WO 03/102048 PCT/ EP03/ 05413 Background [0001] This invention relates to
products suitable for use as a matting agent in powder coating

formul atiwog3/1exed8 i n parti cul ar condensati on products coRCAEPOSIOF4a: | east
one ester am de, optionally at |east one J3- hydroxyal kyl am de group, and
at | east one reactive functional group other than a R-hydroxyal kyl am de.

[ 0002] Powder coatings, and in particular thernosetting powder coatings,
are part of a rapidly growing sector in the coatings industry. These
coatings are known for their gl ossy appearance and have the benefit of not
containing volatile solvent. [0003] Conpounds contai ning

0- hydroxygla@(%,%rgnge groups have been disclosed in the patent literature

for purpo eparing polyners and crosslinkers for surface coatings.
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i ntended for outdoor use. npounds such as Primd XL552 Can be obtai ned
by the retman af-lofdrdxyaliedemide.of carboxylic acids with ami noal cohols such
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for use in the preparation of coatings. Particularly nmentioned are

wat er - bor Melatitns@venfs, and the pol yners can be considered as capabl e of
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disclosed in the patent literature for purposes of preparing polymers and
crosslinkers for surface coatings. Particularly mentioned are water-borne
coatings and powder coatings. U. S. Patent 4,076,917 describes glossy
powder coatings based on B-hydroxyalkylamide chemistry.
[0004] Primid XL552 from Rohm&Haas is an example of a B-
hydroxyalkylamide-based crosslinker. It has been used with increasing
success in curing carboxyl bearing polyester-based resins to produce glossy
powder coatings. Such powder coatings are generally intended for outdoor
use. Compounds such as Primid XL552 can be obtained by the reaction of di-
esters of carboxylic acids with aminoalcohols such as those disclosed in U.S.
4,076,917. A typical example would be the dimethylester of adipic acid
reacted with diethanolamine or disopropanolamine.
[0005] U.S. Patent 3,709,858 refers to polyester-amide based coatings
prepared from polymers containing terminal and pendant -
hydroxyalkylamide groups and also terminal and pendant carboxylic groups
for use in the preparation of coatings. Particularly mentioned are water-borne
coatings, and the polymers can be considered as capable of self-curing at

elevated temperatures. The polymers are obtained by condensing polyols



and pol yaci ds and the [ 3-hydroxyal kyl am de chem stry arises fromthe use of
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322 834 descri bes powder coating conpositions al ned crosslinkers of
t he type gosslinkans UoS. paly®ieés Yearing roneardroryre ccarbokgidear anpygade est er
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pol ymers are obtained by producing hydroxyl term nated polyesters
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[0007] US 5,589,126 discloses linear or branched amorphous or semi-
crystalline copolyesters of molecule weight between 300 and 15000
containing two or more terminal B-hydroxyalkylamide groups for use as
crosslinkers with carboxylic acid bearing polymers such as are employed in
powder coatings. Hydroxy numbers are between 10 and 400mg KOH/g. The
polymers are obtained by producing hydroxyl terminated polyesters,
esterification with diesters of carboxylic acids and subsequent reaction with
aminoalcohols.

[0008] WO 99/16810 describes linear or branched polyester-amides having
a weight average molecular weight of not less than 800g/mol where at‘least
one amide group is in the polymer backbone and having at least one terminal
B-hydroxyalkylamide group. The polymers may be entirely or partly modified
with monomers, oligomers or polymers containing reactive groups that can
react with B-hydroxyalkylamide groups where crosslinking is preferably
avoided by using monomers, oligomers or polymers that contain only one
group that can react with the p-hydroxyalkylamide group e.g. monofunctional

carboxylic acids. The polymers may be obtained by reaction of a cyclic



carboxylic acids. The polynmers nmay be obtained by reaction of a cyclic 2
WO 03/102048 PCT/ EP03/ 05413 anhydride with an am noal cohol w th subsequent
pol ycondeweasiiee4bet ween the resulting functional groupsPCIOPO9P5443 i s
mentioned in WD 99/16810 that it is surprising that the polyester-am des
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| ndeed, tBeveand prafasabdefesbltiean B808.est in matte powder coatings which

retain the good fil m{g;gper'ti es of their glossy counterparts. [0012] Solid
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powder coatings are cured.
[0011] The above references describe chemistries primarily designed to
improve powder coatings exhibiting glossy finishes and are for the most part
silent towards modifying those formulations to obtain flat or matted finishes.
Indeed, there is considerable interest in matte powder coatings which retain
the good film properties of their glossy counterparts.
[0012] Solid particles such as silicas, carbonates and talcs are widely used
to matt conventional non-powder coatings. Matting conventional coatings,
however, depends on the coating layer shrinking in thickness during film
formation due to solvent release or release of water in the case of water-
borne coatings. An absence of such solvents and the accompanying
significant shrinkage renders this approach a relatively ineffective method of
matting powder coatings.
[0013] Waxes have also been used in matting agents for conventional
coatings and have on occasion been employed alone or in combination with
fillers to reduce gloss in powder coatings. This approach, however, is not

very effective and a greasy surface due to exudation of the wax can result



coatings and have on occasi on been enployed alone or in conbination with
fillers to reduce gloss in powder coatings. This approach, however, is not
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been used with epoxy, polyester-epoxy and polyurethane coatings. Matting of
polyester powder coatings tends to rely on the use of dry blends.
[0015] It is apparent that although low values of gloss below 20 at 60° can
be obtained using current matting products or techniques in specific
formulations of a given powder coating type, it has often been difficult to
retain other desirable film properties such as flexibility, hardness, solvent
resistance, outdoor durability and resistance to yellowing during film cure. It
is therefore an object of this invention to obtain matting agents which can
generate acceptable matte finishes, but at the same time maintain other
desirable film properties. It is also a goal to provide a method in which
conventional matting agents can still be used in the matting agent, yet attain
acceptable matte finishes, as well as maintain those desirable film features

mentioned above.

Brief Description of Drawings

[0016] Figure 1 illustrates a method for making pB-hydroxyalkylamide

compounds and subsequent reactions with a compound having functional



acceptable matte finishes, as well as maintain those desirable film
features nentioned above. Brief Description of Drawi ngs [0016] Figure 1
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[ 0018] Fi re 3 illustrates viscoelastic data of a conventional polyester
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pol ymeric 56?59 %é]g@ gessliffRE- condensat i on product of this invention,
however, is reacted such that 50% or nore of the term nal

J3- hydroxyal kyl am de functionality has been converted to groups containing
term nal Sumpeardenthechveakghi ¢ aci d groups or other desirable functional

groups with respect to the nature of the powder coating that is to be
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are present to an extent of no nore than 50% of the total functionality on
a nol e bagiosip Tties ethmomgo BAnlgdroxyalkylamide group. Such products can be

prepared from monomeric ester-amides, and linear or branched, oligomeric
polyester-amides or polymeric polyester-amides. The condensation product
of this invention, however, is reacted such that 50% or more of the terminal
B-hydroxyalkylamide functionality has been converted to groups containing
terminal or pendent carboxylic acid groups or other desirable functional
groups with respect to the nature of the powder coating that is to be matted.
The total functionality is at least two functional groups (identical or different)
per molecule.

[0020] Preferred functional groups of this invention comprise carboxylic
acid groups, or carboxylic acid groups in combination with (-
hydroxyalkylamide groups where the latter are present to an extent of no
more than 50% of the total functionality on a mole basis. These compounds
are compatible with and reactive with many types of polymers typically
employed in powder coatings. Given the reactivity of the B-
hydroxyalkylamide group, other reactive groups can be readily introduced
depending on the specific powder coating to be matted. Other reactive
groups include, but are not limited to, those reactive with epoxy, polyester,
epoxy-polyester, polyester-primid, polyurethane, and acrylic polymers which

are employed as binders in typical powder coatings.



are conpatible with and reactive wth many types of polyners typically
enpl oyed in powder coatings. Gven the reactivity of the (3-

hydr oxyal Woloatrae8 gr oup, ot her reactive groups can be rea@CEPOSIOF40zIuCced
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coreactant. [0023] As indicated above, the condensation products of the
i nvent i on[0823] pnefrereambgdiment comprisas estdriningrthacoasieasation prduckar i ng
term nal or, pendent not her conpound
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properties over those in which the condensation product is employed without,
e.g., a catalyst or coreactant.
[0023] As indicated above, the condensation products of the invention are
prepared by reacting an ester, or an  ester-amide, bearing terminal or
pendent B-hydroxyalkylamide groups, with another compound bearing the
other reactive functional groups, or acting as a precursor to other reactive
functional groups, or acting as a precursor in the sense that the other
reactive groups arise from further reactions which may include polymerisation
reactions. The two components, however, are reacted such that the gel point
is not reached or exceeded during manufacture. It has been found that when
the total functionality or average number of functional groups per molecule of
the condensation product exceeds four, the product imparts a matting effect

to powder coatings.

Detailed Description

B-hydroxyalkylamide
[0024] The condensation product of this invention is prepared from

compounds bearing terminal B-hydroxyalkylamide groups. Ester-amide



reactive groups arise fromfurther reactions which may include

pol ynerisation reactions. The two conponents, however, are reacted such
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pol yner i d08R&kci kes anmgriabte obbthia meethby, toligosesiceor fpalwinedo sdbstameseeric or
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trial kanolam ne is used. [0027] The species containing termnal ester
gr oups rmsyltggler eprasedfni@t pnonomeric diester. Subsequent reaction of these
oligomeric or polymeric species with a suitable aminoalcohol results in a
compound containing two or more B-hydroxyalkylamide groups. The actual
number of groups will of course depend on whether a moncalkanolamine, a
dialkanolamine or a trialkanolamine is used.
[0027] The species containing terminal ester groups may be replaced with
derivatives of monomeric cyclic anhydrides or polyanhydrides. In this case,
an addition reaction between the anhydride and aminoalcohol takes place to
produce a monomeric compound bearing carboxylic acid groups and B-
hydroxyalkylamide groups. In a further reaction step, this monomeric
compound may be polymerised by a condensation reaction between the
carboxylic acid groups and [-hydroxyalkylamide groups to produce a
polymeric compound bearing at least one terminal p-hydroxyalkylamide
group. The number of B-hydroxyalkylamide groups remaining after such a
reaction depends on whether monoalkanolamines, dialkanolamines or
trialkanolamines are employed and also on whether the anhydride is a
monoanhydride or a polyanhydride.
[0028] Whether obtained by the reaction of an ester with an aminoalcohol

or an anhydride with an aminoalcohol, it is apparent that a compound bearing
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manuf act unelrh@omher iy sivlvenytoditky teampetaturerinabe danga6f 50 Codt ZHredl ibYhe
transesterificati aﬂg of nononeric al kyl esters of di- or polyfunctional

car boxy| iRFeSRIGR OhStikakie-calalysts, prom@si mfaexmn@@hm@ah earboxylates kg t form

or in soly r 00 Cto 275 Cin the

presence o tsau?Eaetl | g%[:ﬁg%h?%tagce@ﬁcﬂ%%a@ 2 | & C%@lg|acegaiﬁ(ﬁ@,| at es

like zi nuelbastaitel alkoxiges §ke @&%l%&opmﬁﬁété‘@r%ﬁﬁkﬁﬁ fdthoiggal t acetate
wel | as netal al koxides like, tetraisopropyl titanate, or sodium

as
met hoxi ddOO{SQbs@]llgqne@@n@rr p@Iymerm gerisatived svaarimg tsemIMaestelg gt‘@ms nal
a _conver.sion reactio

hydr oyl PUnATon SRR e iR eeSabnarecion 1 B Bepdl gincdenaty
Pg%g?;?ﬁ%}e‘sﬁert@ﬁ\gﬂ? gﬁndgigngg* c blk(\élé@ﬁirg Jr iMbPpolyBadxy AL EEIROLHAEE § at 2
melt form or in suitable solvents at a temperature in the range of 50° C to
275° C in the presence of suitable catalysts.
[0031] Hydroxyi-functional polyesters may be obtained by conventional
polymerization techniques involving di- and polyfunctional carboxylic acids
with di- and polyfunctional alcohols. Hydroxyl-functional polyesters with on
average a higher degree of branching may be obtained if required by
polymerisation of suitable polyhydroxycarboxylic acids according to methods
described for example in US 3,669,939, US 5,136,014 and US 5,418,301, the
contents of which are incorporated by reference.
[0032] Hydroxy-functional polyesters can also be prepared via esterification
and ester interchange reactions or via ester interchange reactions. Suitable
catalysts for those reactions include, as an example, dibutyl tin oxide or
titanium tetrabutylate.
[0033] Suitable hydroxy-functional polyester resins have a hydroxyl value of
10-500 mg KOH/g.
[0034] The monomeric alkyldiesters of polycarboxylic acids indicated in the

above reactions include dimethyl terephthalate, dimethyl adipate and



275 Cin the presence of suitable catalysts. [0031] Hydroxyl -functional

pol yesters may be obtai ned by conventional polynerization techniques

i nvol vi ngwoios/1eaed8 pol yf uncti onal carboxylic acids w th diPCTaPA3/05413

pol yfunctional al cohols. Hydroxyl-functional polyesters with on average a

hi gher d%@mmeWa%E%Wa@ obtained if required by polynerisation
of suitabl e pol yhydroxycarboxylic acids according to nethods described for

exanpl e i[A0%S] 3E88®p9§39,0b8815tat% Oit4 amdi bSI}&JIﬂB)naOlpaltdwyli@oat:Ehts of

whi ch are incor rat by reference. 0 nc onal ol yest er

caln al so Ct9| W@E& é)éé’%éfe??tﬂ% i"{?ﬂ-' rPPtL%r?e’F @‘?‘ilﬁ%n@r@ Ezt?onssor
t 1 t ] f: t

ol oe. MU WHGOKARC BEREPsuch ! ke e@ﬁﬂ*ﬁa".%y%%@un'??%@tfgﬁ S8c, o

[ 0033] smmmnoe dmwdr pyisorﬁellnmlamal trhokyitist ecid; emenalchmvephathhy@lramw val ue
of 10-500 ”graj [ 0034] The nononeric. al t%l di esters of polycarboxylic
aci ds i ndeica¢ arqnﬁwaﬁm@lc aslsly @ndehetri awdrise, ¢atoridener eptert eriyalivesl at e,

nexanyar S0erRah M PPt AAich e AR e R RS U RGPt B Sy fehct | ona

car boxyl igxapfid =0MPAnGicGhdxantiiRariyfict ersd,i oRFahpalophiehalleUt agige not
limited to, aromatic multi-basic carboxylic acids such as terephthalic

acid, i smtahwm@nd@mthylpne Haraphthaicd acigy rexachliorerhthsliel actd; i Geled ti ¢

acid, 3, rophta c .acid, ; tetrachll orQ hlat haI aci-d, . and .their
anhydr| déi'c [QefrS e§?%rf‘ a%n% t PARLEP e’tag%tahcera hsegaicf%a?cf' ' and/ or

cycl oal i Rﬁ%fahﬁldé%é)&w@aa%l& Q&ibi@sacﬁé!caotﬁé’éanc%&%kyﬁlcaémd succinic acid,
1, 4- cycl ohexanedi carboxyli'c aci d, tetrahydrophthalic acid

hexahydr maidmmmtiylaen/eeﬂ asethnehalfaﬁy EHCICtS, ahémelhlamybdhde,acmlondeiand C4- C20
di carboxylic acids, such azeﬂ&u@c ac sebaci c_aci d,

decandi cz?rsff)%'xﬁe’l”(‘!aﬁ\ﬁ@% F&G’f@?ygg%{g;gpgd%‘a@%aﬁ Br 6 qsc SHET d@S:siekci ni ¢
e B S SR R G (e loBE oA RO
such as, dstér of neopenty! glycol, can IikeW|se be used. Monocarboxyllc acids, such
as, for example, benzoic acid, tertiary butylbenzoic acid, hexahydrobenzoic
acid and saturated aliphatic monocarboxylic acids may also be used as
required.
[0036] The following aliphatic diols are named by way of example of
suitable difunctional alcohols mentioned above: ethylene glycol, 1,3-
propanediol, 1,2 propanediol, 1,2 butanediol, 1,3-butanediol, 1,4 butanediol,
2,2-dimethylpropane1,3 -diol (neopentyl glycol), 2,5-hexandiol, 1,6-hexandiol,
2,2-[bis-(4  hydroxycyclohexyl)]propane, 1,4 dimethylolcyclohexane,
diethylene glycol, dipropylene glycol and 2,2-bis-[4-(2-
hydroxy)]phenylpropane.
[0037] Suitable polyfunctional alcohols mentioned above are glycerol,
hexanetriol, pentaeryltritol, sorbitol, trimethylolethane, trimethylolpropane and
tris(2-hydroxy)isocyanurate. Epoxy compounds can be used instead of diols
or polyols. Alkoxylated diols and polyols are also suitable.
[0038] 2,2-bis-(hydroxymethyl)-propionic  acid, 2,2-bis-(hydroxymethyl)-
butyric acid, 2,2-bis-(hydroxymethyl)-valeric acid, 2,2,2-tris-(hydroxymethyl)-

acetic acid and 3,5.dihydroxybenzoic acid may be mentioned as examples of



exanpl e, 12-hydroxystearic acid, epsilon-Caprolacton or hydroxypivalic acid
ester of neopentyl glycol, can |ikew se be used. Monocarboxylic acids, such
as, for ewemplie2o4denzoic acid, tertiary butyl benzoic aci dpchgrahigsdidbenzoi c
acid and saturated aliphatic nonocarboxylic acids may al so be used as

requi r egoly[HYARSlyIddrBokRiclaxiddng al i phatic diols are named by way of exanple
of suitable dlfunctlonal al cohol s nenti oned above: eth Iene gl ycol, 1, 3-

propaned?@39] 1lre air opahedaldve, 1previewsn pliepared @‘mﬁ icontaining

gugaﬂggg‘%ﬁﬁ BpFB%y@Ir%g@%/ymr&de Srg’%f%[rﬁ%dl 5 %neo %:“3%8% (%fi%rrlgpane 1,4

di nmet hyl chol and
2,2-bis aF&iﬁch‘l ik %@yvf] nggga%edﬁ?gfuﬁlegﬂ%gmsgol yfuncti onal

al cohol §00%0y | nmakﬂ oaltm/ebava gIxpares adf, vartwsanmwlsppolypealca@rrpbxyllct ol,
sorbitol, trinethyl olethane, trinmeth ol propane and

tris(|2- rﬁlﬂﬁ%ﬁm Bb@r@émhr%&def%ﬁtmyow Ba%%l@ @sidspar quixkres Qfethei f diol's
o o hi 2 FohieaPRlFiG nofSbritrS, Ry oAeN”! 8! Endh PRoREsbEMIRG WD) L

aci d, 2,t8nﬁhate(d’lé(ﬁél@gu@§b§wbb ue@derl c acid, 2,2,2-tris- (hydr oxyrret hyl ) -
acetic acid and 3, 5. di hydroxybenzoi c aci d nmay be nment i oned as exanpl es of

9 WO 03/[0!04®]48|er'¢ ameoﬁmzan@cquwar SHOURS O IXAArPXY! @RS inotiEo] 1n al |

B hydr opavel ST sec e eRR g SRR SR P e AT Sl sRanbr B e i i on
to the ahpyve WEH&Hs@rQ'of tﬁ’é‘go%ll Yfélﬁfh‘bhéﬁéﬂltya’cﬁéodi'é%lﬁed FR04M1 4rid al | of

t he above, m xtures of variou ol'yol s, pol ybasic carboxylic acids and
hydr oxylthe amebch td evpitt geidtioar Hrfofqu exarapledﬂweoavmagajmtl@ﬂahthe@fr the

corresponding oligoners or polynmers.and their co ondi n r
t er mi natRAUYAn&l 1HERR<Ne JAINBBURSRIPPOf ity of ppﬁ/otl He éﬁ%@g 1 FH@Q tﬁ?f ﬁ1 f ester
groups t Qy&rﬁ 0% rfbu%te'rgbsrbnﬁs iSANBESHRN 2L eRRS RMCABhURGNOf e di ester
and the r oxy rln tance _
polyol is six, the minimum proportion of polyol to diester is such that the ratio
of hydroxyl to ester groups is 0.3
[0042] As mentioned above, derivatives of monomeric cyclic anhydrides or
polyanhydrides can be used instead of diester derivatives to prepare the -
hydroxylalkylamide compound.
[0043] A preferable cyclic anhydride is a mono anhydride according to

formula I

O

(@)

I\ 0
N/

Q—=0

in which A has the meaning specified later below.

