
US 20060287440Al 

(12) Patent Application Publication (10) Pub. No.: US 2006/0287440 A1 
(19) United States 

Wang et al. (43) Pub. Date: Dec. 21, 2006 

(54) BLENDS CONTAINING MACROCYCLIC 
POLYESTER OLIGOMER AND HIGH 
MOLECULAR WEIGHT POLYMER 

(75) Inventors: Yi-Feng Wang, Waterford, NY (US); 
Steven R. Bahr, Schenectady, NY 
(US); Paul Willey, Clifton Park, NY 
(US); Tohru Takekoshi, Scotia, NY 
(US); Sunita S. Baghel, Loudonville, 
NY (US); Steven J. Winckler, Troy, 
NY (U S) 

Correspondence Address: 
GOODWIN PROCTER LLP 
PATENT ADMINISTRATOR 
EXCHANGE PLACE 
BOSTON, MA 02109-2881 (US) 

(73) Assignee: Cyclics Corporation, Schenectady, NY 

(21) Appl. No.: 11/411,200 

(22) Filed: Apr. 24, 2006 

Related US. Application Data 

(63) Continuation of application No. 10/860,431, ?led on 
Jun. 3, 2004, Which is a continuation-in-part of appli 
cation No. 10/408,753, ?led on Apr. 7, 2003, noW Pat. 
No. 6,994,914, Which is a continuation of application 
No. 10/195,853, ?led on Jul. 15, 2002, noW Pat. No. 

6,639,009, Which is a continuation of application No. 
09/754,943, ?led on Jan. 4, 2001, noW Pat. No. 
6,420,047, Which is a continuation-in-part of appli 
cation No. 09/535,132, ?led on Mar. 24, 2000, noW 
Pat. No. 6,369,157. 

(60) Provisional application No. 60/177,727, ?led on Jan. 
21, 2000. Provisional application No. 60/530,942, 
?led on Dec. 19, 2003. 

Publication Classi?cation 

(51) Int. Cl. 
C08L 67/00 (2006.01) 

(52) US. Cl. ......................... ..525/439; 525/445; 525/449 

(57) ABSTRACT 

The invention provides blends of macrocyclic polyester 
oligomer (MP0) with high-molecular-Weight polymer and 
polymerization catalyst as friable, one-component, ready 
to-polymerize materials With long shelf life. The invention 
also provides methods for preparation and use of the blend 
materials. The blends are used, for example, in the produc 
tion of thermoplastics via low-pressure processes, such as 
rotational molding and poWder coating, Without modi?ca 
tion of existing equipment. The blends are particularly 
useful Where it is desired to exploit the ability to polymerize 
and crystallize MPO isothermally, but Where the melt vis 
cosity of un?lled MP0 is too loW for use in existing 
equipment. 
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BLENDS CONTAINING MACROCYCLIC 
POLYESTER OLIGOMER AND HIGH 
MOLECULAR WEIGHT POLYMER 

PRIOR APPLICATIONS 

[0001] This application is a continuation-in-part of Us. 
patent application Ser. No. 10/408,753, ?led onApr. 7, 2003, 
Which is a continuation of Us. patent application Ser. No. 
10/195,853, ?led on Jul. 15, 2002, and issued as U.S. Pat. 
No. 6,639,009, Which is a continuation of Us. patent 
application Ser. No. 09/754,943, ?led on Jan. 4, 2001, and 
issued as U.S. Pat. No. 6,420,047, Which is a continuation 
in-part of Us. patent application Ser. No. 09/535,132, ?led 
on Mar. 24, 2000, and issued as U.S. Pat. No. 6,369,157, 
Which claims bene?t of Us. Provisional Patent Application 
No. 60/177,727, ?led on Jan. 21, 2000, the descriptions of 
Which are incorporated by reference herein in their entirety. 
This application is related to the commonly-oWned U.S. 
patent application entitled, “Intimate Physical Mixtures 
Containing Macrocyclic Polyester Oligomer and Filler,” by 
Takekoshi et al., ?led under Attorney Docket No. CYC-051, 
on even date hereWith, the description of Which is incorpo 
rated by reference herein in its entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to therrnoplastics 
and articles formed therefrom. More particularly, in certain 
embodiments, the invention relates to blends of macrocyclic 
polyester oligomer and high molecular Weight polymer. 

BACKGROUND OF THE INVENTION 

[0003] Macrocyclic polyester oligomer (macrocyclic oli 
goester, MPO) has unique properties that makes it attractive 
as a matrix-forming resin for engineering thermoplastic 
composites. MPO lends valuable characteristics to polymer 
ized products, for example, high strength, high gloss, and 
solvent resistance. Furthermore, because certain MPO’s 
melt and polymerize at temperatures Well beloW the melting 
point of the resulting polymer, polymerization and crystal 
lization can occur virtually isothermally upon melting of the 
MPO in the presence of an appropriate catalyst. The time 
and expense required to thermally cycle a tool is favorably 
reduced, because demolding can take place immediately 
folloWing polymerization, Without ?rst cooling the mold. 

[0004] MP0 generally exhibits loW melt viscosity. A loW 
melt viscosity generally provides improved processing ?ex 
ibility. For example, an MP0 With a loW melt viscosity can 
easily impregnate a dense ?brous preform. HoWever, for 
certain loW-pressure processes, such as rotational molding 
and poWder coating, the melt viscosity of MPO may be too 
loW to alloW processing With existing process equipment. 
For example, the Water-like viscosity of melted MPO may 
cause it to leak during rotational molding. In poWder coating 
applications, the loW melt viscosity of certain MPO’s makes 
it dif?cult to control coating area and coating thickness, for 
example. 
[0005] Use of a viscosity-enhancing agent along With an 
MP0 during processing is generally not satisfactory, for 
example, because the agent may not mix Well With the MPO, 
because a separate processing step is generally required to 
introduce the agent, and because the agent may have a 
deleterious effect on the properties of the material folloWing 
polymerization of the MPO. 
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[0006] In addition to having loW melt viscosities, MPO’s 
are highly friable. This provides certain handling and pro 
cessing advantages. For example, MPO may be easily 
crumbled, pulverized, or reduced to poWder prior to and/or 
during processing. The friability of MPO provides a distinct 
advantage in loW-pressure processes such as rotational 
molding and poWder coating, Where the form of the MPO 
prior to melting and polymerization is important. Adding 
agents to an oligomer to increase its melt viscosity generally 
results in a less friable mixture, making it dif?cult to use in 
processes such as rotational molding and poWder coating. 

[0007] Furthermore, in some applications, polymerization 
of MPO results in a brittle, highly crystalline material that is 
not as tough or ductile as desired. Modifying raW materials 
in order to increase the ductility and/or toughness of the 
resulting polymer may adversely affect the processibility of 
the raW materials, for example, by reducing the rate of 
polymerization. 

[0008] Therefore, there exists a need for a raW material 
that is stable and friable under ambient conditions, that 
polymerizes and crystallizes isothermally, that has a suffi 
ciently high rate of polymerization, and that can be used in 
loW-pressure processes such as rotational molding and poW 
der coating, Without modi?cation of existing equipment, to 
produce a product of suf?cient toughness and ductility. 

SUMMARY OF THE INVENTION 

[0009] The invention provides blends of macrocyclic 
polyester oligomer (MP0) with high-molecular-Weight 
polymer and polymerization catalyst as friable, one-part, 
ready-to-polymerize materials With long shelf life. Compo 
nents manufactured from these blends exhibit improved 
ductility and toughness. 

[0010] Blend materials of the invention are particularly 
Well-suited for use in loW-pressure processes such as rota 
tional molding and poWder coating, Without modi?cation of 
existing equipment. The presence of the polymer in the 
blend increases the melt viscosity of the blend Without 
adversely affecting the friability of the blend, Without sig 
ni?cantly decreasing the rate of polymerization of the blend, 
and Without affecting the ability of the blend to polymerize 
and crystallize essentially isothermally. Furthermore, the 
presence of high-molecular-Weight polymer in the blend 
improves the toughness and ductility of the polymerized 
product. 
[0011] This combination of attributes is unexpected, for 
example, because adding a viscosity-enhancing agent to a 
polymerization reaction mixture typically reduces its rate of 
polymerization and may unacceptably reduce the friability 
of the mixture prior to polymerization. 

