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ACI DTFUNCTI ONAL AND EPOXY FUNCTI ONAL POLYESTER RESI NS The
present invention relates to linear, tertiary car boxyl functi onal

pol yest erwp@82488 to a process for t he preparati on RETERYA6RH ns, to
pol ygl yci dyl est er resins obtainable by glycidating said |inear,
tertiary 5 carboxyl functional polyester resins, to coating
conpositions, especially powder coating &oﬁpositions, conpri si ng
said linear, tertiary carboxyl functional pol yester resins or said
pol ygl yci dyl ester resins and to cured products obtained by using the
I ndi cated 10 coating conpositions. Powder coati ng

conposi tions baged ewuNCIgoMAlL AND EPOXY "E%ﬁ@trt@mﬁ! %ﬁ%?’l@h RESINS
2, 2- bi s- (4- hydr oxyphenyl ) pr opane and epi chl orohydrin are known

already for a long tine. The cured products prepared on the basis

of these 15 RAEPRLELLARS 1ALRnE8hoLaTL: AL ASY s KLl wairks dignever

they only show a low ultravio resi stance and are her e e not

suitable for &agbpefa'tlu dnanctigniadi pglyester reshngh ot doprodessbiffiony such

as buil ding pagl t ti pcoat &
TrlegC|dersters %%Paﬁatlonbgguge Fﬁgé%%d §§a§°ﬁ %lyc1dyl tF oor durable

coatings and Kﬁsmnﬁl@bﬁgl@@bﬂ@sb@1gdyc1dat1ng aad ddildmleased tertBampean
Pat ent Appllc%%&ggx§q f4%.%§%Pal Pglyegﬁp r2sd %60%0 C&%tfgirmesepondary

nat ure of t he Gn&EraRs present he tri- 25
carboxylic acm@m@@¢u¢uomﬁec@Bp@m&alQWrpngdakkabamang composddridirts ,ons -
carhoxyli c acid

shoul ] be YOS AN 0 ANEIHLLD! Vorpaagy calIRTGL ARRBIY ¢ 2
hydrol ysi s ofp@myaster re51nsnmmese&wepogw@ugﬁﬂdyﬂésteme&mm1@&0kbﬁhe. As a
resul't to cured products obtained by using the indicated

10 coating compositions.

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

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

20 Triglycidylesters which can be used in good guality
outdoor durable coatings and in moulding compositions
are disclosed in European Patent Application No. 447360
(EP-A-447,360). Due to the secondary nature of the
terminal carboxyl functions present in the tri-

25 carboxylic 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 backbone. As a result



- 2- thereof the triglycidylester produced will contain a

rel ati vely high-1evel of hydrolizable chlorine and/ or will contain
| ow nol ecul ar wei ght hydrol ysis products whi ch m ght cause tOXICIty
pr obl ens. WO$8/24828 The high | evel of hydrolizable ehl oriBf/ER7/06

reflected in exanple 2 of ER-A-447,360 which relates to t he

gl ycidation of the 2:1 adduct of hexahydzophthalic anhydri de and
di et hyl ol propionic acid. The product obt ai ned has a chlorine
content of 1. Sﬁéréhﬁhthehtghglﬁc1dyle$€WE|pfﬁdﬂéﬁﬂ(hEﬂl(ﬁﬁﬁtaﬁm as

|1y und {i In addi due t
Rectactt ot FeLAERELY s g devef ok BRI Tele o Bnd idSRi0 are

liquid, they oanlnebnbglapp6weﬂolec@p&aeweggﬁ%lK@hroly31s ses@estsions. 15
The nost connng+¥5used system for outdoor durable powder coati ngs

are pol yester¥ I?E?H?IF%B%?aﬁﬁ¥h?%tY problensg ). For health and safety

reasons however thgeUREgh level &Ff H: EblﬁzaﬁfawahybéihéuﬁﬁlClon TACis
relatively toxic (Rat Oral LD50 of & and there are 20
¢

i ndi cati ons tﬁﬁ?l?ﬁEeéohﬁoﬁﬁﬂmpéen%tﬁéeﬂ?tAaﬁéﬁf%@ hich relates hgoO Ares
Mit ageni City gR&tgiycidation of FERE Fii 0REARCPAS £ M e 2PRYd FGhH ORa NP

0634434A2 was known a process for the preparation of |inear
tertiary anhygrignaepe dimpbhyloinrepiontf pelgeste Prednst by 25
reacting: obtaih@d Rhs! QaéfllQP?nEOEPH’c'Qﬁit Pof CP”@%' S$15‘8h OR€n RO~

functi onal rlnari or secondary hydroxyl group a at | east one
conpodfid A" céaperisphgrenédpringhjorbpe is geneéékbﬁd@m@eﬁyﬁ¢b&9ll@roup and

one tertiary éla fx‘lﬁ; ﬁoﬁﬁosnloﬁér beXYLa8iPYBn, due to R Phcteggitone

aromatic or Cyc
the tr1glyc1dylesters reported in EP-A-447,360 are

liquid, they can not be applied in powder coating
compositions.

15 The most commonly used system for outdoor durable
powder coatings are polyester/triglycidylisocyanurate
(TGIC). For health and safety reasons however the use
of TGIC is viewed with suspicion. TGIC is relatively
.toxic (Rat Oral LD5gp of 0.4 g/kg) and there are

20 indications that the compound is mutagenic according to
the Ames Mutagenicity Test.

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

25 reacting:
(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
secondary hydroxyl group and one tertiary aliphatic

30 carboxyl group;
(b) at least one aromatic or cycloaliphatic

dicarboxylic acid compound B comprising two aromatic-



di carboxylic acid conmpound B conprising two aromati c-

-3- 7 % or secondary aliphatic carboxyl groups or the anhydride

t her eof ; gc) at | east one diol compound C conprising two ali-
phati c ‘hydWe¥R48Boups, whi ch nay i ndependently be a 5 BOTERITO65P o
secondary hydroxyl group; and (d) at |east one

di hydr oxynonocar boxylic acid conpound - 3 - D conprising a tertiary

al i phatic carboxyl group and two aliphatic hydroxyl groups, which

may each ori 8depRALEPt 4 Vi PRaPit NBE YOk y S EEANEN Yo MUHOBHhydii de
the nmolar ratio_of cagpounds A :A":B:C D being