[0044] Examples of suitable cyclic anhydrides include phthalic anhydride,
tetrahydrophthalic anhydride, naphtalenic dicarboxylic anhydride,
hexahydrophthalic anhydride, 5-norbornene-2,3-dicarboxylic anhydride,
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varies wth the nature of the polyol, its functionality, the desired
material and the need to avoid gelation. If for exanple the average
functi onawbptog/1afo4¢ he polyol is three, the m ni mum propor PCorEPOs/030d yol to
diester is such that the ratio of hydroxyl to ester groups is 0.5. If the

AL L e ST s s ST i O SE N e
0. 3 [ 0042p-dedetmmie- biyeduatiniceantyelrite ainavsts aphy SRS TRidtRy | iric anhydr i des
or polyanhydrides can be used instead of diester derivatives to prepare

the - hydPBRYHHIR.IIHIArgardvidbisant-metbplptthalioanitysiridel 6- cycl i c anhydride is

a nono an ' ' - oul A s AL \O (~) ..C11 0. . in which A
has the neﬂgérilwﬁlgg)s(pegﬁb Eé@%llg%@w@éﬁv@ nﬁ[%}aﬁiﬁtra@}'gﬁ‘f)é@éa%? a@'&Y‘g’Qﬂ e cyclic
anhydr | deantneé wisiehi¥dwbigisesing andmsatieteiaidr apnt hal i ¢ anhydri de,
napht al eni ¢ di carboxyl i ¢ anhydri de, hexahydrophthalic anhydri de,

5- nor bor néRAS], Preferabhoihe aminalootiol desctive WD B/ 49204BaRGkirkkRR/ 95413

nor bor neng(-m% 3- di.car b?d(él i, C an?gdri dﬁ{; napht al eni ¢ di carboxyli c anhydri de,
2- dodecen&CTPOHNS FECPIHIRY &R iNRIF Pdauladhl ei ¢ anhydri de, (net hyl)succi nic
anhydride, glutaric anhydride, 4-nethylphthalic anhydride, 4-

nmet hyl hexahydr opht hal i ¢ anhydri de, 4-nethyltetrahydrophthalic anhydride
and the mal ei ni sed al kyl ester of /ap unsaturated fatty acid. [0045]

Preferably the aninoal cohol reagtRvé wWRth the ester or anhydride is a
conpound according to the Fornmulajll\} IIQI RBHNI C-CH

H——T T <l: OH ()]
Y \RZ/ R*
n
in which :
R\ R®
Y= clz T—O-——H or (C4-Cyp)(cyclo)alkyl
rR?/ R*

n

R", R? R’ and R* may, independently of one ancther, be the same or
different, and includes, but is not limited to, H, or substituted or unsubstituted
alky! (linear or branched), (Ce-C10) aryl (C4-Cao)(cyclo)alkyl radical. Generally
n=1-4, but more preferably, n=1.

[0046] The aminoalcohol may be a monoalkanolamine, a dialkanolamine, a
trialkanolamine or a mixture hereof.

[0047] Dialkanolamines are preferred, but if monoalkanolamines are used
in the reaction with cyclic anhydrides, in order to obtain polymers bearing -
hydroxyalkylamide groups with a functionality of 2 or greater, polyanhydrides
would need to be employed so as to provide sufficient functionality to

produce a final product having the desired functionality.  Similarly, if
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I 1 Y\R2Z R4 inwhich: RLR3Y=i 1l -OHor (d-Czo)(cYclo)alkYl 11
Rz n R4 Rl, R2, R3, and R4 may, independently of one another, be the sane
or diffewens/ozml i ncludes, but is not limted to, H or PEOIEPOI/OMIEd Or
unsubstituted alkyl (linear or branched), (C6-C, 0) aryl

C, - C20 ; [ . | =1-4, but mpre preferably, n=1.
E0046] EReRIahblEmhRe Im%)?/é L2 R L 451 SRAGIEN 2 o PRAIDFHRT RE. a
tri al kanopayineeicosutsstamedsubearey esfor §reRp<] tHa aLikaRALadn HeRdPasT err ed,
but if nonoal kanol ami nes are used in the reaction wth cyclic anhydrides,
in order ¥¥B8EaIUNCHENliYrof Bbdeasigtwo ¢sier grgapk ytbapriodecyr opgymers h a
f ti ' reat er, pol yanhydrides, ul d need to be enpl oyed so
ag n;: oI Bpiﬂx’/éuédg”i@?‘%’ﬁﬁf’%%ﬂkﬁﬂﬂ@ﬁu %HH%?W %fu’?ﬁt@cﬁ‘\é\ﬁ@ & & Pm@ledifoduct havi ng
the desir ngt Ko ' Wy - / . 05413
nonoal Eiﬁtﬂ%?g%]lngibaﬁ§Hé}n§r%®er?&l %frP ?%eurér3 evgglgrilrc?xy\l/\vi% t%ﬁ %gfr?éﬁﬂ@ﬁwc?ﬁgﬁ

pol yner i cdesitest dirvcwrsrintb@nolzgnines eandgreoused. t he subst ances woul d need an

aver age f lonality of at |east two ester groups to produce polyners
beari ng Ftdﬁaéio yeiall thrieierey Aenpadinictan &thQ%ﬁaldesgedfaﬁnear Qr eat er.

0048] | f ? ith relatively high functionality i
Gesi red. A oMEh ¥r BRARRfRed BodheL &t huiertisatbioveral | therorore.
dependi ngwymokmkﬁamicﬂ@?tduya @Rhd BHoseh, lih WHEh g{rf(hﬁ?“msgéiétﬁhyof%e partly

branched ol i gomer or polymer bearing a- hydroxy am de groups can be
chosen, iSUsRirercarubpe Béainesosa dheaikarolatmines selected for preparation of

the desired oligomer or polymer.

[0050] Examples of suitable mono-B-alkanolamines include 2-
aminoethanol(ethanolamine), 2-(methylamino)-ethanol, 2-(ethylamino)-
ethanol, 2-(butylamino)-ethanol, 1-methyl ethanolamine (isopropanolamine),
1-ethyl ethanolamine, 1-(m)ethyl isopropanolamine, n-butylethanolamine, B-
cyclohexanolamine, n-butyl isopropanolamineand 2-Amino-1-propanol,.
[0051] Examples of suitable di-B-alkanolamines are diethanolamine (2,2’-
iminodiethanol), 3-amino-1,2-propanediol, 2-amino-1,3-propanediol,
diisobutanolamine (bis-2-hydroxy-1-butyl)amine), di-B-cyclohexanolamine
and diisopropanolamine (bis-2-hydroxy-1-propyl)amine).

[0052] A suitable trialkanolamine is, for example,
tris(hydroxymethyl)aminomethane.

[0053] In a number of instances, alkanolamines with p-alkyl-substitution
are preferably used. Examples are (di)isopropanolamine, cyclohexyl
isopropanolamine, 1-(m)ethyl isopropanolamine, (di)isobutanolamine, di-p-
cyclohexanolamine and/or n-butyl isopropanolamine.

[0054] The ester:alkanolamine amine equivalent ratio is generally, in the
range of 1:0.5 to 1:1.5 and more typically in the range of 1:0.8 to 1:1.2.
[0055] The anhydride: aminoalcohol equivalent ratio is dependent upon the
anhydride, but generally is between 1.0:1.0 and 1.0:1.8. Preferably, this ratio
is between 1:1.05 and 1:1.5.
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structure can be attained via the al kanol am nes sel ected for preparation of
the desired oligoner or polyner. [0050] Exanples of suitable

nono- 3- alwarmdheashes i ncl ude 2- am noet hanol (et hanol am n@LCJI/EP03/05413

2- (et hyl am no) - et hanol, 2-(ethylam no)- ethanol, 2-(butylam no)-ethanol,
1- net hyl nojzgd (4 r.oRano ' : -e noj,.am ne,. 1- (m et hyl
I sopr opargg?gaﬂi ne, nr?%ﬂt %/rﬁg'{aﬁ@%oqga}rﬁﬁ%&gmhcég I %ﬂ?ﬁfgﬁ%@h h‘% r‘%‘%‘&{‘w

i sopr opaahabieneanit®-Alti bp- degutinganes , anhyidRELlancx ammhesicehos Wit abl e

di - (3-al kanol am nes are diethanol am ne (2,2'- imnodiethanol),

3- ani no- 16BPRrSHE RaWREN, faraenamople, sbpribdahedand about 18@H Gt 4mfdramiane

i1 Sopr opanoPAenE foENAEHE Ry RIFHINg ) S 31T, 08 3] resretuts o
trial kangeamare ior, etdamplexagokeg add izorydr @‘g%@b@@@ﬁ%@‘?ﬁﬂé‘#\%d [0053]

In a number of instances, alkanolamnes wth kyl -substitution are
pr ef er ablroysedPolysandsneation with avates beingpenuivedithequghydistilketiopl

Cyel onox s A ey AR NEIsahD " Te8proh artsaiacheviemogmpiayies this
ester - al el ne ABIACCABIAEM i@ Buls BeNRFhbie" LBE of ange of

1:0.5to 1:1.5 and nore typically in The rang . [ 0055]
The anhydrdrddunctinnadal Bhpadrioxealkyleatidat gratpo tontdeeg dettm t he
enerally is between 1.0:1.0 and 1.0:1.8. Preferably, this

anhydri de, buyt . .
ratio i@%ﬁ%@gwnﬁ £a0RXylE agid campeangvio gapderate §epiriatieoaliysmas [ 0056]
carri od Bacty/oPed dBpRAAFREN ey el SemReing AR e o e TRoASIRRE  ac ur e
bet ween, pfayedexamiltech abayt bd0uSe@nsepdiatsly 100 i chMbiritidn? wiftapsantial Iy
mononeri ¢ hydroxyal kyl am de, after which, at a tenperature \%et ween, for
exanpl e, PIRO!ymeertBEmed, opliops| i de tasnpiny decompolindicostiiningrdagmore
D Bk S el Bt e ke o bl Rk
with a B-hydroxyalkylamide group. These are similar techniques to those
employed to prepare polyesters with terminal hydroxyl groups with varying
degrees of branching such as is for example described in US 5,418,301, the
contents of which are incorporated by reference.
[0058] When an ester containing compound is reacted with an
aminoalcohol, the reaction can be carried out at a temperature between 20°C
and 200°C, more typically 80°C to 120°C, optionally in the presence of
suitable catalysts such as metal hydroxides, metal alkoxides, quaternary
ammonium hydroxides and quaternary phosphonium compounds. The
alcohol arising from the reaction is removed by distillation. The‘ proportion of
catalyst may typically range from 0.1% to 2% by weight.
[0059] The reactions can take place in a melt phase, but also in water or in
an organic solvent.
[0060] The removal of water or alcohol through distillation can take place at
a pressure higher than 1 bar, under reduced pressure, azeotropically under
normal conditions of pressure, with co-distillation of solvent or with the aid of

a gas flow .
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procedure to regul ate nol ecul ar wei ght build-up. Alternatively, use of a
nonof uncti onal O0-hydroxyal kyl am de group contai ni ng conpound or

nonof unctworaliowas boxyl i ¢ aci d conpound to noderate the f®oTtEPosied4iszy nay
be enpl oyed dependi ng on the final conmpound desired. A further noderating
pr ocedur i ch may be used separately or in conbination with the

previ ousf@)oﬁgtt iUcﬁ‘ﬂé% ‘gﬂf’?‘%‘f%si QUsserpRRven RasfuRdNYIRXGRIKYBGI®eSr nore
0- hydr oxy. Qi t Lye group capable of reacting
with a 13@%@@9‘;}?1&%'&2%@3 @po%égaw Je@ée gf%ﬁsr{aer‘n | ar techni ques to those
enpl oyed to prepare polyesters with term nal hydroxyl groups with varying
degrees of branching such as is for exanple described in US 5,418, 301, the
contents of whi cr&ﬁa %éi ncor porated by referenc [ 0058] When an ester

cont ai ni ng conpo i's\reacted with ar® ami npa&'dokdl, the reaction can be
carried out at alt m{)erature et wee ZH)C a d|2 OC, nore typically 80C to
120C, opti onai®PyG Npr-€ i r?l—y@ﬁs] such adDnet al

hydr oxi des, nmet aI’4 | kKo i|g|es, guat er nary r'||2 hydroxides and quaternary
phosphoni um conp&uny&/, The al cohol arisifg \ROMR'he reaction i s removed by
distillation. The proportion of catalyst may t'ypically range from0.1 %to
2% by weight. [0059] The reactions can take place in a nelt phase, but also
in water or in an organic solvent. [0060] The renoval of water or al cohol
t hrough dwvRerein Atis@nbeth hyakeget ac @ monowalpntes polyvaieghergamiamadichar , under

Covdi ot SR ZeAtuined 6F beltieieg alfel GRicel Wiaesin b, Noa Podieat 102048

PCT/ EPO3/ QA i i i i , jfd
R- hydr oxyal kyﬁgr?i[dggg Jdoa(%%'t)b'rbg‘i %ghis\éépﬁpe{%o&%u dse(%ﬁfllr ?P@Z}Iﬁ’oevé@g?e[g%ﬁbr epar ed:

R Rl O RiexyB tiegtd, betyl, méryindécydl eloyICtetdrity- XetraorR, BEnREdRYyIR4
hexylcontyl and the like; substituted or unsubstituted ary!, for example, C2-Ca4

mono- and dinuclear aryl such as phenyl, naphthyl and the like; C4-Cs
cycloalkyl, diradical, tri-lower alkyleneamino such as trimethyleneamino,
triethyleneamino and the like; or an unsaturated radical containing one or
more ethylenic groups [>C=C<] such as ethenyl, 1-methylethenyl, 3-butenyl-
1,3-diyl, 2-propenyl-1,2-diyl, carboxy lower alkenyl, such as 3-carboxy-2-
propenyl and the like; lower alkoxy carbonyl lower alkenyl such as 3-
methoxycarbonyl-2-propenyl and the like.

[0062] R’ is hydrogen, alkyl, preferably of from 1-5 carbon atoms such as
methyl, ethyl, n-propyl, n-butyl, sec-butyl, tert-butyl, pentyl and the like or
hydroxy lower alkyl preferably of from 1-5 carbon atoms such as
hydroxyethyl,  3-hydroxypropyl, = 2-hydroxypropyl,  4-hydroxybutyl,  3-
hydroxybutyl, 2-hydroxy-2-methylpropyl, 5-hydroxypentyl, 4-hydroxypentyl, 3-
hydroxypentyl, 2-hydroxypentyl and the isomers of pentyl; R® can also be Y in
Formula I above.

[0063] R' R?> R® and R* preferably are the same or different radicals
selected from hydrogen, straight or branched chain alkyl, preferably of from
1-5 carbon atoms, or R' and R® or R? and R’ radicals may be joined to form,

together with the carbon atoms, a C3-Cog such as cyclopentyl, cyclohexyl

and the like; m is an integer having a value of 1 to 4; n is an integer having a
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m m wherein A is a bond, hydrogen or a nonoval ent or pol yval ent organic
radi cal derived froma saturated or unsaturated al kyl radical wherein the
al kyl radwoaB/10mesmt ai ns from 1-60 carbon atons, such as mPCHEPp3/e4ny/| |
propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, eicosyl,

i - I, . | i ke,
tSlrJIbgfio?L%/\%aa u%(r%tflr]ﬁ@ﬁ%%p?tnuBg%ﬁ%‘g&f%@lﬁé%ﬁg&%@%2% wr#%ﬁ’d!' 'gn% '%Ii nucl ear
aryl suchcarsbplemplymeraghtdpdiymed (tdie nlridees valeCSreataicihaal k?b%efeﬁ'é\tﬂ di cal ,

tri-lower_al kyl eneam no such as trinethyleneanmno, triethyleneamno and
the |ike;298) limessaemtae édhydrakyalkylemidaimiend énen ansatwatedetlijdatni

- h henyl . 1-pethylethenyl, 3-butenyl- 1,3-diyl,
3. or openyiPOE4h. M Sedi A TRRUES PR Ase Sl che oreaay tiagiga B openyl
d the Ijke:.. |k bony| ‘ h as 3:
et hoxy cal et T rBUeREY =Bk PrEa R GRS v rer i auaie eapky
pref er ably oAt |som(&t+H) car bans @Q,Wrﬁwg%ﬁEShgéﬁcﬂyﬁ{ ’g(;§l5;5‘¥é H, ErRyf

| )
n-butyl, sec-butyl, tert-butyl, penty I ke hydr oxy @g%/ver al kyl

pr ef er ablof RT of ROradicdls 4R ben cakens - digxypropyl,
2- hydr oxypropyl, 4-hydroxybutyl, 3- ﬁgg?éﬁiﬁbﬁﬁéqg%ﬁ%?lo%%%hﬁil propyl,
5- hydr oxyipeoft fprmuld-(ydr oxypentyl , 3- hydroxypentyl, 2-hydroxypentyl and the
i soners of pentyl; R5 can also be Yin Formula Il above. [0063] Rl R2, R3
and R4 preferably are the same or different radicals selected from

hydr ogen, straight or &Egnchedéhai n al kﬁ, preferafQly of from 1-5 carbon
atons, or RL and R3 or and radi cal " may be jor*ned to form together
with the carbon atons, la c3-c2dl such as (Hycl opentyl| cyclohexyl and the
like; mis an iHVéger having a value of 1 to 4; n is an integer having a
14 WD 03/102048 PCHOEPQBIQIBMN-3-C4Cli) of-CL N+ QRHandCH-—®d an integer having
a value of 0 to 2. Wen n' ijs 0, A can be pol ymer or copolyner (i.e., n
has a value greater than 1 pfeferably 2-1g7 formed fromthe

(3- hydroxyal kyl am de when A is an unsaturated radical. [0064] More

speci fic conpounds are those of the foregoing Formula |11,

(wherein R®°, R®, and m have the meanings given above.