[0012] The invention provides methods for preparing the 
blends in order to adequately disperse the components 
Without prematurely initiating polymerization. Blends pre 
pared according to these methods exhibit long shelf lives 
and may be stored for Weeks, months, or even years prior to 
use in a manufacturing process. 

[0013] In one aspect, the invention provides a blend mate 
rial stable at ambient conditions (at room temperature in air) 
for at least one Week, the blend material including a mac 
rocyclic polyester oligomer (MIPO), a polymerization cata 
lyst, and a polymer. 
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[0014] In one embodiment, the blend material includes a 
high molecular Weight polymer having a Weight average 
molecular Weight (MW) of at least about 5000 (MW may be 
loWer than 5000 in some embodiments). Preferably, the 
Weight average molecular Weight of the polymer is at least 
about 50,000, and, more preferably, Within a range from 
about 80,000 to about 120,000. Polymers With molecular 
Weights above 120,000 may be used, as Well. The polymer 
may be present in the blend material in an amount up to 
about 90 Weight percent, up to about 75 Weight percent, up 
to about 70 Weight percent, up to about 50 Weight percent, 
up to about 30 Weight percent, or up to about 20 Weight 
percent, for example, according to the type of MPO, poly 
mer, and/or polymerization catalyst used, as Well as the 
desired properties of the polymerized product. In one 
embodiment, the polymer is present in the blend in an 
amount from about 5 Weight percent to about 20 Weight 
percent. The polymer may be linear, branched, or cross 
linked, and may include one or more polymeric species. In 
one embodiment, the polymer includes a polyester, a copoly 
ester, a poly(vinyl butyral), and/or an acrylic polymer. The 
polymer may include a polyacetal, a polyether, an epoxide 
resin, a polycarbonate, an alkyd resin, and/or a polyallyl 
ester. More speci?cally, in one embodiment, the polymer 
includes one or more of the group consisting of poly(vinyl 
butyral-co-vinyl alcohol-co-vinyl acetate), poly(butyl meth 
acrylate co-methyl methacrylate), poly[butylene terephtha 
late-co-poly(alkylene glycol)terephthalate], and poly(ethyl 
methacrylate co-glycidyl methacrylate). In one embodiment, 
the polymer includes polyethylene, either With or Without at 
least one additional polymeric species. For example, an 
additional polymeric species may be used With polyethylene 
as a compatibilizer betWeen the MP0 (or its polymerization 
product) and the polyethylene. 

[0015] The blend material has a higher viscosity than the 
macrocyclic polyester oligomer. In one embodiment, the 
viscosity of the blend is from about 5 times to about 5000 
times the viscosity of the macrocyclic polyester oligomer. In 
one embodiment, the viscosity of the blend material at about 
190° C. is at least about 100 centipoise (cP), and preferably, 
is Within a range from about 100 cP to about 100,000 cP. 
Preferably, the blend material is friable. 

[0016] The blend material includes a catalyst, yet is stable 
at ambient conditions for at least about one Week. More 
preferably, the blend material is stable at least about one 
month, or at least about one year Without requiring refrig 
eration and Without requiring storage in the absence of 
oxygen. The catalyst preferably includes a tin compound 
and/ or a titanate compound, and is preferably present in the 
blend in an amount from about 0.01 to about 10.0 mole 
percent per monomeric unit of the MP0. 

[0017] The blend material includes a macrocyclic polyes 
ter oligomer (MPO). In one embodiment, the MPO includes 
a plurality of species. Species of MPO may differ from one 
another in the type and/ or number of structural repeat units 
(i.e. monomeric units) contained. In one embodiment, the 
MPO includes a butylene terephthalate unit and an ethylene 
terephtlialate unit. In one embodiment, the MPO includes 
about 95 mole percent butylene terephthalate units and about 
5 mole percent ethylene terephthalate units. 

[0018] In another aspect, the invention provides a method 
for preparing a friable blend material that is stable at ambient 
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conditions for at least about one Week, the method including 
the step of contacting an MP0, a polymer, and a polymer 
ization catalyst at a temperature at Which the MPO at least 
partially melts. In one embodiment, the MP0 is at least 
partially melted prior to the contacting step. The MP0 may 
be fully melted prior to the contacting step. 

[0019] The contacting step may be performed in any 
number of stages. For example, in one embodiment, the 
method includes (a) contacting the MPO and the polymer at 
a ?rst temperature Where the MPO melts or at least tempo 
rarily remains melted, thereby forming a mixture of MPO 
and polymer; (b) cooling the mixture of MPO and polymer 
to a second temperature; and (c) adding the polymerization 
catalyst to the mixture. In one embodiment, the MP0 is 
melted and mixed With polymer at a ?rst temperature, then 
the mixture is cooled to a second temperature, at Which point 
the polymerization catalyst is added. Here, the catalyst is 
added at a loWer temperature in order to prevent (or reduce) 
premature polymerization of the MPO. In one embodiment, 
the step of contacting the MPO and polymer is performed at 
a ?rst temperature from about 130° C. to about 250° C. In 
one embodiment, the MPO and polymer mixture is cooled to 
a temperature from about 10° C. to about 50° C. beloW the 
?rst temperature. The method may further include the step of 
solidifying the blend of the MPO, polymer, and polymer 
ization catalyst and/or processing the blend to form a 
poWder. 
[0020] In yet another aspect, the invention provides a 
method for polymerizing an MP0, the method including the 
steps of: (a) providing a blend material that is stable at 
ambient conditions for at least one Week, the blend material 
including an MP0, a polymerization catalyst, and a poly 
mer; and (b) heating the blend material to polymerize the 
MP0. The blend material is preferably friable prior to the 
heating step. This provides improved handling and proces 
sibility, for example, in loW-pressure processing methods. 
The method may be implemented as part of a manufacturing 
process including, for example, a rotational molding pro 
cess, a poWder coating process, a loW-pressure molding 
process, a gas-assist molding process, a short-shot molding 
process, a co-inj ection molding process, a reaction-inj ection 
molding process, a bloW molding process, a thermoforming 
process, or combinations thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The objects and features of the invention can be 
better understood With reference to the draWings described 
beloW, and the claims. The draWings are not necessarily to 
scale, emphasis instead being placed upon illustrating the 
principles of the invention. 

[0022] FIG. 1 is a schematic illustration of an embodi 
ment of the invention including a rotational molding pro 
cess. 

[0023] FIG. 2 is a schematic illustration of an embodi 
ment of the invention including a poWder coating process. 

DETAILED DESCRIPTION 

[0024] The present invention provides a blend material 
that includes a macrocyclic polyester oligomer (MPO), a 
high molecular Weight polymer, and a polymerization cata 
lyst. Because it is a highly friable solid under ambient 



US 2006/0287440 A1 

conditions, the blend material is easy to store, transport, and 
process. The blend material serves as a one-component, 

ready-to-polymerize mixture With a long shelf life. The 
blend material offers a higher viscosity than its constituent 
MPO, making it an attractive raW material for loW-pressure 
processes such as rotational molding and poWder coating. 
Furthermore, the blend material can be polymerized to 
produce a material, component, and/or article of manufac 
ture With improved properties, for example, increased tough 
ness and ductility. 

[0025] The blend material may be converted into any solid 
formifor example, the blend material may be pelletized, 
sheeted, ?aked, ground, pulverized, or otherWise converted 
into poWdered form. Even though the material blend mate 
rial contains a polymerization catalyst, the blend is surpris 
ingly stable, and may be stored under ambient conditions for 
a period of about a Week, about a month, about a year, or 
even longer, Without prematurely polymerizing the MPO 
and Without substantially deactivating the catalyst. 

[0026] MP0s are highly friable, crystalline materials hav 
ing very loW melt viscosities. For example, the viscosity of 
macrocyclic poly(butylene terephthalate) oligomer is about 
20 centipoise (cP) at 190° C. and about 400 cP at 150° C. For 
certain processing operations, it is desirable to use materials 
With higher viscosities, for example, Within a range from 
about 100 cP to about 100,000 cP at 1900 C., Within a range 
from about 1000 cP to about 100,000 cP at 1900 C., Within 
a range from about 5000 cP to about 50,000 cP at 1900 C., 
or Within a range from about 10,000 cP to about 25,000 cP 
at 1900 C. This is particularly true for processes such as 
rotational molding and poWder coating, Where existing 
equipment is designed for use With materials having higher 
viscosities. 