M N X+Y+1: X: Y CRereoLy  herein MeN=2, X ranges from2 to 8 and Y ranges

from2-Nto 8, a&)aatenpgsatenée @lofresm &%?é&nsﬂﬁréj]x@ two ali-until
essentially all the non-tertiary carboxyl groups 1 as Initially

present in the PRAELFORYAFQXY}t cIRAYRS hepich may indepanddently be a As
preferreg C0npoﬁﬁﬂﬁafpéofgéesgééﬁ&éPﬁg%ﬁﬁgox li?f?$§?QHRi'f'ed

hexahydr opht hal'i ¢ anhydri de. _ r eove s application were

di scl osed 20  (d) patyyeget dynesdbhydeexymonteat ey ld dya gish stanppur d
l'inear tertiarypalbbpBatkéngakbPg¥; CLy PRl | ¥z W th an
excess epi hal ohydri nB?n trﬁg presen%:éygf i tPgaélasru]??x%]I eg%cggéae%t?%
cat al yst. Pref eFupl §liphatpel pydroxyl grewpss swhiecke magactassh wit h

epiChlorOhydrinin@@b@n%%ﬁtf? bed§f§ﬂ§f¥fgfdséééﬁﬁ%ﬂgﬁg%ﬁﬁhagé and the

correspondi ng yal yci esters derrve romwere used with a
cross- | 18ki ng agent thermpbaderatovat phgconmppasds iANsA":B:C:D being From t he
Eur opean pat ent applicaﬁhﬁnéb@+ng29997A2, | inear tertiary carboxyl
functional polyesters and 3 ““epoxy functional polyester resins were
known. These 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
15 as initially present in the reaction mixture have been
reacted.
As preferred component (b) were described and
exemplified hexahydrophthalic anhydride.
Moreover in this application were disclosed
20 polyglycidylester resins obtainable by reacting said
linear tertiary aliphatic carboxyl functional poly-
esters with an excess epihalohydrin in the presence of
a suitable base and catalyst. Preferably, the poly-
esters were reacted with epichlorohydrin. Both the
25 specified linear polyesters and the corresponding
polyglycidylesters derived therefrom were used with a
cross-linking agent for powder coating compositions.
From the European patent application No. 0720997a2,
linear tertiary carboxyl functional polyesters and
30 epoxy functional polyester resins were known. These
polyester resins were obtainable by reaction of:
a) at least one aromatic and/or cycloaliphatic

carboxylic acid compound A comprising two aromatic-



pol yester resins were obtainable by reaction of: a) at | east one

aromati ¢ and/ or cycl oaliphatic carboxylic acid conpound A
conprising two aronatic- -4-
and/ or sWELIPABA8 al i phatic carboxyl groups or the . BEREBPTHESY her eof
b) at |east one hydroxyl conpound B conprising two al i phatic

hydr oxyl groups, which groups each 5 _ 4 independently may be primary or
secondary hydr oxyl groups, c) at |east one hydroxyl

substituted Cahﬁ¢6¥|b§c6ﬁdﬂry allﬁhﬁeﬁﬁoéﬂéb6k99”BEbﬁgngﬁtthSaSt one
tertiary aliph boxyl group and two alip

whi ch 10 QPBMB§1Q3cﬁhFﬁGQ§endently may be primary or secondary
hydroxyl groupy, afdieast oné)h?BEbQ9§|E&mﬁaﬁnaaﬁbe&%%£§s§ﬁbdtﬁ9”pound D
com prising one carboxyl group, e nolar ratio of
conpounds A: Baé?Ehﬁéiﬁghygrox groupx;Ywhjick: grgups each ‘wherein X

rangeSSfronlZLBQeéenXehgﬁgeg grgg‘§éﬁﬂa§gtﬁr sec0ﬂ§99y2h§ﬂggﬁglfron]o to 2.

sui tabl e curing

These pol yester resins co t og er wt
agent for thegpePyB8eti on of powder 20 coatings, or could be converted
suitable " a5 feast one pFENRY SbSkReablChakBatpTRL LT T 1 @
coati ngs. compound A Clogggh sting hkné&asteDnsat§rahaphaaimpbatngyI 25
functi onal pOE&%ﬁB%& rg&%ﬁ% and ¢he Bﬁ'éﬂa¥§thb8§B§§§ngr?up gk

enabl ed a certain as to the'r of exce Ient

out dod® durabgmpuyS(BVC@tabdbpeﬁﬂently mayabe pesmaranoe agepndarftydr ol ysi s

in the cured glateyv1 groups, and

d) optionally one carboxylic acid compound D com-
prising one carboxyl group,
the molar ratio of compounds A:B:C:D being
15 (X+Y-1) :X:Y:2,
wherein X ranges from 2 to 8, Y ranges from 2 to 8,
and z ranges from 0 to 2. :
These polyester resins could be used together with
"a suitable curing agent for the production of powder
20 coatings, or cpuld be converted into the corresponding
glycidylesters, which in combination with a suitable
curing agent could-be used for the production of powder
coatings.
Although the linear tertiary aliphatic carboxyl
25 | functional polyester resins and the polyglycidylestérs
thereof enabled a certain progress as to the require-
ments of excellent outdoor durability (UV stability)
and resistance against hydrolysis in the cured state,
with reference to their use in modern economically
30 applied powder coatings, there is still a need for
further improvement of this combination of properties.
Therefore, it is an object of the invention to

provide linear, acid functional polyester resins in

atic hydroxyl groups,




with reference to their use in nodern econonically 30 appl i ed powder
coati‘ngs, :'there is still a need for further inprovenent of this

conbi nat i‘%&?%s%opert I es. Therefore, it is anggg,#g%s%fo t he

i nvention provide linear, acid functional ‘polye resins in
- 5- whi ch the acid-functionality only conprises tertiary

al i phatic carboxylic acid functionality, T ch can be readily
glycidated so as to forma pol ygl yci dyl ester resin. Said linear,

tertiary carbepilchf gt iagid-fanctignalyjidyt enlyesiompaidesaitgrtiary

pol ygl yci dyl est &Sl sy . f urt.her Ji.npr oy r rties when
used in outdo%ﬁg%hé%igluraq%?ﬁiﬁM%§ﬂ§§%¥#%é%§8%ﬁo Vtﬁ@%gg'%%lckeare

rel atively enviesghidpntgdloidatieshdloy.as to form a fpelyglegzildylektext-ensi ve
research and ri t.a; 10 tiqQn.said_linear, acid. f.uncti onal

pol yest er resi?r(\e%%é‘l’ggg?lad lmeardt %eﬁé‘atfgeﬁaﬁg’\ﬁxgd‘r %lpinﬁtﬁ‘@"ﬁ ound.
Accordiongl y, tood yersteentrdsiverdndsgirdbyodagllyicdiedlester resinemiusary

car boxyl functi onal l.yester resinps . __Oobtai nabl e, Qy reaction of 15
(2 at I cast GRON TARRNAR HORACIA] drapsrries wnen ubed th REA0R" I Ve
with a mnor wWighld moidedn dfatiihg compositiondl, kKaihd o @afeboxylic acid,
containing in tge range ) f. from8 to 16 carbons atons (A'),
(b) at |east ﬂﬁﬂffgﬂbfVHﬁﬁﬁﬂgﬁ Yo Sdiepddy - conpound (B),
conprising a tertipy s alddiad idf extensive reGRIERIGHY land @upcichehntad -
al i phatic hydroxyl groups, . .(c) optionally one diol conpound (C)
conmpr it ng twdion said linegr Jgiqd £ IPRAL RBYES LakhiZas iRdy e
i ndependent | y i€ 1w iBEYY ri¥w S Q0O g YY) 25 group, and
optionally (d) a conmpound (D) conprising one nonofunct i onal
Accordingly, the present invention provides linear,
tertiary carboxyl functional polyester resins

obtainable by reaction of

15 (a) at least one 1,4-dicarboxylcyclohexane (A)
optionally mixed with a minor weight fraction of an
alkane dicarboxylic acid, containing in the range
of from 8 to 16 carbons atoms (A'),