[0065] Specific examples falling within Formula Il are bis[N,N-di(B-
hydroxyethyl)] adipamide, bis[N,N-di(B-hydroxypropyl)] succinamide, bis[N,N-
di(B-hydroxyethyl)] azelamide, bis[N-N-di(B-hydroxypropyl)] adipamide, and
bis[N-methyl-N-(Bhydroxyethyl)] oxamide. A method for making a suitable
hydroxyalkylamide is illustrated in Figure 1.

[0066] Specific B-hydroxyalkylamides also are those of the foregoing
Formula Ill where A is a polyester polymer chain which is either linear or
branched, where optionally the chain contains ester-amide groups.
Accordingly, A can additionally comprise ester amides alternating along a
polymeric backbone, or in the case of a branched structure, the ester and
amide linkages alternate among the main and side chains of the branched
structure.

Other Reactive Functional Group

[0067] The B-hydroxyalkylamide selected and/or prepared is then reacted

with a compound bearing functional groups or precursors to functional groups
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wherein R5 is H, lower alkyl, or H(R 3) (R4)C(R )(R2)C, n and n' are each
1,-A- is -(CH2)m, mis 0-8, preferably 2-8, each R group is H, and one of
R3 or R4 wadBsaedogs i n each case is H and the other is H or PaTEP&BS4a3 Kyl ;

that is, of forrrula(l\/) RBOOR3 Il Il (IV) HO-CHCH2N-G(CH?2

i Ve oo B oA A b e e FRBHRLOB S WRrerRgEL "O°
bi s[N, N- db(l@@ﬂehycﬁl‘r cpqrmbyl \)/hchdllr@aﬁﬁélﬁonblté[MeN'gib(Jp3thY§H Oy PoePy | ) |

succi nam de, bi SLN N- di ((i-hydroxyethyl)] azel am de,
bi s[ N- N- dhy@@xm@l yl@jayge,o@gmp]nsa@ﬁ lpagt are fumadional group that can react with

Py oxyal By MEHSERKEIaR e s BharEb R ROFIey SR F%gﬁ%ﬁ{v%%ﬁ'?%ﬁngs%tam )
(3-hydr Oxﬂﬁidﬂﬁhélg@?ﬁoﬁ% R/ Qc@}*s@ré c86n I@opﬁé‘?ﬁé&} Bfer &Y. h%\giH 4 wher e A

I's a pol yester polyner c aln which is elt near’ or ranc

optionall yunttﬁtdechydmxgakkytanmsieesiompmmdddoegrmmect técpotyxlme‘rgéatl,onAtcan
addi ti onal I gF“ se ester am des rnating along a pol yrrerl ¢ backbone,
or in theP e Ang} ‘PTH’e%?faé'PPLRfP w%t sannodiectesirg TuaRienal roHREges

React i ve Foneny crae R, FBaBRs, Skl el AU B ahechr=2ly Wl gl o

prepar ed functibeal r@faupedmcmm{da ayclmwp@mhsyﬂrmarl ﬁ@nfomtd osval pglyieers or
precursors to functional group 15 WD 03/102048 PCT/ EPO3/ 05413 ot her than
a hydr oxyBPIGamReX M@Mﬁ)orm%’%@%lﬁoﬁql% nhyskigRer containind e & pol ymer

A 8 A T G B R e

group. | ngeUpR Basefiolethr, C@ﬁ%“@ﬂep%ébﬂ"@w tWigh the B-hydroxyalkylamide,
results in free carboxylic acid groups remaining. Specific examples of
carboxylic acids and anhydrides include, but are not limited to, adipic acid,
decanedicarboxylic acid, trimellitic anhydride, phthalic acid or phthalic
anhydride, tetrahydrophthalic acid or tetrahydrophthalic anhydride,
hexahydrophthalic acid, tetrahydrophthalic anhydride, tetrahydrophthalic
acid, hexahydrophthalic anhydride, pyromellitic acid, pyromellitic anhydride,
3,3, 4,4-tetra-benzophenone carboxylic acid anhydride and combinations
thereof. ‘
[0069] Other suitable carboxylic acid compounds are, for example, dimer or
trimer acids of saturated aliphatic (C4-Cy) acids, unsaturated (C4-Cge) fatty
acids, hydroxycarboxylic acids and polyhydroxycarboxylic acids such as 2,2-
bis-(hydroxymethyl)-propionic acid as well as «, B-unsaturated acids.
[0070] Examples of suitable «, B-unsaturated acids are (meth)acrylic acid,
crotonic acid and monoesters or monoamides of itaconic acid, maleic acid,
12-hydroxystearic acid, polyether carboxylic acid, and fumaric acid.
[0071] When polycarboxylic acids are used, the functional groups on the
final condensation product of this invention would be predominantly free
carboxylic acid groups. The use of cyclic anhydrides or polycarboxylic acid
anhydrides on the other hand allows selective reaction of the anhydride

groups with the B-hydroxyalkylamide groups under conditions such that the
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functional groups or precursors to functional groups may after reaction
with a suitable hydroxyal kyl am de conpound be subject to polynerisation to
produce twe oBiiopaks condensati on product bearing the desiredCrmros/danal
groups. [0068] Compounds bearing such functional groups or precursors to

such fuynet ioﬁﬂ?dxgﬁéo'é?ﬁi i BngeaFé’C%ddétaﬁﬂMW iUAESactiVeNoerthis Q¥aypol yneric
[

pol ycar boxyl1c acids or polycarboxylic acid anhydri des containing one or
nor e ankyhpodadgrauntsinpe boih dgpee cirgtoape @an er erépasedcami@ngl #c acid

groups per nolecule, which after reaction with the 1i-hydroxyalkyl am de,
resul t s Iustratesea sapthed yer B 91”@"&?3?3&:(@’(‘ enﬁqn%@wpcprgﬁ es of
car boxyl c. aci jdes include, but are not limted to, adipic
aci d, 3@%&%%@?@%?}%@@@%‘."%@% * trinellitic anhydride, phthalic acid or
pht hal i goomhyﬁkérﬁ@lest et roatherd sqpabibatdactiaei grompst etchads; dboplardatdtc
anhydride, “hexahydrophthalic acid, tetrahydr tht ha\I i ¢ anhydri de,

t et r ahydimiisit hal iSocyapats JreWAsy POt GEHUPS. AIKGWSIaBS SJRWRRel PRI ¢ aci d,

ronel litic, anhydride 3 4 - a- ; L acid
g%hydr | gblorfis @8};?8?113??)8’&3‘0“9%3%? QF%@W@% %Egﬁé%%a%ﬁ@%?%%ﬁyl i ¢ acid
conpoun r ; | §sa@isme ri sacirasthofol s upd edndl | phatic
(CrerCZUS?ﬁ%t@?@sa,téﬁnsﬁ@?gt grc? ICsl’l- gg’;‘)xﬁt '?{/mrpa(’:i Ids, z;dr ?;chf bo>r<1yl : (F:) ac: ds
and pol ydoybinatjorer thenepf.i ¢ aci ds such as 2, 2- bis- (hydroxynet hyl) - propionic
acid as well as a, (3-unsaturated acids. [007 anpl -qf .suj table a,
R- unsat UPA{ €k E@ragfeér ef (ﬁ%?h%a&sr%y pRatgs; &c?ucgel oth"gng'Ee i‘(i}lt 3{'1?;1'?19? trtr(?inoest ers
or nonoag I i 1 ! } - dro dnat&ci d,
pol yet hgdrnsggfabrg@% :sgeggé é(:j ,1?451%5?%%%4?@?%?” F%gt%'%é \?\ﬁ%ﬁ%ﬁ%car boxylic
aci ds ar®mesedhetdie, f BMatisoopnajometry -dametiyicyiclotexytiseekanata, i dpr oduct  of

this invention would be predomnantly free carboxyli cid groups. The use
of cycl idisapygnatedeetypertangr b&»@]@ﬁ?cé{@f‘ﬁto‘g@@'ﬁ{ma@ﬂ'ﬁa?ﬁe agﬁer hand
al l ows sglbegti i, Of hydrj SURS ' ~A-(4-
(3- hydro %ﬁ'ﬁ?ﬁ%ﬁ%@%@%‘g{h&‘r@?ﬁ%ondi%”fé’gnsg{such ?ﬁ%ﬁohllﬁiah’fef'\(/\% 03/ 102048
PCT/ EP035854hatotutery Gaiybiprekenaci d gr oupsosyanatobis? @atrinadthyl-3nizeact i ve.

Yy,

nthis i\ggcyanato-ethyl)-cyclopentane, 1-isocyanato-1,4-dimethyl-4-
isocyanatomethyl-cyclohexane, 1-isocyanato-1,3-dimethyl-3-
isocyanatomethyl-cyclohexane, 1 -isocyanatol-n-butyl-3-(4-isocyanatobut-1-
yl)-cyclopentane and 1-isocyanato—1,2—dimethyl-S-ethyl-B-isocyanatomethyl-
cyclopentane, respectively.
[0074] In the event oligomeric or polymeric esters are used to prepare the
B-hydroxyalkylamide compound, such derivatives may be reacted with cyclic
anhydrides, polycarboxylic acids or polycarboxylic acid anhydrides just as
when using monomeric esters.
[0075] In the event the initially formed B-hydroxyalkylamide compound
contains more than two B-hydroxyalkylamide groups per molecule, one or
more such groups can be blocked by reaction with a suitable monofunctional
reagent such as a monofunctional carboxylic acid prior to reaction with a
polycarboxylic acid or a polycarboxylic acid anhydride or other desirable
reactive groups.
[0076] Thus, the methods essentially involve preparing a monomeric ester-

amide, or an oligomeric or polymeric ester-amide of non-linear structure with
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conpounds contai ning both types of groups can be prepared. Figure 2

Illustrates a nmethod for making the final ester-am de condensati on product

of the iwoenatdwme usi ng anhydrides. [0072] Exanpl es of ot Rer/EPos/oaind e

reactive groups include, but are not Ilimted to, isocyanate groups, epoxy
cid chloride groups, epquchlorohédrine

roups. afit TR s TRE AR B8 greumant subsen STl eagindet 595158% hyr oxy)
, | ' 0Q7 J

2L t b1 ¢ Thons Sha L Hhtups D DN RS (VPRI AR such

as 1, 4- di pelycgroxytie Aok tdmplydrigest anethek, &Jitﬁﬂlé%}’ﬁ’d&lﬁg}s as gisbybegxane,

3(4)-i socganat onet hy| - 1- met hyl cycl ohexyl i socyanate, 1,
di i socyanabe\s IREERYINGpR dhe, desieddstrediereant Functioralt griowpt myiehesthee and

,7-dii - 3l di | oct. d 1 -i -1 - et hyl - 4- (4-
ooy anat U EAERS TEL B, Gihe0 B 30 Gk an B9% Stebs arerstingl Gaveh.
| socyanat ke pblyneattdRippriranSequentiab RAABALRzatoh tAEARIGRKL - 4-

i socyanat gnet hyl - cycl ohexane, 1 -isocyanato-1, 3-di nethyl - 3-
| socyanat ne, 1l-isocyanatol-n-butyl-3-(4-isocyanatobut-I -

a
l) - I d 1-i t o-1, 2-di met hyl - 3-et hyl - 3-1i nat t hyl -
Lyel opent BRI JR SRR oS 60 iR el Eras) GbAerred SaRgENAer | ¢
esters ar@ro%@%ér%@né@g@@r*f_{]ﬁﬁicﬁw%np»'gireééﬁ' iﬁ%hg@oﬁﬁeﬁgaﬁ&ﬁlg%d e
derivatives may be reacted with cycli anhydri des, polycarboxylTc acids or

pol ycar bothid inveation adtehyeadtiestheus-hydsoxyahigramigengitimoiop eRample yelis. [ 0075]
In the event the initially fornmed 3-hydroxyal kyl am de conpound “contains

more t han@IErEesy 8R X529 [TPENT de48r Righerabbt atnarsicl) and meee preferaily such

groups ca kedak Lon Wth a suitable nof unctional reagent
such as g’“n@%o@&?f%t ?ﬁ?\%yd’ ﬁ@?ﬁéb%ﬁ g@uggi%erpmpiﬁcq% g@a‘ﬁ’ P VV\WCthmQ"e
pol ycar bogaghi 60%Ciof e fotAPInNVERIR 0y Fiirfetidpiaf drige dgsirabl e
reactive groups. [0076] Thus, the methods essggﬁ%h‘?{alqéj Ffr?\q/%%é;eépr?egari ng a
nononer i chiskexralkyamide groups. olin guher iveords, @bl least ififtye sertentnofd ehef
non-IineaTr étruture W t h :

unctional” "groups’ (on a mole basis) are groups other than a

p-hydroxyalkylamide group. Desired functional group content by weight

ranges from 50 to 750mgKOH/g.

[0078]

[0079] The number average molecular weight of the final condensation
product ranges from 300 to 15,000, preferably 1000 — 5000.

[0080] As indicated earlier, the reactive functional groups on the final
molecule of the condensation product are selected depending on the
particular polymer binder of the powder coating in which the product will be
added as a matting agent. The binders typically used in powder coatings
include, but are not limited to, epoxy-polyesters, epoxies, polyesters,
polyester-acrylics, polyester-primids, polyurethane, and acrylics. Epoxy-
polyesters are frequently used binders, and carboxylic functionality would be
a preferred reactive functional group for a matting agent intended for such
binders.

[0081] The condensation product may be prepared in the melt phase, or
may be prepared in a suitable organic solvent, for example an aprotic sénlvent '

such as dimethylacetamide or N-methyl-2-pyrrolidone.
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17 WO 03/102048 PCT/ EP03/05413 term nal 3-hydroxyal kyl am de groups and
subsequently reacting at |east 50% of those termnal groups with cyclic
anhydri dewQ opabd2eesr boxyl i ¢ aci ds, polycarboxylic acid anrgdmpd®es41dr ot her
sui t abl e conmpounds as descri bed above depending on the desired structure
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f unct i onateinzatddoby istiiatiquesowSoad engaid B rﬁigﬁcbblqﬁnd Bei?ﬂ]anhmigﬁrrlﬁra&ﬂ , the

aver age n(gfnber nol e basis) of desired functional groups per nolecule or
"funct i on&l YARPrZ5tie8elarge @mante 6hapara Wokldpe deededffor this operatimt i on

f ' he B- : | an i f or le, | i
Ahydri qagoretuer e (NG MK, BTb0%u behsto Rt fl BB ae Thigvabiat
pr ef er abl sucH soltbetsriAnaRs @hy %u%“toftHBCétr;d?fgair%&éem?ﬁ? %‘irstiﬁg'b%wx}ésn thalt

whereby not nore than 50% of the total nunber o unctional groups per
nol ecul e $¢erlt andhihe el ki aftedatiyeompthod is tot deractane sohvant listesa fifty

(3~ hyar oxsPEokS) S E Gt BE RS aradh Sidblogrolis BOMEERTORySuch ght
ranges fromaple s8cdnd et In AR/ 8 traéu g?gsgéntT&%egﬁgﬁqﬁ%tsgvﬁ@ar%gy%hfc“' ar

wei ght of the final condensation” pro ranges

pr ef er ablgxanggle als&@@0alchhoBOr Watdrraltoadadixeaeki Furtheheons@elcurent
functi onal r.ouqi on the final | ecul e of the condensation product are
sel ect ed WRPURAI% NS Pre¢iritatedrrrpaurtwith avataeer Hiegeeorsd selvenpmatede coat i ng

i n which r tA M tLi t ... The bi nders
ypl cal |y aieg R He neklessayRo OBRE oo Bn A Bil 8P Ris i ot o,
epoxy- pol [Pe8BEr Theepolvents soRabledt #1es prod@tyRay e aRideki G8der intense
pol yester-primds, polyurethane, and acrylics. Epoxy- polyesters are

frequent I%ﬁrrlh%%do BhRdeeGeNdasalveat; ok exaoplerast dispaetst gr @eLd dobtinuaugpr ef er r ed
reactive sftrlé%?rli 'o?%teﬂépgtﬁ)chf ﬂ{at?hg%trééigﬁatae eé‘r%dh@% (angreedsew rsutgsLElF}tial >I/ nders.

in a particulate form. In some cases, this process may be aided by the

presence of an inorganic solid. This is particularly helpful, if the precipitated
organic product does not have a solid-like character. The resulting product
may finally be dried at temperatures not exceeding 100°C.

[0084] Drying at temperatures above the glass transition temperature of the
condensation product can lead to the product flowing and binding any
inorganic components that may be present, resulting in bonded
agglomerates. In this form, the condensation product may not readily dissolve
in otherwise suitable solvents and may not readily disperse throughout the
powder coating during extrusion. With certain embodiments it may be
preferable to obtain the condensation product in the pure state (without
inorganic particulate) by the above method of solvent extraction. In this case,
the particulate form resulting from the procedure may be lost if the drying
temperature is too high.