[0027] It has been discovered that certain high molecular 
Weight polymers can be combined with MP0 and polymer 
ization catalyst to form a blend material that is stable and 
friable under ambient conditions, that polymerizes and crys 
tallizes isotherrnally, that has a suf?ciently high rate of 
polymerization, and that can be used in loW-pressure pro 
cesses such as rotational molding and poWder coating, 
Without modi?cation of existing equipment, to produce a 
product of suf?cient toughness and ductility. 

[0028] Throughout the description, Where compositions, 
mixtures, blends, and composites are described as having, 
including, or comprising speci?c components, or Where 
processes and methods are described as having, including, or 
comprising speci?c steps, it is contemplated that, addition 
ally, there are compositions, mixtures, blends, and compos 
ites of the present invention that consist essentially of, or 
consist of, the recited components, and that there are pro 
cesses and methods of the present invention that consist 
essentially of, or consist of, the recited processing steps. 

[0029] It should be understood that the order of steps or 
order for performing certain actions is immaterial so long as 
the invention remains operable. Moreover, tWo or more steps 
or actions may be conducted simultaneously. 

[0030] The folloWing general de?nitions may be helpful in 
understanding the various terms and expressions used in this 
speci?cation. 
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DEFINITIONS 

[0031] As used herein, “macrocyclic” is understood to 
mean a cyclic molecule having at least one ring Within its 
molecular structure that contains 5 or more atoms covalently 
connected to form the ring. 

[0032] As used herein, an “oligomer” is understood to 
mean a molecule that contains one or more identi?able 

structural repeat units of the same or different formula. 

[0033] As used herein, a “macrocyclic polyester oligo 
mer” is understood to mean a macrocyclic oligomer con 
taining structural repeat units having an ester functionality. 
A macrocyclic polyester oligomer typically refers to mul 
tiple molecules of one speci?c repeat unit formula. HoW 
ever, a macrocyclic polyester oligomer also may include 
multiple molecules of different or mixed formulae having 
varying numbers of the same or different structural repeat 
units. In addition, a macrocyclic polyester oligomer may be 
a co-polyester or multi-component polyester oligomer, i.e., 
an oligomer having tWo or more different structural repeat 
units having ester functionality Within one cyclic molecule. 

[0034] As used herein, “substantially homo- or co-poly 
ester oligomer” is understood to mean a polyester oligomer 
Wherein the structural repeat units are substantially identical 
or substantially composed of tWo or more different structural 
repeat units, respectively. 

[0035] As used herein, an “alkylene group” is understood 
to mean 4CnH2ni, Where n22. 

[0036] As used herein, a “cycloalkylene group” is under 
stood to mean a cyclic alkylene group, iCDHZIHi, Where 
x represents the number of H’s replaced by cyclization(s). 

[0037] As used herein, a “mono- or polyoxyalkylene 
group” is understood to mean (CH2)m4Oi]ni(CH2)mi, 
Wherein in is an integer greater than 1 and n is an integer 
greater than 0. 

[0038] As used herein, a “divalent aromatic group” is 
understood to mean an aromatic group With links to other 
parts of the macrocyclic molecule. For example, a divalent 
aromatic group may include a meta- or para- linked mono 

cyclic aromatic group (e.g., benzene). 

[0039] As used herein, an “alicyclic group” is understood 
to mean a non-aromatic hydrocarbon group containing a 
cyclic structure Within. 

[0040] As used herein, a “Cl_4 primary alkyl group” is 
understood to mean an alkyl group having 1 to 4 carbon 
atoms connected via a primary carbon atom. 

[0041] As used herein, a “Cl_ 10 alkyl group” is understood 
to mean an alkyl group having 1 to 10 carbon atoms, 
including straight chain or branched radicals. 

[0042] As used herein, a “methylene group” is understood 
to mean 4CH2i. 

[0043] As used herein, an “ethylene group” is understood 
to mean 4CH24CH2i. 

[0044] As used herein, a “C2_3 alkylene group” is under 
stood to mean 4CnH2ni, Where n is 2 or 3. 

[0045] As used herein, a “C2_6 alkylene group” is under 
stood to mean 4CnH2ni, Where n is 2-6. 
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[0046] As used herein, “substitute phenyl group” is under 
stood to mean a phenyl group having one or more substitu 
ents. A substituted phenyl group may have substitution 
pattern that is recognized in the art. For example, a single 
substituent may be in the or‘tho, meta or para positions. For 
multiple substituents, typical substitution patterns include, 
for example, 2,6-, 2,4,6-, and, 3,5-substitution patterns. 

[0047] As used herein, a “?ller” is understood to mean a 
material other than a macrocyclic polyester oligomer or a 
polymeriZation catalyst that may be included in the blend 
material. A ?ller may be used to achieve a desired purpose 
or property, and may be present or be transformed into 
knoWn and/ or unknoWn substances in the resulting polyester 
polymer. For example, the purpose of the ?ller may be to 
provide stability, such as chemical, thermal, or light stability, 
to the blend material or the polyester polymer product, 
and/or to increase the strength of the polyester polymer 
product. A ?ller also may provide or reduce color, provide 
Weight or bulk to achieve a particular density, provide 
reduced gas and vapor permeability, provide ?ame or smok 
ing resistance (i.e., be a ?ame retardant), be a substitute for 
a more expensive material, facilitate processing, and/or 
provide other desirable properties. Illustrative examples of 
?llers are, among others, fumed silica, titanium dioxide, 
calcium carbonate, Wollastonite, chopped ?bers, ?y ash, 
glass, glass ?bers, glass microspheres, micro-balloons, 
crushed stone, nanoclay, linear polymers, and monomers. 

[0048] The folloWing headers are provided as a general 
organizational guide and do not serve to limit support for 
any given element of the invention to a particular section of 
the Description. 

I. Macrocyclic Polyester Oligomer 

[0049] One of the ingredients of the blend material of the 
invention is a macrocyclic polyester oligomer. Many differ 
ent macrocyclic polyester oligomers can readily be made 
and are useful in the practice of this invention. Thus, 
depending on the desired properties of the ?nal polyester 
polymer product, the appropriate macrocyclic polyester oli 
gomer(s) can be selected for use in its manufacture. 

[0050] Macrocyclic polyester oligomers that may be 
employed in this invention include, but are not limited to, 
macrocyclic poly(alkylene dicarboxylate)oligomers having 
a structural repeat unit of the formula: 

0 0 

Where A is an alkylene, or a cycloalkylene or a mono- or 

polyoxyalkylene group; and B is a divalent aromatic or 
alicyclic group. 

[0051] Preferred macrocyclic polyester oligomers include 
macrocyclic poly(1,4-butylene terephthalate) (PET), poly(1, 
3-propylene terephthalate) (PPT), poly(1,4-cyclohexylene 
dimethylene terephthalate) (PCT), poly(ethylene terephtha 
late) (PET), and poly(1,2-ethylene 2,6 
naphthalenedicarboxylate) (PEN) oligomers, and 
copolyester oligomers comprising tWo or more of the above 
monomer repeat units. 
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[0052] Macrocyclic polyester oligomers may be prepared 
by knoWn methods. Synthesis of the preferred macrocyclic 
polyester oligomers may include the step of contacting at 
least one diol of the formula HO-A-OH With at least one 
diacid chloride of the formula: 

0 0 

|| || 

Where A and B are as de?ned above. The reaction typically 
is conducted in the presence of at least one amine that has 
substantially no steric hindrance around the basic nitrogen 
atom. An illustrative example of such amines is 1,4-diaZ 
abicyclo[2.2.2]octane (DABCO). The reaction usually is 
conducted under substantially anhydrous conditions in a 
substantially Water immiscible organic solvent such as meth 
ylene chloride. The temperature of the reaction typically is 
betWeen about —250 C. and about 250 C. See, e.g., U.S. Pat. 
No. 5,039,783 to Brunelle et al. 

[0053] Macrocyclic polyester oligomers have also been 
prepared via the condensation of a diacid chloride With at 
least one bis(hydroxyalkyl)ester such as bis(4-hydroxybu 
tyl)terephthalate in the presence of a highly unhindered 
amine or a mixture thereof With at least one other tertiary 
amine such as triethylamine, in a substantially inert organic 
solvent such as methylene chloride, chlorobenZene, or a 
mixture thereof. See, e.g., U.S. Pat. No. 5,231,161 to 
Brunelle et al. 

