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Resi ns The present invention relates to novel solid cycloaliphatic
epoxy resins with inproved prop use in thernoset
powder coatings. - Cycl oal i gﬁ&'ﬁ’f‘%ﬁ%‘%‘ﬁg ?iesg?%gﬁ%l nd use in inportant
fields like electric/electronic equipnent and 5 appl i ances, filanent

wi ndi ng andTﬁ@%fés&&%nvennon relaied tefevel Bglidgprldatiphatimepoxy yredinawithimpraved poogy
resins are used mainly in coatings for high per- f ormance out door
applicati onemeslandthcmﬁselmﬂmnwdﬁpgwdﬂef&aﬁ@&snce to atnpspheric agents and
ul traviolet radiation. 10 Powder coating is becom ng increasingly
popul ar because it avoids the use of solvents and the pol | ution

probl ens as {R56tanP @RictitJélecteRAX ¥quifeftSand
are used %Sgﬁ %%\sguaﬁglgn%sg I n ‘conj uggltaigglrllévmt e

car boxyl 5teappu@begjmnhg:ﬁsﬂmdmgeadnsau@be nost wi dely used epoxy
crosslinking agent is triglycidyl isocyanurate (TG C, conpare, for exam 15
ple, EP-A 0 107 888). This conpound, which is a solid with a softening

point in th r r _
gives rise c?a&ag %pﬁg%:&? %chba{lgm ?E?fr&ﬁg%é ﬁ%ra%{rﬁgiyﬂd& %ﬁ?ﬁg{%\ t
nut ageni ¢ aggiance 8&idoby SppNveforisediie to their ver@highesistanee tdatnuhspbericsigenty and
cycl oal i phatic epoxy resins like the well-known 3, 4-epoxycycl o-

hexyl net hy| uBravielpusediafienohexanecar boxyl ate, which is a liquid with |ow

Vi scosi tx are not 20 suitable for this application. US-A 5 244 985
assi gned®t o New Japan Chenical describes the preparation of a famly of ep-

oxi di zed polpygRiefESatin@Ns Bedbintifly iteearinghl pipRitadecaust ¢ dvesdsihe hssofsohents aid the
wei ght bet ween t&g 00 and 1%000 The products described in the patent

exanpl es ar gollirtjon gsablm asspeisted theseith. In thermeget pOWdsT FRakIBES GPEKY IRFESATe Hsed

| d boxyl f
Ve They arss Crrsiiny B H soafinghon fith dlfborf e ARLARId et rEyeS Thb s
Therefore, igigbly dsb® eﬁ&be&bss%kﬁl@e.gaim&rglymmamdnye (IGIT; 6emparesior exdrRs

for TG C which are free fromtoxicity problens and have
physi coclsenipia|ERaAD pe7 B8%)ndhissonpanad mdithsisiaselid (yith a softening;peint i the

g?ggrgsggvfogggw Al IS B L e neg@ t{,;aeerogfeaggx%g efh. Fur-

thermore, it is a suspect mutagenic agent (positive AMES test).

On the other hand, existing cycloaliphatic epoxy resins like the well-known 3,4-epoxycyclo-

hexylmethyl 3,4-epoxycyclohexanecarboxylate, which is a liquid with low viscosity, are not
20 -suitable for this applicatioxi.

US-A 5 244 985 assigned to New Japan Chemical describes the preparation of a family of ep-

oxidized polyesters containing epéxycyclohexa.ne .moieties with a2 molecular weight between

1000 and 10000. The products descri;bed in the patent examples are liquids. For this reason

they are suitable for use with liquid carboxylic anhydrides, for UV curing, or as plasticisers
25  for PVC. They are not suitable, however, for powder coating applications.

Therefore, it is the object of the present invention to provide substitutes for TGIC which are
free from toxicity problems and have physicochemical and performance characteristics suit-
able for thermoset powder coatings, which means that they can be incorporated in stable pow-

30  der compositions which have no tendency to agglomerate.



e

Thi s obj ect has been acconplished by the solid epoxidized polyester resin
accordi ng two 98/84768 1 and the processes for its producti paraessém@bang to
claims 7 and 8. It has been found that by using an appropriate
producti on process it is possible to prepare a 5 famly of epoxidized

pol yester Sﬁlﬂ e hbs ﬁ%éxsagc%gﬁh%ﬁg%g%egsozl% ptoQ ib {yeBRPHGIN gc%él;d gto clai
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applicatio ed resins
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di carboxylic cycloaliphatic noieties of the general fornula 10

[err] wherein R[err] and Rerr] are independently
selected fram nS|st| n ro n and _net or err] 15 and
Rrerr] ¢ ogdiits e B e bisthe X boPraneiis AP RR AP sa ds P iRRsReRy o
sel ect ed figgm Do 19dshink 0 A arb¥ 751 fikmoskls t

- di car bogyl I C C%/BFO&{ % §rrsg%ret | (la(glaére onde byet hel r o?)sen (\)/W?%‘rfgflel%gto

: noi eti es i appljcandas. ently selected fromthe group consisting of
hydrogen, linear or branched (ferr] alkyls, linear or - branched | i nki ng
( err]al kanediyls, linear or branched (cross-) |inking C[err] al kanetriyls,
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or crosslinking formu er ei
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containing at |east one isocyclic or heterocyclic ring and Y is a direct

bond orl®a -(CHerr])[err]- group wherein mis an integer from1l to 4.
Here and in the follow ng, the term "gpen val ence” means any val ence
of a noiety that is (formally) avail or engaging in a bond to another
25 moiety. In the nol ecul e as—a@ho¥e, thereCare of course no open

-val enci es. As the epoxidi zed estgrs gontain at |east two
. cycloaliphatic noieties, they COHPI’I

tions which are bonded to ([ err]Ra
al kyl ester or a free carbox- R2

SE rm nal " carbqxylate func-
Bégen formng a CJerr]
R3

wherein
R' and R? are independently selected from the group consisting of hydrogen and methyl or R’
15 andR* together are methylene,
R? and R? are independently selected from the group consisting of hydrogen and methyl. The
dicarboxylic cycloaliphatic moieties are bonded by their open valencies to moieties independ-
ently selected from the group consisting of hydrogen, linear or branched C,_¢ alkyls, linear or
branched linking C,_; alkanediyls, linear or branched (cross-) linking C;_; alkanetriyls, linear
20  or branched (cross-) -linking C.g alkanetetrayls and linking or crosslinking moieties of the
general formula X(Y-), wherein » is an integer from 2 to 4, X is a di-, tri- or tetravalent group
containing at least one isocyclic or heterocyclic ring and Y is a direct bond or a ~(CH,),,~
group wherein  is an integer from 1 to 4. Here and in the following, the term “open valence”
means any valence of a moiety that is (formally) available for engaging in a bond to another
25  moiety. In the molecule as a whole, there are of course no open valencies. As the epoxidized
esters contain at least two cycloaliphatic moieties, they comprise “terminal” carboxylate func-

tions which are bonded to C,_g alkyl or hydrogen, forming a C,_g alkylester or a free carbox-



ylic acid function, respectively, and "inner" carboxylate functions which

are |inkedwo 98142766 - | i nked by the above-nentioned diyl PCTEHI$NE09
tetrayls or di-, tri- or tetravalent noieties. In this context, I|inear
or branched C[err] al kyl neans any al kylz group having up to 8 carbon atons
and any possi bl e nunber, of branched, for ex

) . . inche; g | e neHE |, ethyl,
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branches, except those having open val ences at the same carbon
atom for exapmsibld n@mberufioeatiches, far \ethyl1prepyl ésopropyl, Yydyle thopy-
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or branche means any al kanetriyl ‘group having

8 carbon ahgiagane saaybdncaRsHd bed anybessibld numberaifdsanches; epcept thuase bhwingriyot wo
or three open val ences at .the sane car b%\l%té) for

anpl e .
1, 2, 3- pr opapen valgnces gt the zame Garbep afare.dapexamp anediyl, f’?rﬁr’gmé%a hdrrye-
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exanpl e 1,2, 3, 4- but anet et rayl and- 2, 2-di -

di - A . .
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of i socycl igpeR N alefibeda® eaine datbdtistorh Ofor exatpled, 2,3 ippapanetriyl 0g3,2-diethylbutane-

According to the invention, the epoxidi zead poéiéester resins are essentially
0 Keher

free of noreler Heiyl. Accordinglplénear BEETRY] meABhER dkanctiay group

are conpounds. cont & ni only o ' ' ' e
Gef i nodBanduRinedbiodt e AP e8R ERE refbls mpmber & brbtier el thdse Havidiiplolle
to hydrogennie opk@vhlknédskey the samd carbonhiysih Psy exanple A(B)3,4-butanetdtragiraddi2,2-di-
synthesis of the polyester resin. "Essentially free of nonomeric¢ products”

is to be 25methpigeomenedd’ ¢, 3ctstenl Ahatpome s, Ty tefrayalent Sruprconting phlcast one

than 3 wt % of f.h dyct s. . ' 3
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are derived fromTet- rahydropht halic and nethyltetrahydrophthalic .
acids. 2030 According to the invention, the epoxidized polyester resins are essentially free of monomeric

products. To be understood as monomeric products are compounds containing only one cyclo-
aliphati¢ moiety of the type defined above, especially those wherein both open valencies are
bound to hydrogen or C,_g alkyl, and any - hyd:c;oxy éonpounds -

from the synthesis of the polyester resin. “Essentiall& free of monomeric products” is to be

25  understood as containing less than 5 wt %, preferably less than 3 wt % of those products.

Preferably, one of the substituents R'toR%is hydrogen or a2 methyl group and the remaining
of R! to R* are hydrogens. The compounds according to this embodiment are derived from tet-
rahydrophthalic and methyltetrahydrophthalic acids.



"Also preferred are resins wherein Rerr] and R err] together are nethyl ene,

one of R erwposmgréR err] is hy- drogen or nethyl and t peTairegH16001€ | S

: hydrogen. These conpounds are derived frog nadi c

- bi cycl o] 2. 2. 2] hept - 5- ene- 2. 3- dlcarboxyllc

and nethylnadlc aci ds. 5 The
Clerr] alky Izklsapmfm@lf afe mﬁx;s wiedreintRI canfiRS rtogeathenake methyidne, grieogBR2 and R® is hy-

i sopropyl, but | SO and 2-ethyl hexyl. Mst preferably,
i sobutyl is %ﬂ%qno%r @fiéh? pthey A 1s hyfogts. rilieReamRaupps age.derived from nadic

kanedi yl s, f hanedi yl ,

1, 2-pr opaneél ﬁéﬁgﬁgb ZIJEép‘? -SPde: fggd?ée%}?&ﬁ%lgﬁi@qg%t{lg]%&aﬂ yF‘,aE'l, 3- but anedi yl,
1, 4- but anedi yl, 2, 3-butanediyl, 3 nethyl-1,3-bu- tanediyl, 1

, 2-hexanediyl, 1 ,6-hexanediyl and 2, 2-dinethyl-1, 3-propanediyl. The

(cross-) 51 i e G alkylg aqmefe]rahiy relected frpmemethyl, ptha's gropylaseprppy; butgh Ixsobutyl

el ected 11 oyl G BhREAPRNSE Sl s BBt copioyea oJELMEOI RS D 1 1

preferably kanedlyl%eif%ﬁés@ﬂ He%ﬁra%lﬁsdéé%@%tl%éﬂedﬁ’]dl 2-propanedxgl .1 ?1' ro-

2, 2-di et hyl pr opane- 3-tetra ng “or- cro I'ng

noi eti es of pah gleﬂlérbutariadnylul a-bn@aﬂeyﬂyé,rlm-buuahedmyleE,QMumnedqdy:ﬁ-maﬂ@qq 15,
f the f
g; gu Bf e19 err égn d?}ylgg& %e prnediflah fihexanedivd and 2.2-dimethyi-1 édpfﬁﬂﬁ%lél’leﬂ? €ross-) link-

T M 8 Cha MBS AR Rt ol Rl 1525

essentially nmhﬂbmane-arlmxwyn The Pross ElinkigSE} alkanetetrayls| ipresent, are preferably

* (wei ght - ave%aged nol ecul ar wei ght, as determ ned by gel perneation

chr omat ogr apfipetefl frop1 zt%béﬁpﬁyﬁ@étaﬂé@# émylmga@m 11U6B0etrayef er abl y
bet ween 1000 and 5000.

As linking or crosslinking moieties of the general formula X(Y-),, if present, isocyanurate
15 groups of the formula

are preferred.

20  Preferably, the solid epoxidized polyester resin according to the invention has an acid number
of not more than 2 mg KOH/g, more preferably, not more than 1 mg KOH/g. This means that

essentially no free carboxyl groups are present.