[0085] In order to avoid these problems, when the product is dried it is
preferable to dry it under reduced pressure. This may for example be carried
out in a vacuum oven or in a rotational evaporator equipped with facilities for

application of a vacuum. A final rinse with a volatile water miscible solvent
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[ 0081] The condensati on product may be prepared in the nelt phase, or may
be prepared in a suitable organic solvent, for exanple an aprotic sol vent
such as dwowBhgloaxet ami de or N-net hyl -2-pyrrolidone. 18 WeC@3/PL)EA48

PCT/ EPO3/ 05413 [0082] Sol vents such as N-nethyl-2-pyrrolidone can

subsequeRtl dzeacaton®VRatHY etHys kbtdril infdthahleMeNeinol dvesdproparolhaftdr boi | i ng
poi nt and high heat ‘of vaporization, |arge anount s of energy woul d be

needed fwatemwxsasdmm &Licbnthat I\tBEefW@r solvent SiO@§uaD1l disgiolviel e torganiensur e

b | h h
Strong i FOBPREERORESLGR CEIRY Bt o & e dRs et ey bR B
al Ler N by dT ol 68158 BH! FRIAS. SRHYEStadchbs AmstoE e ISRves! Such

that the solute 1's not sol ub ein e solvent m xture. "A suitabl e second
sol vent inmettrangl, ethdriw qprisgeapanas sswaterwtie conthinaticng thereofetehibiee al so be
al cohol s or water-al cohol mxtures. Further counter-current washing of the
preci pi tﬂ%@%ﬁ@%@reﬁnthdr\)ﬁlger or the second solvent may be carried out

as NEeces G?Q’SJE) ﬂéru&etfh% B| rﬁsemé‘ﬁlaéISnge%\?maé By sﬁa%)\’%%n%t[oow]

The sol v ion o pro uct nma tense irring to

t he SeCO%@lLﬁQinVGﬂt rofiatt x@tErewits ahopb@aml@rsoad if dasrredmmousdersttor eam of
mat eri al such that the precipitated product is present substantially in a
parti cul &béainod final preduet kayeg,a tshlitgb‘ﬁr peeisyiaigfope. SuiaRle§OVRBES presence

o o " SESETRE S B, SRS Y e b A rohdy RGBSR T 2 o0

may finaldeyohes dried at tenperatures not exceeding 100C. [0084] Drying at
t enper at ures above the glass transition tenperature of the condensation
product da08Tkadhewmvenall ppprbdch tﬁewfmagamids mlgfmtefgp%r@yureﬁrtbabmu@
conponen

OO S i oLk Ao At Al o688 SR HF B L0 *
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obt ai n t hesterdfivdtionatanan tmdutehﬁcatummecqiaiyetssttlaa’e qrei uhedt duiingr teni ¢
parti cul Eic:thee)rmlc?al rteg%tlgrqg %gagﬁé qg%hgffmsa(l)lp\ég Lth:‘cec):<at|’|r % stoI gg ex%rac% Qil R

extent that they are soluble in the second solvent and to the extent that their

removal is desirable.

[0088] Where the condensation product is prepared entirely in the melt

phasé, obtaining the product in a suitable particulate form for incorporation

into the powder coating could be achieved by the techniques mentioned

above. For example, the melt could be run into a stirred non-organic soivent

such as water, or the material could be dissolved in a suitable solvent and the

resulting solution spray dried. However, the most straightforward procedure

would be to cool the product and to simply pulverize the solidified material to

a suitable particle size.

[0089] In an alternative procedure, it may be possible in some cases to

blend the reagents together in an aqueous or organic solvent phase including

any inorganic solid to be present in the final product as required, dry the

resultant mixture and complete any remaining reaction or polymerization

steps in the solid state.
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the particulate formresulting fromthe procedure may be lost if the drying
tenperature is too high. [0085] In order to avoid these probl ens, when the
product iwOdgsilexd48t is preferable to dry it under reducedCprEPeyes4es Thi s
may for exanple be carried out in a vacuumoven or in a rotational

i oo i (e Y orar 1 cefikh e Pl dRre §6 todeaoutes mane | ™
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wat er or dryirgonbi nations thereof and the product recovered by drying.
[0086] Either of the above problens may al so be avoi ded by spray drying a

sol uti on 8093} odrueny vbtiet tsoveninstarmes| acuitabiecaviphisl pafticle SiZee@r i or der to
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to the extent err renov
condensatfinahmatieyagentorpgesar ed entirely in the nmelt phase, obtaining the

product in a suitable particulate formfor incorporation into the powder

coating 48894 béha@mewsdfogondensatiohmirqdest adued emede mivedee. czaingexanpl e,
the nelt ol ani.c solvent such as water, or

e b e e A Do B 5

formulation, e.g., other additives such as a matte activator and other optional
additives discussed below. In general, the amounts of condensation product
to be added can range from about 0.5% to 20% based on the total weight of
the powder coating formulation. Preferably the amount ranges from about
1% to 10% based on the weight of binder in the powder coating formulation.
[0093] A mixture of different condensation products, each falling within the
scope of the invention may also be employed in the powder coating
formulation.
[0094] In certain stances, it is also suitable to combine the invention with 8-
hydroxyalkylamides containing more than 50% B-hydroxyalkylamide
functionality insofar as the overall active functionality of the combination
comprises no more than 50% B-hydroxyalkylamide.

[0095] Inorganic Particulate Additives

[0096] Inorganic particulates suitable  for incorporation  with  the
condensation product include those inorganic-based matting agents
employed in conventional solvent borne coatings.

[0097] Silica particulates are suitable. These particulates raﬁge in average

particle size from 1 to 20 microns, preferably 5 to 10 microns. Porous silicas
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resulting solution spray dried. However, the nost straightforward procedure
woul d be to cool the product and to sinply pulverize the solidified

mat eri al wo03a02®u$ t abl e particle size. [0089] In an alterraTipre3/pioxedur e,
it may be possible in sone cases to blend the reagents together in an
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pul veri zeds@sunalbleed i f required. Any final mlling step should be carried

out at S[HI éa]blnﬁ_ilow tenperatures in the event only condensati on product is
in the fIPRAPI niarpARiCRfEHEUGiaRIoRM b PESENt The ramgenef Oftocdpdeasayt i on

a1 vedrigth ot MhePHARE Lol CRbION  RERENR" orgtudtor hEmbairentes such
as a mat toengaihingatseichapertRiunges OMdwaar RS tti/%ﬁéﬁne;ﬂicgﬁggmeqn SR In

general, the anounts of condensation product a can range from
about 0. PR HeuIaBaMAcerdensatios produtt ated Hiio aff1:1 paetspmmteight.oat i ng

the wei OB blfndlr MPIFATE OREUAIE IS fnber BFearat Foie MOBRLRGT xt ur o
et | o TRAIESEERLA L S BREh, SR (PLB-ig B o (e
after preparation of the condensation product in particulate form can be
carried out. The inorganic component such as a silica or alumina can, if dry,
be added at any stage of the reaction sequences leading to the condensation
product. As mentioned above, the inorganic component may also be added to
the reaction product just prior to a precipitation step, or may be added to a
solution or slurry of the condensation product just prior to the final drying
step. Where an inorganic component is to be added during the reaction
sequences leading to the condensation product, or added prior to
precipitation or drying steps, the presence of a solvent or carrier medium
such as those mentioned earlier may, for rheological reasons be helpful.
[00100] The final product may subsequently be pulverized or milled as
required. The final product should be milled to that having an average
particle size suitable for facilitating it into the final powdered coating mixture.
Suitable average particle sizes for the final matting agent product range from
about _1um to about 50um.

Matte Activator

[00101] As indicated above, matte activators may also be used in

combination with condensation product of this invention to prepare a
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formulation. [0094] In certain stances, it is also suitable to conbine the
invention with R hydroxyal kyl am i des contai ning nore than 50%

(3- hydr oxweloksb2ans de functionality insofar as the overal lPCamEPOYE5413
functionality of the combination conprises no nore than 50%

J3- hydr ox j de; 1 | G i i d - [.00

| nor gani cbfﬁ%ﬁegw gtﬁg]sg[ gg?ﬁtébIme%%?&ia%gg%(})rlggp%g’wégﬁ I% ﬁ\eéﬁ'cng)'geéjzﬁ%ati on
product i sompdentsoseh mer gatsigstbase don@ddthng ROGWHSIN end! aed THese
conventional. solvent borne coatjngs. [0097] Silica particul ates are

sui t abl e. AFRERIErH ACEplerdts: 65 Tagiitrie makling, afgsilitater cugng of ke fpawder to 20

- ~ preferably 5 49 10 0 " 03/ 102
pcry eposs BRETES B KD BB g el Bty Redho Bt maion ATt AEyndnd nave
por e vol utes desipd@@brepdrti@s THe saledtdd S6tH\VRtoPESHSHAPLY the (Pairﬁ:@%érfineth%‘:/ g.

Particle sizes nmentioned above are those reported using a ulter Counter
and the pBPwdeyepaiing.i A catalysiottitabieds @i agivatareyennder can betdefine8ui t abl e

ili h Ki d i bed | . S.
007 30238 &SRR LR AR TeBEiRT af e by oplion aBAgowder
Parti cul atestimy gmdléﬁféhdqléidi%aﬂff LJE%F% réz)éég/gfii f%ﬁaﬁ‘%%&ﬂd{&" MWEbidfeplgs 1n the

si ze ranges above are also suitable. [ organi c particulates can be
present i Auigllamgcewide, which praytise byesamtiigivaryieg aomeumsris isedep gt
condensati,on_product. Epbodi ments containjng such particul ates, however,
nore typi EaP?’g'C@?x?saiarF rorgeHaly cpasumed) iy dherRforgnasiRad drRagidtiuct at a
ratio of @& i . f Lar i i cul .Js to be
bresent | eriaphA afidsafli nafidesbn adlelriey HREnBALA, HheBiEdes o

dry- bl endand carbagiates Isush dshitoseaesafibed ipBman8tdsmopl. §he cugnensat i on

product ipn particulate formcan be carried out. The inorganic conponent
such as alh§ FoRigNis olawhignnareciagorpgratad, heraie byJedereaceanse sparteulstlyt he

reaction g&wgq&s{té g&ﬂ}a'f'@rsto t he condensation product. As nentioned
above, the 1 norganic conponent may al so be added to

[00102] Preferred phosphonium-based matte activators are represented
by the formula (V):

R-®P-R| X (V)

or
X(R)sP+-Z-P*(R)sX

wherein each R is independently a hydrocarbyl or inertly substituted
hydrocarbyl group, Z is a hydrocarby! or inertly substituted hydrocarbyl group
and X is any suitable anion.

[00103] The term “hydrocarbyl” as employed herein means any
aliphatic, cycloaliphatic, arorﬁatic, or aliphatic or cycloaliphatic substituted
aromatic groups. The aliphatic groups can be saturated or unsaturated.
Those R groups which are not aromatic contain from 1 to 20, preferably from

1 to 10, more preferably from 1 to 4 carbon atoms.
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the reaction product just prior to a precipitation step, or nmay be added to
a solution or slurry of the condensation product just prior to the final
drying swepm3/ivihes e an i norgani c conponent is to be addedPdurmPngoisne
reaction sequences |leading to the condensation product, or added prior to

Clich bs. oIt ot orrRareT e e R R i Blonfo P oS Bbt Bt .

such as those ntioned earlier ful.

[ 00100] Thydféamabyipyredpatamegntallbses eemidns Lo spulartrdraefs HatddehoRs
required. The final product should be mlled to that” having an average
particl e SB¥ Bl thareastion angidoesatetrigtariere with the réaction pewdenettiecoat i ng

m xt ure. ' r i S} for the fipal mattin ent

or oduct r Shos PR B ARA R 408 RRs ekt Sltns MebfBon) s

i ndi cat ed fabowgnpleaNCS, BetCvatprs may al so be used in conbination wth
condensati on product c_)f this invention to prepare a 22 WD 03/102048

PCT/ EP03/ d801Q5] pr efSeritabie anionisrigclagenbut aremmot kmied ity ahalidésnsudides, but is

not limt to 0 unds such  as. catal ysts or coreactants known in the
art. TheszgIr ?T@%ﬂ Oré‘gecet?ré’ﬁﬁ?% Bdide,@ pi%ﬁt@ﬁ?ﬁﬁ"??ﬁj ap kel @salhe curing

of the po i ' [ t] | d d t
formati on\&g}% %leﬁ?rsaédﬁg\g/? é}rgp'@?ﬁgnggﬁfégmgﬁo%%)?? f”ééﬁ .C[i%cget%{eél, e@'tg gg’%gi?’i vat or
depends omxelaée bitriftleoroncetohe; forovateformiatadid. comprixal acdtatsickad! gcids an
activator hereunder can be defined as a conpound |eft unchanged after the
reaction &P /i RIRReNYRPERRICHSWAE copmleng oxplatrexalind acisl womplex; used in

| [ |y i . der, . ich b
o eaent 1 iuRoscd Bl doraReSRE BBL AMpIeR ) SIS ARlEs miicRerdiyaty
consuned ienatpks, phosphalR, iapdeHe lcoafigat basédiat RioRgaric RIRAFPROBH WA fil | des

and quat er nary phosphoni um phenoxi des and carboxyl ates such as those
descri bed SXAMEfE, o pragbonale, Wmsphate: s tatraf|uoroheratenoe ntiphosphdte clandr e

|01 POT 381, HBeL ot LSS B SoPaLL S L LoDl e L

repr esent @@m bisphenol A.
[00106] Some of the catalysts are commercially available; however,
those which are not can be readily prepared by the method described by
Dante et al. in the aforementioned U. S. Patent No. 3,477,990, by Marshall in
the aforementioned U. S. Patent No. 4,634,757 and by Pham et al. in the
aforementioned U. S. Patent No. 4,933,420. Examples of the above-
mentioned phosphonium catalysts include, among others,
methyltriphenylphosphonium  iodide, ethyltriphenylphosphonium  iodide,
propyltriphenylphosphonium jodide, tetrabutylphosphonium iodide,

methyltriphenylphosphonium acetateacetic acid complex,
ethyltriphenylphosphonium acetateacstic acid complex,
propyltriphenylphosphonium acetateacetic acid complex,
tetrabutylphosphonium acetateacetic acid complex,

methyltriphenylphosphonium bromide, ethyltriphenylphosphonium bromide,
propyltriphenylphosphonium  bromide, tetrabutylphosphonium  bromide,
ethyltriphenylphosphonium  phosphate,  benzyl-tri-para-tolylphosphonium
chioride, benzyi-tri-para-tolylphosphonium bromide, benzyl-tri-para-

tolylphosphonium iodide, benzyl-tri-meta-tolylphosphonium chioride, benzyl-
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by the formula (V): R R(c)P-RX-m (V) R mor X(R) 3P+ Z-P+(R)3X wherein
each R is independently a hydrocarbyl or inertly substituted hydrocarbyl
group, Z we oaibapds ocarbyl or inertly substituted hydrocar pgir/Epses13 and X
is any suitable anion. [00103] The term "hydrocarbyl "™ as enpl oyed herein

Cyeloal | phot1 cE o IEhes e, BRORIdL oo Rmb e My Bk Grolhgide, an be

sat ur at ed benzylrtsairtiiatatgiphoditasui eloHas, BEMBN-tERIHLolAPREEHHRIGANT ai n
froml to 20, preferably from 1 to 10, nore %}rll-eferably )?éoml to 4 carbon

at oms. 23PN E%8/ 1028282 dnaresiaigrhespHapdI0 4] I@@de;armbte:tnamettlhy/lene
' ] b " t. t ocar . up can

contal n oS EHERTE" XheB o BipidRhat "Gadietbrenen: eriSitibiee

reaction ghdspragsumobrdrpides f ﬁi‘tfmrﬁ‘éﬂﬁ)leﬁ'@ebfs?@@htbﬁ?lugﬁb%%hihﬁle.iod?ﬁ%fég

conpound and the pol yester. Suitablé such subs nt groups inc for
exanpl e, Reptamgthylene | bisfiripheoylosphesphantiline adhlorigle), ncpentamdtilease not

limted tQ,..hali h . f npl.e, chloride, brom de, iodide and
the. car bodUBERES tfseRBniun® SRR  PaeRIaIbsPer o o IsERRa] sach as
f te, iurAl P anat ik o] . fo eformc
bl 0 compl Ao R e fRRIBhe bibliph el O Furh GBI e

conpl ex, bR¥aaetbylenis ¢ big(tripremypl ephosphoniurmor besmide) et Hexapitivasesi ¢ acid

conpl ex. er, sui tabl e anj OhM ncl ude, for _exanple, phosphate, and the

conj ugat egﬁé IBaerY RhRsPaRiUe RdidR), o5 aBy cambinasion Eesesfl e, bi car bopat ﬁ, I

hosphat e afl u i n canj ugat e. bases of phenol,

guch as, Podrﬁte’lanpl géﬁﬁg@@ Sggtaglr?p Eﬁ?gﬁ%dﬁvlﬁvgamm%%g WRich 2&% 8o
employed herein include, for example, methyltriphenylphosphonium iodide,

ethyltriphenylphosphonium iodide, tetrabutylphosphonium iodide,

methlytriphenylphosphonium acetateacstic acid complex,
ethyltriphenylphosphonium acetateacetic acid complex,
tetrabutylphosphonium acetateacetic acid complex,

methyltriphenylphosphonium bromide, ethyitriphenylphosphonium bromide,
tetrabutylphosphonium  bromide, ethyltriphenylphosphonium  phosphate,
benzyl-tri-para-tolylphosphonium chloride, benzyl-tri-para-tolylphosphonium
bromide, benzyl-tri-para-tolylphosphonium iodide, benzyl-tri-meta-
tolylphosphonium  chloride,  benzyl-tri-meta-tolylphosphonium  bromide,
benzyl-tri-meta-tolylphosphonium iodide, benzyl-tri-ortho-tolylphosphonium
chioride,  benzyl-tri-ortho-tolylphosphonium  bromide,  benzyl-tri-ortho-
tolylphosphonium iodide or any combination thereof.

[00108] Tertiary amine and quaternary ammonium halide catalysts are
suitable when preparing matting agents for powder coatings involving the
reaction of an epoxy group and a carboxylic group containing compound.
[00109] Esterification and transesterification catalysts such as metal
alkoxides and metal carboxylates are suitable for use with matting agents of
this invention designed for polyester primid coatings.