[0054] Another method for preparing macrocyclic poly 
ester oligomers or macrocyclic copolyester oligomers is to 
depolymeriZe linear polyester polymers in the presence of an 
organotin or titanate compound. In this method, linear 
polyesters are converted to macrocyclic polyester oligomers 
by heating a mixture of linear polyesters, an organic solvent, 
and a trans-esteri?cation catalyst such as a tin or titanium 
compound. The solvents used, such as o-xylene and 
o-dichlorobenZene, usually are substantially free of oxygen 
and Water. See, e.g., U.S. Pat. No. 5,407,984 to Brunelle et 
al. and U.S. Pat. No. 5,668,186 to Brunelle et al. 

[0055] Macrocyclic polyester oligomers (macrocyclic oli 
goesters) have been prepared from intermediate molecular 
Weight polyesters by contacting a dicarboxylic acid or a 
dicarboxylate in the presence of a catalyst to produce a 
composition comprising a hydroxyalkyl-terminated polyes 
ter oligomer. The hydroxyalkyl-terminated polyester oligo 
mer is heated to produce a composition comprising an 
intermediate molecular Weight polyester Which preferably 
has a molecular Weight betWeen about 20,000 Daltons and 
about 70,000 Daltons. The intermediate molecular Weight 
polyester is heated and a solvent is added prior to or during 
the heating process to produce a composition comprising an 
MP0. See, e.g., U.S. Pat. No. 6,525,164, to Faler. 

[0056] Macrocyclic polyester oligomers (macrocyclic oli 
goesters) that are substantially free from macrocyclic co 
oligoesters have been prepared by depolymeriZing polyes 
ters using the organo-titanate catalysts described in 
co-oWned U.S. patent application Ser. No. 09/974,722, by 
Phelps et al., published as U.S. Patent Application Publica 
tion No. US 2003/0114640, the text of Which is incorporated 
by reference herein in its entirety. 
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[0057] It is also Within the scope of the invention to 
employ macrocyclic homo- and co-polyester oligomers to 
produce homo- and co-polyester polymers, respectively. 
Therefore, unless otherWise stated, an embodiment of a 
composition, article, or process that refers to a macrocyclic 
polyester oligomer also includes a co-polyester embodi 
ments. 

[0058] In one embodiment, macrocyclic ester homo- and 
co-oligomers used in this invention include oligomers hav 
ing a general structural repeat unit of the formula: 

Where A' is an alkylene, cycloalkylene, or mono- or poly 
oxyalkylene group, and Where A' may be substituted, unsub 
stituted, branched, and/or linear. Example MPO’s of this, 
type include butyrolactone and caprolactone, Where the 
degree of polymerization is one, and 2,5-dioxo-l ,4-dioxane, 
and lactide, Where degree of polymerization is tWo. The 
degree of polymerization may alternatively be 3, 4, 5, or 
higher. Molecular structures of 2,5-dioxo-l,4-dioxane and 
lactide, respectively, appear beloW: 

OTOl OIOICPB o 0 CH3 0 o 

[0059] In one embodiment, a macrocyclic polyester oli 
gomer used in a blend material of the invention includes 
species of different degrees of polymerization. Here, a 
degree of polymerization (DP) With respect to the MPO 
means the number of identi?able structural repeat units in 
the oligomeric backbone. The structural repeat units may 
have the same or different molecular structure. For example, 
an MP0 may include dimer, trimer, tetramer, pentamer, 
and/or other species. 

II. Polymerization Catalyst 

[0060] Polymerization catalysts employed in the invention 
are capable of catalyzing the polymerization of the macro 
cyclic polyester oligomer. As With state-of-the-art processes 
for polymerizing macrocyclic polyester oligomers, organo 
tin and organotitanate compounds are the preferred cata 
lysts, although other catalysts may be used. For example, 
organotin compound 1,1,6,6-tetra-n-butyl-l,6-distanna-2,5, 
7,10-tetraoxacyclodecane may be used as polymerization 
catalyst. Other illustrative organotin compounds include 
n-butyltin(IV) chloride dihydroxide, dialkyltin(IV) oxides, 
such as di-n-butyltin(IV) oxide and di-n-octyltin oxide, and 
acyclic and cyclic monoalkyltin (IV) derivatives such as 
n-butyltin tri-n-butoxide, dialkyltin(IV) dialkoxides such as 
di-n-butyltin(IV) di-n-butoxide and 2,2-di-n-butyl-2-stanna 
1,3-dioxacycloheptane, and trialkyltin alkoxides such as 
tributyltin ethoxide. See, e.g., U.S. Pat. No. 5,348,985 to 
Pearce et al. 

[0061] Also, trisstannoxanes having the general formula 
(I) shoWn beloW can be used as a polymerization catalyst to 
produce branched polyester polymers. 
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[0062] Where R2 is a C1_4 primary alkyl group and R3 is 
Cl’l0 alkyl group. 

[0063] Additionally, organotin compounds With the gen 
eral formula (II) shoWn beloW can be used as a polymer 
ization catalyst to prepare branched polyester polymers from 
macrocyclic polyester oligomers. 

Where R3 is de?ned as above. 

[0064] As for titanate compounds, tetra(2-ethylhexyl)ti 
tanate, tetraisopropyl titanate, tetrabutyl titanate, and titanate 
compounds With the general formula (III) shoWn beloW can 
be used as polymerization catalysts. 

(III) 

0 

wherein: each R4 is independently an alkyl group, or the tWo 
R4 groups taken together form a divalent aliphatic hydro 
carbon group; R5 is a C2_1O divalent or trivalent aliphatic. 
hydrocarbon group; R6 is a methylene or ethylene group; 
and n is 0 or 1. 

[0065] Typical examples of titanate compounds With the 
above general formula are shoWn in Table 1. 

TABLE 1 

Examples of Titanate Compounds Having Formula (III) 

Di-l-butyl 2,2-dimethylpropane- Di-l-butyl 2,2-diethylpropane 
1,3-dioxytitanate 1,3-dioxytitanate 
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TABLE l-continued 

Examples of Titanate Compounds Having Formula (III) 

Di-1-butyl 2(1—propyl)—2— 
rnethylprop ane- 1 ,3-dioxytitanate 

2,2-dirnethylpropane 
1,3-dioxytitanate 

C2H5 
c H o \ 
4 9 O 

Di-1-butyl 2-ethylhexane 
1 ,3-dioxytitanate 

2,2-diethylpropane 
1 ,3-dioxytitanate 

Di(2—ethyl—1—hexyl) 2—(1—propyl)—2— 
rnethylprop ane- 1 ,3-dioxytitanate 

Di(2—ethyl—1—hexyl) 2—(1—butyl)—2— 
ethylpropane-1,3-dioxytitanate 

Di(2—ethyl—1—hexyl) 2-ethylhexane 
1 ,3-dioxytitanate 

[0066] Titanate ester compounds having at least one moi 
ety of the following general formula have also been used as 
polymerization catalysts: 

or 

wherein: each R7 is independently a C2_3 alkylene group; R8 
is a C1_6 alkyl group or unsubstituted or substituted phenyl 
group; Z is O or N; provided When Z is O, m n=0, and When 
Z is N, m=0 or 1 and m+n1; each R9 is independently a C2_6 
alkylene group; and q is 0 or 1. 
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[0067] Typical examples of such titanate compounds are 
shoWn beloW as formula (VI) and formula (VII): 

(V1) 

[0068] Other polymerization catalysts Which may be used 
in the blend materials of the invention include aryl titanates, 
described, for example, in co-oWned US. patent application 
Ser. No. 10/ 102,162, published as US. Patent Application 
Publication No. US 2003/0195328, the text of Which is 
incorporated by reference herein in its entirety. Also, poly 
mer-containing organo-metal catalysts may be used in the 
blend materials of the invention. These include the polymer 
containing catalysts described in co-oWned US. patent 
application Ser. No. 10/040,530, published as US. Patent 
Application Publication No. US 2003/0162654, the text of 
Which is incorporated by reference herein in its entirety. 

III. High Molecular Weight Polymer 
[0069] Another ingredient of the blend material of the 
invention is a high molecular Weight polymer. High molecu 
lar Weight polymers of the invention include, but are not 
limited to, polymers having Weight average molecular 
Weights of at least about 5000, of at least about 50,000, 
Within a range from about 5000 to about 150,000, Within a 
range from about 10,000 to about.150,000, and polymers 
Within a range from about 80,000 to about 120,000. The high 
molecular Weight polymers used in the invention can be 
linear, branched, and/or cross-linked. The high molecular 
Weight polymer may be introduced to the blend material of 
the invention by itself, or in combination With one or more 
?llers. The high molecular Weight polymer may be non 
functionaliZed or functionaliZed, and may be either soluble 
or insoluble in the MP0 of the blend. 