(b) at least one dihydroxymonocarboxylic acid

20 compound (B), comprising a tertiary aliphatic
carboxyl group and two aliphatic hydroxyl groups,

(c) optionally one diol compound (C) comprising two
aliphatic hydroxyl groups, which may each
independently be a primary or a secondary hydroxyl

25 group, and optionally

(d) a compound (D') comprising one monofunctional
primary or secondary hydroxyl group and/or a
compound (D") comprising one primary or secondary
hydroxyl group and one tertiary aliphatic carboxyl

30 group, the molar ratio of the compounds
(A+A') :B:C:D":D" being X4Y+1l:Y:X:M:N wherein M+N is
in the range of from 0 to 2, and preferably from

0.5 to 2, and more preferably from 1 to 2,



primary or secondary hydroxyl group and/or a conmpound (D")

conprisiig one primary or secondary hydr oxyl group and one
tertiary aliphatic carboxyl 30 group, the nolar ratio of the
conpoundswo 98/24828 (A+tA ):B:C. D : D' being X+Y+1:Y: XX M ROWRRIBREISM-N | S
in the range of fromO to 2, and preferably from 0.5 to 2, and
nore preferably froml to 2, 6 - 6-
wherein X ranges from2 to 8, and Y ranges from [2-(M:tN)] to 8, at a
tenperature of yheomy 409 t.«ang@é EoR] £ o g, .2 crﬂf fRetd 1y all the
non-tertiary carboxyl groups as‘rnit resent In the reaction

m xture have bédn(¥+N)] teeBetel.a temperature ‘Ith% fliQileaJrOQ dra 225y “Q.i phati c

carboxyl functi,;geah oY e§ rehES 1{@%& lgﬁ?% gﬁgﬁ&; ally
free from nonetsgsﬂ;érg gxy gl?%tlj enit x?n cl d“val ue
whi ch practi calaSylaemé%,wngsesenthenthbereea@aiomamdc@&e haves/daen

cal cul aged on %ggcgggls of the anobunt of tertiary car boxyl groups

of the reactants as Initially present in the reaction m xture. The
term " pract i'cal | y" The dWé$mdar tertiahyralipbaticndradiaxyl danctiammlf rom t he

t heoreti cal u + O/ d ef.er % at st. This
15 S detg g@% %e gﬂd{é}rl a%g %r%tglgc % rtte a?ﬁn;}’ fg rd £ om For
t hose skill ed npntheranarytcarbbxpk gndepstwhmh it has dhadciderainleecul ar

ht d b h f,th
fesin producedieh BRARSEREhy corprspfidEnER; R Tiadterketliadide ati os
appl i ed020 vailnet kcalprdaesd oh the bagtatodHnthéVarheiunt hef ttextiisrny
s D' and B

oL BIAt1 o oo DRAHh LS B3 oBhECER! bR, SOUBEARES £ AIELB v prcadfiacti ool 1y
gl yci dati on of ihhehe treackaby mixture.afhphtérm Cprdoxytallpupss wsdd

epi hal ohydrin %aneln to indicate a deviation from the theoretical

' value of +/~ 5% at most and preferably 3% at most. This
15 is determined by standard alkali metric titration.

For those skilled in the art it will be understood
that the molecular weight distribution and number-
average molecular weight of the resin produced will
depend on the specific reactants and the ratios applied

20 in the process of the invention. Whilst the tertiary
aliphatic carboxyl groups present in compounds D" and B
practically do not react under the esterification
conditions employed, glycidation of these tertiary
aliphatic carboxyl groups with epihalohydrin can be

25 performed under standard alkaline conditions whereby a
polyglycidylester resin can be obtained which contains
a low hydrolizable halogen content, usually lower than
0.5% by weight based on the total weight of the
composition.

30 It will be appreciated that other aspects of the
present invention are formed by polyglycidylesters of
the hereinbefore specified linear carboxyl functional

polyesters and by coating compositions, and more in



25 performed under standard al kal i ne conditions whereby a

polyglycrdylester resin can be obtai ned which contains a | ow
hydrol i zabl e hal ogen content, usually |ower than 5% b Y ght
based on™O#2¢HBal wei ght of the conposi tion. 30 PCERS '0&'} will
be appreciated that other aspects of the present invention are
formed by pol yglycidyl esters of - the- herei nbefore specified |inear
car boxyl functi onal pol yesters and by coating conpositions, and
nore in particular powder coating comp031tlon537comprl51on§éﬂ¢u|ar

powder coatin corrp05| tigns, corrprl Si lLinear, tertjary
LA - p S Eee

g
car boxyl func yri fsun‘:td'r‘?cﬁ’/adT POAYE TS JiSHIR | est er s
derived there%mmnkanédmﬂ polyglyﬁﬂd¥1é§&£M£E&ﬁﬂ@éﬂlﬁﬁéﬂéﬁﬁﬁmfﬁhdfﬁﬁe

coating conposj The process for preparation of the
linear terti aﬁ}’red procféqq%panmt@%&yw Sf’ﬁ’litti GPAHEE SOBRRSI T

gener als tiemscarried out according to conventional esterification

nmet hods, preferabl by azeotropi c condensation. In 10Q particul ar, the

condensation is c EF GRS S f dhALGRFFation of; f&ec dipeRTd o tiR 1Y
si nul t aneous| W 1tigHdte d Qﬁacrtld?fxyl functihiRaigAlyddie rial Wendal

I ncreased fromroom enperature to fron1180 to O [err]C during a

period of 3 be cazrjeg r%l}:rsac"c"ﬁii%lfbﬂ | R GRT emd dazeady ﬁﬁ%:etltstﬁwameﬁ@ and
15 10 proRebdydyr SUUABINPYS, A2 IYIC rd:‘dmié%lsacﬁ(lon In Water.

