POLYMERS | NCORPORATI NG 1,3 AND 1,4

CYCLOHEXANEDI METHANOL Thi s application clains the
whewesg43pf priority to US Provisional Patent PCT/US2006/037262
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viscosity of the polymer of a thermosetting powder coating composition requires an

excessive bake oven temperature to fuse the polymer thereby degrading the polymer. Asa
result, the advantages of using 1,4-cyclohexanedimethanol in a powder coating composition
can not be fully realized. The processability of the polyester during its formation is hindered
by a successively increasing melt transition temperature as molecular weight builds. This is
attributed to the highly crystalline nature of 1,4-cyclohexanedimethanol content. This
phenomenon causes difficulties in maintaining a homogeneous polymerization, as plate-out

can occur at the edges and interface of the mixture.
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comprising a polyester polymer unit having the formula ~(I-III-II)-, wherein Il is derived
from a dicarboxylic acid, wherein I is derived from 1,3-cyclohexanedimethanol and wherein
11 is derived from 1,4-cyclohexanedimethanol. More specifically, the diol of this invention
is preferably an isomeric mixture of 1,3-cyclohexanedimethanol and 1,4-
cyclohexanedimethanol, which mixture can be made according to the teachings of USP
6,252,121 and which mixture is available commercially from The Dow Chemical Company
under the trade name UNOXOL Diol. Advantageously, the diol mixture will contain from

about 5 to about 95 weight percent of 1,3-cyclohexanedimethanol and from about 95 to

about 5 weight percent of 1,4-cyclohexanedimethanol, preferably from about 20 to 80
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polymet of the instant invention can be terminated with an alcohol such as 2-ethylhexanol or

benzyl alcohol or with an acid such as benzoic acid. The polymer of the instant invention
will typically otherwise terminate with polyester units derived from polyacids or polyols to
provide a means for cross-linking the polymer of the thermosetting powder coating

composition during the bake cycle of the powder coating process.
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nitrogen atmosphere is maintained and the melt is stirred @ 300 rpm. An excess of 1%2%
of any diol and/or glycol employed is added with the initial reactant charge indicated.

The mixture is heated from room temperature to 180°C over 1.3 hours, then
to 235°C over 6 hours and then held at 230-235°C for a time sufficient to obtain a polymer
with an acid number of from 5 to 10 mg KOH/g. Water generated as a result of the

polymerization reaction is removed by a flow of nitrogen under positive pressure through
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and 2 grams of butylstannoic acid are used as the reaction mixture. The resulting polymer is

designated polymer 4. The cone and plate melt viscosity of polymer 4 is 5.9 Pa.s (59,400
cps) at 150°C as determined by ASTM test D4287.
COMPARATIVE EXAMPLE 3 (POLYMER 5)

The process of Example 1 is repeated, except that 4.15 moles of neopentyl
glycol, 4.15 moles of 1,4-cyclohexanedimethanol, 0.44 gram moles of trimethylolpropane,

8.27 moles of terephthalic acid and 2 grams of butylstannoic acid are used as the reaction
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The temperature profile used is:

25°C-180°C over 1.5 hours
180°C—235°C over 4 hours
235°C hold for final acid value

The resin is cooked to a first stage acid number of 5-10 (mg KOH/g sample); then
reduced to 180 °C and charged with second stage addition of IPA before ramping up to a
final temperature of 230-240 °C and held for a final acid value of 34-40 mg KOH/g. The
resulting polymer is designated polymer 7. The cone and plate melt viscosity of polymer 7
is 235 Pa.s at 150°C as determined by ASTM test D4287.
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amde(Prlmd XL 552 rans of titanium dioxide, 2

extgndemecoptedfin gvpve @@H ehsfleraﬂ a3 dhap, greunghtaee ayeragepaflp size of
43%&??];6%5%15"{ r%guc gvdgr Po%wg Ecggjglf‘attfoﬂ% formulation. A

xer |rr mis utilized for

pr e’Pﬂbv&bﬂﬁ)aﬁﬁ@fcfrﬁm[ﬂﬂﬂoﬁﬁllﬁprepﬁl@ﬂ aﬂfcﬁmh& ©A6GErams of polymer 7, 5.37
horm%neous dry blend, Mxing tinme is slightly |ess

granpeaf ydeoxy] Hiylamige Prinid L ﬁ » BfY ghggnsiof tifagnm ﬁt%ﬂ%@ 2 grams of
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fortulielon. ZAPRIZM 40fixeaBtring at 2300 rpm is utilized for pre-mixing the
formulation ingredients into a homogeneous dry blend. Mixing time is slightly less than one
minute. The resulting blend is fed into a PRIZM 24 mm twin-screw extruder, rotating at
400 rpm. The temperature zones are set to 35°C at the feed; the middle zone at 70°C; and
the head temperature at 90°C. Extruded material is collected on a flat rolled sheet, and is
ground using a 9500 rpm rotator speed and 3500 rpm separator speed. The feed zone is set
at 10 rpm. The entire process yields an average particle size of 43 micrometer diameter.
Powder coating formulations 1, 2, 4, 5, 6 and 7 are used to coat steel test samples

with coatings 1, 2, 3,4, 5 and 6 respectively with test results shown in the following table.[
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3 Marring observed