[0070] Examples of high molecular Weight polymers suit 
able for use in the blend materials of the invention include 
(Without limitation) polyesters, copolyetheresters, poly(vi 
nyl butyral), acrylic polymers, and copolymers thereof. The 
high molecular Weight polymer may be provided as an 
isolated species or as part of a mixture of polymers and/or 
?llers. The high molecular Weight polymer may be, for 
example, a resin. Resins include, for example, thermoplastic 
materials such as polyvinyl, polystyrene, polyethylene, and 
thermosetting materials such as polyesters and epoxies. 

[0071] Examples of high molecular Weight polymers suit 
able for use in the blend materials of the invention include 
(Without limitation) MBS core-shell copolymers (for 
example, Paraloid® EXL-2691 from Rohm and Haas Com 
pany of Philadelphia, Pa.), core-shell copolymers containing 
a styrene-acrylonitrile shell, ethylene copolymers (for 
example, Elvaloy® PTW and Fusabond® from DuPont of 
Wilmington, Del.), thermoplastic elastomers (for example, 
Hytrel® from DuPont and Kraton® from Shell Oil Com 
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pany of Houston, Tex.), ABS acrylate-based modi?ers (for 
example, Durastrength® 400R from Ato?na Chemicals, 
Inc., of Philadelphia, Pa.), acrylic-based rubbers (for 
example, Blendex® from GE Company, GE Plastics, of 
Pitts?eld, Mass.), and functionaliZed polyole?n mod?ers 
(such as Lotader® and Lotryl® from Ato?na), terpolymers 
of ethylene, butylacrylate (BA) and glycidylmethacrylate 
(E/nBA/GMA) (for example, Elvaloy® PTW), polyole?ns 
and copolymers grafted With maleic anhydride, for example, 
DuPontTM Fusabond® resins, Copolymers of ethylene Butyl 
Acrylate (EBA) and of Ethylene-Methyl Acrylate (EMA), 
such as LOTRYL® by Ato?na, and other acrylic derivatives, 
resins With glycidyl methacrylate (GMA) or maleic anhy 
dride (MAH) groups, such as Lotader® Resins by Ato?na, 
epoxy-functionaliZed alcohols, diols and polyols, such as 
HELOXY® Epoxy Modi?ers by Resolution Performance 
Products of Houston, Tex., and maleic anhydride function 
aliZed elastomeric ethylene copolymers, such as Exxelor®R 
Modi?ers by ExxonMobil Chemical Company of Houstoin, 
Tex. 

IV. The Blend Material 

[0072] The invention provides a blend material that 
includes a macrocyclic polyester oligomer, a high molecular 
Weight polymer, and a polymerization catalyst. In a pre 
ferred embodiment, the blend material is a friable solid 
under ambient conditions and is, therefore, easy to store, 
transport, and process. Although dependent upon the par 
ticular composition of the blend material, blend materials of 
the invention exhibit a shelf life of at least a Week, and 
preferably at least a month, and more preferably at least a 
year, When stored under ambient conditions. 

[0073] From the standpoint of applications, the blend 
material is a friable, one-component, ready-to-polymeriZe 
mixture. The blend material may also be processed as a 
therrnoset in the production of a thermoplastic. Because the 
blend material is a one-part, ready-to-polymeriZe mixture, 
there is no need to modify existing processing equipment to 
alloW for transfer of the macrocyclic polyester oligomer and 
polymeriZation catalyst into the equipment in the appropri 
ate amounts at the appropriate times and at the appropriate 
temperatures. Furthermore, because the melt viscosity of the 
blend material is Within an appropriate range at processing 
temperatures, it is possible to use the blend in processes such 
as rotational molding and poWder coating, Where the melt 
viscosity of the MPO alone (Without the high molecular 
Weight polymer) is too loW. 

[0074] The blend material of the present invention may be 
used in any combination of one or more processes, for 
example (and Without limitation), rotational molding, poW 
der coating, loW-pressure molding, gas-assist molding, 
short-shot molding, co-injection molding, reaction-injection 
molding, bloW molding, and thermoforrning. Various pro 
cesses are described in co-oWned U.S. Pat. No. 6,369,157, 
by Winckler et al., and co-oWned U.S. Pat. No. 6,420,047, 
by Winckler et al, the texts of Which are incorporated by 
reference herein in their entirety. These patents also provide 
details regarding macrocyclic oligoesters, ?bers, ?llers, 
polymeriZation catalysts, and other items that may be used 
as part of or in combination With this invention. The blend 
material as described herein may be used in combination 
With any of the processes and/or materials described in the 
above-referenced patents. Articles of manufacture produced 
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using the blend materials described herein are contemplated 
to be Within the scope of the invention. 

[0075] A blend material comprising a macrocyclic poly 
ester oligomer, a high molecular Weight polymer, and a 
polymeriZation catalyst may be prepared by any suitable 
blending method. In one embodiment, an intimate physical 
mixture of the MPO and high molecular Weight polymer is 
obtained. 

[0076] The ingredients of the blend material may be 
introduced in any order. Preferably, the MPO and high 
molecular Weight polymer are melt-mixed prior to introduc 
tion of the polymeriZation catalyst. For example, in one 
embodiment, the MPO and high molecular Weight polymer 
are mixed at a ?rst temperature, then the mixture of MPO 
and high molecular Weight polymer is cooled before intro 
duction of the polymeriZation catalyst. Melt-mixing of MPO 
and high molecular Weight polymer at a higher temperature 
alloWs for faster mixing and may result in a more intimate 
mixture of MPO and polymer. Introduction of the catalyst 
into the blend at a loWer temperature prevents or reduces 
premature initiation of MPO polymeriZation. Alternatively, 
the MPO, high molecular Weight polymer, and polymeriZa 
tion catalyst may be introduced together; a mixture of the 
MPO and the catalyst may be blended With the high molecu 
lar Weight polymer; or a mixture of the high molecular 
Weight polymer and the catalyst may be blended With the 
MPO. In one embodiment, the catalyst itself comprises 
polymeric units Which function as the high molecular Weight 
polymer of the blend material of the invention. 

[0077] In a preferred embodiment, the high molecular 
Weight polymer and the macrocyclic polyester oligomer are 
mixed via melt-mixing, in Which the high molecular Weight 
polymer is contacted With at least partially molten macro 
cyclic polyester oligomer. Contact of the MPO and high 
molecular Weight polymer may be combined With mixing, 
extrusion, or any other process that enhances the dispersion 
of high molecular Weight polymer into MP0. In one 
embodiment, “melt-mixing” occurs as a mixture of MPO 
and high molecular Weight polymer is extruded, and the 
extrudate is quenched. 

[0078] The proportions of macrocyclic polyester oligomer 
and high molecular Weight polymer in the blend materials of 
this invention are subject to Wide variation. In general, the 
high molecular Weight polymer Will be present in the blend 
material in an amount from about 1 Weight percent or less to 
about 50 Weight percent or more, and preferably from about 
3 Weight percent to about 30 Weight percent, and more 
preferably from about 5 Weight percent to about 25 Weight 
percent. 

[0079] Addition of the high molecular Weight polymer 
may take place at a temperature in Which all, substantially 
all, or a portion of the macrocyclic oligoester melts. In one 
embodiment, heat is supplied to melt the MPO at a tem 
perature Within a range of about 130° C. to about 250° C., 
or preferably a range of about 160° C. to about 220° C., or 
more preferably a range of about 180° C. to about 200° C. 
In one embodiment, heat is supplied to melt the MPO at a 
temperature of about 190° C. The temperature used depends, 
for example, upon the melting range of the MPO used, the 
amount of high molecular Weight polymer to be mixed With 
the MPO, and the mixing method used. The exemplary 
temperature ranges given here are particularly applicable for 
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the use of an MP0 containing a substantial proportion of 
macrocyclic poly(butylene terephthalate) oligomer, as 
described in the illustrative experimental examples herein 
beloW. The MP0 may be melted before or after contact With 
the high molecular Weight polymer. The high molecular 
Weight polymer may or may not dissolve in the mixture. 