The (weight-averaged) molecular weight, as determined by gel permeation chromatography, is

25  typically between about 500 and 10000, preferably between 1000 and 5000.
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) According to the invention, the solid epoxidized pol yester resins
Ty be pr epalVOP3{43766 i) reacting an unsaturated di car boxyl iPCTAER9E/00609

hci d derivative of the general formula

err] wherein R err] to Rerr] are as defined above and
Jerr] and Jerr] are independently sel ect fromthe group consi sting
bf hydroxy adéboediaptd tRl ikPention) theds6kd &p @@&zéapdz&sz&:qgghmayafeqmﬁared piyth at
east one hydr oxy corrpound sel ected fromthe group consisting of

i near or brijresktnog &h ensdturated Afnadiaxlybic acid or|acidademivabinan olfethe’jogenetal formula
al kanetriols, |linear or branched C[err] al kanetetraol s and hydroxy com 10
bounds of the general formula X(Y-OH)[err], wherein nis an integer from?2
to 4, Xis adi-, tri- or tetrav&ilent gr oup containing at | east one
socyclic or heterocyclic ring and eachlY ispja direct bond or a

- (CH[err])[err]- group wherein s an r from1l to 4; and a

I near or branched ([ err] al kanol, eiybvi ng essentially all
nonomneri ¢ byproducts, and 15 i) di zing the resil,ti ng unsat ur at ed

ol yester. In this pr ocess, ,t 2 ur a Qﬁl di carboxylic acids may be.
npl oyed as such (J err] Qerr}i or in formof their
I-Clerr]-alkyl esters (Qerr] Jerr]ly = Qlerr]alkyl) or anhydrides

4
(Qerr] + gerr] =-0). Accordlrpgly, Phe first step is a direct
!kesterlflcatlon if an acid or an anhydride is enployed, and a

ransesterification if a dial kyl ester is used as.starting material. In the

fornmer case, whiRid RNRAR® 28 a5 QEfidabEIE end 2 id Qafai@ﬁahpenaeﬁ@ﬁ 5&1&&&1 £6m the

esterify the "term nal" carboxylic functions of the re- ng
pol yester. group consistitghefihydrquycnd£3_ ¢ akoxpt wparindQt tegethet axe -ébaxmth atdehast one

D5 ¥ O) e nchYREh o BRI Flscied Fite SATRIP FOSEPE SRLEET BIOTEILe] Crarelianedios
formul a linear or branched C, 4 alkanetriols, linear or branched C, 4 alkanetetraols and hydroxy com-
10  pounds of the general formula X(Y—OH), wherein » is an integer from 2 to 4, X is a di-, tri- or
tetravalent group containing at least one isocyclic or heterocyclic ring and each Y is a direct
bond or a{CH,),,— group wherein m is an integer from 1 to 4;
and a linear or branched C,_3 alkanol,
") removing essentially all monomeric byproducts, and
15 i) epoxldmzmcr the resulting unsaturated polyester.
In this process, the unsaturated dicarboxylic acids may be employed as such Q' Q = OH)
or in form of their di-C,_g-alkyl esters (Q = Q = C,.g alkyl) or anhydrides (Q + Q =-0-).
Accordingly, fhe first stepisa cﬁre‘ct esterification if an acid or an anbydnde is employed, and
a transesterification if a dialkyl ester is used as starting material. In the former case, the linear
20  or branched C,_; alkanol is required to esterify the “terminal” carboxylic-functions of the re-
sulting polyester.

Another process for preparing the solid epoxidized poly;ester resins accord-
ing to the invention corrpn'ses the steps of




[err] wherein Rerr] to Rlerr] are as defined in claim1 and
Qerr] andwbesgndreere Clerr] al koxy groups, with at | east PCT/BPIB/NYE OXYy
conmpound sel ected fromthe group consisting of |inear or branched Cerr]

al kane- 5 diols, linear or branched (Jérr] al kanetriols, linear or
branched C[err] al kanetraol s and hydrgxy conpounds of the general
formula X(Y-OH)[err], wherein nis an r from2 to 4, Xis a di-,

tri- or tetraval ent group cont ai'kni ng & 5t one isocyclic or heterocyclic
ring and each Y is a di rect ™o a NgHerr])[err]- group wherein
mis an integer from1l to 4, enmovi ng essentll,al |y all nononeric
“byproducts, and 10 iii) epoxidizipg I ng unsaturated pol yester by
reacting it with a peroxy conpaRird. this case, dialkyl esters are
used as starting materials and therefgre onlly transesterification

reactions are required in the first sRep. 1@ the resulting polyester, the
"term nal" carboxylic functions still carry the al kyl groups that had
been present in the starting dial kyl ester. 15 Dependi ng on the type of
Cerr] alky, 4 vk I3~ ! <2 te I

be int roduc\léllaeg&glu%?tstgg{ eéﬁ%éﬁ%dé%%joﬁﬂg shrg eas’gs (fP %g‘%%%(rg%lfﬁgorﬁkﬁ’tg@%gﬁg%&

The pref er r@id Hydidxy! confond selpctedfibm the eRjudvhsistiig! ofllinearsobrinthe@ 0y ; alkane-

2- et hyl hexyl groups are in- troduced by using nethanol, ethanol,

pr opanol5, i @@ér]@pﬁﬁr opbrapehsd Cioy alkanstriols,dinigan gr brafched Ol 2ikanettastyansi hyidrgxy
preferred) and 2-ethylhexanaol, res el The pref.erred. 1 ,2-et edi.yl,
D pro- " Olingtnl Kb SRR o SRR 01D, Vi R b & Fomg o B KA 4
1, 4- but anedkiy br tefraPalBit 2B@SIHtaining at 1edstBiehidcydlicorteteddtselid ting and each Yis a
1, 2-hexanedi yl, 1, 6-hexanediyl and 2,2-dinmethyl -1, 3-propanediyl groups
are i nt r odudizegt bynd i are Gy growep whersin 72 ipanjpegenfogl Ytodt,, 1, 3- pr opanedi ol ,
1, 2- bu- ... Lanedi ol %’aii bhlt anedial , 1, é but anedi ol , 2, 3-but anedi ol ,

3- et hyl - 1, 3 FROHREAsSALY 3l mapgmenc byplodygts, ang, g |

2, 2- di gt hyihi) dpcdidEMRanE tstiting RGERGAIA pollekeP by reabBRPR With'dWhefoxy Einpound.

preferred

In this case, dialkyl esters are used as starting materials and therefore only transesterification
reactions are required in the first step. In the resulting polyester, the “terminal” carboxylic

functions still carry the alkyl groups that had been present in the starting dialkyl ester.

15 Depending on the type of C,_g alkyl groups or (cross-) linking di-, tri- or tetravalent groups to

be introduced, suitable hydroxy compounds are used as starting materials.

The preferred methyl, ethyl, propyl, isopropyl, butyl, isobutyl and 2-ethylhexyl groups are in-
troduced By using methanol, ethanol, propanol, isopropyl alcohol, butanol, isobutyl alcohol

20  (especially preferred) and 2-ethylhexanol, respectively. The preferred 1,2-ethanediyl, 1,2-pro-
panediyl, 1,3-propanediyl, 1,2-butanediyl, 1,3-butanediyl, 1,4-butanediyl, 2,3-butanediy],
3-methyl-1,3-butanediyl, 1,2-hexanediyl, 1,6-hexanediyl and 2,2-dimethyl-1,3-propanediyl
groups are introduced by using ethylene glycol, propylene glycol, 1,3-propanediol, 1,2-bu-
tanediol, 1,3-butanediol, 1,4-butanediol, 2,3-butanediol, 3-methyl-1,3-butanediol, 1,2-hexane-

25  diol and 2,2-dimethyl-1,3-propanediol (neopentyl glycol), respectively. The preferred
1,2,3-propanetriyl and 2,2-dimethylbutane-1,1',1""-triyl groups are introduced by using glyc-
erol and trimethylolpropane, respectively. The preferred 1,2,3,4-butanetetrayl and 2,2-di-




1,2, 3-propanetriyl and 2, 2-di net hyl butane-1,1",1"-triyl groups are

I nt roducedWsy9842766g gl yc- erol and trinethyl ol propane, PEEEPA160]| v.

The pref

erred 1, 2, 3, 4-butanetetrayl and 2, 2-di -

met hyl propane-1,1,1 ,3-tetrayl groups a%{i ntroduced by using

t hreitol

) bbbt 288 Srous e b

[err]

dd'tf) usidSRPGoi/etsRhefto] and penthl®

erythritol, respectivalye i ntroduced by using tris(2-hydroxyethyl)

I socyanurate as a hydroxy comnpound. In the second step of the

pr epar at

Tonpisferrsderams,afdhe ogmplsl yester resin, the nol ecul ar nass

distribution of the crude polyester is nodified by elimnating the
nol ecules with ower no- 10 |ecular nass, e. g., the nononeric dialkyl

esters.
r enoved

Preferably, the | ecules with | ower nol ecul ar nass are
by distillation. This dCHLil-O | ati on i s advant ageously

performed under hi gh vacuum Af{er ;ﬁidesﬂhl | ati on, the residue has

rel ati vel y narrow nol ecul ar nmBsS<di

bur€an. @& her possible nethods for
elimnating the | ow nol ecul arf*mass*produgts are, for exanple, liquid
chromat ography or menbrane separa-}| 15 tli on prubcesses such as
ultrafiltration. In the H#T If(egot he unsaturated ester precursor
wi th a narrow nol ecul ar weight distrijopution is epoxi di zed by reacting
it with a peroxy conpound. As a QIgf oxy conpound, both organic and
I norgani ¢ peroxy conpounds may szcufed. Prefera-
5 .
are introduced by using tris(2-hydroxyethyl) isocyanurate as a hydroxy compound.
In the second step of the preparation of the epoxidized polyester resin, the molecular mass
_distribution of the crude polyester is modified by eliminating the molecules with lower mo-
10  lecular mass, e. g., the monomeric dialkyl esters.
Preferably, the molecules with lower molecular mass are removed by distillation. This distil-
lation is advantageously performed under high vacuum. After the destillation, the residue has
a relatively narrow molecular mass distribution. Other possible methods for eliminating the
low molecular mass products are, for example, liquid chromatography or membrane separa-
15  tion processes such as ultrafiltration.
In the third step, the unsaturated ester precursor with a narrow molecular weight distribution is
epoxidized by reacting it with a peroxy compound. |
As a peroxy compound, both organic and inorganic peroxy compounds may be used. Prefera-
20  bly peroxycarboxylic acids such as peracetic acid or m-chloroperbenzoic acid are used as per-
oxy compounds. Monoperphthalic acid is especially preferred.
Hydrogen peroxide is also a preferred peroxy compound. When hydrogen peroxide is used, a
phase transfer catalyst may be used. Examples of suitable phase transfer catalysts are de-
25  scribed in J. Polym. Sci., Part A: Polym. Chem. 1993, 31, 1825-1838.

a



20 bly peroxycarboxylic acids such as peracetic acid or
m chl or operwengar®wsaci d are used as per- OXYy conpounds. pCT/EP98/01609
Monoper phthalic acid is especially preferred. Hydr ogen peroxide is

al so a preferred peroxy conpound. \When hgdrogen peroxide is used, a
phase tran r_cat be used. | e sui.t abl qy ransfer
Catalyst o o sERBESs kealfifn mdxaf?agea?fiyg@ ol ingh bR sehuBrlo S fuad e Sty

31, 1825- 1838kts are, for example, alkyl Al@nSRE hﬂl%hér&&dr}%%dafﬁ%nb Scyalb\éﬁPﬁmqgﬂa%aar-
‘carried out in an inert solvent. Suitable inert sol- ven are, for

“exanpl e, albops, axbiatiohydrecarbedsoyeabathely. hydr ocar bons, cycl oal i phatic
“hydr ocar - bons, aromatic hydrocarbons or al cohols. 5 I n powder
coating, the coati ng povvder usual |y conprises a thernosetting binder

h t . 1 .o,
COTPO! b 1 potr S i Wl Gy St £ Kok B o
L conposi ti orunﬂrﬂnh& mmdm&mﬂomcﬁtal?smcﬁgmmﬂm}&ﬁandmunmaﬁhnﬂmwThs Gras-

such or a two-caonponent binder caomposition which conprlses a hardener and a
reactive settinghindercpmpopition maydeans- @gmsamsrbe eaﬁ@nmwxwhvbmfoe used as

this conte the hem ition, i.
o o one. chsR B2 tPORBABESR bhor coriborinii oh Broprify a HrachB LS enCive
conpounds. ddlyraeldThe @é}mse‘éﬁé”lc@ @nindoftwa-cbii@oﬁé?ﬁpﬁﬁﬁﬁtcohte&tj ﬁre independent
conposi tion nay consi st of several conpounds. Preferred

conposi ¥ orf thma@halaahemml c@mp@lﬁm, i.lpataongrromponens binder bompesiticromgy sonsistroad
and, 15 as ha dener on bi nder conppsi.ti ons conppri se
2t east orved fapiagmas 1B 3aaion. a8 gSRAPEE Pha MESAPHASE PR TIPSR may
i nvention aRlsisOfftde98al tompaimaat al yst. Suitable cata- I yst s for this

type of conposition are, for exanple, Lew s acids such as boron trifluoride

conpl exes or Lewis bases such as tertiary am nes. In an especially

preferred 0di nt of, the entlon e solid epoxidi pol yester com
pounds accdrBiHy mpRSItIPRY WhiChaTe %wf@bl&éh path %P&fsg?rf%ﬁ@gfmwmons and,

conpri sjsng étha}cfeﬁélt c&ﬁfonent twoL {1)1%5 nftBﬂﬁ@})&o‘?x}é&fsmironﬁﬁ%x%glgsﬂttl&s@w&hd ep-

gr oups. pol'ymers capa reacti y gro
preferably qmdhycrhpdyestertrasm lacgprdiag bohe invention and, optionally, a catalyst. Suitable cata-

lysts for this type of composition are, for example, Lewis acids such as boron trifluoride

complexes or Lewis bases such as tertiary amines.

