaniumdi-

oxide _ 299 360 336 371 517

Modaflow (3) 19.4 23.4 | 21.9 24.8 33.6

Benzoin 8.0 9.6 9.0 9.9 14.8

Catalyst 3.0 " 3.6 3.4 3.7 5.2

Powder charac-

teristics

Extrusion

behaviour e OO mrenen ——)

Storage

stability @ .

30 °c moderate | good | good moderate | good

Coatings (4)

Appearance & smooth-- N

Gloss (5) 85 89 85 | 86 87

Reverse

Impact (6) >60 >20 >10 >40 . >40

Accelerated

weather _

resistance (7) >1800  |>1800 |>1800 |1500 >1800




Tabl e 3 Ingredients* P1 P2 P3 P4 P5

Pol ygl yci.dWWo 9842768 resin (1) A 600 - PCT/EP98/01903 -
B - 750 - -"17 - C _ -

- 750 - " D - - 738 "
E _ - - 1000 Carboxyl functional resin (2)
6 397 * akhpamounps in graggg 724 Titaniundi- oxide

299 360(1 ared ad3’described’ iMoEaldeWd 3 19.4 23. 4
21.9 24. 8( : 33.6 Benzoin ﬂﬁﬁ 9.6 9.0 9.9
14.8 Catal yst2) Prepared ag gescribgdsin Eacample B.7 5.2 Powder
char ac- ter| behayi.o . . 9o

St orage st abi }%0%5{)8? %i'r £8%h LChn"r’ﬁ%’d‘ecr all)taesecbofol v aglo%davaﬁ'gﬁggﬁte
good Coatings (4freppdansaveo Co. : snmooth d oss (5)

85 89 86 ever se a >60
>20 >10 4L %gétlngs ~JGPRREL & g ﬁrg%r?sqéta%cjéofn >1800

>1800 >1800 15D® minutes1868 thlckness 40-60 micrometres.
(5) Measured with Gardner micro-TRI-gloss apparatus,
angle 60°. '
(6) Measured in inch]pounds according to Ericksen
type 304 ISO-TR-6272/1979-DIN-55669.
Hours in Atlas Weather-OMeter, running SAE J1960 test
method before 50% reduction in gloss.



- 17 - * all amounts in granms (1) Prepared as described in Exanple 3 (2)

Prepared ia&gggﬁxébed in Exanple 1 (3) Mddaflow Il is an agpyjEpeshpesd
flow aid F4%P from Monsanto Co. (4) Coatings: Q panel AL-36, cured
at 200 [err]C for 15 minutes and-thBckness 40-60 micronmetres. (5)
Measured with Gardner m cro-TRI -gl oss appar at us, angl e 60.77(6) Measured
I n i nch/ pounds according to Ericksen type 304

| SO- TR- 6272/ 1979- DI N-55669. Hours in Atlas. Weat her - Ovet e“"l"“”mm”%”m
J1960 test method before 50@6reduct|on |n Io

-18 - ¢ CLAI

Li near or branched polyglycidyl ester resins obtalnable by reactlng
car boxyl functional pol yester resins with an excess i hal ohydrin in
t he presenck. of Carboxyl ﬁ@mQ§¥ﬂn§HxRRizﬁﬁtQﬁn#%ﬁ%@$yoétéhﬁégigtbYsald

carboxyl 5 .., .kypgti,gnal polyester resins obtainable by reaction of:
(a) at | east°2 conpound of the formula [err]
(a) at least a compound of the formula

o) o)
I g H I .
HO-C-C- (CHp) x-C-COH . I
| I '
Rj R2

wherein x 2 1

5 wherein Ry and Ry each may répresént_an alkyl group
having from 1 to 4 carbon atoms or wherein Rj and
Ry may form together with the group ~CH-(CHg) x-CH~
a cycloalkylgroup (Al), optionally mixed with minor
amounts of a corresbonding compound of formula I

10 wherein x=0, or anhydride thereof (A2),

(b} at least one diol compound B, comprising two
aliphatic hydfoxyl groups, which may each
independently be a primary or a secondary hydroxyl
group; '

15 (c) optionally one dihydroxymonocarboxylic acid
compound C, comprising a tértiary aliphatic
carboxyl group and two aliphatic hydroxyl groups
which may each independently be primary or
secondary hydroxyl, and

20 (d) optionally a trihydroxyalkane (Dl) or tetrahydroxy-
alkane (D2):; . .