General |y the azeotropic renoval” of water is bei ng continued until a
react itdh pr od RATHiC WAL e condensghiign Hes qarri@d andl b \#harging

corresponds t@Hd&ompoundd MPULD PHmAH fheAl 4, & r@ieerfé'aﬂcé& above. An
20 esterification catalyst known in the art, such as for

exanpl e di but YWRGGRAEERE the hiennesrisiiHiinergased from reemoct oat e,
zincoctoat e andrdd AYHPd 1+ UGB B0 °C during a period of 3

to 8 hours, thus allowing the reaction to initiate and

15 to proceed under continuous azeotropic removal of
water. Generally the azeotropic removal of water is -
being continued until a reaction product is obtained
which has an acid value which corresponds to the

. theoretical acid value as referred to above. An

20 esterification catalyst known in the art, such as for
example dibutyltinoxide, paratoluenesulphonic acid,
tinoctoate, zincoctoate and lithium ricinoleate may be
used in the esterification process but is in general
not required. '

25 The fraction of the optional alkane dicarboxylic
component containing from 8 to 16 carbon atoms is in
the range of from 0 to 25 wt% relative to the total
weight of the components A+A'. Preferably the alkane
dicarboxylic component contains from 8 to 12 carbon

30 atoms and most preferably 1,10-decane dicarboxylic acid
is used, if any.

Suitable compounds C as starting materials for the

linear tertiary aliphatic carboxyl functional poly-



used in the esterification process but is in general ~not required.
25 7" The fraction of the optional alkane di carboxylic : '
conmponent containing from8 to 16 carbon atons is in t he range of
from 0t oW984828r el ati ve to the total vei ght of t RETEEATRSAENL s
A+A' . Preferably the al kane . di carboxylic component contains from8
to 12 carbon 30 atons and nost prefegably 1,10-decane dicarboxylic
acid is used, if any. Sui tabl e conpounds C as starting
materials for édkers of théipeesederinesyt b pt }?élgfdé?%m%e& Ut”Ct ' 0”?' .
pol y- \ ) _ . o -8 i esters o e
present invent?bhPRatiGae BYSheskiphatic-, Qﬂ|%ﬁﬁ&#Rﬁ2t¥§;Z§mﬂqTﬂQﬁnc-, or
aral i phatic cospeuaiifing two alLSWdeddi mgatdeypldad C oxyl groups,
each i ndi vi dual ?3./ bei ng eit her tfghg?orc?(%r)ryaryd or ‘a secondary 5
hydroxyl gr oup*PSHEHIURLEprPRingP Etheh Y IRFaAY ) .2 secondary

neopent gl gl yc%ydﬂd@%]?@@ﬁ@&ﬁg sheheny| gb prapane g&"di)ylene glypol,
hydrogenated 4, 4' -di hydr oxydi phenyl, 1, 4-cycl ohexane- _ I et hyl ol

1, 4- di hydr oxy JRPRPRE%EHEL Y E9Hr omp%rm@ate _dlphenw«gganml étlv;a)_nd

2-butyl - 2- et hyhodrsgPh2paaedl H-9{n 'S t' >r ;]Ht[gf ei ng
parti %:/ul arly pr%f%%gredeg ’ & %?ﬁ%faqﬁ%%lﬁplle ofcesg lsow a{qe conpound

B as stEme Fingl ocht b i 4t diydxowy ¢y eleatrexarns,t itardr art ypine 1yl -

car boxyl funct'lp@@(g S r Send. . ventd on i o7 S

di net hﬁl ol pr op}?pni cxg%%ﬁ%gé afd ér&g&?f;%{getﬁa{)ingdujngjsr?arﬁ%dlﬁfar?]f ng
materi®® for tHextures theyeef: pIDBR sheing watthicylesigntprefeantiédn are ali-
hatic and cycl oal 4 ' I [ e.prinar or one

gecondary hydr oxyIAgro ib&%%déga |]?1%1r%1? %]%odr%ﬁncf@oe c°'f¥p°u%d é'aararjson. at ons,

such as for ex@@prelpethapetial ster 2the linrapanmrtirenpeitipdti@- but anol

and cycl ohexanol rpoxyl functional polyesters of the present invention

is dimethylolpropionic acid.

15 Suitable compounds D' as starting material for the
linear polyesters of the present invention are ali-
phatic énd cycloaliphatic alcohols having one primary
or one secondary hydroxyl group and having of from 1 to

. 6 carbon atoms, such as for example methanol, iso-

20 propanol, neopentanol, 2-butanol and cyclohexanol. .
Suitable compounds D" are aliphatic and cycloaliphatic
alcohols having one primary or one secondary hydroxyl
group and having of from 1 to 6 carbon atoms and having
in addition one tertiary aliphatic carboxyl group such

25 as for example cyclohexane-l-methyl-4-hydroxy car-
boxylic acid the 1:1 (molar ratio) reaction product of
dimethylolpropionic acid and cyclohexanecarboxylic
acid, hydroxypivalic acid, and a reaction adduct
derived from highly branched saturated carboxylic acid

30 mixtures, each mixture containing from 5 to 14 carbon
atoms, preferably VERSATIC 5, 9 or 10 acids (VERSATIC
is a trademark) and at least one glycicylester thereof,

in a 1:1 molar ratio of the components.



Sui t abl e conpounds D' are aliphatic and cycl oaliphatic al cohol s
havi n§§ one primary or one secondary hydr oxyl group and havi ng of
from1 to‘@,carbon atons and havi ng i n addition one tertlarg

al i phatic group such 25 as for exanple - CT/EP97/06950
cycl ohexane- 1- nethyl-4-hydroxy car - boxylic acid the 1:1 (nol ar
rati o) reaction product of di met hyl @l propi oni ¢ acid and

cycl ohexanecar boxyl i c acid, hydroxypivalic acid, and a reaction

adduct deri vadcbrrainhi gbl prbfé&@bﬁdeﬁﬁbﬂiﬁéﬁdscaf bey! pslﬁéséeEO
m Xtures, each nixture gon% .ning from5 to 14 carbon at ons

preferably VERSATFERS °of §he presens ¢yERakipe, the compgngntrRieWhik) and

at | east one gl pei eykeesiae chapedbnt or the bBeaoélﬂaﬁgléBmﬁéﬁéﬁtOf the
conponents. -9-

According to pr ér20 ¥ ¥eRfodbfemdistyre RE PoI 3BEt BF), if prepestnsiet.the
present 5 nvent ithe, pidporeiBaneE pB' (Wl ks in the PSn?Qeofo¥§oﬁoﬁpg t or

the predom nant _conponent (>50 wt % of the m xfure o and i f
present, i.e. g- the proportion of D' (N) is in the range of fron10.5
to 2. It willl beWabbrRE e e hat, .t | es of
VERSATI C acid m xtures, lflnae bkﬁc 6%E§a EhQ% gh% @%o HGlégoogn npound D"

may be the sameVBRSATZCepsAL, mggtures, flnEéiyexaqthé960mb|thladduot

VERSATI C 10 or ¢ aVEmSAL AILC can be included or
2 mol es _of VERSATI G 5 or 2 Pés o VE%EE?I%#nggﬁgkgﬁt can be

i ncl uded% n the rea@bﬁbﬁxémﬁégtCpmbipations of VERSETECelabby the reaction
adduct compoundvegaes ol9ag veRksL): 3 gRShEd SR yeated: sackiosyl o aci ds

such as VERSATI C aci ds ren ecular~srzes
preferably, in 8r§@ﬂe§oode§RﬁA6§C|ﬁabrpémmeﬁesoatiﬁgRSATIC 9 pcobgsrties of

the linear polyesheis d9ch@dd’ 58Mehk rBaction adduct (1:1).