20  In an especially preferred embodiment of the invention, the solid epoxidized polyester com-
pounds according to the invention are used in compositions further comprising at least one

polymer capable of reacting with epoxy groups.

As polymers capable of reacting with epoxy groups, preferably polymers containing carboxy
25  groups, polymers containing anhydride groups, polymers containing hydroxy groups, poly-
mers containing amino and/or amido groups or (other) polymers containing epoxy groups are

employed.

Especially preferred polymers capable of reacting with epoxy groups are polymers based on
30  polyesters, polyacrylates or polyethers which are modified so as to contain the above func-



25 groubs, pol ymers cont ai ni ng anhydri de groups, polyners containing

hydr oxy . gr oW§s98/42746y - mers contai ning am no and/ or am ®ECTERIBHEC08r
(ot her) polyners containi ng epoxy groups are enpl oyed.
Especially preferred polynmers capabl e reacting with epoxy groups are

pol yner s bagghl gPoudd. DEnMR! ¥ the tfelof FedofioRilfSods pReNEhHBE feabhl EPoldhtrs,

modi fied so as to contain the abové func-

9 t i onsitablecnaedystfemomlinthe art mayebet yspéd toéxpeditctheendhg grawegs present in
the reactive polyners, suitabl e catalysts known in the art nmay be used
to expedite the curing process. Particularly preferred as polyners

bl f ' | : i th
an aci d nunbEREHER phdiedefRON AERR5AL e RERPUILRSY slounsiife LBbR el
t enper atsr epolyesters With an achd nixibérf 10 tb 90 Mg K ORYE redth &d 4 Slass fratafiod temperature

avail able from Vi anova Resins, a conpany of the Hoechst G oup, under
t he tradenafkodd 10a10:3G- &asins of this type arhavailablp fom Vianeva Basing, i compeny lof fet
one solid epoxi,di zed pal yesi e esi owdi ng to the in- 10 vention and
at | east onggﬁﬁ}%/% upggﬂé%ﬁ%eﬁémgﬁﬁ%%ﬂh epoxy groups nmay be bl ends

w th no substanti al degree of crosslinking between the epoxidized

pol yester resin and the other poly- mer. These bl ends are often

cal | ed nast Eh&eompesitions comprisinigrat fmast drersolidiepaiidieed polyésteraesip ascdrdimgso thiecin-
pre-pol ynmerized, 1. , _crosslinking has.taken 1 | ace to sone extent,
but vi t fout vERieEad ablskst qnﬁﬁé?}yrf?er’fgca G Shshsiearty SRS ERHRSRER b plepitwith no
CONMpOSi ti ONguhGAAAIHeRMOf cEWRRkiAS BRGREA | 8 r .
conpositi onsélf e‘%ﬂ%Thoe mast er %‘ét ch clfl)ﬂm{‘}(r)kzJ ?ﬁag‘ﬁsi’%s‘%‘:‘%ﬁg?grtggg%’é%&y
separ at el y mer.{Thgs¢ blends areeften najlddhmasterbatchespl i d epoxi di zed pol yester resin
and the pol yner capable of reacting with epoxy groups, mx- 20 ing the
melts thoroughly, solidifying and conm nuting the conposition. Especially

or osel i i anoti o afieds e 05 MBCiGnc hrd FIBGIANHACNE, EADMBERANLS

- separ & el place tot soget dxeent,; buredithongcdn8ierably impairing the thermosetting properties of the

composition. Accordingly, these compositions are often called prepolymer compositions.

The masterbatch compositions may be prepared by — separately or together — melting the
solid epoxidized polyester resin and the polymer capable of reacting with epoxy groups, mix-

20  ing the melts thoroughly, solidifying and comminuting the composition. Especially the mixing
should be performed at a temperature where no substantial crosslinking occurs.

The prepolymer compositions may be prepared by — separately or together — melting the

solid epoxidized polyester resin and the polymer capable of reacting with epoxy groups, mix-
25  ing the melts thoroughly, keeping the mixture at a temperature where crosslinking is possible

for a time sufficient to achieve the desired degree of crosslinking, solidifying the mixture and

comminuting it.

Both the solid epoxidized polyester resins as such and the above compositions may be used in
30  thermosetting one~component binder compositions suitable for powder coating. When used as

such, i. e., without additional polymer capable of reacting with epoxy groups, the solid ep-




1

'sol i d epoxi di zed pol yester resin and the polyner capable of reacting with
tepoxy groupwo 9814276625 ing the melts thoroughly, keeping thepoirsroseiced a
‘terrperature where crosslinking is possible for a tine sufficient to
achi eve the desired degree of crosslinki ® solidifying the mixture and

x commi nut i NGylidized n%olyester% bbothi&s é‘c%fdﬂlﬁ% Hlbé?ﬁ’éfﬁ mé)nsig]'?"%rﬁ):ﬁ,g ohituTiad

and the above conpoSitions may be use n 30 one-co o ent
bi nder conpesin$ owosrimgli t abl e for powder coating. Wen used as such, i.
e., W thout additional polyner capable of reacting with epoxy groups, the
solid ep- 10

oxi di zed p%yaggﬁl% ﬁ&ﬁﬁﬁé‘&ffﬁ §1%E£d %gh} %{elt g}lgm's gy&ﬂ:&l' a?l@ ﬂ# Oﬁ* e °0m88§1ﬁ‘°{1?1 o

honopol yrert ze I'ns on ey

‘solid ersoxudayseiumlasw@hef @)‘i:hﬁbixeﬁt.f) ﬁ&@ﬁ)@d&&lﬂghﬁroad&%nﬁﬂrﬁiﬁkﬁrkb sitidns
_may be used as hardener conponents in thernosetting two-conponent Dinder
conposi t i orgyitable forspawdesiceating whishdemprises hardensh corponsnt airsactive Ipabdmreqom-
_conponent, a reac nt _whi ri ses.,at | east one
reactive pdSATE %8%5’8&’8“%?3 arte?fﬁ{grﬁdeﬁntvg @%cﬁa@&p‘éﬂg& ting With epoxy groups
opt i onal 1. and, GAticiallya cathly SAubAshabAlh G presdinlby dBRAp ARSI & -
5errp| oyed as ha?ﬁ‘% 5 a?ane?’ conponents, tlﬁgﬁrglgctlvep pol ynmer @Sﬁaedgse%%%d
conponent neagr tmnpdm:nsaﬂxe reactivh pblyhier i thepedconddompohére iy skethe samne agithat

di fferent one. cihe t Wo- rrponent bi nder conpositions, preferred
pol ymer ¥ caﬁ?&lﬂrge%fnﬁhéé’@{ eﬁﬁr%at‘h‘ erent 0Ofgroxy groups are pol ymers contai ni ng

car boxy groups, polyners containing anhydride groups, polyners
cont ai ni ng hydroxy groups, polymers containing am no and/or am do 15

groups or’ (Iatthetwo-pahpomsns bindet eonfpositionf Prefefred pelymers capable bf pactiag With
preferred pol yners capabl e of reacting with epoxy groups are polyners based
on pol §P8 &@PsmwmrS@e@l@mg %bwsrem, pRyEersgantainia ﬁpésdr as to

contain th P preferred
s pol yrrer 2 EplylRes contiping s YR ol iers contaliitd i Hoalon Bt

pol yesters grbﬁﬂssc&r(oﬁx@r)ct;dhjdﬂ&eﬁ:oﬂt&nﬂﬁg x¥ @roips KOH g resin and a gl ass
‘tranS|t|on t enperat ure Tg of 50 to 70 [err]C Resins of this type are

avai l abl e from Vi anova Resins, a conpany of the Hoechst Group, under
the tr adermﬂf)eé'af& ﬁl'e%r['éecf ISJIymers capable of reacting with epoxy groups are polymers based on

polyesters, polyacrylates or polyethers which are modified so as to contain the above func-

tional groups.

20
Particularly preferred as polymers capable of reacting with epoxy groups are carboxylated
polyesters with an acid number of 10 to 70 mg KOH/g resin and a glass transition temperature
T, of 50 to 70 °C. Resins of this type are available from Vianova Resins, a company of the
Hoechst Group, under the trademark Alftalat®,

25

Especially suitable for powder coating are powder coating compositions comprising a one-
component or two-component binder compositioh as described above and one or more sub-
stance(s) such as pigments, catalysts, curing agents, including polymers capable of reacting
with epoxy groups, fillers, and auxiliary materials. Auxiliary materials include materials such

30  as flow improvers, antioxidants etc.




25 Especially suitable for powder coating are powder coating

conposit i orWOd8MARTe6si ng a one- conponent or two- conponeRCTHNIEEI609
conposition as descri bed above and one or re sub- stance(s) such as
pi gnents, catal ysts, curing agents, incl L@% g polynmers capabl e of reacting

W th epoxy EHePdwder Ebdtir%rc%mp%@ﬂioﬁb' ¥aly iR IpYepaddety mbhod<kndvir B the BR! Ririedhdple
I ncl ude materials such 30 as flow inprovers, antioxidants etc.

"The powder hyoabiimgjantbentnsiing tha compynénts juraipeatedeextrpdersand subsegnently ¢amminuting
art, for ex |.e by m xi ng and extr udi t he conponent.s in a heated
ext ruder aﬁggg?}%%?ﬁﬂ’élﬁﬁ@ f P ﬁ‘b‘taﬁef%ra%é” I‘ﬁoa@{;g}b‘aﬁ’t‘eé'to a
particle size suitable for the usual coating techniques. 5 The coating
iprocess may be carried out by applying the powder coating conposition on a
'subst ratse, Tiwrcoatiagproeeisymey be tardied ati sy splyiyg tig powdsncddting comporitiontoncd,
tand curing the coat- I ng. by subjecting it to heat for, a sufficient
‘time at a SWPStEEE.dor examnie by elecirastatit sraying ensrother knoywp methad, and euring theicegt-

non- | m 11 ey i o heh 1Y o RRBER L O RERR e B o s,

gel per neatgjesl atgpaphy (GPC). The rel a- tive peak areas refer
ito the resol ved peaks (at high retention tines) only, whereas the averaged
‘ol ecul ar nasses have been deternmined fromthe conplete elution diagrans.
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456, 3 g (3 molerERmaRs Bl b Aol by e PR S RO R (PO T ey
g (2 nol) divegdak larmae refbytoche rekdRred pgakisZatrigh ravéntiondimesy bnly] wherehs thecivefiged

: of xyl ene. The m xture was, heatfed .and the t erature was gradually
raised to 23elepwar Pe?sef'rh@vee%qemefmeﬁéwm the Compledt PRHODABZERS { ed out
distilling off the water formed until the acid nunber of the m xture
was 15 ng KOH g. Then 0.5 g of stannous oxi de was added. After ca. 12 h,

the xylBne was 25 distilled off at 230 [err] C under vacuum from 1000 to

136 nbar. The reactiqn m xture was fil- tered and 675 g of polyester
wer e obt ai negmparative Example A

Preparation of a polyester from 1,2,3,6-tetrahydrophthalic acid, ethylene glycol and

isobutyl alcohol without distilling low boiling fraction

20 A flask was charged with 456.3 g (3 mol) of 1,2,3,6-tetrahydrophthalic anhydride (THPA),
124.1 g (2 mol) of ethylene glycol, 148.2 g (2 mol) of isobutyl alcohol and 20 g of xylene.
The mixture was heated and the temperature was gradually raised to 230 °C. The esterification
reaction was carried out distilling off the water formed unﬁl the acid number of the mixture
was 15 mg KOH/g. Then 0.5 g of stannous oxide was added. After ca. 12 h, the xylene was
25  distilled off at 230 °C under vacuum, from 1000 to 136 mbar. The reaction mixture was fil-
tered and 675 g of polyester were obtained.
Iodine number: 110 (calculated: 113)
Acid number: 1 mg KOH/g
Viscosity at 100 °C: 60 mPa's
30 Viscosity at 70 °C: 300 mPa's
M, : 1100




IIodi ne nunber: 110 (cal cul ated: 113) Aci d nunber: 1 ng KOH g
Viscosity atvoldix2fesrr] C. 60 nPa.s 30 Viscosity at 70 [err] Cporaiddshiias S

1100 Mol ecul ar mass distribgion (GPC, relative peak areas)
M 280 (15% 450 (36%

650 (249  Mplecular mass distribution (GPC, rela®nlpealt §2éhs) L

1 100 (99 . Conpar.ative Exanple B 10 'Epoxidation of the

pol yester olfai ned in Conp@B&(i5¥e) Exanpl e A Crude pol yester of

1,2, 3,6-tetrahydrophthalic g@l d. ethylene glycol and isobutyl alcohol ob-
tained in conparative exanﬁ (3,§/(’)225 g, 1 eq) was dissolved in 450 g of
ethyl acetate at 50 kg@gﬂ@s Sol i d nonoperphthalic acid (95% purity,
249 g, 1.3 nol) was added por |or%/vi se during 15 1 h. By imrersing the
reactionsflask in cold wat 850 (l6%%) enperature of the stirred reaction

m xture was maintained at 50 [err] C. Wien the exotherm c reaction ceased,
the flask was im med3QH(AA.a warm bath and the reaction nixture was
tallowed to stand at 50 [err]C for another 2 h. After cooling to room
tenperature, the reaction mxture was filtered and the filtrate washed

W th aqueous sodi um carbonate and then with water. The organic | ayer was
concentrated in 20 vacuo and dried at 80 [err]C/ 13 nbar to give 245 g of
epoxy resi nComparatigg ExampleBnt ent : 59w %  |odine nunber: 0.8
Aci d ”:’{I@e;pp%xd[aggp]%é?ﬂe g%vﬁﬁmbtgine\g in ¢ osnlx;tnglra%%e ggm[p% rA] C 300 nPa.s 25

Vi scos

Crude polyester of 1,2,3,6-tetrahydrophthalic acid, ethylene glycol and isobutyl alcohol ob-
tained in comparative example A (225 g, 1 eq) was dissolved in 450 g of ethyl acetate at
50 °C. Solid monoperphthalic acid (95% purity, 249 g, 1.3 mol) was added portionwise during

15 1h. By immersing the reaction flask in cold water the temperature of the stirred reaction
mixture was maintained at 50 °C. When the exothermic reaction ceased, the flask was im-
mersed in a warm bath and the reaction mixture was allowed to stand at 50 °C for another 2 h.
After cooling to room temperature, the reaction mixture was filtered and the filtrate washed

with aqueous sodium carbonate and then with water. The organic layer was concentrated in

20 vacuo and dried at 80 °C/13 mbar to give 245 g of epoxy resin.