[0080] In one embodiment, the mixture of MPO and high 
molecular Weight polymer is cooled to a temperature at 
Which at least a portion of the MPO remains melted, prior to 
or during introduction of the polymerization catalyst. In one 
embodiment of the invention, the amount of polymerization 
catalyst employed is generally about 0.01 to about 10.0 mole 
percent, preferably about 0.1 to about 2 mole percent, and 
more preferably about 0.2 to about 0.6 mole percent based 
on total moles of monomeric repeat units of the macrocyclic 
polyester oligomer. The temperature of the mixture of MPO 
and high molecular Weight polymer may be decreased, for 
example, by an amount anyWhere from about 10° C. to about 
70° C., or preferably by an amount from about 30° C. to 
about 50° C., folloWing (or during) mixing of the MPO and 
high molecular Weight polymer, and prior to addition of the 
polymerization catalyst. In one embodiment, physical mix 
ing is performed to incorporate the polymerization catalyst 
in the blend material. The blend material cools to form a 
stable, friable, one-part, ready-to-polymerize solid. The 
solid may be processed into any convenient form, for 
example, via grinding, crumbling, sheeting, pelletizing, and/ 
or poWdering. 

[0081] Even though the blend material contains a catalyst, 
it remains stable at ambient conditions for at least about a 
Week, and, preferably remains stable for at least about a 
month, a year, or longer, Linder ambient conditions. 

[0082] A blend material that includes an MP0, a high 
molecular Weight polymer, and a polymerization catalyst has 
a higher melt viscosity than the macrocyclic polyester 
oligomer it contains. Factors that in?uence the melt viscos 
ity of the resulting blend material include, for example, the 
type and molecular Weight of the high molecular Weight 
polymer, as Well as the proportion of the high molecular 
Weight polymer in the blend material. In one embodiment, 
the blend material has a viscosity, for example, Within a 
range from about 100 cP to about 100,000 cP at 190° C., 
Within a range from about 1000 cP to about 100,000 cP at 
190° C., Within a range from about 5000 cP to about 50,000 
cP at 190° C., and/or Within a range from about 10,000 cP 
to about 25,000 cP at 190° C. In one embodiment, the blend 
material has a viscosity Within a range from about 600 cP to 
about 30,000 cP at 1 50° C., Within a range from about 200 
to about 16,000 cP at 170° C., Within a range from about 100 
to about 10,000 cP at 190° C., and/or Within a range from 
about 50 cP to about 6,500 cP at 210° C. 

[0083] In preferred embodiments of the invention, poly 
merized products of a blend material comprising a macro 
cyclic polyester oligomer, a high molecular Weight polymer, 
and a polymerization catalyst exhibit improved properties 
such as improved toughness, strength, ductility, durability, 
elastic modulus, and impact resistance. 
[0084] Certain aspects of blend materials of the invention 
Will be more clearly understood With reference to the 
illustrative examples described in the Experimental 
Examples section beloW. 

[0085] In one embodiment, the blend material is polymer 
ized at a temperature Within a range of about 130° C. to 
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about 250° C., about 140° C. to about 230° C., about 150° 
C. to about 210° C., about 160° C. to about 220° C., or about 
180° C. to about 200° C. In one embodiment, the blend 
material is polymerized at a temperature of about 190° C. 
The blend material is alloWed to polymerize for a period of 
time up to about 60 minutes, up to about 30 minutes, 
preferably up to about 20 minutes, or, more preferably, up to 
about 10 minutes. In preferred embodiments, polymeriza 
tion is completed in less than about 10 minutes, or, more 
preferably, in less than about 5 minutes. 

[0086] Polymerization of the blend material may take 
place in any manufacturing process including, for example, 
a rotational molding process, a poWder coating process, a 
loW-pressure molding process, a gas-assist molding process, 
a short-shot molding process, a co-injection molding pro 
cess, a reaction-injection molding process, a bloW molding 
process, a thermoforming process, or combinations thereof. 
The manufacturing process may be a batch process, or it 
may be a continuous or semi-continuous process. 

V. Rotational Molding 

[0087] FIG. 1 illustrates a rotational molding process in 
Which a blend material is used, according to an embodiment 
of the invention. Rotational molding is typically performed 
in manufacturing holloW thermoplastic articles. Examples of 
such articles are many and varied and include, for example, 
?uid storage vessels, automobile parts, tractor fenders, and 
children’s toys, to name a feW. In one aspect of the inven 
tion, rotational molding is used to manufacture articles from 
a friable blend material comprising an MP0, a high molecu 
lar Weight polymer, and a polymerization catalyst. Typically, 
the process begins by placing the blend material in a mold 
110. After the mold 110 is closed, it is rotated about tWo axes 
120, 130 simultaneously so that the contents are spread over 
the intended areas of the inside of the mold. Heat 140 is 
applied to melt the blend material. After the blend material 
is melted, the rotation continues until the content polymer 
izes and solidi?es. It should be noted that in certain embodi 
ments, polymerization may begin before the blend is com 
pletely melted. The part is demolded While the tools are hot 
or after some cooling of the tools. The process can then be 
repeated With the same equipment to produce another ther 
moplastic part. The rotation rates about the axes may be 
controlled to provide a uniform coverage inside the mold. 
Heat can be applied in the form of external gas ?ames, but 
internal electrical mold heating can be used alternatively or 
additionally. One type of mold is made of aluminum With a 
Wall thickness of 1A of an inch. The mold may be made of 
other types of material as Well, for example, the mold may 
be made of ?ber reinforced plastic. 

[0088] In one embodiment of the invention, a process for 
polymerizing a macrocyclic polyester oligomer includes 
providing a blend material having a macrocyclic polyester 
oligomer, a polymerization catalyst, and a high molecular 
Weight polymer, loading the blend material into a mold 
having a chamber, rotating the mold along at least one axis, 
and heating the mold or otherWise increasing the tempera 
ture of the blend material to cause polymerization. In one 
embodiment, the process also includes the step of removing 
the resulting polymerized material While it remains substan 
tially at polymerization temperature, and the polymerized 
material solidi?es into a solid at the polymerization tem 
perature. 
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[0089] In one embodiment, the blend material is fed into 
a cool mold. In another embodiment, the blend material is 
fed into a hot mold With the temperature of the mold being 
substantially the same as the polymerization temperature. In 
one embodiment, the mold is not cooled before the start of 
the next processing round. In another embodiment, the mold 
temperature is cooled before the next round of processing. In 
one embodiment, the mold is rotated along one axis. In 
another embodiment, the mold is rotated along tWo or more 
axes. 

[0090] In one embodiment, the blend material processed 
by rotational molding includes a macrocyclic PBT oligomer. 
A macrocyclic PBT oligomer has a melting point at about 
180° C., Which is much loWer than the melting point of 
polymerized PBT, Which is about 220° C. As a result, the 
polymerized PBT solidi?es and can be removed from the 
mold at approximately the temperature at Which polymer 
ization is conducted. 

[0091] In another embodiment, the blend material includes 
macrocyclic PBT/PET co-oligomer. Macrocyclic PBT/PET 
co-oligomers have a melting point at about 180° C., Which 
is much loWer than that of the polymerized PBT/PET. 
Polymerized PBT/PET melts at about 220° C. to 240° C. 
depending on the PBT/PET ratio. As a result, the polymer 
ized PBT/PET crystallizes and can be removed from the 
mold at the temperature at Which polymerization is con 
ducted. 

[0092] In one embodiment, a ?ller is placed into the mold 
in Which it is mixed With the macrocyclic polyester oligomer 
and the polymerization catalyst. In another embodiment, a 
?ller is part of the blend material. 

VI. PoWder Coating 

[0093] FIG. 2 illustrates a poWder coating process in 
Which a blend material can be used, according to an embodi 
ment of the invention. PoWder coatings may or may not be 
electrostatically applied to a substrate. The poWder coating 
process illustrated in FIG. 2 involves placing a poWder 205 
in a chamber 210 that has small holes 215 in the bottom 220 
through Which air (or other gases) are forced. As the gas 
passes through the poWder it begins to bubble and ?oW like 
a ?uid; this is knoWn as a ?uidized bed 225. The, poWder 
particles in the ?uidized bed 225 may be electrostatically 
charged, forming charged resin particles 227 that adhere 
electrostatically, upon heating Within a heating zone 229, 
onto a solid substrate that passes through the charged 
?uidized poWder. The solid substrate may be a ?ber toW or 
fabric 230. The ?ber toW or fabric is then rolled onto a roller 
240. 