Preferably, the reaction adduct compound contains

15 highly branched saturated carboxylic acids, such as
VERSATIC acids, of different molecular sizes. More
preferably, in order to obtain optimal powder coating
properties of the linear polyesters derived from it, a
reaction adduct of 1 mole of highly branched saturated

20 carboxylic acids, having 5 carbon atoms such as '
VERSATIC 5 acids, and 1 mole of the glycidylesters of
highly branched saturated carboxylic acids having
10 carbon atoms, such as CARDURA E10 is used (CARDURA
is a trademark).

25 Another preferred representative of compounds of
category D" is hydroxypivalic acid.

As indicated above the linear tertiary aliphatic
carboxyl functional polyester resin obtainable
according to the process of the present invention can

30 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



reaction adduct of 1 nole of highly branched saturated 20 carboxylic
acids, having 5 carbon atonms such as VERSATIC 5 acids, and 1 nole
of the glycidylesters of hi ghly branched saturated carboxylic acids
havi ng WO98/248280 carbon atons, such as CARDURA E10 .i s us®edT(REAREIISA

Is a trademark). 25 . Another preferred representati ve of conpounds
of category D' is hydroxypivalicygclid. As indicated
above the linear tertiary aliphatic car boxyl functional polyester

resin obtalnabh&table bas@CﬁﬁHdb@ﬁa@?skheMB§9C8§ﬁv8£1EHElPrSﬁgﬂt i nvention
converted to a polyglycidylester res

can 30 Si |
according to ﬁgiﬁﬁﬂiyﬁﬁdﬁnlﬁnuﬁﬁé ;art i.e. by reaction with an

excess epi hal ohydrinhias hepPi838geE$ Bhed
10 - sui tabl e bage andacgta ?stfoﬂggttg%ﬁvenlen Pe lﬁ?ear

chlorohydrln tergdagy allphatlc cappopyd §unptnenagl90byeatémundslhat bot h
the Iigear  and enbepblghyyahigiatice:C2edonybel yag! hagaLapol yoster resin

5 and t he pol yg ycidyleSter “resin o i nventi on can
provi de powdein¥eBtiry @éﬁpygpwndnspowder coamhnthSMpmsit@Onébcantly

I mproved nechg I p paLl cular.the fle |b|||ty
It will be app?%%ﬁafgggt%a?hgzécﬁgtgxelﬁggoﬁsgl TbanlcalnﬁfﬁPE tefhe

ponegC|dyle§ﬂérlneﬁﬁﬁt¢ﬁuﬁhe phesé&hexibility. invention a relatively |ow
| evel of toxicitysga d,wth excellent UV, outdoor
TE Qlﬂ%“% F?greClatgggghég ae' o *¥RE POLYMGELCT ound t hat

durability and 'S resi
thoselﬁolygIyaaﬂytespérthespniy@&yc1dyléeterede§iﬁnbfhEhéIﬁ@ééehertlary

oy Er e o B, 8 elRSLRRNT GRLYERLSLeT RO EL L1S Loventl o1
combined with excellent UV outdoor durability and
hydrolysis resistance.

It was found that those polyglycidylester resins

15 derived from the linear tertiary aliphatic carboxyl
functional polyester resins of the invention carried
out X ranges from 3 to 6 and Y simultaneously rarnges
from 2 to 4, and wherein N is in the range from 0:5 to

-2, are particularly suitable for use in outdoor durable

20 powder coating compositions.

The curable powder coating compositions of the .
invention may be prepared by addition of a cross-
linking resin to either the hereinbefore specified
linear tertiary aliphatic carboxyl functional polyester

25 resins of the present invention or to the polyglycidyl-
ester resin obtainable by glycidating said linear
tertiary aliphatic carboxyl functional polyester resin.

The amount of cross-linking compound used in the
powder coating compositions of the invention will

30 normally be such so as to provide about equal amounts
of reactive groups of the cross-linking compound and of
the tertiary aliphatic carboxyl groups present in the

linear tertiary aliphatic carboxyl functional polyester



from2 to 4, and wherein Nis in the range fromQO5 to 2, are
partitularly suitable for use in outdoor durable 20 powder coating
conpositions. The curabl e powder coating comnposition t he

i nvent i on W&yY8B#82% epared by addition of a cross- : I?Wé"’?;@gi nto

ei ther the hereinbefore speci-fied linear tertiary aliphatic
carboxyl functional polyester 25 resilds -of the present invention or to
t he pol ygl yci dyl - ester resin obtainable by glycidating said |inear
tertiary aliphat¢2ira®boRy| theneppPyyagrpubyerresentesim the poly- The

amount of crossg]{akiHe o} .Hsed in the powder coating
conposi tions ofgt%e ?ﬂv%%??gny§gf#'3o normal |y be such so as to

provi de about equal Sahbakle cross-lipkingaresims gfoupssefin heomyioss= | i nki ng

compound and ofgion wien! Bfet PLRLELYCBLLELAY | £1 SHLROKY|c BIgURR Presertt i

t he linear tertrary alip I C car I 'onal~polyest er
- 11 - 5 feschionadf pohpespexyrgsingsopresenpresentheipodntion
gl ycidyl ester resin t abl.e crfss-linkin resins for_use in

conbi na- S8t 'sar pramphe PRESRPE SRFFEPS "oty Tl s, ool o

functional pol ytsteexamplasthé pbiyplestaylesventi®sins accordimy fed
exanpl e outdoorggurable epox e the

resins, such . as , for ex
pol ygl yci dyl est &P rBEFASD cé%?ﬁ?ﬁ&% the diglygidylestess iﬁgﬂﬁ’r&ﬁn t he
(Cjii gl ?lci dyl est er siphaat@hBranched diahﬁblakyﬂibrwmlﬁlchﬁi&ﬁ@m@éd cimci ds as
I scl os in 10 Eur opean Pafent . | cati.on, publication n er 518, 408
and thefgolyeg%?ﬁ?P%gPegggﬁﬁge PBilAg£§83rBBQ£+$%tl°n n“mb%iﬁgﬁbc%ﬁqying
two al kyl substahdethe p819aticoliyiBeters basedl PhapSByEOFOGEPIBC as
di scl osed in European patent | i cation publication nunmber

: app |
366, 205. 15 aclds egrrypne EP’BS?-”‘VEWHBSF%E??\%'C? 0?1 1RRCR rPE oHhe

alpha carbon atoms as disclosed in European patent
application publication number 366,205.