[00110] As indicated above, it has been discovered that these

substances enhance the degree of matting attained at a given addition level
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from bi sphenol A. [00106] Sone of the catalysts are commercially avail abl e;
however, those which are not can be readily prepared by the nethod

descri bedwby3/1iamt e et al. in the aforenentioned U S. PaPemEPM®OS413
3,477,990, by Marshall in the aforenentioned U. S. Patent No. 4,634, 757

d by Ph ; ot ; 0 nt 4,933.420.
Eanpl s o eRschpgtl: | MR Alp I BRI AERen ForlbERad R plaER G g
others, ome hyl mor@hery, phtespicandion cokizteants twixh tthé PR YEdHMRPREGEH UM
I odi de, %rﬁ)opyl tri phenyi phosphoni um i odi de, tetrabutyl phosphoni um i odi de,

met hyl t r i BIRERGH ph preid aaneralharecide addingi by weighteX, the condensation

o b1 PR IRPRRLAHY FERL BICHF A . S GRSy coreactant , e,
t et r abut y4 pags Bh@BhG@h@é%l%ﬁ%r%@%g tcPcQt‘éh/élt %HHFHr%-Teaﬁtant of 100:1 to 1:1

met hyl t ri phenyl phosphoni um brom de, et tri phenyl phosphoni um br om de,

pr ﬁplyl tri ﬁmm}wrﬁh@pwmm Ehooﬁl'gde% réatid roammwl Iepba’smcmbldln?tbt[]ooﬁétﬁw,st
ethyltriphe osphonj u 0S te, benzyl-tri-para-tolyl phosphoni um

chl ori de, a’b‘ﬂﬁ&gq’ir?g&%gi’a@FFQfIO%F‘E)%SB’p‘HgﬁP@Yﬁ by BraferEedbenzyl -t ri - par a-

t ol yl phos hym i ogli T oT=Y a PAVE I o oy I h ' | Qr i benzyl -
24 W0 03/ 29304 Pcr’%gcggy@%% p”%frreff?%%@?§|“ﬁ@h§§@ﬂ%ﬂbﬂ%ﬁ@%@ﬁf@?‘

benzyl - t réomerises () ydrpéstepbatide conashsition freday déddribeit dsoviednbrkpsphoni um
chl oride, benzyl-tri-ortho-tol {I phosphoni um brom de, )

benzyl -t r&N B ERNIESO)iA BReéYvafta mctivatra comraunghet hyl ene  bi s(tri phenyl

phosphoni L dehv4etranmet hyl ene bis(tri phenyl phosphoni um brom de),
t et r amet i.?fnfﬁe%@dﬁ%?f‘yﬁf[’gﬁ% phosphoni um i odi de), pentanethyl ene

bi s(tri phogh2phospincsy WaskBHOHddRes PO deNeseli i LhhwHidHal
phosphoni um brom de), pentanethyl ene bis(triphenyl phosphoni um i odi de),

hexanet hyP@erhsastingsptampe ¢oBipadniithmhshlcondelrdationhprauet gteming
bis(tri | ph honi ,.de), .h t hyl bi s(tri phenyl
hosphon! B aNUEIThy ST SR &S TEHEn P oPE g1 GApMsars, s | y
sui tabl e RORERMYYBhEC R MEeN Al §@BIREers. Suitable pigments are for

example inorganic pigments, such as for example titanium dioxide, zinc

sulphide, iron oxide and chromium oxide, and also organic pigments such as
for example azo compounds and phthalocyanine compounds. Suitable fillers
are for example metal oxides, silicates, carbonates and sulphates.

[00113] Primary and/or secondary antioxidants, UV stabilizers such as
quinones, (sterically hindered) phenolic compounds, phosphonites,
phosphites, thioethers and HALS compounds (hindered amine light

stabilizers) can for example be used as stabilizers.

[00114] Examples of degassing agents are benzoin and cyclohexane
dimethanol bisbenzoate. The flow agents include for example
polyalkylacrylates, bolyvinyl acetyls, polyethyleneoxides,

polyethyleneoxide/propyleneoxide copolymers, fluorohydrocarbons and
silicone fluids.

[00115] Any optional additives and the condensation.product can then
be blended into the powder coating mixture using conventional means. The
final matting agent composition can be incorporated as a dry blend with the

powder coating binder, or it can be combined with those binders in, for
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enpl oyed herein include, for exanple, nmethyltriphenyl phosphoni umi odi de,
et hyl tri phenyl phosphoni um i odi de, tetrabutyl phosphoni um i odi de,

met hl yt riwbeagbmosphoni um acet at eacetic acid conpl ex, PCT/EP03/05413

et hyl tri phenyl phosphoni um acet at eaceti c acid conpl ex,

tetrabuty, :%;?ﬂﬁ at e

met hyl tr |ép P%sgﬁhﬁﬁgﬁ bfg?rﬁﬁ)cﬁgﬁdgg rﬁ?’l”ﬁ)ﬂg‘}? ﬁ@FSﬁo@SHW ﬁgr?rﬂ}r %'Pﬁl de,

t et r abut ydrghepeheabHivelnestdesd RitdiHd &xtRlgsty| phosphoni um phosphat e,

benzyl -tri-pars-tol yl phosphoni um chl ori de, benzyl-tri-para-tolyl phosphoni um
brom de, Mﬂ&'ﬁﬂ.ﬁdﬁ@’é@a-tol yl phosphonl um i od| de, benzyl-tri-neta-

t ol yl pho m ch or|d ben tri-neta- Iphs
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ol y1 Lﬂ&%‘ﬁﬁﬁfﬁéﬁfﬁ@ﬁ %E R D5 P  roB a6 B?E'ﬁ Py an ne
and quat grrimaanly apeecmisemttedd @eoahmtsalayetrsotacempatmteamm ohefesjyragato ng
matti ng agents owder atln i nvol ving the reaction of an epoxy

group andRECHiEA Myﬁ%o@w\@h qh\@ﬁgsna lifty PQUester 0eAatingg dprmi & at i on
and transgsy efy F\éé:%ée?w”]‘&ﬁ#dg Wa?t\ﬁhl@ﬁ%dﬂ%ng?%ttmg néﬁ%’éhgﬁsct:%ﬁ“?egﬁéé‘l

car boxyl at es are sul tab ruse wmth mattin is Tnvention

desi gned dloss,pmoyessfésn thiani dotc ¢radyi BeGse [ﬁlﬁlmbeﬁécﬁlm cGhidedtdpofiln it has
been di scover ed that these substances enhance the degree of matting

at t ai ned fatlurgsgi ven addition level 25 WO 03/102048 PCT/ EP03/ 05413 of

matting Typi te |va or woul d be added by . blendi ng
one. or o817l o PGBt bokEul oo R SR B 7Y 5@ IS Nal didensati on
product . H@ﬁ’fng\/\DWsda gesarate sé%‘&ﬂbﬁ eofassly RerduneeLdslifters 'f8r gaggensat i on
product ,1 to 50% and nore typically 5 to 33% of catal yst or co-reactant ,
i.e., a QC@ttanSOfareorbaeadatqmrmpieadlaft waigbtat alegsse anfl/ branchingeaandint of
pi.cal | ati o, of c ation

oroduct TBNEUIDR 5 dhel FHEE cRRIZBIER, S Brlisr PATEIR0 18:a s
B;gf5r[ecbunb%11§dbsﬁ%@@rqjsuaw 8 PeRAIfE T sGb&rRed! tRBNin@lidLAr JdNRBE! Ve
particles can collapse together and coalesce during heating. Crosslinking
reactions occur subsequently, so that a smooth, continuous and hard film of
good quality is formed. Particle collapse and flow of the initial dry powder
structure can occur quite rapidly and a glossy surface is observed within a
minute or two at normal cure temperatures, e.g., 120-200°C.
[00118] At the stage when the film first shows a glossy finish, surface
roughness is still present. Indeed, the height roughness may be quite large
at this stage. However, the slope of the roughness is expected to determine
the gloss, so that if the wavelength is large enough, the perception of a
glossy surface will be provided. During further heating and continuing
coalescence, the slope of the surface roughness may stay approximately the
same and the film stays glossy.
[00119] On the other hand, if the powder coating particles do not have
sufficient opportunity to flow, e.g., flow is physically impaired, a textured
surface may develop, or alternatively, visually rough surfaces with poor film
properties may be obtained. Traditional matting products may be used to

reduce the gloss of powder coatings to some extent, but as indicated above
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conprises (1) an ester am de condensation product described above, and (2)
an inorganic solid and/or matte activator conpound. O her Optional

Addi ti veswp®RA@@8 | f so desired, additives such as those BESEFEPDI05413
conventional powder coatings can be conbined with the condensati on product

o gront 5.1 EPEREcH KERCHBRNy AR ol o amenertERts B PTG i ani o

pi gnent s lavelsfawovee8anpiies atnG0Yary acoé@aR. s Evercheasinigdirrasandf fint i t ani um
di oxi de, zinc  sul phide, iron oxide and chrom um oxi de, and al so organic
pi gment s RGERMEES mAyreaihnpl e azo conpounds and pht hal ocyani ne conpounds.

Sui t abl e fql S 4 . |l e.metal. oxides, silicates, carbpnates and
sul phat esfdo["ggil?)] %Y%g%lyﬁéﬂ%ralﬁ%ﬁnlaa?lﬁoarr‘ﬁgiafiqﬁ%gﬁt %?cwgt'g ifizers
such as ' i ' i i | € ; oni tes,
phosphi te@,wétlﬁlimgggehlgrﬁgQgﬂpg%ﬁg{%%d;%%ﬁ%tsdé?ﬂlaﬁdgﬁég am ﬁggﬁ?ﬁg[& e

st abi | i zepalymeaor fapssinkapistdochighe @ anticiss aiddsi afethe. bifhdér pdlyniexaipd es of
are benzoi.n and cycl ohexane i met han bi shenzoate. The

d i |
T oo agonsal PR (A gR Ao R MBES CORASFRNEs et SHESEENSN I vi ol acat vi s,

| yet h I@q y des, t [ [ ;
1Ploug(raoh§ ocg)rq)oﬁ: gﬁ%béflrlhéé%ﬁg%’?Lﬁ@éﬁeﬁ%éﬁgﬁgﬁwﬁggﬂ?gh%%%|O{| ves and
t he condethsalrfacepoadhness aninchesse dwriy hedinly Ffollowind ehe stader ofcinitial ng

m xture usi ng conventional neans. The final matting agent. conposition can
be i ncor fRWMERd cralaseanpepteHit\d M@t ﬁéfa%@ﬂ@rbec@fﬁﬁtﬁigfrﬁﬂh%ﬂwt'é“yit can

xampl o s PacAiEE sPHIF Siebie: Powidboadeie S SRS " (1 ng agent and
any ot herjopdgp] i ve ApEdrafidhehridivkhbliebeirg Helerto AR baRtuMacieehygm [ 00116]
General |y speaking, matting products usedin traditional solvent” borne
coati ngs swi@bl®mattide agest doepewder opatingssshbuld heoadier tocprvideyfor an
increase in the slope of the surface roughness of the powder coating during
film formation as a result of chemical reaction. More specifically, a suitable
matting agent hinders coating flow after the powder has formed the initial
glossy state. This may occur by means of molecules having a suitable density
and distribution of reactive groups. These methods can be classified as
essentially chemical or reactive in nature as opposed to the essentially
physical or non-reactive methods associated heretofore with the use of
typical fillers and waxes.
[00123] However, care should be taken not to introduce compounds that
result in a high degree of flow inhibition or are so reactive that significant
network formation occurs too early in the curing schedule of the powder
coating, as this may negatively influence film appearance and film properties
as described earlier. Figure 3 shows linear viscoelastic properties of a
powder coating cured with crosslinking agents containing only B-
hydroxyalkylamide groups. Following an initial decrease in the phase angle
as crosslinking reactions begin, at a temperature of 140°C the phase angle
starts to increase again indicating an increase in fluidity, before dropping
again at 160°C as the material solidifies and chemical reactions go towards

completion.
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primarily because those products are not conpatible with or designed to
specifically function within the nmechanismin which powder coatings forma
film It wedshewss f ound that while traditional matting preduares/eam reduce
gl oss, nore often than not they cause filminperfections and other film

failures. 7] . ' I p L NOS,..ar esign o flow
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powder structure can occur quite rapidly and a gl ossy surface is observed
Wi t hi n a may rexpéaior whywccatpaundsalvitbua eatgenpeinziar ef f-re/dgoxyaliR0aRaBC.

[00118] At the stage when the filmfirst shows a gl ossy finish, surface
r oughnessgrpgpgmnrg%'ﬁeg@ﬁta.re mﬁy@éﬁefeﬁ%ecw%mof REOgHIRS IREsy BeWERi te | arge
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coal escence, the slope of the surface roughness may stay approximately the
same and hyssoxyalkylamige ggupsstp. tofal fundtjorat grewps pae Mateside s toe highpowder

i i d h ~suf £i ¢gj ' fl. .q., fl
s physi aaphy T fRaiTLdR peReRsi OhhPRiee RaA dBs S oA BhbeBeflnt  vely.
visual 'y grogghirsentios eonpddridP MhinirhizBY tREORFEE! BBcaTe bRt thé Reth
Traditional matting products may be used to reduce the gl oss of powder

coat i ngs 3G9 sohdhextodalt nuimber af furtitioatke dyrabpy eper2 oz d8/ hag0obe -

PCT/ EP03/05413 this approach is normally limted to | ow volune anounts and
when gl o@dr@wﬂa@ 8r@tPsuni P '&‘P"@@‘Gg/'hfset%%f@ﬂ? dratetheppyanter /s

| mpai r menisBkididd With maintaining sufficient flow and reactive capability to produce
powder coating films with good appearance and film properties but consistent
with the powder coating film being matte. The invention can also avoid the
need to adjust the ratio of resin to crosslinker in the base powder coating
formulation, which would also be helpful in maintaining film properties insofar
that dual functionality is intentionally built into a given compound.
[00126] The aminoalcohols and carboxylic acid compounds employed in
preparing the ester and ester-amide condensation products of this invention
can vary and accordingly this invention offers a large number of ways to
produce the desired sometimes dual functionality of this invention.
Accordingly, the compounds of this invention can even be combined with
conventional B-hydroxyalkylamide crosslinkers of the types disclosed in
patents referred to above to obtained the desired dual functionality and thus
offer additional compounds to control film properties (other than matte) of
matted coatings.
[00127] The preferred embodiments, ‘and modes of operation of the
present invention have been described in the foregoing specification. The

invention which is intended to be protected herein, however, is not to be
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properties may result. [00120] Physical flow inpairnent is also regarded as
occurring if the nolecular weight of the binder polyner is too high, or if
t he functwomaliozoys of the polyner or crosslinker is too hiPgh/EPPROMIZ] €S

si zes of the binder polyner also can be |arge enough to inpair coal escence

and subse i - ver derately .hindered flow shoul d
permit thé's 068% hn’ét%g]téab?;.pcagﬁ?lgﬁ'éﬁﬁ%&é@@‘isn@%@é@d’dffppﬁgh‘ﬁégf? ng

fol I owi ngtdﬂi@ré%@ﬂ@d(ﬁs l06tratRle rdthEMRr&RabiRRC S RitidAs Ml cifarBild sur face
can be created froman initially glossy one, since at this stade, flow

pr ocessesthgrefos,imay becnade by.thpo® sRiMEdAndbe dirngitioutadebanting drem bieé ng  hel d

to any part.i.cul.ar .theory, a uitable matting agent for powder coatings
shoul d beSpa{Bﬁ:epft &"?)r'ﬁ‘\‘/?%@rfor %Hﬁhefvnéméaﬁgen qfhBURIPEF® 8FitetheiNs (i ace

r oughnessggdcifdiiopoMieki&pat i duygl fi At .o esyl tcof

chem cal nga(I:ti olr?. Mor eagrge’ciéfq@gaﬁs ?H%t sﬂgbf@a{%ﬂéﬂ'ﬁn&t {ha?@"@%'én hitorflder S
coati ng fpropedfasecontdiiopewdieysitalsstitesmedpél@ntagds, @ intgh@ss Yo Sitetbally Thi s
may occur by neans of nol ecul es having a suitable density and distribution

of reactiFE PRIBESY THESEGraieh MrerarAnye numRer falkog awith e suet famdey

chem cal QR r t I a o] t.0.4 h nt.ial | p cal or
non-r eact'ﬁ\{;gdﬁ@fhéo S sggg%'tcitr%‘rﬁiedsa rs%cr Q?@?’ %ESe \&trﬁ hgt'%gagsgoofee{ttegp%% fillers
and waxesexdnilég 3givelavisaiew, thersfors neniy dilbstratek propaebtidr® df "iheOfiting onpounds
that result in a high degree of flow inhibition or are so reactive that

si gni f i cafRMPeEidsoERSedrathheesinoanditestedoinethd particularepowdengoatingslul e of
th wd ting, t hi t] i nfl fil d
1y or oplerfaied Bialde: disks Barray. LR oS PRBES! DPECBEI ast 1 ¢
pr oper t i esodihgs byRABERs oﬁ@@téﬁéinwggﬁﬁ’slms?sadgmé! i nking agents contai ning

only R- hydroxyal'kyl am de groups. owng an initial decrease in the
phase angle as crosslinking reactions begin, at a tenperature of 140C the

phase angle _ifstgg(ts ﬁo increase again indicating an increase in fluidity,

bef ore dr%%%ﬁ—é%—ﬂ%ﬁ at 160C as the material solidifies and chem cal

reacti onspgq28pWar dpne CRBRMEH ¥Batikf employed is indicated below and
represents a typical epoxy-polyester coating. The matting compounds were
added so as to give a volume fraction in the coating of around 0.05 in most
cases, with the proportion of polyester and epoxy being simultaneously
adjusted as needed to accommodate the functionality of the matting
compounds.
[00129] As a reference point, Ciba 3557, a commercially available
reactive matting agent was used in the same way with simultaneous
adjustment of the proportion of epoxy and polyester resins. Polyester-Primid

powder coatings were also employed.

Example 1.