Oxirane content: 59wt %
Iodine number: 0.8
Acid number: 0.5 mg KOH/g

Viscosity at 100 °C: 300 mPa-s
25  Viscosity at 70 °C: 7000 mPa-s

M, 1100
Molecular mass distribution (GPC, relative peak areas)
M ' 280 (15%)
450 (35%)
30 650 (25%)

850 (15%)




[err] 1100 Mol ecul ar mass distribution (GPC, relative

peak ar.eas)WO 98/4276§/ 280 (15% PCT/EP98/01609

450 (35% 30 650 (25%

850 (15% 13 13

1100 (109 . Exarrpjlez)oj(lé%e Pol yester of 1,2,3,6-tetrahydrophthalic
acid, ethylene glycol and isobutyl alcohol A flask was charged with
456.3 g (3 mol) of 1,2, 3,6-tetrahydrophthalic anhydride (THPA), 124. 1
.g (2 nol) of ethylene egcoI, 148.2 g (2 nol) of isobutyl alcohol and 20 g
.of xyl ene. The m xture was heated and the tenperature was gradually

‘raised to 2@% Fer 4 C. The esterification 10 reaction was carried out
distilling o he water formed until the acid nunber of the mxture

was 15 my KeslyesterToiEh2 3,Gtegraliydsoplthalic acidj ethylene ghstdkband ipbutyl alcohoP h,

t he xyl ene and 110 g of diisobutyl tetrahydrophthalate were distilled
tof f under vacuum at 230 [err]C, gradually reduci ng the pressure from

polyester vitashpps kb8 fin el S BN 21,5 etifapBtnaiathyiiids (TTPA),
Acid nunberi24.1g(2 indlpoﬁ%ﬂﬁ‘lene glycol\/imgl(ﬂ moa)t of i&butyd alchBol ﬁﬁl 203§oﬁxy1ene

Vi scosity at 70 [err]C. 600 nPa.s [err] 400 20
Mol ecul ar nEksmitaterwashdatad andiis; temperatyre svag gradualierpised to 230 R)C The esterification

280 ( 2%2 reaction was carried out distilling off %Ee wgter t@rmed until the acid number of the mixture
was 15 mg KOH/g. Then 0.5 g of stannous oxide was added. After ca. 12 h, the xylene and
110 g of diisobutyl] tefrahydrophthalate were distilled off under vacuum at 230 °C, gradually
reducing the pressure from 1000 to 13 mbar). The reaction mixture was filtered and 565 g of
polyester were obtained:
15 Iodine number: 114 (calculated: 113)
Acid number: 1 mg KOH/g
Viscosity at 100 °C: 90 mPa's
Viscosity at 70 °C: 600 mPa's
M, 1400
20  Molecular mass distribution (GPC, relative peak areas)
M 280 (2%) _
450 (20%) .
650 (15%) | |
"850 (15%)

25 1100 (48%).



650 (15% 850 (15% 25
1100 (48% WO 98/42766 Exanpl e 2 PCA/EP98/01609
Epoxi dation of the polyester obtained in Exanple 1 Crude pol yester

of 1,2,3,6-tetrahydrophthalic acid, ethylene glycol and isobutyl alcohol
ob- 5 tagpadpien exanple 1 (224 g, 1 was di ssolved in 450 g of ethyl
acetate at 50 Jerr]C. Solid nmonoper phthalic acid (95% purity, 249 g,
1.3 nol) wBpoxiddtion phHthtei poiydster oddisined i Elxamipje 1 i mersing the reaction
flask in cold water the tenperature of the stirred reaction m xture was

mai nt ai ned at 50 [err]C When the exothermc reaction ceased, the flask was

ot 50" [er e BBy o LA el d bR ARIE Tk ol de%%%ﬁﬁf%séf? bLBE"
reacti o niaitiedlig e)tﬁﬁ%lé |1I(lz@4 Edl acnel:vdshﬁssbweaﬁansao @@f BB aetale ABOST!Sokid-

di um car bonate and en with water. The organic | ayer was concentrated in

vacuo and wenepprphthalic acid 5% pmtycl@% riohmolovag addedzpmngnwisesiunng ldp By

o g R e o Lo T T B by
100 [err] Cma%?tﬁﬂed’fﬁ%OS’C Whenthé E}Eb'?thérﬁu@}edﬁ’or[ @eraﬁécfr:lt%ut | o%%? @%&sed in a warm

[err] Mol ecul ar mass di st relative

peak ar eashatkand tie reactlon mixture was allowed 3€nd280 °C for another 2 h. After cooling to

450 (2 159

850 E 151);3 room temperature, the reaction mixture W&q%@%d the filtrate washed with aqueous so-
dium carbonate and then with water. The organic layer was concentrated in vacuo and dried at

* 80 °C/13 mbar to give 240 g of solid epoxy resin with a softening point of ca. 60 °C.

Oxirane content:

6.3 wt %

Iodine number: 0.3
15  Acid number: 0
Viscosity at 100 °C: 2700 mPa's
Viscosity at 70 °C: 64000 mPa's
M,, 1500
Molecular mass distribution (GPC, relative peak areas)
20 M 280 (2%)
450 (20%)
650 (15%)
850 (15%)
1100 (48%).

25



15 Conparati ve Exanmple C Preparation of a polyester of

1,2, 3, 6-teWQp/M4p76pht hal i c aci d, neopentyl glycol and isobu- -PCT/EP98/01§09

al cohol without distilling | ow boi I i ng fraction 5 A flask was charged
with 456.3 g (3 mol) of 1,2,3,6- tetrahy(ﬂ@)hthallc anhydride (THPA),

208.3 g (2 Ebh)payﬁnﬁennempyécgl ycol, 148.2 g (2 nol) of isobutyl alcohol
and 20 g of _xyl ene. The m xture was heated and the tenperature was

gradual I'y rBréparatign pfe podyester.of 1123,6-4etrahydrophthalic acid, neopenty]) glycaland isobu-
carri ed out . di d.until the acid nunber of the

ni xt ur e a\?\/éélgt)hg'%gﬁag}&ng\l’ﬁg&tﬁ{}%g 5HOR ¢ annous oxi de was added.

"After ca. 12 h, the xylene was 10 distilled off at 230 [err] C under

vacuum from 1000 to 136 nmbar. The reaction m xture was fil - tered

and 760 3 oA faskywastcharged mathodfiéad g€3imol) of 1,2,3 6€tetmﬂ1ydmlih&mhc anh)‘&!hde (THPA),
(cal cul ated Vi scosity at

100 [err] C 2q&}8%)@§1%1) 9§n°°PW§’Eg’S'F?1y 148.2 8((8 o} ?fesobu?ﬁ@lwﬂlal and 20 g of xlene]
%ggo (269% Za’hé/ﬁh%}g Whs RB%sH Hashé {emﬁe%e(\%%a(fuﬂlﬂ‘&yﬁ 1893 B 88 Lsterificatioy

700 (17% reaction was camed out distilling off tﬂ@@r@tef £ined until the acid number of the mixture
1300 (189 . 25 arative Exanple Epoxi dati on of the

pol yest er OWP&M&BKQI‘@ -3 e@fgaamm@x@ewas added?rfeﬁﬂtrcadb?lmdhyaskeacmﬁ
1,2
T compld o ERHHEL 98 8 350 ¢ yBEkyacRE O hoglal B mBe The S8R miKbi s
acetate at fefed &1d 760 g S0pdlgester weréBh@peapht halic acid (95% purity, 249 g,
1.3 nol) was added portionw se during 1 h. By

Iodine number: 98 (calculated: 100)

Acid number: 0.4 mg KOH/g

Viscosity at 100 °C: 110 mPa's

15  Viscosity at 70 °C: 700 mPas

M, 1400

Molecular mass distribution (GPC, relative peak areas)
M 280 (26%)
20 470 (31%)
700 (17%)
1000 (8%)
1300 (18%).

25
Comparative Example D

Epoxidation of the polyester obtained in Comparative Example C

The crude polyester of 1,2,3,6-tetrahydrophthalic acid, neopenty! glycol and isobutyl] obtained
30 in comparative example C (258 g, 1 eq) was dissolved in 500 g of ethyl acetate at 50 °C. Solid
monoperphthalic acid (95% purity, 249 g, 1.3 mol) was added portionwise during 1 h. By



imersing the reaction flask in cold water the tenperature of the stirred

reacti on mwao o8/£27860S mai ntai ned at 50 [err]C. Wen thep@ﬁgl;gg 56'8'9‘3
reacti on ceased, the flask was imersed in a warm bat h an ﬁe
reaction mxture was allowed to stand at [err]C for another 2 h. After

cooling to, reaction m xtyre.. filtered and
Che 11t r acmmugmsing SO Halh L S Wtes B etnnpruni o e SUR reactie ke was
water. The

(o] 15 rpasiaicd ot 30 °C. Whtn SV GRU Al A acon RaA, B0HaEL Waliorsed in o i
W % baticindethe razbtion rmxtute was allow%dltd standrbes0 °C for a.nGthkf)2 hVASiep&ddling ad

100 [err] C: 2500 nPa s Mol ecul ar mass
i distributi 6ﬂ°?@@erP@F%@%W as filtered apd the ﬁltrate washed with aque@g so-

E ig:;?) . 5 dium carbonate and then with wa%ggla{e?’o?g%mclﬁayer was concentrated in vacuo and Zq%

F(20% . 0 C/Bxabpt © g3ve271g8pép@@trg§mof 1,2,3,6-tetrahydrophthalic acid,
~ neopentyl glycol and isobut al cohol A flask was charged with 456.3
i g (3 nol) Aximng contgnt; etré@/ﬁ’i‘-’&’pht hal i ¢ anhydride (THPA), 208.3 g (2

i ol ) of ne col, ,148.2 g (2 nol) of isobutyl alcohol and 20 g of
qgﬁﬂé}ﬁﬂr@ r e \M}S heat ed and the tenperature was gradually raised

" xyl ene.

to 230 [errAcg;dnﬂ}IﬂgeIesterl fo cation reaction was carried out distilling
,off the water fornmed until the acid nunber of the mixture was 15 ny
' KOH g. WherViecosity abi0%iGinR608 mbarde was added. After ca. 12 h, the xylene
: and 160 g of diisobut él t et rahydropht hal ate were distill ed of f under
¢ vacuum at oMy [err]C, gra reduci ng the pressure from 1000 to 13

: nbar. The rmaglpggnéﬂgﬁnéﬁngum(ééngfﬁ %%lag?fsaghg of 30 polyester were

obt ai ned. 100)
M 280 (25%)
470 (30%)
15 700 (18%)
1000 (7%)
1300 (20%).

20 Example3

Polyester of 1,2,3,6-tetrahydrophthalic acid, neopentyl glycol and isobutyl alcohol

A flask was charged with 456.3 g (3 mol) of 1,2,3,6-tetrahydrophthalic anhydride (THPA),
208.3 g (2 mol) of nedpentyl glycol, 148.2 g (2 mol) of isobuty] alcohol and 20 g of xylene.

25  The mixture was heated and the temperature was gradually raised to 230 °C. The esterification
reaction was carried out distilling off the water formed until the acid number of the mixture
was 15 mg KOH/g. Then 0.5 g of stannous oxide was added. After ca. 12 h, the xylene and
160 g of diisobuty] tetrahydrophthalate were distilled off under vacuum at 230 °C, gradually

reducing the pressure from 1000 to 13 mbar. The reaction mixture was filtered and 760 gof
30 polyester were obtained.