15 Suitable cross-linking resins for use in com-
bination with the polyglycidylester resins of the
present invention are for example the (corresponding)
acid functional polyester resin of the present
invention; solid polyacids such a sebacic acid,

20 1,12-dodecanedioic. acid; the reaction -product of
1l,6-hexanediol with a molar excess of 1,12-dode-
canedioic 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

25 0.27 mols pentaerythritol, the reaction product of
4 mols 1,10-decanedicarboxylic acid, 1.2 mols
hexanediol, 0.45 mols trimethylolpropane, 0.29 mols
pentaerythritol and 0.21 mols dimethylolpropionic acid
and the reaction product 6f one mole of hexamethoxy-

30 methylmelamine and 3 moles of hydroxypivalic acid, and

amine-type curing agents.



bi nati on wi,t h the pol ygl yci dyl ester resins of the present invention
are for exanple the (correspondi ng) acid functional polyester resin
of the present i nvention; solid polyacids such a sebacic acid, 20
1, 12- dodwoase4si28i c. aci d; the reaction product of. . PCE/RPIFIR695hedi o :
mﬁth a nol ar excess of 1, 12-dode- canedi oic acid, the reaction ﬁ
product of 4 noles 1, 10- decanedijgarboxylic acid, 1.49 nols 3
hexanedi ol , 0.47 nols 1,1, 1-tris-(hydroxymnethyl)-propane and 25
0.27 nols pentaerMbQE'bQéfekPSdrSﬁétéémbfﬁéﬁﬁﬁﬁs(Hf the linéhrm0l s

1, 10- decanedi carboxylic _acid, 1.2 hexanedi ol , 0.45 nols
trimet hyl ol pr 5pak&aTy. adipbpsic carboxbbnf\aw%wale ROLHRF TR D ESFHNS

di met hyl ol proahantﬁeﬁgbéyglycmylageewedésﬁséa%&f@ﬁk&& of one.nole of

hexanet hoxy- 30 Felani ne and 3 nol es of hydroxypivalic acid, and ;
am ne-type Cur.ﬂgTagegpyder coating compositions of the present - 12 - i

Most p%‘afe”eﬁn%ﬁt‘i%bhﬁgt eQREnak EBﬁpLiQSaé at?_llys’é e@.{ﬁﬁ ary aliphatic
car boxyl functional pol yest resins pol ygl yci dyl esters
derived ther ebpbdonally other FHdipdvaer caakmwgn CJJFrp@'SEr t3hstofba he
present 5 e} uith C A0k .
optionally otﬁg?¥gg&|t?eg§¥sg && §5w889p§h§€ér %gﬁ%§§§t sui table for
use in powder coaSuigabdeposttilynss are for examplntquﬂtannazyysts are for

cart o conpounftggun ang BREEEHIE AR sRPEP PALAT EOSTcidlnds (i ¢ o

pounda0such aSubhraex&mmlexahplbnsdannbas(Iahdcteateafba81c com-am nes such
as for exanple di abbc%pl %ndecene | yst

t
et i T B 3EaY Rt EIPLAPTLERIL CEas SRS Sy by
wei ght 15 abd sed @mchhaaminghbxahpﬂbedﬁatab1pymﬂe{un@a¢emg

The amocunt of catalyst used will usually be

somewhere in the range of from 0.1 to 2% by weight
15 based on the weight of the total powder coating
composition.

Suitable cure times and cure temperatures of ‘the
powder coating compositions of the invention are those
‘conventionally applied in connection with powder

20 coating systems.

The invention is illustrated by the following
examples, however without restricting its scope to
these specific embodiments.

Example 1
25 Preparation of linear tertiary aliphatic carboxyl
functional polyesters 1 to 6 according to the invention
and one comparative polyester according to
EP-0634434A2. '
Compounds (A) to (F) were charged in molar amounts
30 as indicated in table 1 in a roundbottom glass reactor,
equipped with Dean & Stark Trap with reflux condensor,

temperature control, nitrogen inlet and stirrer.



conposi tiqn. Suitable cure tines and cure tenperatures of the
powder coating conpositions of the invention are those

convent&ﬁQQ%kg applied in connection with powder 20 poRdesEh St ens.
The inv ¥ i1 lustrated by the follow ng " exanpl es, however

W thout restricting its scope to t hese specific enbodlnents
Exanple 1 25 Preparati on of 17 ehr tertiary aliphatic carboxyl
functional polyesters 1 to 6 according to the invention and one
conparati ve pol yeSher maxtB¥a| §gst ghen heategdptpglald3znoin 30 minutes
comounds (4 ahg LEAHe! GaGhahaed (83RkaGneMBHNLRe30ota1 wdighidbeated in
table 1 in a roun otton1g ass reactor, equi pped w Dean & Stark

Trap with reftbhg cemgtnsormixture). Eéﬁp&ﬁmparétgﬁntpélthﬁlF?égéhOPnlet and
stirrer.

] 1310 °c and kept The
m Xt ure was tﬁéXtﬁggtgasténfgsaferrfg = Boﬁfﬁufo 23 eP)fene was
added 65% wei ght 200 POeunbihltnelgheonétlcal aci&evabwetasnrafarneé). The

t t f th t d t h t
210" [err] C anbokBREvE was eashod ol hECARIE) FupRb LPRadr EPMAR R d val ue as

referred thulkO fA2ad Was daachedgethandcCiad 1owael itenabopokyest &b
thus forned was di scharged and all owed to cool down to room
t enperat ure. room temperature. Tabl e 1*)0)
Pol yest er ‘
Table 1*)0)
Polyester
resin
1 2 3 4 5 6 a
(A) CHCA-1,4 9 9 6 7 ) 5 -
(B) DMPA 2 3 2 8 3 4 -2
(C) HDPP 6 5 '3 - 1 - 6
(D) HPA . 2 2 2 - 2 2 2
(E) DDA - - - 2 - - -
(F) HHPA - 1 - - - - - 9

*) Numbers given represent the amount of moles of a

10 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.
©) The chemical compounds represented by the

abbreviations used are:

15 HPA: hydroxypivalic acid
HHPA: hexahydrophthalic anhydride
DMPA: dimethylolpropionic acid
HDPP: hydrogenated diphenylolpropane