[00130] 1 mole of Primid XL552 having four B-hydroxyalkylamide groups
per molecule was reacted with 2.5 moles of 1,2,4,5 Benzene-tetracarboxylic
acid in the presence of silica in the solid state. In this instance, Primid XL552
contains terminal B-hydroxyalkylamide groups and is obtained as discussed
earlier by reacting a diester, substantially the dimethyl ester of adipic acid,

with two moles of diethanolamine.
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WO 03/102048 PCT/ EP03/ 05413 [00124] Wthout being held to a particul ar
theory, this may arise as a result of free COOH or OH groups attacking the
ester |imkege/1moexi mally |ocated by the am de group, by PCT/EP03/05413
transesterification, leading to a tenporary decrease in nolecul e weight,

Pha cat od g ahor odar e 4ES8  THihld Kb 8o fiopy MRl HERD RLR S0y °°
conpoundsefll (2¢.& Benzpmentetraeartaixyiic yidy wahadisybiagt de 53BPoPFateer 41! ecul ar

are neverthel ess ¢ bl e of producing glossy powder coating filns of good
quality. C[fggyg%‘ﬁc 3Sd@?asﬁ%lH@V@ﬂ@ﬁ@qrﬁmw@m&wwmaﬁm Zee/goras on of

3- h d i i | t . | | | . t
an” EnaRel A kAU A e ol ORI RABboRGH TG nd i 1° 10
funct i onadriceys ettents refolbe bynetirg/ st ﬁmﬁ@%h}éﬁfbn%‘ﬁ@rﬁﬁ ?Svatch@h ef fect

uncti ona

because not nmore than 50% of the total nunber o groups per
nol ecul e tRayP0BEMBHGhydhesRyRORKY ther waperatyre. wEse raisgld dat i160°Cs arer ef or e

that the | j ' associated w.th intajning sufficient flow and

reactive d&%)ég%b%ﬁ%?ffgoﬂrrsot&ﬁ@w padien tgg%‘f‘? R§°fi I ns with good appearance
and fil mfpoopeyrtie t {|Sk € i t wq,ed' t] 1 i ng
matte. Tr!:e i n%renti gl;{@éaarﬁlr\?gé%vﬁ éhé[.“"h%% rfgggaﬁo aé?] Ecgl? %ﬁ‘g é'gt F']S of resin

to crossldomaredrottihe thenretipalwiiue b 7N KO E/gNTHt a6id, vaMies Fepwrtddl al so be
rties insofar that dual functionality is

L0 ST oss SMNETEHITe Rnyolip
It ent i oh@ﬁﬁ? byBpIe argl Lhrg&i%\r/&%etcfe%wuware roaspeed uRinGuthadellewing s and
Condencal o Gha o o of RESHHEE o Ponl BRAARy IFRielbriitigiiath &

i nvent i of Thif) erel stirted fer onerheur ahdeeysidt WarmihgdekimhDm &eSbo@d THyet i nes
dual funct Lg,nal i tﬁtrOf this invention. Accordingly, the conpounds of this

i nvent i ofCEHR e Felirgiedcaininare demperatute wiknatieeeus 8- M dKOx apaiyishra de
obt ai ned TRACREUHER HRERtPLIE S 5t 1oPlprBR Pt Relrt drarey waladh Mo Aaic
con i s L DOt T B e ah Sy IEH i oine BRI, of 1 he
KOH solution and S is the weight of the dry sample. The organic to inorganic
ratio was 2.7:1 by weight. The presence of bonded aggregates may explain
the discrepancy in acid values. The density of the final solid product was
determined by Pykonometry to be 1.57. This density, together with the
theoretical acid value, was used for purposes of calculating powder coating
formulations.
[00133] The product (Product A) was incorporated into a standard
polyester-epoxy powder coating at a volume fraction addition level of 0.05.

The composition of the coating on a weight basis is given in the table below.

31



present invention have been described in the foregoing specification. The
I nvention which is intended to be protected herein, however, is not to be
29 WO 03/W0204&0PCT/ EP03/ 05413 construed as limted to tReTERoyIIW ar
enbodi ments di scl osed, since they are to be regarded as illustrative

rat her thmljc@?eérr E%@XﬂPow&éf C@btlﬁg%ﬁpﬂm%ﬁﬂges therefore, may be made by
t hose ski e ar epar romthe spirit of this
i nvention. Further, any range of nunbers recited in the specification or

cl ai ns, steh—as thu+ rﬁnrcl‘f\hflng a—pa ticular set of nrnnprflpq

condi ti ons, nhvsi c OW ar _per cent ges LS | %tbhd@@llght liter aI | W and
expr essl y_i Hé@ianPs0%! (RelyesteaResiymbel fal i ng wi t82.3ach range, i rcl uding
any subset rAaipite GT7004WEpexyWReBirg range so recitegq ofhe exanples |gi ven
bel ow t her eflqbRo®2BY 0 ThasiUFADRXSPAr pfToN of  The F@mEH ng compoungs

descri bed herein anpL,G5EEA T the par rcutar —powdet attngs—mentt+oned
bel ow i njforder B&‘L’ 355 # H-ustrate—gtoss—+educti-on pewder—ecoeat{i ngs by
means of e \,u\,"* ulpycﬁg%rév abovel-Specific Fybr'gé es [00128] The
powder iy SMFQIhH @w\ﬁi@ Pegaswing AgeAtlbel ow and repfedents a t ypi cal

epoxy- po yester coating. The matti ng_conpounds wer e 108dded so as to |give a
volunme fraction in the coating of around 0.05 in nost cases, wth the
proportion of%{)ol yester and epoxy bei ng simultaneously adj usted as needed

to accommiut3lt he fORCOREWAAGS additine ehtmBHing c@epbubyiswe[ght12@F As a

ref erence, omrer ci_al ai |l able. reactive I ng
agent was %ég)trl nngr{a é% Rﬁﬁ“ hharé)sﬁrums%gia SOFQEHJ%SGPHE{TWGBf mﬂ:i@
proPO”'OpOWHGEWn%QWaﬁOb & érﬂflt@&edPehd&sttﬁé StahAhd_ BAYHRhsCoat i ngs
were al so enpl oyed anpl e [00130] 1 nole of Primd XL552 having four

R- hydr oxygiseyssé tterpalays  per rml ecul e was reacted with 2.5 nol es of
1,2,4,5 Benzene-tetracarboxylic acid in the presence of silica in the
solid state. In this i nstance, Primd XL552

Example 2.
[00135] The commercially available crosslinker Primid XL552 was again

employed as a compound containing terminal B-hydroxyalkylamide groups.
Primid XL552 was reacted with the anhydride functionality of 1,2,4-benzene-
tricarboxylic acid anhydride to produce a substantially monomeric ester-
amide containing 8 terminal carboxylic acid groups per molecule and
combined with Pural 200 (y-AlO.OH) alumina. The pore volume of Pural 200
alumina is 0.6 cc/g.

[00136] Thus 29.67g of Primid XL552 were charged to a reaction vessel
containing N,N-dimethylacetamide (DMA) and after dissolution, 71.16g of
benzene-1,2,4 tricarboxylic acid 1,2-anhydride were added under stirring.
The amount of DMA was selected so that the final concentration was 25% by
weight. The mixture was heated to 90°C for 1 hour. The acid value was
determined to be 452mgKOH/g compared to the theoretical value of
402mgKOH/g. The method to determine acid value is expected to have an
error of about +5%.

[00137] The vessel was charged with 168.05g of Pural 200 and after
through mixing, the contents of the reaction vessel were slowly added to 1

liter of distilled water, preheated to 40°C. The precipitate was separated by
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contains term nal P-hydroxyal kyl am de groups and is obtai ned as di scussed
earlier by reacting a diester, substantially the dinethyl ester of adipic
acid, wwbosamonol es of diethanol am ne. 30 WO 03/102048 PCT/HEPDE405413

[ 00131] Accordingly, 40.3g of Primd XL552 from Rohm&Haas and 80g of
1,2,4,5 Bﬁ@@ne-tetracarg&xgl ic acjd were dissolved in 53.8g of water. 41 ¢
of (Syl oi HEHE72NG: Vashedhireadimes Dy ety ingl eaah Wnedppr bier shdistijed cc/ g

dd i ab_.r t.enmer. e f 1 hour. The
orcese oottt breREaBOUIP CIhetdl il Y KR B E ek B acuum
to 300nHgnaeiearimea. tTes raermeemeuraﬁtwminéaigmdhl?,z]dt%éé%téﬁﬁ’ine&%”@é‘i ned for

4 hours to_allow reaction to take place. [0 The acid value of the end

product wa80mekOiHe cemparagyo the tirarelical yatuecoft HetmelKOtHY. val ue of

279ngKOH acid val ues..reported i i s Exanpl e and those that follow
were meas r0e1§%$si ngBFﬁngW'lt'B\W/i r%‘?‘f?@(ﬁ’ﬂ%&[@%?@@”@ﬂﬁ%%ﬁﬁ%% pr oduct
| s added ricke et FRYrebial of ToiBhn@NLorddUrfd Ay g8g NguRpunder
mld warmng (maxi mumto 35C). The solution i tltr(ﬂed afl room

t enper at utheongtioal sl 0§ 39% VBKOHedgaggrstates plagnirepbfonal ledve forfiegat or to a

pi nk col oged end_poj.nt frogm which the acid _value AV can be cal cul ated as
AV=(5. 61 &W?@' \ﬂﬁ%F{énQ/ ?%&Y‘%ﬂgorlnﬁﬁéurieﬁ‘erﬁts Toe drosits @f utheofinaingols i s t he
wei ght of %@Jpg RN i i r.at | .1 by
wei ght . Tﬂ%?ﬂ@é%ce 0 B%%@gf%ggr egatlgt:};e)tg gﬁ%?gggbﬁéplrsl Eéqo]eetM%f\ggpglb ncy in
aci d val utheorditval deids valueowas heseld forl puspbsel pf edlttilatits powdbecaifieg by

Pykononetry to be 1.57. This density, together with the theoretical acid
val ue, wa rpeladionsy pur poses of cal cul ati ng powder coating formulations.

[00133] T, duct r i gcorpor.ated intg a standard
pol yest er @Sgé pomﬂi? @@?@?E@D&@tvgf S 1PEYPCH eadmtpi gnStaddard of 0. 05.
The conposdlyéstBr-8hok oweRl iddatinl & b kidn! Sddit; ' abl e
pelon 31V 03 182_0%? RIS QLaLAD 2 AS0flthe BARtiBN' JadititiSlevd] 1505

The composition of the coating on a weight basis is given in the table below.

Polyester-Epoxy Powder Coating for Product B

Component % by Weight
Uralac P5071 (Polyester Resin) 35.74
Araldite GT7004 (Epoxy Resin) 29.92
Kronos 2310 (Titanium Dioxide) 26.20
Product B 6.88
Byk 365P (Flow Agent) 0.27
Benzoin (Flow and Degassing Agent) 0.89
100

[00140] The percentage addition of matting agent by weight was
therefore 6.9%, 2.6% of which arose from the organic constituent. The
powder coating was prepared and tested under the standard conditions

discussed below.

Example 3
[00141] By an alternative method, a non-linear polymeric ester-amide
with terminal carboxylic acid groups and only terminal amide groups was

prepared by transesterifying 4.5moles of dimethyl adipate with 1 mole of
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Pol yest er - Epoxy Powder Coating for Product A Conponent % by Weight Ural ac
P5071 (Pol yester Resin) 32.79 Araldite GI7004 (Epoxy Resin) 34.06 Kronos
2310 (Ti twoioamDupHxi de) 26.66 Product A 5.23 Byk 365P Fl oeTApesou1d. 99
Benzoin (Fl ow and Degassi ng Agent) 0.27 100 [00134] The percentage

addi tion | n | r e 5. 20 % of .. .wWhi ch
arose f roﬁjq‘ﬁ@glgdrlg‘g)ﬁi% ggbg%lg%?q%erﬂ{? .éaaliﬁ% O%@%&%ﬁ@i %sé%g\éréo Pe%'g?mgd and
tested undwies hedethantziacing fdilbved by fditherssadidnaiin 12eieyss &xaop.e 2.

[ 00135] The co rcially available crosslinker Primd XL552 was 'agai n

enpl oyed ?néer@m;rﬁtﬁﬂﬁ%xﬂﬁﬁ%j mnkydrident Rus, 10.8gdfdximatihy bloropene nasps .
Primd XL r ] ydride functionality of 1,2, 4-benzene-
tricarboxyli gﬁi%lt fg%rl d}ergt EBPSEF@%@%% CE@B%?gntpi A Ir9af\4§9ﬁor§ér1i29b ster-
am de contmethpigdfdier wasablepdedoxy fdilowasi Bygn! P&T i

conbi ned w1 h bar o 900 (YA O oh) ol ety yTth@S?fegvtS?ﬁéﬁ%ﬁﬁéﬁggl 200

al uni na i §8@¥stcc/g. [00136] Thus 29.67g of Primd XL552 were charged to a
am de (DVA) and after

eact on g conacp Ip AL SLIRL Y e o e (DU cno rter
added undeposg ik hen addia ally % BYPCES %Fél&%%t i %gl%gl gh&og' nal

concentration was 25% by wei gh e mXxture was 1 hour.

The acid haurise Aneacuuteof BEDNenHg ovareagsiad Katie|d doma fetdhérofolh@oliReor et i cal
val ue of 02k . The thod to deternmine acid value is expected to
have an gé?oﬁ’ﬁ%%@fg %%rﬁ?@ﬁ’ﬁﬂdefh@f Ved¥d, ndicatingr gethadalh 1bs. 05g of
Pur al 200re¥&@orﬂﬁé§%gb§i&5&&‘ﬁf} ¢Rarb8a with"$s 98 BrdIbthaPbidhihe’ S LhdS: yesse!

were slowy added t
nitrogen atmosphere, heated at 120°C for four hours. A vacuum of 300mmHg

was applied and the resulting distillate had a refractive index of 1.3358,
indicating methanol.

[00143] 176.8g of 1,2,4-benzene tricarboxylic acid anhydride dissolved
in 2869 of dimethylacetamide was added to the reactor and the mixture was
heated under reflux for a period of four hours at 90°C. The acid value was
determined to be 399mgKOH/g compared to the theoretical value of
377mgKOH/g.

[00144] The vessel was charged with 493g of Pural 200 and after
through mixing, the contents of the reaction vessel were slowly added to 2.5L
of distilled water at room temperature. The precipitate was separated by
filtration and washed three times by reslurrying each time in 2.5L of distilled
water. The final precipitate was dried at 95°C for 16 hours and pulverized.
The acid value of the final product was determined to be 77mgKOH/g
compared to the theoretical value of 125mgKOH/g.

[00145] Decomposition and removal of the organic component at 950°C
indicated that the percentage of organic compound was at 33%, close to the
theoretical value of 38%. Bonded aggrégates may therefore have formed,
thereby likely causing the measured acid value to vary from the theoretical

acid value. The density of the final solid product was determined by
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liter of distilled water, preheated to 40C. The precipitate was separated
by 32 WO 03/102048 PCT/ EP03/05413 filtration and washed three tinmes by

reslurryiwgogact4gime in 1 liter of distilled water preheardros/es440DC. The
final precipitate was dried at 90C for 16 hours and pulverized. The acid

val ue of i t ] 100 OH.g conpared to the
t heoret i Cg?@?;;c%m;gﬂr%g %g?%%tgﬁs %@%ﬁdwﬁﬁéﬁ%ﬁ%%?@%ﬂﬁ %ﬁﬁ% VERigoWaP of the
organi ¢ cessgbfusmurpos@56Maltnidtingeddehabating fRaiasmage of organic

conpound y@s E!l ose to the theoretical value of 38% Bonded aggregates may
t her ef or el49348] f or mEhe PrRasibictbyasiflabeleidnpradicl Calang rmasehevient wadhe
density o I L oduct was determ ned by Pykononetry to be 2.1
and this, é%%gggﬁ{juéﬁaéwséﬁd%ﬂdepB{yﬁétj?f'eeﬁo&ﬁlp & PaAtng 3tz vakeee fractipnir poses
of cal cul addition pevelest C.O8t MM chApSAILiEH | thedbn L roduct. (Product
B) was incorporated into a standa!rS(gé”I%t(;')Idj/.ggt(-:‘e‘%o?ag':'r)1 x%/np%mhqg%ﬁﬁ'?’ g\% at a
vol une frei¥en gnthedi@ble balovevel of 0.05. The conposition of the coating on

a weight basis is given in the table below Pol yester-Epoxy Powder Coating
for Product B Conmponent % by Weight Uralac P5071 (Pol yester Resin) 35.74

Araldite | 2310 (Titanium D oxi de) 26.20
Pr oduct Bm. e Y iR Uodt ; %Benzoi(n (Fl ow and Dega)ssi ng
Agent) 0-99-200—[00140] The percentage addition of matting agent by wei ght
was therefare 6. 9%PmPenert which ardse fromt g by WRight constituent. The
powder coatUrqjaWéSO@’ne(%mt@rrmegmpt ed under the shgngard conditions
di scussed bafaiite EXEIOD4(Epoxy Resin) /| - 28.51 ‘
Kronos 2310 (Titanium Dioxide) 26.60
Product C 6.78 (2.6 organic)
Byk 365P (Flow Agent) 0.28
Benzoin (Flow and Degassing Agent) 1.00
100

[00147] The percentage addition of matting agent by weight was
therefore 6.8%, 2.6% of which arose from the organic constituent. The

powder coating was prepared and tested under the standard conditions
discussed below.

Example 4
[00148] To illustrate the effect of catalysts and co-reactants, the matting
compound described in Example 1 and labeled product A, was tested in

combination with tetrabutylphosphonium bromide according to the formulation
given below.
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[00141] By an alternative nethod, a non-linear polyneric ester-amde wth
term nal carboxylic acid groups and only term nal am de groups was

pr epar ed W9 osnexesest eri fyi ng 4. 5nol es of di net hyl adi pat e Pairt#rodosam e of
33 WD 03/102048 PCT/ EP03/ 05413 trinethyl ol propane, subsequent reaction of
t he remaigj est rqu with 6 Ies of dlethanolamne foIIovvedb
furt her '-‘ i ] 0/ 5 Ig ‘.‘...‘.-'@ Pradug A te Y
anhydri debro'ﬁmgé 10. 3g of trimethyl oI propane was el ted at a terrperature
of 60C and charged to a reactor. 60.1g of dinethyl adi pate was bl ended in
followed by O 1 g of a transesterification catalyst. [00142] Under a
nitrogen at rmspher@ompen'eatrperature was rai sed %hy WHighend then again

gradual Iy tordiae®@som (rp:e;lhdegt@,epqgsmpr a perl od of 428n?21rs A-vacuu of
300mrHg was aapiRlib {ET AN Eﬁ&y@és g romtt four ||U %1 Fhe—dt-st+++at e had

n,-. npt hAa
f reasct-or—was

a refractiv —ha-catd rethanel— .
Subsequ it | er bré?%&\ (AT.I “UIrB DiQXI e I‘II g_t_hacnnl am ne ﬂﬂ'ﬁalndpr a ni Lr gen

IILI_y \.al

at nosphelre, _heated roquUAA t or four hgurs. A vacuund8? 300mrHg  was appl i ed
and t he [resl@ifakidymhesphonitim bracider efir acti ve i ndex1.86 1.3358, ind|cating

met hanol]. [ 00183k 368 (owfAder®) 4- benzene tri carboxglgc aci d anhydr| de

di ssol vedBehroid 9B v hnd I DERaRY nCRGerY) e was added t@3bne reactor ang the
m xture was heated under ref UxX—Tor"= perTodof IUh:bonuura at—906€— The
aci d val ue-was—determnedtobe—399ngKkeH-g—econpared—Ttoe—the—theoret cal

val ue of 377ngKOH/ g. [00144] The vessel was charged with 493g of Pural 200
and after t hrough m xing, the contents of the reaction vessel were slowy
added to 5L of distilled water at roomtenperature. The precipitate was
separ at ec{09949]‘| | t rA8 beforanithevmesbentagbraziditiormetmaytingesgentrarisigg fregh time in

2.5L of stilled water. The re itate was dried at 95C for 16
hour s anghﬁlﬂr%'?'PzCé’H’Pmﬁ% aa?ﬂ%t?ﬁgl%g-gog flﬁ%ppwﬁar caalliE wasmspa@kr ni ned

to be 77rgHikbd GRIBANE Stk tdrd SohBRRMS!diSAlsskd!dtoR! 125MIKOH 9.