* Glass Transition Temperature of the polymer

5 Differential Scanning Calorimetry

¢ Glass Transition Temperature of the powder coating formulation

The test results in the table above show improved direct impact resistance observed
for coating 1 made using a polymer of the instant invention compared to coatings 2, 4 and 5
made using a polymer of the prior art. The test results in the table above show that coating 1
made using a polymer of the instant invention provided the best overall balance of hardness
and flexibility compared to coatings 2, 4 and 5 made using a polymer of the prior art. The
test results in the table above show that coating 1 made using a polymer of the instant
invention provided the best overall appearance compared to coatings 2, 4 and 5 made using
a polymer of the prior art. The test results in the table above show that coating 3 made using
a polymer of the instant invention provided the best gloss compared to coatings 2, 4 and 5
made using a polymer of the prior art. The test results in the table above show that coating
3 made using a polymer of the instant invention provided better flexibility (as measured by

the combination of direct impact resistance and conical mandrel bend testing) than coatings
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cudtbinary@RadticBéh fhe ARAE whsdhNBisanRliyiBértdhs dndaviicls f2Ankithin the limits
i nventi on ﬁasses the conical mandrel flexibility test,

of thisi foBowimgwradms.at i ng exceptional pencil hardness and
excel | ent chem cal resistance, a conbination of
properties that is difficult to achieve. CONCLUSI ON
VWil e the instant invention has been descri bed above
according to its preferred enbodi nents, it can be
nodi fied wwthin the spirit and scope of this
di scl osure. This application is therefore intended to
cover any variations, uses, or adaptations of the
i nstant invention using the general principles
di scl osed herein. Further, the instant application is
i ntended to cover such departures fromthe present
di scl osure as cone within the known or customary
practice in the art to which this invention pertains
and which fall within the limts of the foll ow ng
claims. WHAT IS CLAIMED IS: 1. A polyner, characterized
by: a polyester polynmer unit having the fornula

-(1-ITH11)- , wherein IHis derived froma
di carboxylic acid, wherein | is derived from1, 3
cycl ohexanedi nmet hanol, wherein Il is derived from1,4

cycl ohexanedi met hanol and wherein the polynmer is a
solid at roomtenperature.



2. The polyner of Cdaim1, wherein the weight average

nol ecul ar wei ght of the polyner ranges from 300 to
waoo0884gT ans per nole. 3. The polynmer of C ai PERUS2006/037262

wherein the weight percent of the -(1-H-11)- units is
WhHE IS GRAIMER ISer cent of the wei ght of the pol yner. 4.
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Clainms 1-4, wherein the polynmer chain termnates wth

fromy d3swgloberenegimetbgnolwhersi § irederived fnip b cxgleheranedimethanol and

wherein the pol hai n rifnates with carboxyl
Wh&F%‘&gfg”.P }.’memgaéogfc_{%%?&é%e& a?e%;&p%%‘ Clainms 5 or 6,

wherein bl i Thed@biyiRe of CRii1$ ABBicfiPthk Gve@ht average molecular

terephthalic acid. 8. The polyner of any of Clains 1-7

weighs @ the nelypeswderges fami 30§ to 01900 grdnatper ;oldhe pol yner
of any of, d ai 1-7 us toproduce.a coating. .1 -
The onat Py, o el SECRLR S REPRET IR 0t pREme P hesC-TD-
unf istri&e 8RRt diR PetcBnidireRd Reighhdthd Bel§miat. N (120

i nch-pounds) according to ASTM test D2794. 11. A
pol ymer donpr iTse pglymepof Gladm & wheteymibe weight petesit wé the -(I-I1I-1I)-

unlg RSB b R 3o oy 2l o
cycl ohexanedi nit RaRAler oPAHY ST (Maitattel - POV DEFER theSpodyriéd dhdin
at room t enper at ure.
terminates with hydroxyl groups.
6. The polymer of any of Claims 1-4, wherein the polymer chain
terminates with carboxyl groups.
7. The polymer of any of Claims 5 or 6, wherein Il is derived from
isophthalic or terephthalic acid.
8. The polymer of any of Claims 1-7 used in a powder coating
formulation.
9. The polymer of any of Claims 1-7 used to produce a coating.
10. The coating of Claim 9, wherein the impact resistance of the coating
is greater than 13.6 m.N (120 inch-pounds) according to ASTM test D2794.
11. A polymer comprising a polyester polymer unit derived from the

reaction of a multifunctional carboxylic acid with 1,3 cyclohexanedimethanol and 1,4

cyclohexanedimethanol, wherein the polymer is a solid at room temperature.
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