CHCA-1, 4: 1,4~dicarboxylcyclohexane




resin 1 2 3 4 5 6 a

(A) CHCA-1, 4 9 9 6 7 5 5 (B DVWPA . . -2
3 2 8 3 4 2 (C) HDPP 6 5 3

- 1 WO09824828 6 (D) HPA 2 2. JPCT/EP97/06950 2

2 2 . (E) DDA . - - - 2 (F) HHPA

9 *) Nunbers given represent ghe_anmount of noles of a 10
particul ar compound charged to the reactor in the process of exanple
1 for the prepggmtion of HhQO|H%%%%e dlcarbbgpghergcgarboxyl functi onal

pol yester resi ns 1to 5. ) The chem cal conpounds represented by the

abbrevi at i ons BXamplg &2 - HPA hydr oxypi valic acid

HHPA: hexahycj;rloegm - ' .
di et hyl ol propionic %Féloq‘ w%é%qycmyl %@ﬁgﬁeé gfi phenfl ol propane

CHCA- 1, 4: 1, Lahpandduivweg cycl ohexane

- 14 - 5. D%l udnyﬁ ee;q%a&lﬁ.glgqarr}g c%i_r%,z%é& X%lrio%pa%' %1valentt ol%xarrpl g 2

Preparati on of polygl yC| orrpara i V€ a.
An anount equad |limedr coeiobarty gxbipjlaettjm \cmmxw:ydf functionad | i near

LTty aL) Pl e SRLEORL: [ U T . ny pRAASUE o] e d 4 2 27

epi chl or ohydriwag Ei§saivked in 8 molsaprepydidl crahgidriinPAECHIhaargb| ut i on was

char ged FO a isopropylalcohol (IPA). The solution was charged to a

10 3 litre glass-reactor equipped with a temperature
control, stirrer and reflux condensor. Next the temper-
ature was raised to 70 °C, followed by the gradual
addition of an aqueous solution of 1.2 moles NaOH over
a period of time of 60 minutes. After an additional

15 reaction period of 10 minutes the reactor content was
allowed to settle and the aqueous phase was sepataféd
from the organic phase. =

The organic phase was vacuum flashed to remove
. water, IPA and ECH.

20 The resulting product was dissolved in toluene and
the organic phase was washed three times with water
whereafter the organic phase was vacuum flashed to
remove toluene. The glycidylestef thus obtained was
discharged and allowed to cool down. Characteristics of

25 the solid polyglycidylester resins prepared EPl, EPZ2,

EP3 and EPa are presented in table 2.
Table 2
EP1 EP2 EP3 EPa

EGC [mmol/kg] 1000 1800 1400 1000
Tg (DSC) [°C] 48 11 17 52



10 ., 3.ditre glass-reactor equipped with a tenperature control,
stirret and reflux condensor. Next the tenper- ature was raised to

70 [err] EBH% wed by the gradual addition of a ol ution
of 1.2 rr‘g’Pegs over a period of tinme of 60 m W&?s{%r an
addi tional 15 reaction period of 10 mnutes the reactor content was

allowed to settle and the aqueous pha§e1§/a§ separ at ed fromthe
or gani ¢ phas The organi ¢ phase was vacuum fl ashed to renove
water, |PA ahﬁ@é-ﬁ)e The resul ting product was dissolved in

t ol uene and Powddle HAANE UM MBDNR TR el 6 JJoTRE nY il wat er
whereafter the organi c phase was vacuum fl ashed to rerfove tol uene.

The gl yci dyl ésterrHYRRE IR Ak FoRparative cofipostidigas @ alAChwead o cool
down. Charactpgyd stics of 25 the solid pol yglycidylester resins
prepared EPl, EP2, EP3 and EPa are presented in table 2.

Tabl e 2 All ingredients as indic@ped inFR2bleFB3wereFRdxed

EGC [ mol / kglat XQUh tejnwatﬁ]rdé),o thelPQR1t-blended on a E%fs%fgl_rgi]e 48

11 17 52
Exanpl e 3 screw extrugieratdatl N .c o sixtirma tRCivaRCEhiddear,di ng to

L | heeth SR 5 PRSI SR BRI oyl °

t enper at ur e, L0femimiamet mndweeslon TheByswddm@las electrost@tdwaaQAly uder at

110 [fﬁr]c'-g¥%§?g5l5§¥533%¥%ﬁggélﬁ%%treated,'2 mm thick aluminium
panels. The coated panels were baked at 200 °C for
15 minutes. The resultant coatings (thickness
40-60 micrometres) were very smooth, hard, glossy and
exhibited good mechanical properties and good

15 weathering resistance, that is less than 10% reduction-

in gloss after exposure for 2000 hours in a Xenon type

weather-0-meter running the SAE J1960 test method.



flaked, ground in a mcromll and classified through 106 nlcronetre

nmesh. The ‘powder was el ectrostatically 10 sprayed onto chromate
pretreated, 2 nmthick al um nium panel s. The coated panels were
baked at WIP8{24828] C f or 15 m nutes. The resultant c®ar/BRYB06950
(thi ckness 40-60 m cronetres) were very snooth, hard, glossy and
exhi bi ted good nechani cal properties andigoed 15 weat hering resistance,
that is | ess than 10% reduction in gloss after exposure for 2000
hours in a Xenon type weat her - P3pet e runnlng t he SAE -J1960 test
met hod. . ] 1
Table 3 : ¥ i PR P
gl yci dyl est eglycidyleS€dr PC2 PCEC3 chCC PCBCa chCb pca __ ERep
638 598 E EP2 55 EP3 Epa
592 638 EBbg pol yest er 638«) 598 4 150
150 5 Ep2 190 . 552 : 190 6
236 196 Ti O2 167 167 167 167 167 167
MODAFLOW( ) EP3 10.1 '10.1 10.1 10.1 10.1: 10.1 “ Benzoin
0.8 0.8 EFa8 0.8 0.8 0.8 Propertiegg, 638 598
polyester (**)
4 150 - 150
5 190 - : 190
6 ' - 236 196
TiOp : 167 167 167 167 167 167
MODAFLOW () 10.1@ 10.1 -10.1 10.1 10.1° 10.1
Benzoin 0.8 0.8. 0.8 0.8 0.8 --0.8
Properties
PC1 PC2 . PC3 PCc Pca < Pcb
cure 30' <-180-200-> <-140-160-> <-180-200->
Hardness DT - 200-——————— e >
Reverse impact (o) >80 >40 >80 <10 10 <10
(**) 4 5 6
XLl XL2 XL3
Acid value [mmol/kg} 4250 23140 4220
Tg (DSC) [°C) 30 56 30
5 () MODAFLOW (trademark) is an acrylic based flow aid.

(0) measured in inch/pounds according to Erickson
type 304 ISO-TR-6272/1979-DIN-55669.



PC1 PC2 PC3 PCc Pca Pcb cure 30 <-180-200->

<- 140+ 160-> <-180-200-> Har dness

S e 200------------- > Rever se inpact (o% >80 >40
>80 <1V0 98(34828 <10 (**) . CT/EP97j06950 5
6 XL1 XL2 XL3 Aci d
val ue [ mmol / kgl 4250 3140 4220 Tg (DSC) [[err](

30 56 30 5 0) NCDAFLCNVTt% ademark) is an acrylic based flow
ai d. (o) neasured in inch/pounds according to Erickson type
304 |1 SO TR- 6272/ 1979-.DI N- 55669.