Example 5

[00150] As a further illustration of the effect of catalysts and co-
reactants, the matting compound described in Example 3 and labeled product
C, was also tested in combination with tetrabutylphosphonium bromide

according to the formulation given below.

Polyester-Epoxy Powder Coatinq for Product C with tetrabutylphosphonium

bromide
Component % by Weight

Uralac P5071 (Polyester Resin) 33.14
Araldite GT7004 (Epoxy Resin) 30.41
Kronos 2310 (Titanium Dioxide) 26.49
Product C 6.78
Tetrabutylphosphonium bromide 1.92
Byk 365P (Flow Agent) 0.99
Benzoin (Flow and Degassing Agent) 0.30
100
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[ 00145] Deconposition and renoval of the organic conponent at 950C

I ndi cated that the percentage of organic conpound was at 33% close to the
t heor et i cwb osab20de8 of 38% Bonded aggregates may theref or e PoaxEPos/a4ned,
thereby |ikely causing the neasured acid value to vary fromthe theoretical

acid valu density .of the final solid product was determ ned by 34 WO
03/ 102048%@%3/ &%ore%ﬂ%wmq gd@ition adAnaifind @eest atisigetrm wit h

t he t heorgid & ' § r I ' wder
coati ng { epenRecdmBRR Ao niaid 2 8% R Se et Decir bl v
behavi or @ad tesisd essled thenstandamhciaiditioed destieseBexyw. powder coating at a

volunme fraction addition |evel of 0.05. The conposition of the coating on
a weight basis is given in the table bel ow. Polyester-Epoxy Powder Coating

f Pr od 0 i , Ur al P5071 ( Pol ) i 38.11
A(r);I dir? e“%#%@@iﬁ@%%@ E&‘?ﬁf’@@gg"f ﬁg{ﬂ%@@aﬁr@pl(m%pgrﬁé St‘%‘@%e@ié )26. 60
Product Qe@mﬁ%l(@ar@owmﬁﬂ&i@%%r?m smPcéﬂa%@g&g%%%rzﬁnomna% igE! ow and

De assin A ent 1.00 7100 [ 47] The percentag Ition of mattrng agent
by wei ght 9\R&9St REF eMolesule 8hgn 2in6%Hxaimplai 8h armske fafohexdteydrogiathiatic

condi t§ or@ BBy 8B Direiiea £, 3 Amplaoran] FHSPPIESPIASNENCacH T ot of |
oL Lour BRSPS 15 LI o PO RS LD AP ©
t et r abut yamhakigeoniruthisriostades, atheondterial twad bespgaredubieid @ ncongbiMaioRel ow.
with silica or alumina.
[00152] Thus 77g of hexahydrophthalic acid was heated at a
temperature of 45°C and added to a reactor. 80g of diisopropanoiamine
dissolved in 40g of N-methylpyyrrolidone at the same temperature was
subsequently blended in. The temperature was raised to 90°C and the
components allowed to react under reflux in a nitrogen atmosphere for 1 hour
with constant stirring. Thereupon, a distillation head was fitted to the
apparatus and the temperature slowly raised to 160°C. Distillation was
continued for 3 hours, until an acid value of <2mgKOH/g was attained
indicating greater than 98% reaction.
[00153] The apparatus was converted back to reflux, 115.2g of 1,2,4-
benzene tricarboxylic acid 1,2-anhydride dissolved in 232g of N-
methylpyrrolidone was added to the reactor and the mixture was heated
under reflux for a period of four hours at 90°C in a nitrogen atmosphere. The
acid value was determined to be 270mgKOH/g compared to the theoretical
value of 256mgKOH/g.
[00154] The contents of the reaction vessel were slowly added in a
continuous stream to 2.5L of distiled water at room temperature under
intense stirring. The precipitate was separated by filtration and washed three
times by reslurrying each time in 2.5L of distilled water. The final precipitate

was dried at 35°C for 16 hours under vacuum and pulverized. The acid value
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35 WD 03/102048 PCT/ EP03/ 05413 Pol yest er - Epoxy Powder Coating for Product
A wth tetrabutvl phosphonium brom de Conponent % by Wi ght U alac P5071
(Pol yest ewORag020y8 28. 22 Aral dite GI7004 (Epoxy Resin) 36PCI/EPKS/of0s 2310
(Titani um D oxi de) 26.86 Product A 5.27 Tetrabut | hos honium brom de 1.95
Byk 365Pof HhevinApenbdud. R8s BimeminetHoweandsig@gngorgardd t®.t88 100
[ 00149] As before, the percentage addition of matting agent arising from
t he or gatiie@relnayabie ofxAAMAKAHH® 3. 9% The powder coating was prepared
and test er t stan d conditjons discussed bel ow. | e 5 [00150]
As a fur 61;%?' I us?ﬁﬁt P@q@ﬁ W‘ﬁ%ng? & p(S?d@étgsfﬁd: 'te?ng{eg%%?gyg?ants, t he
mat ting gesEaeAd klegciidpgdrd %ﬁ%éﬁ@?-@p@xyﬂnﬁowaémc%étilhbocﬂb@étheﬁ witgs al so
tested in conbination with tetrabutyl phosphonium bromde "according to the
f or mul at tedrabgityehosmianum RPobméds. e ThEmmypdRitiore of Ceacoating on ePwedghit C with
t et rabutélg_hos honi,urRT l?rtim' dgq Conponent % by Weight Uralac P5071
( Pol yest BRSIRAS DIYeNda the tabig DeifW.e GT7004 (Epoxy Resin) 30.41 Kronos 2310
(Titani um Di oxi de) 26.49 Product 'C 6.78 Tetrabut 1 hos honi um brom de
1.92 Byk 365P (Fl ow Agent) 0.99 Benzoin (Flow and Degassi ng Agent) 0.30
Polyester-Epoxy Powder Coating for Product D

Component . % by Weight
Uralac P5071 (Polyester Resin) 32.88 ]

Araldite GT7004 (Epoxy Resin) 32.35
Kronos 2310 (Titanium Dioxide) 27.06
Product D 5.19
Tetrabutylphosphonium bromide 1.04
Byk 365P (Flow Agent) 0.99
Benzoin (Flow and Degassing Agent) 0.49
100

[00156] The powder coating was prepared and tested under the

standard conditions discussed below.

Example 7. (Comparison 1)
[00157] As a reference point, the commercially available product Ciba

3357 was tested in the standard polyester-epoxy powder coating at a volume

fraction of 0.04. The formulation employed is given below.

Reference Polvester-Epoxy Powder Coating for Ciba 3357

Component % by Weight

Uralac P5071 (Polyester Resin) 27.06

- Araldite GT7004 (Epoxy Resin) 40.81
Kronos 2310 (Titanium Dioxide) 26.89
Ciba 3357 3.76

Byk 365P (Flow Agent) 0.98
Benzoin (Flow and Degassing Agent) 0.49
100
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100 36 WD 03/102048 PCT/ EP03/ 05413 [00151] As before, the percentage
addition of matting agent arising from the organic conponent anounted to
2. 6% Thewpesdexosgoati ng was prepared and tested under treTSPaSICRANTI
conditions discussed bel ow. Exanple 6 As a further exanple of a non-linear
polyneric _ester-amde wwth termnal carboxylic acid groups but containing
a greater [MRBlt of THAI eRINMgFEa yailablel pridust wasnthenefexaripsiedsat @ mol e of
hexahydr opht hal j.&y::: ri s reacted with 1.2nol es of

di i sopr opg)r%1i an%oﬁglogﬁlgxgls#g‘géggent ly reacted with 1.2 nol es of

1, 2, 4-benzene tricarboxylic acid anhydride. In this instance, the materi al
was prepared without conmbination wth silica or alumna. [00152] Thus 77g
of hexahyExampie8| (Goraparisammd) heated at a tenperature of 45C and added to
a reactor of di,i soprgpanol am n di ssol ved in 40g of

N- et hyl p¥ li donéSaf ’t'q%gr%ﬁepp @rg@ﬁ%ara/agnm@%gea%/ﬁ?ﬁf‘%%ded in.
The tenpe ! Qtﬁcmj neAt | oned to react
under ref Fg&ugﬁwg@%ﬁ%@gﬁﬁ&%@@ ﬁgrwe?e ?cgfﬁwui ou@%\a\jt '&&'onstant stirring.
Thereupon, a distillation head was fitted to the apparatus and the
tenperature slovwlg raised to 160C. Distillation was continued for 3 hours,
until an && £ Rlvester-rpoxnlowdeiLeating ned i ndi cat i ng greater than 98%
reaction—[00153] The apparatus was converted back to reflux, 115.2g of
1,2, 4- benzene tri dccompenent aci d 1, 2-lanhydri de %ilsgWeighti n 232g of] N

met hyl py[ r olUrdlieeP 5@ @RishpsbtePREBR)r eact or and the 4g gbure was heat ed

under ref I wWAbR]itedGPEHNL TESdx REEINYOUTS al 90C T B J-FTogen atmospher e.
val e of |20 aRs ga O Bl el 2T0TIe T D R T oer wede
sl oW y apded -rJ y&%ﬁﬂw. ° amtlo 2. 51 of disflidd ed water at _room

t enper at .B&nzﬁwlowﬁﬂér@@%&anﬂggnthhe precipitat8.2fs separated hy
filtratipn and washed three 100
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times by reslurrying each tine in 2.5L of distilled water. The fi nal
precipitate was dried at 35C for 16 hours under vacuum and pul verized. The
aci d val uwO0 03/70303 03/ 102048 PCT/ EP03/ 05413 of the final pcodpes/owas
determ ned to be 246ngKOH g conpared to the theoretical value of

256 mgKOH 1 Saﬁ The rod%ft was | abel ed product D and its behavi or was
assessed %'épfl er- epoxy powder coating together wth

basi ‘;‘b.“tsyg‘.“i’?ﬁ’“’.hﬁ”'t N BT Beron Eor cot R By = Redcai el gy or O

Pr oduct Ep@adpomastpre?ziab@d ‘ﬁéngimlnglireaia@Gthghbﬂﬁjrﬁﬂ&bﬁde%%bB?dlﬁ . 88
Aral dite GT 004r%rB Resin) 32.35 Kronos 2310 (Titanium D oxide) 27.06

Product DOsthggor F'QB[@ﬂan PRI&Whoni um broni de 1.04 Byk 365P (Fl ow Agent)
0.99 Benzoin (Flow and Degassi ng Agent) 0.49 100 [00156] The powder
coating was prepared and tested under the standard conditions discussed

bel ow. Exdnmiatted. ( Corpiges8eELoxy[ 00158bwhsr a I efyfivge POI Bbmtatdlg
commercial ly available product Cba 3357 was tested fn the stana ard

pol yest eri€&ge; Iphegphoniumbremidg a vol une fraction of 0.04. The
formul ati on errpl oyed is g| ven bel OW. Ref erence PoI yester - Epoxy Powder
Coati ng WO‘U&‘??/ mpnent—9%rby-TWetght Fae—-PRO0A—(Pelyester
Resin) 2H Av ol Pﬁﬁé D4 { Enoxy. :Z\c. 2\ 40, RZ bw\l\h‘q‘ QF?’MD (Titani um
Di oxi de) "> Usalac P5071 (Polyester ReSin) 44.60
Araldite GT7004 (Epoxy Resin) 24.76
Kronos 2310 (Titanium Dioxide) 27.37
Tetrabutylphosphonium bromide - 1.98
Byk 365P (Flow Agent) 0.99
Benzoin (Flow and Degassing Agent) 0.3
100
Example 10.
[00161] As an alternative example of a non-linear polymeric ester-amide

having terminal carboxylic acid groups, 1 mole of hexahydrophthalic acid was
reacted with 1 mole of diethanolamine followed by reaction with 2 moles of
cyclopentanetetracarboxylic acid in the solid state in the presence of silica.
Thus 61.67g of hexahydrophthalic acid was melted at a temperature of 45°C
and added to a reactor. 42.1g of diethanolamine was subsequently blended
in.

[00162] The temperature was raised to 70°C and the components
allowed to react under reflux in a nitrogen atmosphere for 1 hour with
constant stirring. The product had an acid value close to the theoretical value
of 217mgKOH/g. 50.5g of the reaction product was dissolved in 200g of
water, followed by 95.9g of cyclopentanetetracarboxylic acid and 88g of a
(Syloid C807) silica gel having a pore volume of approximately 2 cc/g.
[00163] The excess water was removed by heating at 120°C with
application of a vacuum to 300mmHg whereupon the temperature was raised
to 150°C and maintained for 4 hours to allow reaction to take place. The acid

value of the end product was determined to be 225mgKOH/g, about two-
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Ci ba 3357 3.76 Byk 365P (Flow Agent) 0.98 Benzoin Flow and De assin A ent
0.49 100 38 WO 03/102048 PCT/ EP03/ 05413 [00158] The commercially

avai | abl ewproadoaots was therefore tested at a weight additipea/EPeved41df 3. 8%
Exanpl e 8. (Conparison 2) [00159] As a reference point, a standard unmatted
pol yest erthig@Oxy thePPiedesti MRy aRlee L Iven

bel ow. Unmatted Pol yester- Epoxy@%%gvgggRW/ T‘He &%@ﬁé&?ﬁ%ﬁ%@l&

Ural ac P30esLT GPbibyekeight. REss pyesmceo::f tmrweaﬂu a@gr@‘gawm(a&pme Saser) 22. 77

Kronos 2 Ti tanl um 27.42 k 365P ( Fl ow Agent) 00 Benzoin
(Fl ow ang% ﬁfﬁﬂ’l@'}le Oxgry fism %ffmr@ qmﬁgab@rﬂmgﬁmhas

Exanpl e % tlﬁ@ﬂﬁﬁlaédl odllicl §94 Gfdke con? I%fk%'ﬁfoﬂ% abu? jl%%@ﬂﬁg unrat t ed

pol yest er - epoxy powder was prepare ai‘ning i um

br oni de dcgethdr with the thberdticahatialt vaine waseméwrmurﬁdw@é opdafRlateRf er - Epoxy
Powder Coat i cont a| ni ngf t et r abut yl phosphoni um br om de Conponent % by
Vei ght  BOXY 79 fqrpuiigtianser Resin) 44.60 Araldite GT7004 (Epoxy Resin)

24.76 Kr[gap§4]23 10 14 S RRLEMWES 2% &Y fdddd E and was incorporated into a

standard polyester-primid powder coating at a volume fraction addition level
of 0.05. The composition of the coating on a weight basis is given in the table

below.

Polyester-Primid Powder Coating composition for Product E

Component % by Weight

Uralac P860 (Polyester Resin) 61.31

Primid XL 552 (Crosslinker) 5.78

Kronos 2160 (Titanium Dioxide) 26.46

Product E 5.19

Byk 365P (Flow Additive) 0.27

Benzoin (Flow and Degassing 0.99
Additive)

100

[00165] The percentage addition of matting agent by weight was
therefore 5.2%, 3.1% of which arose from the organic constituent. The
powder coating was prepared and tested under the standard conditions

discussed below.

Example 11. (Comparison 4)
[00166] As a reference point, a standard unmatted polyester-primid

powder was prepared according to the formulation given below.
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Pykonorre[(lqil&% be h &It caskst Hhs,genecrglepromeduie Hot pecparing dhvé e@wdeei d val ue

was used
The prod

et of 2561 82P 5 SuadIHOmR e TRl Bor T UESR B
resins or Primid XK552 crosslinker as appropriate, titanium dioxide, flow and
degassing additives together with the matting compound and any other
additives were charged in the desired amounts to a Prism Pilot 3 premixer
and mixed at 2000rpm for 1 minute. Extrusion was carried out on a Prism
16mm twin screw extruder with an outlet temperature of 120°C. The extrudate
was broken up and milled on a Retsch Ultracentrifugal Mill to an average
particle size of about 40um. Sieving was employed to remove particles above
100m.
[00168]
steel test panels (Q-Panel S412) by electrostatic spraying using a Gema PG1

The white powder coatings were then applied to cold rolled

Gun at a tip voltage of 30kV. The coated panels were cured in an oven at
180°C for 15 minutes and those panels having film thicknesses in the range
of 60-80um were selected for testing.