Iodine number: 100 (calculated: 100)



Aci d nunber: 0 Viscosity at 100 [err]C 250 nPa.s Vi scosity at

70 [err] C. WRPIBOi2MG8a S [err] 1500 5 Mol eROTEPIINRLIEN?
distribution (GPC, relative peak areas) M 280 (2%
470 (50% - 70€.330%

§1000 (15% Adifl number: 0 1300 (3%. Exanpl e 4

JEpoxi dation of the polyest ohtained in Exanple 3 15 Crude pol yester
of 1,2,3, 6-Y1§P‘P%‘I¥>?f!r199hghag%m§6'ﬁd, neopentyl glycol and isobutyl al cohol

ob- taggg?sé%t@ag: ie%foo(xﬁﬁgsg, 1 eq) was dissolved in 500 g of ethyl

acetate at nmonoper phthalic acid (95% purity, 249 g,
1.3 nol) vva?added portionygpe during 1 h. By I mrersing the reaction
flask in cold*water the tenperature of the stirred reaction mxture was 20
mai nt ai ed Moldalildr anas} Gistritutiont 6B Coralativerpsiicaneasict i on ceased, the flask was
I mersed in_a warm ba&ﬂ)&%the reaction m xture was allowed to stand
at 50 [err]@for anot her 24%/\“APter cooling to roomtenperature, the
reaction m xture was filteaﬁ@ ‘the filtrate washed wi th aqueous so-

di um carbonate and then wt S\/at r. The organic |layer was concentrated in

vacuum and dri ed at 8000 80°4)C/ 13 nbar to give 266 g of epoxy resin. 25
Oxi rane content: 53wt % o | odi ne nunber: 1.3 Aci d nunber:
0 Viscosity at 100 [&P9Q@5%9150 nPa.s Viscosity at 70 [err]C

132000 npPa.s 30 [err]

° 1700 Mol ecul ar nass
di stribdlion (GPC, relati vé3%0e%3k/°)ar eas)

Example 4
Epoxidation of the polyester obtained in Example 3
15 _
Crude polyester of 1,2,3,6-tetrahydrophthalic acid, neopentyl glycol and isobutyl alcohol ob-
tained in example 3 (253 g, 1 eq) was dissolved in 500 g of ethyl acetate at 50 °C. Solid
monoperphthalic acid (95% purity, 249 g, 1.3 mol) was added portionwise during 1 h. By
immersing the reaction flask in cold water the temperature of the stirred reaction mixture was
20 maintained at 50 °C. When the exothermic reaction ceased, the flask was immersed in a warm
bath and the reaction mixture was allowed to stand at 50 °C for another 2 h. After cooling to
room temperature, the reaction mixture was filtered and the filtrate washed with aqueous so-
dium carbonate and then With water. The organic layer was concentrated in vacuum and dried

at 80 °C/13 mbar to give 266 g of epoxy resin.

25  Oxirane content: 53wt%
Iodine number: 1.3
Acid number: 0-

Viscosity at 100 °C: 6150 mPa-s
Viscosity at 70 °C: 132000 mPa-s

30 M, 1700
Molecular mass distribution (GPC, relative peak areas)



M 280 (2% 470 (45%

700 (29% wo 98/42766 1000 (18% 5 PCT/EP93/01609
1300 (6% . Exanpl e 5 Pol yest er of 1,2,3,6-tetrahydrophthalic
acid, trimethylol propane and i sobutyl al@éhol 10 A flask was charged

with 1369 g,(9 nol) of 1, %g@gﬁ%j et rahydr opht hal i ¢ anhydri de (THPA),
404.5 g (3 mol) of trimethylol propane (=

2- et hyl - 2- (hydr oxynet hyl ) 410 4% ppanedi ol ), 699 ¢ (9.4 nol) of
i sobutyl al cohol and 35 g ﬁqf)(x |l ene. The m xture was heated and the

- tenperature was gradG “hised to 230 [err]C. The esterification

" reaction was carried out q?@éllsly[g]g off the 15 water forned until the acid
nunber of the m xture was Frg OH g. Then 1.2 g of stannous oxi de
was added. After ca. 24 hj]30tne%)/| ene and 589 g of diisobutyl
t et rahydropht hal ate were distilled off under vacuum at 230 [err]C
gradual |y reducing the pressure from 1000 to 13 nbar. The reaction
m xture was filtered and 1677 g of polyester were obtai ned. | odi ne
nunber : 101.5 (cal culated: 102.5) 20 Acid nunber: 1 ng KOH g
Vi scosity gtxa;,ﬁﬁegerr] C. 2260 nPa s [err] 2050 25
Exanpl e 6 Pol yester of 1,2,3,6-tetrahydrophthalic acid,
t ri met hyl oPolyestenef 4;28,6<efrabydrophduiliz acid, trimethylolpropaneand isabytyll alviohbl
1056 g 87 nol) of 1,2,3,6-tetrahydrophthalic anhydride (THPA), 582 ¢
(2 nol 0of diisobutyl tetrahydrophthal ate, 404.5 g (3 nol) of

vl ene. T BERE oAb 1360% & FRUof L2 B rdphBRNC AT HPR)

rai sed to 284.5[gBrhél) of rémethyRiprbpart(=RRethels-(hydltoxyasetiayl)-1 j3estopatiediol), 699 g

‘- distilling (90.f4fm<§l§] gf isobutyl alcohol and 35 g of xylene. The mixture was heated and the temperature
was gradually raised to 230 °C. 'fhe esterification reaction was carried out distilling off the

15 water formed until the acid number of the mixture was 18 mg KXOH/g. Then 1.2 g of stannous
oxide was added. After ca. 24 h, the xylene and 589 g of diisobutyl tetrahydrophthalate were
distilled off under vacuum at 230 °C, gradually reducing the pressure from 1000 to 13 mbar.

The reaction mixture was filtered and 1677 g of polyester were obtained.

Iodine number: . 101.5 (calculated: 102.5)
20  Acid number: 1 mg KOH/g

Viscosity at 100 °C: 2260 mPa-s

M, 2050

25 Example 6
Polyester of 1,2,3,6-tetrahydrophthalic acid, trimethylolpropane and isobutyl alcohol

A flask was charged with 1056 g (7 mol) of 1,2,3,6-tetrahydrophthalic anhydride (THPA),

582 g (2 mol) of diisobutyl tetrahydrophthalate, 404.5 g (3 mol) of trimethylolpropane, 388 g
30 (5.2 mol) of isobutyl alcohol and 40 g of xylene. The mixture was heated and the temperature

was gradually raised to 230 °C. The esterification reaction was carried out distilling off the



water formed until the acid nunber of the m xture was 18 ng KOH g. Then 1.3
g of stannoW®© 98/427660xi de was added. Afterdfg. 24 h, the xyl eRETEPISOLNI g of
di i sobutyl tetrahydrophthal ate were tilled off under vacuum at 230
[err]C, gradually reducing the pressure from 1000 to 13 nbar. The

reacti on MywgkddBrmi@Surtil thedcid n@nBerldiQle sixalirenodsylBshg K OM/ge Thoi di3ngdf stannous
| odi ne nunber: 102. 3 (cal cul ated: 102.5) Aci d nunber

ny
KOH g ovideovasi addedtAfiar®al 24 bt xylegoand$98. g of diisobutyl tetrahydrophthalate were

Bvanpl e 6 distled B EEr Vaspymat dROE Eagoalyeusiig i oFOpHE R AOOT Re b
 trimet hyl okpeq sétukéalayﬁnére 'aﬁ@*i@bl ééfFﬂ%&m&ebﬁmﬁﬁaﬁpl e 6 (100 g,

0.4 eq) was gISSO ved 1 n 255 0 l ene”w 1 g of nethyl-

tri oct ybamiodine munbéror i de 1@2346a1§:u=11ate}i(:102[’5)) this mxture 115 g of an aqueous
sol ution contai ni ng hydr ggen peroxi de (0.54 nol), sodiumtungstate
(0.02 ol ) A npmBShhor i clééggtcb B/206 ol ) was qui ckly added. By

: 1 mrer si ng t\ﬂ? gﬁ.g(r‘#i@ é'%ﬁ%obﬂxﬁa@d wat er the tenperature of the
| u

stirred reac re waS naintained at 40 [err]C. Wien the exothermc
reaction cegped, the 20 flgagk was i mmersed in a warm bath and the reaction
m xture was allowed to stand at 40 [err]C for 4 h. After cooling the
organic |ayer was concentrated in vacuumto give 110 g of solid epoxy

resin with a softening point of about 80 [err]C. Oxi rane content:

4.8 wt 9% | odi ne nunber: 2.5 25 Acid nunber: 0 Vi scosity

at 100 [errﬂ,gml;,g/a,oo nPa. s 2700

- Epoxidation of the polyester obtained in Example 6

Crude polyester of 1,2,3,6-tetrahydrophthalic acid, trimethylolpropane and isobutyl alcohol

15  obtained in example 6 (100 g, 0.4 eq) was dissolved in 255 g of xylene with 1 g of methyl-
trioctylammonium chioride at 40 °C. To this mixture 115 g of an aqueous solution containing
hydrogen peroxide (0.54 mol), sodium tungstate (0.02 mol) and phosphori;: acid (0.06 mol)
was quickly added. By immersing the reaction flask in cold water the temperature of the
stirred reaction mixture was maintained at 40 °C. When the exothermic reaction ceased, the

20 flask was immersed in a warm bath and the reaction mixture was allowed to stand at 40 °C for
4 h. After cooling the organic layer was concentrated in vacuum to. give 110 g of solid epoxy

resin with a softening point of about 80 °C.

Oxirane content: 4.8 wt%
Iodine number: 2.5
25  Acid number: 0

Viscosity at 100 °C: 13400 mPa-s
#, 2700 |



:] al cohol

1 20 Exanpl e 8 Epoxi dati on of the polyester obtained in Exanple 6
} Crude pol yewioas/4e1661, 2, 3, 6-t et r ahydropht hal i ¢ aci d, trinethylpireseiy and
¥ isobutyl alcohol 5 obtained in exanple 6 (100 g, 0.4 eq) was dissolved in

1 200 g of ethyl acetate at 50 [err]C 2ol i d nonoper phthalic acid (95%
fpurity, 100Eﬂamgle5§ nol ) was added portionw se during 1 h. By
§1imersing the reaction flask in cold water the tenperature of the stirred

{ reaction ni Epuxidation of thepolyestat ebtagskdein Exansies] C. Wien the exothernic

reaction ceased, the flask was imrersed in a war m bat h and t he

reaction mxture was allowed to stand at 50 [err]C for another 2 h. After
cool- 10 i r t he .react.i,on. mxture was fjlJtered and

| Che 1111 r ar SRudeelil bR TRt S ety atobhE Bt el paB e hBH Laleapol
wat er. The gl én b@le G300 BT 2 RYEY whedisidlvain Ba0 e e | §glo@t 80

flerr]C/ 13 nbar to give 10\3.@3 ggof S(E)qi d eSoxy resi.g]gwi tﬂlyéta?seé?ttg%{nﬁg@'poi nt
of about  Solid gEnpperphtalic acid (930 ipuzitye 100 g} @62 mol) Wasladded Portfonwisediumiag 1 h.

1 nunber : Bl' . Agi d nunbeH: . 0 Vi scosit¥ at 100 [err] C.

| 39500 nPa. s y1mmers1f%&ﬁreactlon ask in cold wejeshe temperature of thestifned reaction mixture

4 Pol yester ofyadmaindaifiad &t / ' ' ' nd isobutyl

| iptrifed B30 0 N ABD AR biheffly foachBREAREL AL AR Wil o S8 0

1 1, 2, 3, 6- t et wahy tathpintitihé reactiormibtittewssTaiioMed 1@ san®@F 0P for &Rbthedd h. After cool-

1 pent aeryt hrj t ol é: 2, 2- bi s( hydr oxymet hyl )-1,3:‘ﬁropanedi ol), 594 g (8 nol)

| of Q4 s o8t FOUP LERRAT Ry thereactiom mixtersavas fhisrediand thecfilirate weshed withaguehe

f tenperature -al t 30 [err]1C. The esteri.fication

] reaction mgdgﬁ%gg{ng &Bﬁ’i’a‘% F%‘?Heﬁ‘%‘gi g’? %r.t]ﬁlgzgxgﬁcffay RS Foncentraffd; in vagypm and

| aci d -nunber driéd 4tl8@ o0/13 nibar wagive 20318 ghsPbHd efdi§itesin Hith @Joﬁ%hﬁgsrb?ﬂft oP¥béiR
uty

was added. After ca. 24 h, the xylene and 540 g of diiso
t et rahydr op Hel ate were distilled off 30 under vacuum at 230 [err] C,

gradual 'y ré?-{.‘lﬁ%nrgém pre§-33,l;t3%from 1000 to 13 mbar. The reaction

m xture was ered and 1% of pol yester were obtai ned.
15  lodine number: 1
Acid number: 0 _
Viscosity at 100 °C: 39500 mPa-s
M, 2700
20
Example 9

Polyester of 1,2,3,6-tetrakydrophthalic acid, pentaerytixritol and isobutyl alcohol

A flask was charged with 1217 g (8 mol) of 1,2,3,6-tetrahydrophthalic anhydride (THPA),

25 273 g (2 mol) of pentaerythritol (= 2,2-bis(hydroxymethyl)-1,3-propanediol), 594 g (8 mol) of
isobutyl alcohol and 37 g of xylene. The mixture was heated and the temperature was gradu-
ally raised to 230 °C. The esterification reaction was carried out distilling off the water formed
until the acid number of the mixture was 22 mg KOH/g. Then 1.5 g of stannous oxide was
added. After ca. 24 h, the xylene and 540 g of diisobutyl tetrabydrophthalate were distilled off

30 under vacuum at 230 °C, gradually reducing the pressure from 1000 to 13 mbar. The reaction
mixture was filtered and 1400 g of polyester were obtained.



| odi ne nunber: 103.5 (cal cul ated: 107) Aci d nunber: 1.7 ng

KOH g WiosB@#2746y at 100 [err] C. 138000 _nPa s [ err] PCT/EP98/01609

42300 5 Exanpl e 10 Epoxi dati on t he pol yester obtained in

Exanpl e 9 10 Crude polyester of 1,2, 3,6-tetrahydrophthalic acid,

4 pent aer yt hr Iddixte mmabers obut ¥03.4Kcabhdbted:b107) tained in exanple 9 (149 g,
0.6 eq) was dissolved in 300 g of ethyl acetate at 50 [err]C Solid

r nonoper pht h&eidnwaeher: (950 p(rPEROHED g, 0.78 nol) was added portionw se

during 1 h.yy. . i .ShA eaction flask in cold water the

terrperaturevéﬁcole?Ethltmdh?%gggﬁggngm xture was mai ntai ned at 50

[err] C V\her%t he exot herm g3ggacti on ceased, the flask was imrersed in a 15

warm bath and”the reaction " mxture was allowed to stand at 50 [err]C for

another 2 h. After cool - ing to roomtenperature, the reaction m xture

was filtered and the filtrate washed with aque- ous sodi um car bonat e

and then with water. The organic |ayer was concentrated in vacuum and

dried at 805&5{“{3}& 3 nbar to give 160 g of solid epoxy resin. OXxi rane

content: ) 020 | odi ne nunber: 0.9 Aci d nunber: 0

Mel ting poi Epoxidatibddfthé f)l)l?ester obtained in Example 9 2900 25

Exanple 11 Pol yester of 1,2,3,6-tetrahydrophthalic acid,

tris(hydroxyethyl) isocyanurate and isobu- tyl al cohol 30 A flask

was charged wth 913 0 2,3, 6-tetrahydrophf hal ic anhydrid
(o) - 18 Chidpolyebud o 1.8 s hetPinyicohitisio P, Popiecoiol avd faBig) gopicl gb-
mol ) of i sopyied in2kaaPR!9 @AY g50.6%q9 was dissolved in 300 g of ethyl acetate at 50 °C.