the molar ratio of compounds (A1+A2):B:C:D1:D2 being

X+Y+22+3Q+P:X:Y:2:Q, wherein X ranges from 1 to 8, Y

ranges from 0 to 8, Z ranges from 0 to 4 and Q ranges

from 0 to 3 and P ranges from 1 to 5, preferably from 1

to 3 and is most preferably equal to 1, at a

This Sheet Has Been Replaced

THIS SHEET HAS BEEN |
REPLACED |




wherein x [err] 1 err] and R[efr] each may represent
an al kyl gwols/42768 “"’"”,M'malmw to 4 carbon atoms orPF\%/@iP 98 err)
and Rlerr] 10 férntt oget yith the group

-CH (CHerr])[err]- cyc alkylgroup (Al'), optionally m xed

Wi th m nor s of correspondi ng .conpou formul a
wherein x= OtQWP%ﬁﬁQHF?dgg %EP@oﬂ%P 40, unéiﬁnég%eﬁhﬁﬁil%ﬂ% i ol
conpound B, QK 8+&PyLlWerdlips as 1nﬁﬂﬂdﬂk¥lpkd§éﬁﬂﬁﬁﬂ geoups, which may,

each i ndependently be a primary or a secondary hydroxyl
gr oup; xeaqjonphishareyhave H@ﬁ?dﬁ@?fﬁﬁﬁbcarboxyllc aci d

corpound G, 230”&5&:?15&313 vy § keﬁt:t%naql Egh@réscaeqarﬂy@%s 2rcording gboup and

two aliphatic hydrox groups each |ndependently be
priméry or ssowv¥maty hbdre%yerlzed in tha&mﬂPmponent RY)igptionally a

ol ot 1ol o SR CekE i AR e apig, opr fUKRDEy (RBkeaZiien the

mol ar ratio of coO

X+Y+ZZ+3CHPwﬁnbz @mouhErefanZHmeiDHExaneLdipixbakylic acidnges fromO
to 8, Z ran féonho ég d Q ranges fromO to 3 and P
ranges fro % 155 Sr 8?58 y froml to 3 and i's nost preferably
equal to 1, B aCaebpeydtfnectional @bﬂyaynéﬁxkésnﬁkﬂhccmrdingsSentiaIIy

o1 0SS g SRR UL AN eSO g fgacti on MKt ure
claim1l, hydrﬁbaﬁaeéaruag@dmyndyyxdpangmuﬂnpy¥ I's 1, 4-cycl ohexyl

4. Carboxyl functional polyester resins according to

claims 1-3, characterized in that component C is

dimethylol propionic acid. _

15 . 5. Carboxyl functional polyester resins according to
claims 1-4, characterized in that component D1 is
trimethylol propane.

6. Carboxyl functional polyester resins according to
claims 1-5, characterized in that component D2 is

20 pentaerythritol.

7. A linear or branched polyglycidylester resin
obtainable by reacting carboxyl functional polyester
resins according to claims 1-6, with an excess
epihalohydrin in the presence of a suitable base and

25 optionally a catalyst. ' .

8. A powder coating composition comprising a linear or
branched aliphatic carboxyl functional polyester resin
claims 1-6 and a cross-linking agent.

9. A powder coating composition comprising a poly-

30 glycidyl ester resin of claim 7 and a cross-linking’
agent. |
10. A powder coating composition according to claim 9,

characterized in that the cross-linking agent is a
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di carboxylic acid, optionally m xed with m nor anount of .

1, 2- cycl ohgihgaadéscar boxylic acid or anhydride thereof. 10 pcTR&P98/n1903

Pol ygl yci dyl ester resins according to ¢clainms 1-2, characterized in
t hat conponent B is hydrogenated - 2Bibhenylolpropane ( HDPP) . 4.
Pol ygl ycidyl ester resins according to clainms 1-3, characterized in
t hat conponehin€arsodi hrepghed podpiestier Iesin amdarding to 5. .
Polyglycidylc?§E§E hegi ns according to clains 1-4, characterized in
t hat conponen i's trinmethyl ol pr opane. 6. Pol ygl yci dyl
ester resins according to clains 1-5, 20 characterized in that
conponent D2 is pentaerythritol. 7. A powder coating conposition
conprising a pol ygl yci dyl ester resin according to clains 1-6 and a
cross-1inking agent. 8. A powder coating composition according to
claim7, 25 wherein a carboxyl functional polyester internediate for
the preparation of said polyglycidyl ester resin, is used: as
cross-1inking agent.
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