17 - CLAI MS 1. Linear,
tertiary carboxyl functional polyestery, A I M sresins obtainable by
reaction of (a) at |east one I,4-dicarboxylcycl ohexane (A)
optionally mxed with a mnor weight fraction of an 5 al kane

di carboxylic agi,d, 16@RGL3H n't'é&th.'&r?ﬁ‘@ai:ﬁﬁﬂ?l functional Pb1yéoERAS L0 16
carbons at ons (A') | east One di hydroxynnnocarboxyllc acid

conpound (B), E6SHMiSsioRgad ﬁbﬂyrsapisﬁam ef
(a) at least one 1,4-dicarboxylcyclohexane (A)
optionally mixed with a minor weight fraction of an
5 alkane dicarboxylic acid, containing in the range
of from 8 to 16 carbons atoms (A'),
(b) at least one dihydroxymonocarboxylic acid
compound (B), comprising a tertiary aliphatic
carboxyl group and two aliphatic hydroxyl groups,
10 (c) optionally one diol compound (C) comprising two
aliphatic hydroxyl groups, which may each
independently be a primary or a secondary hydroxyl
group, and optionally
(d) a compound (D') comprising one monofunctional
15 , primary or secondary hydroxyl group and/or a
compound (D") comprising one primary or secondary
hydroxyl group énd one tertiary aliphatic carboxyl
group, the molar ratio of the compounds
(A+A') :B:C:D':D" being X+Y+1:Y:X:M:N wherein M+N is
20 in the range of from 0 to 2,
wherein X ranges from 2 to 8, and Y ranges from
[2-(M+N)] to 8, at a temperature of from 100 to 225 °C,
until essentially all the non-tertiary carboxyl groups
as initially present in the reaction mixture have been
25 reacted.
2. Linear, tertiary carboxyl functional polyester
resins according to claim 1, in which M+N has a value

in the range from 0.5 to 2.

RR O



car boxyl group and two aliphatic hydroxyl groups, 10 (c) optionally

one di ol conpound (C conprising two al i phatic hydroxyl groups,
whi ch may each i ndependently be a prinmary or a secondary

hydr oxyWO 98/24828 group, and optionally .(d) PCRIBRIENNO(D )
conpri sing one nonofunctional 15 primary or secondary hydroxyl
group and/or a conpound (Dip eonprising one primary or
secondary hydr oxyl group and one tertiary aliphatic car boxyl
group, the m] arLiméas, oﬁeﬁmﬁpmmm functional bAi 3tBxC: D : D' being
X+Y+1:Y: X M N wherein M:N i s ' in the ran% fromO to 2,
wherein X r g3 rafcor s, t%rﬂlaﬁr“Palﬂge‘s“f“Fﬁtﬁh s in; she\kFRPEet o 8, at
a tenperaturgrsth Gromadop to 225 [err]C, until essentially all the
non- tertlary car boxyl groups as initially present in the reaction

mi xt ure have? beeninSar, te?%%%%%dcarboxyl functiiionadr pod¥eEL8Fy car boxyl

functgonal Q9é¥f§§e£ccordlng £6SEDSIRE CU I NG thiEa® tombupdl & MEN has
a val ue in the ran from0.5 to 2.

-18- has beemaincl @d a® yreae bbxy|adduatt iderdivegolfyest drmole
resins- aCCOféfﬂ&&ﬂl |ﬁ££‘ﬁéheansé(‘€'lhf£‘té\b'§afﬁb F:‘Lcr %%‘1% mixturels,0m 0.5 t0

2. . Li near, tertlar carb % functiona yester 5 resins
accordi ng toe%¢%Jm%X§u3€ ¢Qnﬁhi%hngs @@Wﬁbdﬁdlﬁ carbon dtgmspaad i ncl uded a

reaction addyc%oggrbyeg &i?gl&yfgéﬁe% thered¥. highly branched saturated
i

car boxylic ac m xt m xture containing from5 to 14
car bdf at onsSandlLinear, uerrbiermfcar@w dijresftiemalhgodyested 5.

Linear, terthgtyngar boxthol#00th008kiRO) Yol Sinich the 'BHpdmaAEpor ding to

claim4, in fhe co
is a reaction adduct of 1 mole of highly branched

saturated carboxylic acids having 5 carbon atoms, and a
glycidylester of highly branched saturated carboxylic

15 acids having 10 carbon atoms.

6. Linear, tertiary carboxyl functional polyester
resins, according to claims 1-5, in which X-ranges from
3 to 6 and Y simultaneously ranges from 2 to 4, and
wherein N ranges from 0.5 to 2.

- 20 7. A polyglycidylester resin obtainable by reacting a
linear, tertiary carboxyl functional polyester resin as
claimed in any of the claims 1 to 6 with epihalochydrin
in the presence of a suitable base.

8. A polyglycidylester resin according to claim 7,

25 wherein as epihalohydrin has been used epichlorohydrin.
9. A powder coating composition comprising a linear
tertiary aliphatic carboxyl functional polyester resin
as claimed in any of claims 1 to 6 and a cross-linking
agent.

30 10. A powder coating composition comprising a
polyglycidylester resin as claimed in claims 7 and 8,

and a cross-linking agent.

AR BN 1



is a reaction adduect of 1 nole of highly branched sat ur at ed

car boxyti & aci ds having -5 carbon atons, and a gl yci dyl est er of

hi ghly branched saturated carboxylic 15 aci ds havi ng psgl ONB.
6. Linear, éﬁy car boxyl functional polyester ‘ resins, according
to clains 1-5, in which X-ranges from 3 to 6 and Y sinultaneously
ranges from2 to 4, and wher ei n NX%arges from0.5 to 2. 20 7.
A pol yglycidyl ester resin obtainable by reacting a linear, tertiary
car boxyl functildnal® potgductercoated with a powder ateatiing eenpetithenc| ains

1to 6 wth veﬁﬂéga%Hér*° claims! & Lhg ppesence of a suitable base
y

8. A pol ygl yci ester tesin according to claim7, 25 wherei n as

epi hal ohydrin has been used epichlorohydrin.”" ~ ~ 9. A powder coating
conposition conprising a |inear “«teft:lary ali'phatic carboxyl
functional polyester resin as claimed in any of clains 1 to 6 and a
cross-1inking agent. 30 10. A powder coating conposition
conprising a - - polyglycidyl ester resin as clainmed in clains 7 and -8,
and a cross-linking agent. ) 19 - 11. A

product coated with a powder coating conposition according to clains 9 and
10. . .

L