Solid monoperphthalic acid (95% purity, 150 g, 0.78 mol) was added portionwise during 1 h.

By immersing the reaction flask in cold water the temperature of the stirred reaction mixture
was maintained at 50 °C. When the exothermic reaction ceased, the flask was immersed in a
15  warm bath and the reaction mixture was allowed to stand at 50 °C for another 2 h. After cool-
ing to room temperature, the reaction mixture was filtered and the filtrate washed with aque-
ous sodium carbonate and then with water. The organic layer was concentrated in vacuum and

dried at 80 °C/13 mbar to give 160 g of solid epoxy resin.

Oxirane content: 5.8wt%

20  Jodine number: 0.9
Acid number: 0
Melting point: 123 °C
M, 2900

25
Example 11
Polyester of 1,2,3,6-tetrahydrophthalic acid, tris(hydroxyethyl) isocyanurate and isobu-
tyl alcohol

I 30 A flask was charged with 913 g (6 mol) of 1,2,3,6-tetrahydrophthalic anhydride (THPA),

523 g (2 mol) of tris(hydroxyethyl) isocyanurate, 445 g (6 mol) of isobutyl alcohol and 50 gof




: isobutyl a .
T g of ethyl 12¢@g#f polyester weresiptai

xyl ene. The m xture was heated and the tenperature was gradually raised to
230 [ err] CwOleg/4xms6 terification reaction was carried oweraipdéibichd N
of f the water formed until the acid number2&f the m xture was 21 ngy
KOH g. Then 1g of stannous oxi de was added. .After ca. 15 h, the xylene

and 435 g L I8R5 j =1 IMTREAGUUM
at 230 [erﬁ%ﬁé' 5 gradﬁéﬁs);ﬁ ?‘ég&gﬁ{g&t&%@&gﬁ?ﬁ? %@%M%Sgi% (2)30112@'nbar.
The react i tepification reactions whs tareee dutdistilling offiBel Sragr fdrnedluptibtheracidemanber of the
obt ai ned. | odi ne nu 83 (cal cul at eg:

: 86 id :
0.53 ny Kompgture was ¥} Hje.thende qf staupeus %&m@eé- &8é\rccla- ﬂgﬂf?xg Xylene

1400 " . . o

Epoxi dat i oh%)c(h)?% Re fg%)llg%/beuglet?u%’gﬁ ?S%{eljg‘&ﬁélwg?adﬁ%qlgdfm& k g%%ez 380 Icilest er

of 1,2,8, G?ﬁﬁ@mm@tﬂwbﬂessmﬁdm 100026 N3 aitax yEieYehotion SOIRMAS was Fiftefdtind
coho

obtained in exg&ol e 11 (306 g, 1 eq) was dissolved in 600
-] C. Solid nonoperphthalic acid (95%

purity, 24 1. 30 nol dded tionwise 20 during 1 h. By immersing
t he reactig‘?fﬁ]??ﬁ'gﬁ‘g?rn col gaaéﬁ'é‘ﬂat?ﬁgﬁ{)enper ature of the stirred reac-
tion m xt upRjdaembat Nt ai ngkahs iy Wien the exothermic reaction ceased,

the flask was i mrersed in"a warm bath and the reaction m xture was
al | owed t oVascanidy at 1 ®0°C:e 26380 mPra-sanot her 2 h. After cooling to room
tenperature,_ the reaction mxture was filtered and the filtrate washed

with adlieoddwsodi um carbod4P@ and then with water. The organic |ayer was
concen- 25C0551§F ed in vacly ﬁagerdri ed at 80 C/ 13 nbar to give 330 g of

solid epoxy resin. Mel T ng point: 98 C Oxi rane content: 4.6
w % ~ 1 odi ne nunber: 2 Aci d nunber: 0 30 Viscosity at 100
i C. 970000 nPa s 1700
23
Example 12

15 Epoxidation of the polyester obtained in Example 11

Crude polyester of 1,2,3,6-tetrahydrophthalic acid, tristhydroxyethyl) isocyanurate and
isobutyl alcohol obtained in example 11 (306 g, 1 eq) was dissolved in 600 g of ethyl acetate
at 50 °C. Solid monoperphthalic acid (95% purity, 249 g, 1.30 mol) was added portionwise
20  during 1 h. By immersing the reaction flask in cold water the temperature of the stirred reac-
tion mixture was maintained at 50 °C. When the exothermic reaction ceased, the flask was
immersed in a warm bath and the reaction mixture was allowed to stand at 50 °C for another
2 h. After cooling to room temperature, the reaction mixturé was filtered and the filtrate
washed with aqueous sodium carbonate and then with water. The organic layer was concen-

25  trated in vacuo and dried at 80 °C/13 mbar to give 330 g of solid epoxy resin.

Melting point: 98 °C
Oxirane content: 4.6 wt %
Iodine number: 2

Acid number: 0

30  Viscosity at 100 °C: 970000 mPa-s
M, 1700



~ Col our 3 Gardner Exanple 13 5 Preparation of a

- pre-pol ymeWHI¥HMS har dener from the epoxy ester of Exanpl e BCHERP841609
 carboxyl ated pol yester In a react o&3equi pped with stirrer 2 parts of
' the epoxidized pol yester of Exanple 2 were charged under |ight

. nitrogen fKGolpwnd the tenPePardneie was increased up to 80-90 [err]C until

. the 10 epoxy ester was nelted, then 1 part of the carboxyl ated pol yester
resin Alftalat[err] 01634 (Vi anova Resins) was added until conplete
honogeni sation of the resin was reached. The tenperature of the

m xture was further increased to a maxi mum of 130-140 [err]C and the m x-
ture was k@xansgledBi s tenperature for about 15 m n (upon prol onged heating,

- the m xture tends, to gelatinize)., After this time the reactio I Xt yure
" was qui 6kl Prapaxatisngd @ precetiymer indsshardensrdrpm the apwa?faerg‘r@gﬁﬂnﬁarggwﬁa a
pr e- pol yner ' ed as a one-conponent bi nder or as a

har dener iﬁagn#§§9§§*85ﬁﬁﬁ% bi nder for powder coati ng. Exanpl e 14
20 Preparation of a pre-polynmer binder/hardener fromthe epoxy ester of

Exanple 4 and a car boxyl at ed pol yest er L The procedure of Exanple
13 was repdaegerorequinped aythatiarez ddparts of theteppxidizeg pakygster of Example 2 were t he

Pr epar at | o SEA SRE AT B{ABI I B BEREFPE SRR v e 8PcT o utifhe
Exanpl 68 aBexyester wasRERAK Yhet BParPof th8 ShB®bxylated polyester resin Alftalat® 01634
(Vianova Resins) was added until complete homogenisation of the resin was reached. The
temperature of the mixture was further increased to a maximum of 130-140 °C and the mix-
ture was kept at this temperature for about 15 min (upon prolonged heating, the mixture tends
to gelatinize). After this time the reaction mixture was quickly discharged, cooled to room
15 temperature and ground to give a pre-polymer which may be used as a one-component binder

or as a hardener in a two-component binder for powder coating.

Example 14
20 Preparation of a pre-polymer binder/hardener from the epoxy ester of Example 4 and a

carboxylated polyester

The procedure of Example 13 was }epeated with the epoxidized polyester of Example 4 using
the same ratio of epoxide to Alftalat® 01634.
25



.17 25 Po

5 In a reactor equipped with stirrer 9.4 parts of the epoxidized pol yester
- resin of EwOPs/E786 wer e charged under light nitrogen fl egoraprds/dilee
t tenperature was increased up to 80-90 [err] until the epoxi de was
- molten. In a second reactor equipped with & irrer 1 part of the carboxy-
. lated pol yﬁﬁxﬁélerfssi n Alftalat[err] 01634 was charged under |ight nitrogen
- flow and the nper a- ture was increased to about 130-140 [err]C until

the resin Pegpaielién6f a laterbacchchinienhsrdehef fromlthe épRafeStes oMEXEnipie8 dhil a
and thoroughly m xed while being discharged into the same container.

Af ter cool ¢arhoxylatesbpolyestercati on, the nixture was ground to give a
mast erbatch that may be used as a one-conponent binder or as a
hardener in a two-conponent binder for powder coat i ng. 15

Exanpl e 16 ' : I IS infoF B3k poxy
ester gsf Elfaan%efgﬁgg@gggédaaﬁh g{mgragrrﬁgéﬁ g@ég g%%?yestéér]%&%g‘églﬁl’ﬁg pr ogg ure
of Exanpl ewéfe chargedemder light mitroggniflosy apioke tinzptatprel wassihereasediprto 80X e@pl e
12 and the sane rati g of epoxide to Alftalat[err] _ 01634.. Exanpl e
vmiﬁ the, pRR¥dds Vanolten. [ngsesang regrtorcauipPag Witha stirges A rrsrtaf dhe carboxy-
therewith
late:

ol ow ng iRy ST ASUAPRIRSE RS hirdth L0k el RELAGK MR el Bren

conpri ses furé was ergaeed it abouh I30—140 PChuntiNthie #esin @8 molten. ThEn thE Somerits B theV €
pol yester resin ("Pol yester &1 and a epoxy-containi g. hardener ("Hardener").

' 30  Fol® eaBRCBIMYERE rapifiyouidi theroughiy mixed whilg beipgidincharged inde thersameecontainer.

ref erence lid | . . . .
55 1O AR ARe g shilSitcrrion, Grsmirtys s ARG o By ARARFRPISH ey avde
cor r espondigeg abaamelcdmenentibinder or R4 BAYABRS $9 a two-component binder for powder

coating.

15 ‘
Example 16

Preparation of a masterbatch binder/hardener from the epoxy ester of Example 12 and a

carboxylated polyester

20  The procedure of Example 15 was repeated using the epoxidized polyester resin of Example
12 and the same ratio of epoxide to Alftalat® 01634.

Example 17

25 Powder compositions for coating and coating tests performed therewith

A series of powder coating tests were performed using the following powder compositions (in
parts by weight). Each composition comprises a two-component binder which in turn com-
prises a reactive polyester resin (“Polyester”) and a epoxy-containig hardener (“Hardener”).

30 For each binder composition, with the exception of that in the reference composition, the



1 The conponents used in the conpositions were: Al ftal at errl, 01634:

1 carboxyl at eW ¥4 er resin, acid nunber ~ 35 ng KOH g, T[ erP¢TEPEAI0, ] C
A ftalat[err] AN 989: carboxyl ated pol yest resin, acid nunber ~ 35 ngy

4 KOH g, T[err] ~ 60 [err]C Al ftalat[err] AN 770: carboxyl ated pol yester
#resin, acidcompbend or @EnpayitikOHisgd a7 hendeper-is Eignfified hyChe correspondinmgdixampl¢ Nanin
# 995: carboxyl ated pol yester resin, acid nunber ~ 25 ng KOH g, T[err] ~ 55
Ylerr]C 10 PARHESE[err] VAN 997: carboxyl ated pol yester resin, acid
nunber ~ 35 ng KOH g, T[err] ~ 55 [err]C Additol [err] XL 496: flow

] pronoti ng agent (Alftalat and Additol are registered trademarks of

Vi anova ResiThecompoaéitanyedin thé\eormpesiticis were: G oup. ) 15 Irganox[err]
41010: anti oxi dant (Irganox is a registered trademark of C ba Ltd.)