[00169]

assess the extent of chemical reaction following curing of the coatings, the

Gloss was determined at 60° by means of a Byk Glossmeter. To

resistance of the film to methyl ethyl ketone (MEK) was determined. This
involved rubbing the powder coating film with a cloth soaked in MEK and the
resistance was expressed as the number of double rubs required under an

approximately 1Kg load before the underlying metal surface was exposed.
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standard pol yester-primd powder coating at a volune fraction addition

| evel of 0.05. The conposition of the coating on a weight basis is given
i n the tawbe3 1o w. Pol yester-Prim d Powder Coating conp®€iTtEPO0S403
Product E Conponent % by Wi ght Uralac P860 (Polyester Resin) 61.31

7 ol 5 e S LT R B

assi ng

0.99 Addidsbye)ilck@iityl OTRBShaifie) BRIC RN tRGEg 2N iRB Pl AREhINRY Bgent by
wei ght was therefore 5. 2% 3.1% of which arose fromthe organic
const i t ugreint tthérst poadingcand ithe) peird ar epinheddhesionelesedasntted whre st andar d

condi tion di.scys bel ow. anmpl e 11. arison 4 00166] As a
ref erenc eb%rinwp,ea a’i‘ggﬁﬁﬂﬁﬁ%%m\m&lmﬁﬁ% é“s’%%g{)g WeP @sae APRYEDr epar ed
accordin

f.or o | ' 1 ; 05413

Unmat t ed Po &%@tS\é&gP%m{%mﬁgﬁﬁgﬁ ﬁélc%g&rrﬁéc@%ﬁfé d?fb%%%@ﬁ%@ﬁf% ac P860
(Pol yest grorfRerss of th8.cbhtingr had dbeXh r@babved 66 slbt. nKies )resulbsS ale ghes #HL60
(Titani um Di oxi de) 27.16 Byk 365P (Fl ow Additive) 1.00 Benzoin (Flow and
Degassi ng'aP!l@4. Additive) 100

Table 1: Gloss levels at 60°, MEK resistance and Impact Resistance for

various compounds added fo a standard epoxy-polyester powder coating

(Examples 1-9) or a standard polyester-primid powder coating (Examples 10-

11) and applied to cold rolled steel panels (Q-Panels S412) at a film thickness

of 60-80um.
Sample Gloss Appearance MEK Impact Impact
(60°) Visual Cracking Adhesion
(inch.lbs) | (inch.lbs)
Example 1 - 34 Smooth >100 <4 20
Exampie 2 43 Smooth >100 10 40
Example 3 43 Smooth >100 10 100
Example 4 7 Smooth * >100 55 >160
Example 5 29 Smooth >100 20 >160
Exampie 6 24 Smooth >100 120 >160
Example 7 50 Smooth 50 20 120
Comparison 1
Example 8 92 . Slight orange >100 >160 >160
Comparison 2 peel
Example 9 93 Slight orange >100 >160 >180
Comparison 3 peel
Example 10 52 Smooth >100 <4 <4
Example 11 95 Slight orange >100 >160 >160
Comparison 4 peel
*Slight yellowing
[00171] Examples 1 to 6 demonstrate clear reductions in gloss with

reasonable to good retention of film properties compared to Example 7 and to
unmatted coatings represented by Example 8.
[00172]

tetrabutylphosphonium bromide to the unmatted powder coating formulation

Example 8 compared to Example 9, shows that addition of

alone has no effect on the gloss levels attained, whereas comparison of

Examples 1 and 3 with Examples 4 and 5 demonstrates that improvements in
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Exanple 12. (A oss and Film Properties of Powder Coatings with Inventive
Matting Agent) [00167] In all cases, the general procedure for preparing
t he powdewo ogitxxows es of the above fornul ati ons was as f ol IPCEEPIRe4YESt er
and epoxy resins or Primd XK552 crosslinker as appropriate, titanium

di oxi de, 0 I ddi tLves  t ther w the L conpound
and any g{jk}e?rﬁaﬁgg;d?ﬁ?g@%\Xég%'%ggéég%lgwq?&g'ﬁéﬁwgs%%ﬂséﬁ%ﬁéét@q@%wi sm
Pilot 3 poskaretomitbditedush c3RMMOBr boFeaktamtgut e. Extrusion was carried
out on a Prism 16nmtw n screw extruder with an outlet tenperature of

120C. ThE0®KA3]udat Exampde Bdokbea effechntiadditibadeval of teirpmtivetmattiegt ri f ugal
MIl to an average particle size of about 40pm Sieving was enpl oyed to
renove pﬁg?'ﬂ | es above 100pm [00168] The white powder coatings were then
appl i ed d rohlle e ; ostatic
sprayi ngt(g)sfﬁg a GelTlr?ai(p‘ngéﬂ%G{SrE\lE g?ésasotglglgk\%orﬁfgé&%%@u K .y%ﬁhggb%d panel s
wer e cur edditionaleveleenf dhe ih8e@ivieomatiing agents trendnientive pemadrsatiani ng film
t hi cknesses in the range of 60-80pm were selected for testing. [00169]

A oss waB PR rERIeSENtRd BY aMplaSswas tastediin@neravi-eplyesier s the

oo o " o : f . .
o5t ot ancofOfS 1idey Rl Al it R A L LR ity SRR et RBn i
i nvol vedigveldbiohghé heorieimdatios grbing, fideping thie aatid AfhtheoadedbrisatiygK and the

resistance was expressed as the nunber of double rubs required under an
appr oxi nRfQduet 1o Kyaite activatasreonstantuddier pyopediore Calpokyestercandwdpaxyposed. 42

was car r eI SMALSRRAINY BRUBRY g BesqEmpdaRy dip LFRLOREIY S S down
i nto thepiEghy BEmpbUAGJ. wabnbrngmafiéﬁébrﬁsé}ﬁaia?ﬁ MRy nﬁtﬁ%ogame Bkigwpi ch

adhesion | oss” occurred were- determ ned. Adhesion |oss follow ng i'mpact
testi ng whsragl entriies bre imppargemidoy weightenovi ng sticky tape fromthe

i npacted _regi on and deciding whether _portions of the coating had been

renoved| or Compoiiéet resul ts afe given| in 2 3
Uralac P5071 49.07 38.62 32.88
Araldite GT7004 22.43 29.22 32.35
Kronos 2310 27.02 27.01 27.06
Product D - 3.06 5.19
TBPB - 0.61 1.04
Byk 365P 0.99 0.99 0.99
Benzoin 0.49 0.49 0.49
100 100 100

. TBPB = Tetrabutylphosphonium bromide

[00175] The results obtained for each of the four formulations are shown
in Table 2.

Table 2: The effect of addition level of the inventive matting agent on matting
and film properties, where the ratio of the condensation product to matte
activator is held constant
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Table 1. Table 1: Goss levels at 600, MEK resistance and | npact Resistance
for various conpounds added to a standard epoxy-pol yester powder coating

( Exanpl esw@-09)018 a st andard pol yester-prim d powder coat iPog/EPEXesIpd es 10-
11) and applied to cold rolled steel panels (Q Panels S412) at a film

t hi ckness of 60-80,um Sanple G oss Appearance MEK I npact |npact (60)

Vi sual O agkhiserAdhesgiees (i nggpgg,sandé nchpEe) BXapBhEet L %ﬁggggn >100 <4
20 Exanple 2 43 Sm)o@POElOD 1 Exanpl e 43 %E ﬁ >1ORE 0
Exanple 4 7 Smooth * S100 55 >1 anpl e 5 29 S h"ﬂoo, esiy

Exanpl e 6—24—Sapotlh—>100 120 >160 _Examle 7 50 SEREhHPSH b (inghdbs)
Conparispn 1 Exanpl e 8992 g iSight Orange |>18008160 >2600 Conpari&dn 2 peel
Exanple 9 93 Slight orange »100 Ba&l0 >160 Corrpajri son 3 peel Exanpleg 10 52
Smooth >100 4 <4 | Exafpl e 11 Bmbbirght 'jor ange >[100>3860 >160>1&@npari son 4
peel *Sljght yelldgw ngpj 00IVI] &xa es|I 5‘?0(9 dermonsiy atg ClregggTe uctions
in gloss WtTh Teasonabte to good retentTonmof frtmproperties—conpdared to
Exanple 7 and to unmatted coatings represented by Exanple 8. (00172]

Exanpl e S[opameqr ed Thuxatptreale in s ddvtirs 46t 4 PRrédsing proportion.

t et rabut yl phosphoni um brom de to the unmatted powder coating formul ation

al one hasOodatinoeeampeuntheceried Withveoed eateaiior of filvhprapestiennpari son of

demonstrating a further desirable feature of the matting compounds

discussed above.
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Exanples | and 3 with Exanples 4 and 5 denonstrates that inprovenents in
43 WO 03/102048 PCT/ EP03/ 05413 both matting and film properties result
when mat twog3ageemt s di scussed in this work are conbi ned WCTIEPS3/CIF13

catal ysts or coreactants. [00173] Exanple 13: The effect of addition |evel
of the inygdtja@eqatting agent. [00174] To illustrate that gloss val ues
may be adjusted by varying the addition levels of the inventive matting
agent, the inventive condensation product represented by Exanple 6 was
tested |n an eB F ester, powder ~coating together with a matt activator
as beforel" but dea ??t@bﬂpdéﬂ&tji:‘?mgﬁsmlgevel s of the condensation product,

keepi ng the ra 30 og Fegg 89@@@?%&11‘&@ product to matte activator constant

The proportion er and epoxy resins were sinultaneously adjusted

to acconmodat e(f)he Bpf@ﬁalwneﬁtllb)éspfonbhﬁ hf@b@dﬂ%ﬂﬁﬁfﬂ@lﬂ@ﬁkt.aﬁ%@ drepul ations

prepared are shown in the table bel ow, here all entries are in percent by
wei ght. Conponent 1apd3 Ural ac P5071 49.07 38. 62 32.88 Araldite GI7004
22.43 29.22 32,35 Krpnos, 2310 27.02 27.01 27.06 , Product D - 3.06 5.19
TBPB - 0.61 1. (F Byﬁp'%éﬁt%e é%acé'vgg‘uﬁcwa'@éﬂ‘i%f?f«h%?h@” ko 0.49 100 100

100 TBPB = T d f
each of the fg&,péﬁbx(hr’ g%;ﬁ;&ﬂg?gb@ﬁﬂme‘%en&%éﬁbayﬁ%b eh%:sto%;@g??ect OI)f

addi tion | evel and (¢)hmn iarmvcﬂetbases.nattl ng agent on matting and film
properties, where the ratio of the condensation product to.matte activator
i s held constant

2. Condensation product according to claim 1 wherein (c) is selected

from carboxyl, isocyanate, epoxide, hydroxyl and alkoxy silane.
3. Condensation product according to claim 1 wherein the condensation
product contains an ester amide selected from the group of monomeric

ester-amides, oligomeric ester amides and polymeric ester-amides.

4. Condensation product according to claim 1 wherein (b) is

O=0
=
o—2>
/
—A
w
@)
I

R', R? R®and R* may, independently of one another, be the same or
different, H, straight or branched chain alkyl, (Ce-C10) aryl or R' and R®
or R? and R* may be joined to form, together with the combinations, a

(C3-Ca0) cycloalkyl radical; mis 1 to 4 and R® is
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44 WD 03/ 102048 PCT/ EP03/ 05413 Nunmber d oss Appearance MEK | npact | npact
(60) Visual Cracking Adhesion (inch.lbs) (inch.lbs) 1 92 Slight O ange
>100 >160weM80020Peel 2 58 Snmooth >100 >160 >160 3 24 Sno@®Ch/EPLOEG4120 >160
[00176] Thus, a decrease in gloss occurs with an increasing proportion of
matti ng conmpound, coupled w t good retention of filmproperties,
denonstrating a further de feature of the matting conpounds

di scussed above. 45 WO 03/ 10 0 8 CT/ EPO3/ 05413 It is claimed: 1.
Condensati on product conprfising} {(a) at Ieast one ester-am de (b)

optionally, at |least one R-h dr al k ?ﬁ E bﬁﬁg%egroup and (c) at

| east one reactive functi na p ot in (b), if present,
constitutes no nore than 5 he total (b) and (c) on a nole basis. 2.
Condensati on product accor |ng thcI aim1l wherein (c) is selected from

carboxyl, isocyanate, epoxi nhydr oxyl and al koxy silane. 3. Condensation

pr oduct accordl ng toclaiml V\/nerel n the condensation product contains an
ester anide selected fromthe group of nonomeric ester-amides, oligoneric
ester am des and polyneric ester-am des. 4. Condensation product according
to claim1 wherein (b) is O(RI\\R3 -C-NCC O™

and R R?>, R® R* and m as defined above.

5. Condensation product according to claim 4 wherein (c) is selected

from carboxyl, isocyanate, epoxide, hydroxyl and alkoxy silane.

8. Condensation product according to claim 1 wherein the condensation

product’s functional groups consist essentially of (c).

7. Condensation product according to claim 1 having a total functionality

on a mole basis in the range of about 4 to about 48.

8. Condensation product according to claim 1 having a functionality on a

mole basis of at least 8.

S. Condensation product according to claim 1 having a total functionality

on a mole basis in the range of about 8 to about 24.

10. A composition comprising condensation product according to any one

of claims 1-9 and inorganic particulate.

11.  Composition according to claim 10 wherein the inorganic particulate

comprises inorganic oxide.

12.  Composition according to claim 10 wherein the inorganic particulate

comprises silica or aluminum oxide.
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RFIRRA M R, R, R3 and R4 may, independently of one another, be the
sane or different, H, straight or branched chain al kyl, (C6-Clo) aryl or
R and R3wowms/14@and R4 may be joined to form together wPCh/HPO®05413

conbi nations, a (C3-C20) cycloalkyl radical; mis 1 to 4 and R5 is 46 WO
03/ 102048 PCT/ EP03/05413 RO H, H, or alkyl R2 RA n and R, R2, R3, R4 and
m as defi ned above. 5. Condensation product according to claim4 wherein
(c) is sel®ct eCompositioaardnmpriding csndgrassaion, preduzi aegordiydrioxary emalokl koxy
silane. 6. Condensation product according to claim1l wherein the
condensation @rieutt and giatte IRARIYr oups consi st essentially of (c). 7.
Condensati on product according to claiml having a total functionality on
a nole basis in the range of about 4 to about 48. 8. Condensati on product

accordi ng140 ctampBbiitibAvhdebraidguits tigmnal 3 twhereird thephatidatisatof iata | east 8.
9. Condensation product according to claim1 having a total functionality

on a nol e basilydrocariy! phoghasfiumats@lit 8 to about 24. 10. A conposition
conpri si ng condensati on product according to any one of clainms 1-9 and
i norganic particulate. 11. Conposition according to claim 10 wherein the

i nor gani ¢ g,artACg&\%@ SRR TBFHIRRIR Bofnirdts - rebétivéopp@er tar @ccor di ng
to claim whereln t?’ue I'noffgani ¢ particulate <conprises silica or alum num
oxi de. 47 WO O&7rie2348oRPErodRA 2006ring I8anTompadidaims tonpri si ng
condensati on product according to any one of )
16. A powder coating composition according to claim 15 wherein the
reactive binder comprises a polymer selected from the group
consisting of epoxy, epoxy-polyester, polyester-acrylic, polyester-

primid, polyurethane and polyacryiic.

17. A powder coating composition according to claim 15 further comprising

inorganic particulate.

18. A powder coating composition according to claim 17 wherein the

inorganic particulate comprises inorganic oxide.

19. A powder coating composition according to claim 17 wherein the

inorganic particulate comprises silica or alumina.

20. A powder coating composition according to claim 15 further comprising

matte activator.

21. A powder coating composition according to claim 20 wherein the matte

activator is a hydrocarbyl phosphonium salt.

22 A method of matting a powder coating comprising adding inorganic
particulate and a condensation product according to any one of claims

1 - 9 to a powder coating composition.
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clainms 1-9 and matte activator. 14. Conposition according to claim 13
wherein the matte activator is a hydrocarbyl phosphoniumsalt. 15. A
powder coaDIAQOWEsTPOSition conprising reactive binder andPaT/Eposdmsat i on
product according to any one of clains 1-9. 16. A powder coating
conposition according to claim 15 wherein the reactive binder conprises a
pol ymer selected fromthe group consisting of epoxy, epoxy-polyester,

pol yest eR3acr W me,’thfp@l%ﬁégttgﬂg tpralaimy 22peheiaietthanscegrnippayiigiste & 17. A
powder coati n?ﬂ conaosi tion according to claim215 further conprising

i norgani c par 1UEP kceo.x“i%. A powder coating conposition according to claim
17 wherein the inorganic particulate conprises inorganic oxide. 19. A
powder coating conposition according to claim 17 wherein the inorganic
particul &be cénpnétbed atdardimgoto adlaim 22 wWieErein fuvdeorgania ipagticdatsosi ti on
according to claim15 further conprisi matte activator. 21. A powder
coating conpo§Pmp6ﬁe§§éllﬁad‘PrnﬂuW%§P(fFrego wherein the matte activator is a
hydr ocar byl phosphonium salt. 22. A nethod of nmatting a powder coating
conprising adding inorganic particulate and a condensati on product

accor di n@5st o @npetined atcoldingrio claim 22 whereip@whattecactiviahar iscaduzsi td on. 48
WO 03/102048 PCT/ EP0O3/ 05413 23. A nethod according to claim22 wherein the
i nor gani ¢ par the ppwder icsating grgwestionkingddivon tathainereanie AW o cl ai m
22 wherein the inar i 1 conprises silica or .al um num oxi de.
25. A net hod %@8‘358%%3‘1?89%‘5&1‘ ﬁt@t‘:ﬁher ein a mitte activator is added to

t he powder coating conposition in addition to the inorganic particul ate

and the condensation product. _ ]
26. A method according to claim 25 wherein the matte activator is a

catalyst/coreactant.

27. A method according to claim 22 wherein the powder coating comprises
a reactive binder and comprises a polymer selected from the group
consisting of epoxy, epoxy polyester, polyester acrylic, polyester

primid, polyurethane, and polyacrylic.

28. A method according to claim 26 wherein the catalyst/coreactant is a

phosphonium salt of the formula

R-®&P-R X

or
X(R)sP+-Z-P*(R)sX

wherein each R is independently a hydrocarbyl or inertly substituted

hydrocarbyl group, Z is a hydrocarbyl or inertly substituted hydrocarbyl

group and X is any suitable anion.
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26. A nethod according to claim25 wherein the matte activator is a

catal yst/coreactant. 27. A nethod according to claim 22 wherein the powder

coating cwopsile®ds a reactive binder and conprises a pol ywen/Epes/esated from
the group consisting of epoxy, epoxy polyester, polyester acrylic,

pol yester primd, polyurethane, and polyacrylic. 28. A nethod according to
claim26 wherein the cata | yst/co reactant is a phosphoniurn salt of the

formul a RY9-R ab-MEROF ageardingr toxplRims wherein) the calpbisécaraassantrsi a

i ndependent |y oy | y substituted hydrocarbyl group, Z is
a hydrocar byl ﬁwﬁﬁgégﬁfénééﬁgﬁv¥ﬁ$%@;hydrocarbyl group and X is any

sui tabl e anion. 49 WO 03/102048 PCT/ EP03/ 05413 29. A nethod according to
claim 28 wherein the catal yst/coreactant is a hydrocarbyl phosphoni um
salt. 50
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