[0094] In another embodiment, charged poWder is sprayed 
through a nozzle, Where the poWder includes a blend mate 
rial having an MP0, a polymerization catalyst, and a high 
molecular Weight polymer. The poWder particles adhere 
electrostatically to the sold substrate used to receive them. In 
one embodiment, charged poWder particles are sprayed 
using an electrostatic poWder spraying technique. In one 
embodiment, the poWder is stored in a reservoir With caking 
being prevented by sloW stirring With an agitator. SloW 
stirring may not be required for certain poWdered blend 
materials. In another embodiment, air ?uidization of the bed 
is used as an alternative to mechanical stirring. The poWder 
is conveyed to the electrostatic spray head by air motion. In 
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one embodiment, the spray head is fastened onto a gun-like 
holder for convenience of operation. An ori?ce is ?tted onto 
the spray head. Before the poWder particles leave the ori?ce, 
they are electrostatically charged by internal electrodes 
connected to a high-tension generator. The target substrate to 
be sprayed With the poWder is attached to an electrically 
grounded holder. The poWder is projected toWards the target 
by the ?oW of air. The target is electrically grounded so that 
the poWder particles Will adhere during subsequent opera 
tions Where the sprayed sheets must be handled. The thick 
ness of the poWder layer may be a function of the total 
charge of poWder deposited on the target, Which in turn is a 
function of the voltage applied. 

[0095] In one embodiment, a substantially uniform poW 
der coating is applied onto a receiving substrate. Illustrative 
examples of receiving substrates include paper, metals, 
plastics, carbon, glass, and aramid ?bers. The receiving 
substrate is usually moving in a continuous process. The 
poWder is heated or treated in other Ways to make the 
poWder adhere to or soak into the receiving substrate. 
Thermoset resin poWders may be applied to a variety of 
?brous materials to make prepregs or coatings for paper or 
metals. Thermoplastic poWders are used to create prepregs 
in an attempt to get a better connection betWeen the rein 
forcing ?bers and thermoplastic matrix. Still, even poWder 
coated thermoplastic prepregs are di?icult to use because 
conventional thermoplastic materials have high melt viscos 
ity and do not Wet out ?bers Well and have long heat up and 
cool doWn cycles When making parts. Thus, conventional 
thermoplastic materials are di?icult to use to produce high 
quality composites. 
[0096] In one embodiment, a blend material containing a 
macrocyclic polyester oligomer, a polymerization catalyst, 
and a high molecular Weight polymer is used in a poWder 
coating system, for example, in an electrostatic poWder 
coating process. The MP0 melts slightly and adheres to the 
?ber, forming a prepreg in an uncured state. Such a prepreg 
is then processed under heat and/or pressure to alloW the 
resin to ?oW and to polymerize, thereby producing high 
quality composites With good surface ?nish and ?ber Wet 
out. The loW melt viscosity of macrocyclic polyester oligo 
mers alloW them to be processed like a thermoset, although 
they can produce thermoplastics. 

VII. EXPERIMENTAL EXAMPLES 

[0097] Examples of the addition of a high-molecular 
Weight polymer into MP0 to produce blend materials With 
increased viscosity Were performed With various linear and 
cross-linked polymers. Examples 1-5 illustrate methods of 
producing blends of MPO and high molecular Weight poly 
mer and demonstrate the increased viscosity and high fri 
ability of blends of MPO and high molecular Weight poly 
mer. Examples 6-8 illustrate methods of producing blends of 
MPO, high molecular Weight polymer, and polymerization 
catalyst. These blends are then polymerized to demonstrate 
the satisfactory percent conversion, polymerization rate, and 
resulting polymer molecular Weights achieved using the 
friable, one-component, ready-to-polymerize blends. 
Examples 9 and 10 illustrate methods of dispersing and 
polymerizing blends of MPO, high density polyethylene 
(HDPE), and polymerization catalyst via extrusion. The 
blend materials in Examples 9 and 10 are not prepared via 
melt-mixing, but instead are prepared via tumble-mixing at 
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ambient conditions. These blends are then fed into a tWin 
screW extruder, Where the MPO melts and dissolves into the 
high-density polyethylene as it polymeriZes. High conver 
sion of MPO into polymerized product is achieved. In one 
embodiment of the invention, conversions of MPO into 
polymerized product of about 80% or higher are achieved; 
in other embodiments, conversions of about 85% or higher, 
about 90% or higher, and about 95% or higher are achieved. 

[0098] Examples 1-10 employ the use of a macrocyclic 
polyester oligomer manufactured by Cyclics Corporation of 
Schenectady, N.Y., that is primarily composed of macrocy 
clic poly(1,4-butylene terephthalate)oligomer. The MP0 
used in Examples 1-10 is referred to herein as MPO-1 and 
contains about 95 mole percent (1,4-butylene terephthalate) 
units and about 5 mole percent (ethylene terephthalate) 
units. MPO-1 contains about 40.2 Wt. % dimer species, 
about 39.0 Wt. % trimer species, about 5.5 Wt. % tetramer 
species, about 12.9 Wt. % pentamer species, and about 2.4 
Wt. % higher oligoiner species. 

[0099] In one embodiment of the invention, the MP0 of 
the blend material is a composition comprising from about 
30 to about 45 Wt. % dimer species, from about 30 to about 
45 Wt. % trimer species, from about 0 to about 10 Wt. % 
tetramer species, and from about 5 Wt. % to about 20 Wt. % 
pentamer species. MPO formulations outside these ranges 
may be used, as Well. Certain embodiments of the invention 
may include modifying compositions of MPO’s. Various 
methods of modifying compositions of MPO’s are described 
in co-oWned US. Pat. No. 6,436,548, by Phelps, the text of 
Which is incorporated by reference herein in its entirety. 

EXAMPLE 1 

[0100] A ?rst formulation containing 5 Wt. % poly(vinyl 
butyral-co-vinyl alcohol-co-vinyl acetate) Was prepared by 
melt mixing 24.0 grams of MPO-1 and 6.0 grams of poly 
(vinyl butyral-co-vinyl alcohol-co-vinyl acetate) (MW=100, 
000, 80 Wt. % vinyl butyal, 18-20 Wt. % vinyl alcohol and 
0-1.5 Wt. % vinyl acetate). The tWo ingredients Were added 
to a 100 mL three-neck round-bottomed ?ask equipped With 
a mechanical stirrer and nitrogen/vacuum inlet. The ?ask 
Was then immersed into an oil bath preheated to 190° C. 
Upon heating, the MPO-1 melted and the high molecular 
polymer dissolved in the molten MPO-1 to form a clear 
viscous solution. The solution Was subsequently dried under 
vacuum at 190° C. for 5 minutes and then poured into an 
aluminum tray. The tray Was cooled in an 800 C. oven for 30 
minutes to alloW the mixture to solidify. The solidi?ed 
material Was ground to produce a friable MPO formulation 
containing about 20 Wt. % poly(vinyl butyral-co-vinyl alco 
hol-co-vinyl acetate). 

EXAMPLE 2 

[0101] A second formulation (Example 2) containing 20 
Wt. % poly(butyl methacrylate-co-methyl methacrylate) Was 
prepared by melt mixing 24.0 grams of CBT® and 6.0 grams 
of poly(butylmethacrylate-co-methyl methacrylate) (MW= 
100,000, the molar ratio of butyl methacrylate and methyl 
methacrylate is 1.4). The tWo ingredients Were added to a 
100 mL three-neck round-bottomed ?ask equipped With a 
mechanical stirrer and nitrogen/vacuum inlet. The ?ask Was 
then immersed into an oil bath preheated to 190° C. Upon 
heating, the MPO-1 melted and the high molecular polymer 

Dec. 21, 2006 

dissolved in the molten MPO-1 to form a clear viscous 
solution. The solution Was subsequently dried under vacuum 
at 190° C. for 5 minutes and then poured into an aluminum 
tray. The tray Was cooled in an 80° C. oven for 30 minutes 
to alloW the mixture to solidify. The solidi?ed material Was 
then ground to produce a friable tWo-part MPO formulation 
containing 20 Wt. % poly(butyl methacrylate-co-methyl 
methacrylate). 