Y Kronos 23$60: titaniumdioxide filler (Kronos is a registered trademark

XT f l\l z|3| !atn ([jgft 69@5694: ‘%grb“ylated%’gg,égég %gia%%?gﬁlﬁlb%%? me SPH E#qgs;%% %: (=

J TG C, Ciba) Mfalat® AN'OED: cattofylated ol klfer resin, acid number ~ 35 mg KOH/g38, ~ 60 °C

4 1rganox[err] 1010 3 Benzoi n

45 Kr ongslftelat] ADIBID: carboxylated polyester resin, acid nund®o~36 mg RQH/g, T, g ~50°C

: gg: §Z§E g;{ h%l%?%fegmﬁﬁ: cgbow@gelgpolyestegg@in, acid n-[l% -gr N 9%&0}1/& I,~55°C
10 Alftalat® VAN 997: carboxylated polyester resin, acid number ~ 35 mg KOH/g, T, ~ 55 °C

Additol® XL 496: flow promoting agent

(Alftalat and Additol are registered trademarks of Vianova Resins, a company of the Hoechst
Group.)

15 Irganox® 1010: antioxidant
(Irganox is a registered trademark of Ciba Litd.)

Kronos® 2160: titanium dioxide filler
(Kronos is a registered trademark of NL Industries Inc.)

20
REFERENCE COMPOSITION -
Polyester: Alftalat® AN 989 569
25  Hardener: Araldite® PT 810 (= TGIC, Ciba) 43
Additol® X 496 30
Irganox® 1010 3
Benzoin 5
Kronos® 2160 350

30  Ratio polyester/hardener 93/7



Har dener (Ex. 13) 155 5 Additol [err] XL 496

1 30 Be W@ P8i42766 Kr onpeT&Prp8/018d$%0
345 Rati o pol yester/hardener 26 75/ 25 10 TEST NUMBER
2 Pol yester: Alftalat[err] AN 770 465 15 Har dener (Ex. 14)
155 AJESTONUMBERXL 496 30 Benzoi n _
5 Kronos[err] 2160 345 20 Rati o

{ pol yest er/ har dener 75/ 25 TEST NUMBER 3 25
Pol yester: i a ® 0 4 Har dener (Ex. 15)

155 Aé)?lh }{égfek'er r@%&LA@gZ’H 185 30 Benzoin
5. Kr ol &ier [E2 189 155 345 30 Rati o
| pol yester/ hardener 75/ 25 TEST NUMBER 4
5  Additol” XL 496 30
Benzoin 5
Kronos® 2160 345
Ratio polyester/hardener 75/25
10
TEST NUMBER 2
Polyester: Alftalat® AN 770 465
15 Hardener (Ex. 14) ' 155
Additol® XL 496 30
Benzoin 5
Kronos® 2160 345
20  Ratio polyester/hardener 75/25
TEST NUMBER 3
25  Polyester: Alftalat® AN 770 465
Hardener (Ex. 15) 155
Additol® XL 496 30
Benzoin 5
Kronos® 2160 345

30

Ratio polyester/hardener 75725



Pol yester: Alftalat[err] AN 770 496 Har dener (Ex. 8)

124 5 AFIOO8MLIE6r] XL 496 30 Ben P&TEPS8/01609
5 Kronos[err] 2160 Z2#345 Rati o
pol yest er/ har dener 80/ 20 10 TEST NUMBER 5
Pol yest er: TESTATUMBHR T VAN 995 496 15 Hardener (Ex. 8)
124 Additol [err] XL 496 30 Benzoin
© 5 Kronos 2160 345 20 Rati o
pol yest er / hpgideast: Alftalat® AN 770 80/ 20 496 TEST NUMBER 6 25
Pol yester: Alftalat[err] AN 989 496 Har dener (Ex. 8)
124 AdHatdeher(Ex4 86 124 30 Benzoin
i 5 - Kronos| er i) 345 30 Ratio
* pol yest &/ héaé’éﬂermﬁgg 80/ 20 30
: Benzoin 5
Kronos® 2160 . 345
Ratio polyester/hardener 80/20
10
TEST NUMBER 5
Polyester: Alftalat® VAN 995 496
15  Hardener (Ex. 8) 124
Additol® XL 496 30
Benzoin 5
Kronos® 2160 345
20 Ratio polyester/hardener 80/20
TEST NUMBER 6
25  Polyester: Alftalat® AN 989 496
Hardener (Ex. 8) 124
Additol® XL 496 30
Benzoin 5
Kronos® 2160 345

30
Ratio polyester/hardener _ 80/20



- Z8 TEST NUMBER 7 Pol yester: Alftalat[err] AN 770 465

+ Har dener (W0 9848766 155 5 Additol[err] XLp&REtP9s/1609
- 30 Benzoi n 28 5 Kronos[err] 2160
- 345 Rati o pol yester/hardener 75/ 25 10 TEST NUMBER 8
. Pol yester: ﬁ%ﬁ.w& AN 770 496 15 Hardener (Ex. 12)
- 124 Add 496 30 Benzoin :
5 Kronos 2160 345 20 Ratio '
pol yest er/ har dener 80/20 . TEST NUMBER 9 25
Pol yester: pd_-,lfygﬁg,atp[lﬁglraPANiﬂ(p 496465 Har dener (Ex. 10)
124 Addi fol[err] XL 49 30 Benzoi n
5 Kr onBardehe(Ex. 16) 155 345 30 Rati o
pol yest eg/ h%rdglet&@rXL 496 80/ 20 30
Benzoin 5
Kronos® 2160 345
Ratio polyester/hardener 75/25
10
TEST NUMBER 8
Polyester: Alftalat® AN 770 496
15 Hardener (Ex. 12) 124
Additol® XL 496 30
Benzoin 5
Kronos® 2160 345
20 Ratio polyester/hardener 80/20
TEST NUMBER 9
25 ®
Polyester: Alftalat™ AN 770 496
Hardener (Ex. 10) 124
Additol® X1 496 30
Benzoin | 5
Kronos® 2160 345

Ratio polyester/hardener 80/20



29 The powders of the above nentioned conpositions were extruded using

the fol| ow%f398/4276¢ondi t i ons: ~ Twin screw extruder. TERFFEFIS/DI68Y
[[err]C]: 80/100/100 (3 heating elenents) 88 Feeding ratio [%: 30
Rotation speed [mn[err]]: 300 The extrudate was cool ed, m cronized and

si eved (<12p,] ﬁ%%gg bf&eab%g,g\q%gg%g@?@dsms WSextruded %&gggﬁ&g@%@%é’“d

for the pa est’s. r* conposi t1ons were st eel
' panel s by e¢@ditisist ati c spraying with a corona gun. Curing was

4 performed in a convection oven at 200 [err]C for 20-30 min. The results are
1 conpi | ed i nTwiresdrewiesnder. Tabl e 1.

| 30 Table 1 . . FI  \Veat heri
| Resi 2t aﬁce Fﬁlppfrmﬁﬁzgpgh%w }%@[}@f@t&%ﬁ%)demems) owlerr] 0 (Ref e?engrel) "
3 1

5 Feeding ratio [%4): 30
-3 2, 3 2
-3 Rotation speed [mid ]: 300 3 3
2 3 4
-3 The extrudate was gooled, micronized and sieved (<25 um). The powder compositions thus
-4 3

WNWNDNDN

obtained were usedfor the painting tests.

10 The powder compositions were applied on steel panels by electrostatic spraying with a corona
gun. Curing was performed in a convection oven at 200 °C for 20—30 min. The results are

compiled in the following Table 1.



[(e oo NNe)}

2-3 2 3
WO 98/42786 3 2 PCT/EP98/01609
2-3 2 3
3-4 30 3
Eval uati on: cellent, 2: good, 3: sufficient, 4: poor, 5: inadequate
[err] srmotﬁﬁ@se of the painted surface, visually determ ned 5
[err] accelferated-weatTer Myl €50) accor gtn TVLG 53 . 3
[err] acetdne q?JNPest Vi su # VS'/“olet er n HE bering Resistance  4pstgoe resistance ¥
A solid ep m drzed—puryesteT ST COMpI T STy at . I east OnME EpoxXT urzedesteT
- cont ai ni ng, ('Reference per m)l cul e, twp or ezcycl oal i phatic eties of
t he gener alfformpt=a—>5 rc: -
wherein Rl efr] and 2Rﬁer r] arg i ndepen%lent I y selected frbmth
group consisttrgof—hytrogemr—angd—ethyt11o R[-E"T']—a-n'd—gerr']——
t oget her arle net ﬁyl ene — R erf ] and R[%rr] are {ndependehtly

sel ect ed f rlemrthe—group—conststinyg—of—hydrogenr—and—retthyt sard
two or norg cycl dal i phati c grou?’ps bei ng{ bonded by their open val enties to
moi eti es 7 >3 > 3

5 34 2

6 2-3 2 3

7 2-3 2 3

8 2-3 2 3

9 34 2 3

Evaluation: 1: excellent, 2: good, 3: sufficient, 4: poor, 5: inadequate

M smoothness of the painted surface, visually determined

@ accelerated weathering test according to ASTM G 53

16)]

acetone rub test, visually determined



i ndependent Iggsel ected fromthe group consisting of hydrogen, |inear or

branched WO98/42766 Jerr] alkyls, |inear or branched |inki ndCTyERIs/p1609
al kanedi yl's, linear or branched (cross-) 15 li nking-CGerr]— .
al kanetriyls, linear or branched (cross-B4.inking Clerr

| i nki ng or clagaes! i nki ng noi eties of the general fornmula

| kanet et rayl s and
M
nis an integer from2 to 4, Xis adi-, tri*{Oon

. . . . . 8§
i1 group containing at | east one isocyclic or het- erocycli¢ ring

o B A A Ao A L B
free of mMONONMEHeL Y QUKC bho or more cyocf?oali hAiSRbiehes BPHe PeA&Hl fopmyBSt €r resin

according to cl'aim1, wherein one err] to Rlerr] 1s hy-

drogen or nethyl and the remaining of R err] to Rlerr] are hydrogens. 25
3. A solid epoxidized polyester resin_ acgording to claim1, wherein
Rlerr] and R err] together are O thyI ene, one of Rferr] and

Rlerr] is hydrogen or nethyl and-tie—dl Ore-Hs—hydr ogen.
32

4, A solid epoxidized pol yest\er rgsin according to any one of
clainms 1 to 3, wherein the | kyl's areysel ected fromthe
group consisting of nethyl, ethyl glprap oppbpyl, butyl ,

i sobutyl and 2-ethyl hexyl, the |inking

the group consi sting of 1RZ=ety Ryl , 1, 2- propanedi yl ,
1, 3-propanedi yl, 1,2-butanediyl, 1,3-bu-§ tanedi vyl ,

1, 4-butanediyl, 2,3-butanediyl, 3-nethyl-1, 3-butanediyl, 1,2-hexanediyl,

1, 6- hexanedi yl and 2, 2-di nmet hyl -1, 3-propanedi yl, the (cross-) linking
Clerr] alkanetriyls are selected fromthe group consisting of

1, 2, 3- pr opanet rwhareiand 2, 2- di net hyl but ane- 1,1',1"-triyl and the
cross-) linki al kanetet.rayls are selected fromth ou

E; onsi st I) ng of T Za%elgf%ﬁ icﬁ.g?%ciepgy Isglgﬁtag on the group consm@ng of hyc’c{roggn and methyl
2, 2- di ngt hyl pr op®iemd R¥ todethé-dr&ideifiiene, 10 5. A solid epoxidized

pol yester resin accoppin to any oné of clains 1 to 3, wherein the

linking or croRlandiRraye fslependentiypeletted Gromethe grdupr comisiatidg ¥ hydrogdn ardamethyl,

i socyanur ate groups : f. the for a .
[err }/ 9 salltj‘]ptwo or more cycloal?phatlc groupsrgéing bonded by their open valencies to moieties

gl kanediyl's are selected from

independently selected from the group consisting of hydrogen, linear or branched
C,—s alkyls, linear or branched linking C, 4 alkanediyls, linear or branched (cross-)

15 linking C;_g alkanetriyls, linear or branched (cross-) linking C,_g alkanetetrayls and
linking or crosslinking moieties of the general formula X(Y-), wherein # is an integer
from 2 t6 4, X is a di-, tri- or tetravalent group containing at least one isocyclic or het-
erocyclic ring and Y is a direct bond or a —(CH,),— group wherein m is an integer from
1to4,

20 characterized in that it is essentially free of monomeric products.

2. Asolid epoxidized polyester resin according to claim 1, wherein one of R to R* is hy-

drogen or methyl and the remaining of R’ to R? are hydrogens.

25 3. A solid epoxidized polyester resin according to claim 1, wherein R! and R* together are

methylene, one of R and R® is hydrogen or methyl and the other one is hydrogen.



15 e 1 commeneottd epoxi i zed oIHH IR IMEHIR Hicor i no to any one o

not nore than 2 ng KOH g, preferably not_pore than 1 nmg KOH g.
20 7. Process for preparing a sold 32 epoxi di zed pol yester resin

accordi ng 0 apy, tb Rewhiepsmef
1) reactin Rusr?ggt §%€%&?@a%ﬁr 5 naccglédlué]éﬁagn g’nglra;fr\i}g? i veew§ Eﬁh
general for rrul €,_s alkyls are selected from the group consxstmg of methyl ethyl, propyl, isopropyl,3 3
[err] wherein R err] Rlerr]_are as defined in claiml

and err] andbnz{yla Asgbugyl @nd ﬂd@bﬂh@éﬂi the llgkl%c(t"zedalkaﬂedl}’ls are selegtedfrpam ghedipup

O B IR e bl oS 5

consi sting o ianeﬁgi 104-butaned1y1 2,3- B&@ﬁ@d}@dsﬂaﬁym Slpstinediyh| 152-hekanediyl,or

branched Cerr anétriols, I'i near or bfanched err]

al kanetetraol s 1;mmb>da;mthplxgnd02m{d1md&1ybﬂ 3t-prepagmdenl,athe (m'ossu] knkigy Corglpllanetriyls
wherein n is er frqm2 to 4

tetraval ent gr Bl?pse@&?ﬁd 'ﬁge grgup &RYIStNEOf; 137039”01’3“5‘“}' and 2wtgl‘ #@eg}ylbutane-
het er ocycl ¢ 'y 391 2Ryl hd (rdsd) RIGEE €, 3 Anttendyls afeSelidd il thd grolip OUP
consisting of 1,2,3,4-butanetetrayl and 2,2-dimethylpropane-1,1',1",3-tetrayl.
. 10
5. A solid epoxidized polyester resin according to any one of claims 1 to 3, wherein the
linking or crosslinking moieties of the general formula X(Y-), are isocyanurate groups

of the formula

15

6. A solid epoxidized polyester resin according to any one of claims 1 to 5, characterized
in that it has an acid number of not more than 2 mg KOH/g, preferably not more than
1 mg KOH/g.
20
7.  Process for preparing a solid epoxidized polyester resin according to any one of claims 1
to 6, comprising the steps of

i) reacting an unsaturated dicarboxylic acid or acid derivative of the general formula



10 an integer froml to 4; and a |inear or branched err]
al kanol., . WO98/42766 i) renpving essenti ad_}) al | nononeric byRSTARIEOL609 3¢
iii) epoxidizing the resulting unsaturate %ol yester. 15— 8——Proecessfor—

preparing a solid epoxidized polyester resin accordlng to
1 to 6, conprising the steps of Em“ﬂ“ﬁ'ﬁ " |ﬂ““1
unsat urated di carboxylic aci d ester theogeneral for rrul a

[err] 20 gln R[err] oR[err] are as deflnedln clalm
1 and Qerr] and Qerr] are wi th at | east
one hydroxy conpound sel ected fro gr oup on5| stifig of linear or
branched CJerr anedi oQé | i near or branched ([err]
al kanetriols, linear or branchgé qane- tetraol s and
hydr oxy corrpounds of the general for Y-OH)[err] wherein n is an inte-
ger from2 to 4, Xis adi-, tri- or R'et r atal ent group containing at |east
one isocyclic or heterocyclic ring and each Y is a direct bond

r -(CHerr])[err]- group wherein mis anlnte- ger from1l to 4,
ii)rermwng sse all Jc.h is ad__. Y

epoxi di zing t h‘@ﬁ%’ﬁ? ?/1% ?ﬁnaﬁﬁ% C&#&e @ d@eﬁa?ﬁa’e@%&}fﬁh‘#e‘i

Peroxy com fom the grouBQdRsisting dhydoxy DCpy EIRY of ¢ 88d QB 16¢cthepate 208,

wherei n the nonomeri € byproducts are rem)v vacuum

di stillsati on. with atleast one hydroxy compound selected ﬁ'om the group consisting of linear or
branched C,_g alkanediols, linearor branched C;_g alkanetriols, linear or branched C,
alkanetetraols and Hydroxycompounds of the general formula X(Y-OH), wherein 7 is

an integer from 2 to 4,.X is a di-, tri- or tetravalent group containing at least one isocy-

clic or heterocyclic ring and each Y is a direct bond or a (CH,),,~ group wherein m is
10 | an integer from 1 to 4;

and a linear or branched C;_; alkanol,

ii) removing essentially all monomeric byproducts, and

iii) epoxidizing the resulting unsaturated polyester.

15 8.  Process for preparing a solid epoxidized polyester resin according to any one of claims 1
to 6, comprising the steps of

:L) reacting an unsaturated d:.carboxyl:.c ac:Ld ester of the general formula

20 _
wherein R! to R* are as defined in claim 1 and Q' and Q* are C,_g alkoxy groups, with at
least one hydroxy compound selected from the group consisting of linear or branched



10 Process according to any °2§yzmﬁmuwulﬂ I ein she peroy |

according to any one of clains 7 to"9, Swhereln the peroxy conpound is

hydr o- gen per oxi de. 123 conposi tion conprising at

| east one sol i g eppxidaped @%ﬁ%&ﬂché&@' ”aﬂ&ﬁ%@ls”ﬁnéa? o?Bbéné’ﬁ’ed C4__8 alkahe of
clains 1 to 6 and, optloné l'east ofe cat al ySt

conposi tion ac mfadlmdthdcd)@l conipbuntis ofithe lgend:relrfonmﬂer@(e@H),, Whmsn nasnan inte-
pol ymer ca- abl e of reacting with epoxy groups

conposi tion acgerrﬁpmg?\ocﬂ 7815 ayfiortEr AT teHAVAEN RSP CORtAIRIngG aB*“?"é’&’&t‘?‘??QCW Ph

epoxy

cont ai ni ng car BSS?%!CS'E B.ééaﬁ&e&c%?‘i'siﬁ%%t&ﬁgégfgaﬁglgﬁ gxsotugq’%:eg ksygérH(?l![}Ees

'} pol ymerg cont aiggt femy@y4xy groups, pol ymers cont ai ni ng am do
41 and/ or am no groups and poI yners containi ng epoxy groups. 30 15. A

| conposition acdirehening essehtialiy alimonbmeric hypmdumlapder capabl e of reacting

iwth ep- roups ,i.s sel m t S|st|n of
| hodi 1 0 pol yedisnoxidiif HiSylife Bhsted polyellet B bR S com-

modi fi ed pol yetRghs: 16 A conposition according to cI a| m 15,
wherein the pofyner capable of reacting with ep- OXy groups is a

1 carboxyl ated pol yester with an acid nunber of 10 to 70 and a glass 5
# transition terrperature of. 50 to 70 [

C . conposi ti on
accor dilig fo anyowHBacaording foylaim 795 85 9 Lemﬁhsmmom byRradycis aps Teanved by
crosslinking b%&ﬁﬁﬂdﬁéﬁﬁﬁ HpXi di zed pol yester resin and the pol ymer capabl e
of reactlng €poxy groups.

10. Process according to any one of claims 7 to 9, wherein the perdxy compound is a per-

oxycarboxylic acid.
15
11. Process according to any one of claims 7 to 9, wherein the peroxy compound is hydro-
gen peroxide.
12. A composition comprising at least one solid epoxidized polyester resin according to any
20 one of claims 1 to 6 and, optionally, at least one catalyst.

13. A composition according to claim 12 which further comprises at least one polymer ca-

pable of reacting with epoxy groups.

25 14. A composition according to 13, wherein the polymer capable of reacting with epoxy
groups is selected from the group consisting of polymers containing carboxy groups,
polymers containing anhydride groups, polymers containing hydroxy groups, polymers

containing amido and/or amino groups and polymers containing epoxy groups.

30 15. A composition according to claim 14, wherein the polymer capable of reacting with ep-
oxy groups is selected from the group consisting of modified polyesters, modified poly-



10 18. A conposition according to any one of clains 13 to 16, wherein
t he epoxi dWoeak/gaM6yes- . ter resin and the pol yner cBEaHPaSs/EH609
reacting with epoxy groups are partially crosstinket———315--19.

Process for preparing a conposition accg®ing to claj | sing the

steps of ' 1S0REidi zed pol yester“n’ W,WML ﬂl ymer

capabl e of read lﬁhesvr%ﬁg?#%}%%%( ol > groups, thokou s ’!t a

tenperature at which no substantial crosslinking occurs,

solidifying and conmnuting. . 20 _20._ Prqcess for prepari conposi.ti on
tpmef apable oy

accordi ng 16 cAxiommsitionpeperdinglg dlaim Ly, ayhereip the po capal FRFUPR &ith ep-
i di zed pol yest ' d.th . : -
o oups. ¢ hor oubeY APk cerREGHF S PEF KR b R0l 67F0 16190 hd B oBRETY

sufficignt to ition tempefdtiefSORa70I°@. crosslinking, solidifying and
conm nuti ng. 5% 21. A? t her nosetti ng one-conponent bi nder conposition
sui tabl e for powder coating, com prising at |east one solid

epoxi di zed pol yester resi di t . f.eclains. 1.t0. .. 6

oF . ConpodTe | BreQmpasH A oPRaEp BNonrol Haigita o 1o hefein thésd is no subsigntal

oh e - . l " .
erfmsetting E%sméﬂﬁgfregﬁe’gg‘g@ﬂgﬁgﬂia%%&és% réith hPIHE pofmdtRepisble 6PRkabtilsh

com 30 prising reactive polynmer "and, optionally, a

catal yst, wher gith dpogy esubs. ener conprises at |east one solid
epoxi di zed pol yester resin according to any one of
clainsl@ to 6 or a conposition according to any one of clainms 13 to 18 and

the reacti \igh ébmp%gﬁ%%%m&ngws&ﬁi?ﬁm}ﬁqgtt??P,ﬁwﬂ%ﬁﬂﬁé e @)Hai!%c?g?l%es-

reacting w ernose g two-conponent der
conposi ti on aceqgiinend thepalyiiePapableasfetdttingavith epoxy grqupsyrepartialhabl e of
reacting with epoxy groups is selected fromthe group consisting of

pol ymer s cont aicrossi boxy groups, polyners containing anhydride groups, -
pol ymer s cont ai ni ng hydroxy groups, polyners containing am do
and/ or am no groups and poly-

15 19. Process for preparing a composition according to claim 17, comprising the steps of
melting the epoxidized polyester resin and the polymer capable of reacting with epoxy
groups, thoroughly mixing at a temperature at which no substantial crosslinking occurs,

solidifying and comminuting.

20 20. Process for preparing a composition according to claim 18, comprising the steps of
melting the epoxidized polyester resin and the polymer capable of reacting with epoxy
groups, thoroughly mixing, keeping at an elevated témperature for a time sufficient to

achieve partial crosslinking, solidifying and comminuting.

25 21. A thermosetting one-component binder composition suitable for powder coating, com-
prising at least one solid epoxidized polyester resin according to any one of claims 1 to

6 or a composition according to any one of claims 12 to 18.

22. A thermosetting two-component binder composition suitable for powder coating, com-
30 prising a hardener and a reactive polymer and, optionally, a catalyst, wherein the hard-

ener comprises at least one solid epoxidized polyester resin according to any one of



mers contai ni ng epoxy groups. 10 24. MLM‘{%HW,""@ conponent
bi nder conRpeesmimesn according to claim 23, CT/EP9p/@1§aprer

capabl e of reacting with epoxy groups is selected fromthe group consisting

of m)di fied pol yest ers, rmdjgfé,ed pol yacryl ates and nodi fi ed
pol yet hers. Eﬁ; ﬁ}] wﬁﬁéﬁ A&Grémgtd:ﬁiwﬁmwﬁ@ds&o 18 ARO Bid redetive
according to cf al m erel capabl e of reacting

wi th epoxy gr opglgmies ca'npnsds(axidaaitcm& mmmewapable\pf reaatmamth €poxy groups.
nunber of 10 to 70 and a glass transition tenperature of 50 to 70 [err]C.
26. A powder coati ng conposition conprising a thernosetting bi nder

conposi tio %{I@g@semgat o-wnggon@&r&n&eweg Bﬁ’:ﬂﬁﬁénﬁé‘é g% PRRI2D Ahbieft the

consi sting curin ers and

auxi | i agy rrat epbhder cﬂ}i&!@d)ﬂeﬁdtﬁxgtvlhﬁ[ pEGdrbns ib sdfléﬁed ﬁon.mhs Igtomn:omsmang of

conposi tion according to any one of clains 21 to 25. Process for
preparing a whpblymess cqmmmzmqa;quaar@msmnim@t@n@;masﬁplwwegmm YEWES -

i ng corrp05|t|on c.cor ing to claim26 on ubst ng
by sub] bt - 2560 b euRb o0 s BHR B Pl S ol PRl
tenperature to ahﬂajﬁjﬂé%g scured coat i ng. .
Wholly or partially coated Stﬁgﬁ%te, wherein the coating is obtained from

a bi nder com position according to any one of clainms 12 to 18

nd 21 2 r r r %
and t © 5 © tbnermo ett?ncgega;so-gociggongl tnl%nger composmton accordlrxrllg to claim 23, wherein the

polymer capable of reacting with epoxy groups is selected from the group consisting of
modified polyesters, modified polyacrylates and modified polyethers.

25. A thermosetting two-component binder composition according to claim 24, wherein the
15 polymer capable of reacting with epoxy groups is a carboxylated polyester with an acid
number of 10 to 70 and a glass transition temperature of 50 to 70 °C.

26. A powder coating composition comprising a thermosetting binder composition and one
or more substances selected from the group consisting of pigments, catalysts, curing
20 agents, fillers and auxiliary materials, wherein the thermosetting binder composition is a

composition according to any one of claims 21 to 25.

27. Process for preparing a wholly or partially coated substrate by applying a powder coat-
ing composition according to claim 26 on a substrate and curing the coating by subject-
25 ing it to heat for a sufficient time at a suitable temperature to obtain a completely cured

coating.

28. 'Wholly or partially coated substrate, wherein the coating is obtained from a binder com-
position according to any one of claims 12 to 18 and 21 to 25 or by a process according

30 to claim 27.