EXAMPLE 3 

[0102] A third formulation (Example 3) containing 20 Wt. 
% poly[butylene terephthalate-co-poly(alkylene glycol 
)terephthalate] Was prepared by melt mixing 40.0 grams of 
MPO-1 and 10.0 grams of Hytrel® 4056 (DuPont product). 
The tWo ingredients Were added to a 100 mL three-neck 
round-bottomed ?ask equipped With a mechanical stirrer and 
nitrogen/vacuum inlet. The ?ask Was then immersed into an 
oil bath preheated to 190° C. Upon heating, the MPO-1 
melted and the high molecular polymer dissolved in the 
molten MPO-1 to form a clear viscous solution. The solution 
Was subsequently dried under vacuum at 190° C. for 5 
minutes and then poured into an aluminum tray. The tray 
Was cooled in an 80° C. oven for 30 minutes to alloW the 
mixture to solidify. The solidi?ed material Was then ground 
to produce a friable tWo-part MPO formulation containing 
20 Wt. % Hytrel® 4056. 

EXAMPLES 4 AND 5 

[0103] A fourth and ?fth formulations Were prepared in 
the same manner as Example 3 described above, except the 
amount of Hytrel® 4056 added to the MPO-1 Was 10 and 5 
Wt % respectively (e.g., 5.0 grams of Hytrel® 4056 Was 
melt-mixed With 45.0 grams of MPO-1 to produce the 10 Wt. 
% formulation; 2.5 grams of Hytrel® 4056 Was melt-mixed 
With 47.5 grams of MPO-1 to produce the 5 Wt. % formu 

lation). 
[0104] All ?ve formulations obtained from Examples 1-5 
Were very friable at room temperature and could be easily 
ground into ?ne poWder using a coffee grinder. Rheology 
testing Was conducted to determine their melt viscosities at 
150° C., 170° C., 190° C., and 210° C. Results from these 
tests are reported in Table 2. Each of the formulations 
demonstrates increased melt viscosity compared to the vis 
cosity of un?lled MPO-1 at the same temperature. 

TABLE 2 

Viscosity of Macrocyclic Oligoester Blends With High 
Molecular Weight Polymers at Various 
Temperatures (Shear Rate of 10 s’l) 

Viscosity at Viscosity at Viscosity at Viscosity at 
Sample ID 150° C. (cP) 170° C. (cP) 190° C. (cP) 210° C. (cP) 

Un?lled 95 55 30 20 
MPO-l 

Example 1 12,000 4,400 1,800 850 
Example 2 820 400 300 100 
Example 3 28,800 15,100 8,900 6,100 
Example 4 1,620 810 450 300 
Example 5 500 230 130 100 

EXAMPLE 6 

[0105] A sixth formulation containing 10 Wt. % poly(vinyl 
butyral-co-vinyl alcohol-co-vinyl acetate) Was prepared by 
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melt mixing 45.0 grams of MPO-1 and 5.0 grams of poly 
(vinyl butyral-co-vinyl alcohol-co-vinyl acetate) (MW=100, 
000, 80 Wt. % vinyl butyal, 18-20 Wt. % vinyl alcohol and 
0-1.5 Wt. % vinyl acetate). The tWo ingredients Were added 
to a 100 mL three-neck round-bottomed ?ask equipped With 
a mechanical stirrer and nitrogen/vacuum inlet. The ?ask 
Was then immersed into an oil bath preheated to 190° C. 
Upon heating, the MPO-1 melted and the high molecular 
polymer dissolved in the molten MPO-1 to form a clear 
viscous solution. The solution Was subsequently dried under 
vacuum at 190° C. for 5 minutes, then cooled to 1700 C. 
Whereupon 0.1 grams of butyltin chloride dihydroxide Was 
added. After 3 minutes of mixing under vacuum, the clear 
viscous solution Was poured into an aluminum tray and 
cooled in an 80° C. oven for 30 minutes to alloW the mixture 
to solidify. The solidi?ed material Was then ground to 
produce a friable non-polymeriZed one-part MPO formula 
tion containing 0.20 mol % tin catalyst based on the molar 
amount of repeat units in MPO-l. 

EXAMPLE 7 

[0106] A seventh formulation containing 10 Wt. % 
Hytrel® 4056 Was prepared by melt mixing 45.0 grams of 
MPO-1 and 5.0 grams of poly[butylene terephthalate-co 
poly(alkylene glycol)terephthalate] at 190° C. The tWo 
ingredients Were added to a 100 mL three-neck round 
bottomed ?ask equipped With a mechanical stirrer and 
nitrogen/vacuum inlet. The ?ask Was then immersed into an 
oil bath preheated to 190° C. Upon heating, the MPO-l 
melted and the high molecular polymer dissolved in the 
molten MPO-1 to form a clear viscous solution. The solution 
Was subsequently dried under vacuum at 190° C. for 5 
minutes, then cooled to 170° C. Whereupon 0.1 grams of 
butyltin chloride dihydroxide Was added. After 3 minutes of 
mixing under vacuum, the clear viscous solution Was poured 
into an aluminum tray and cooled in an 80° C. oven for 30 
minutes to alloW the mixture to solidify. The solidi?ed 
material Was then ground to produce a friable non-polymer 
iZed one-part MPO formulation containing 0.20 mol % tin 
catalyst based on the molar amount of MPO monomer repeat 
units. 

EXAMPLE 8 

[0107] An eighth formulation containing 10 Wt. % Paral 
oid® EXL-2691 (manufactured by Rohm and Hass Com 
pany of Philadelphia, Pa.) Was prepared by melt mixing 48.0 
grams of MPO-1 and 5.33 grams of Paraloid® EXL-2691 at 
190° C. The tWo ingredients Were added to a 100 mL 
three-neck round-bottomed ?ask equipped With a mechani 
cal stirrer and nitrogen/vacuum inlet. The ?ask Was then 
immersed into an oil bath preheated to 190° C. Upon 
heating, the MPO-1 melted and the high molecular polymer 
dissolved in the molten MPO-1 to form a clear viscous 
solution. The solution Was subsequently dried under vacuum 
at 190° C. for 5 minutes, then cooled to 170° C. Whereupon 
0.107 grams of butyltin chloride dihydroxide Was added. 
After 3 minutes of mixing under vacuum, the cloudy viscous 
solution Was poured into an aluminum tray and cooled in an 
80° C. oven for 30 minutes to alloW the mixture to solidify. 
The solidi?ed material Was then ground to produce a friable 
non-polymerized one-part MPO formulation containing 
0.20 mol % tin catalyst based on the molar amount of repeat 
units in MPO-1. 
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[0108] Blend materials obtained in Examples 6-8 Were 
subjected to the folloWing testing procedures. TWelve grams 
of each sample Were placed in a 50 mL one-neck round 
bottomed ?ask. The ?ask Was corrected to a rotary evapo 
rator and immersed into an oil bath preheated to 190° C. 
Under nitrogen atmosphere and a rotational speed of 192 
rpm, the ?ne poWder Was melted in 5 minutes, and became 
highly viscous in 10 minutes. Within 20 minutes, the mate 
rial Was solidi?ed. After 40 minutes, the ?ask Was discon 
nected, and the resulting half-egg shaped holloW part Was 
retrieved by breaking the ?ask. A small piece of the sample 
Was then analyZed by gel permeation chromatography. The 
conversion of MPO-1 into polymer product (i.e. conversion 
of macrocyclic poly(1,4-butylene terephthalate) oligomer to 
linear PBT) and the molecular Weight of the resulting 
polymer are summariZed in Table 3. The data indicate that 
the blending of high molecular Weight polymer ?llers With 
MPO-1 prior to polymeriZation of the MPO-1 did not 
negatively affect the polymeriZation rate. Satisfactory per 
cent conversions and polymerized product molecular 
Weights Were achieved. 

TABLE 3 

Conversion and Molecular Weights of Polymerized Blends Examples 6-8. 

Sample ID % Polymer Mn MW 

Example 6 82 20,000 48,200 
Example 7 95 42,500 110,000 
Example 8 94 42,900 111,950 

EXAMPLE 9 

[0109] A ninth formulation Was prepared by tumble-mix 
ing 955.5 grams MPO-1, 2229 grams HDPE (high density 
polyethylene, octene copolymer, manufactured by Hunts 
man of Salt Lake City, Utah, having density of about 0.946 
g/cm3 and melt index of about 3.0 grams/ 10 min), and 3.20 
grams (0.3 mole percent, based on the molar amount of 
repeat units in MPO-1) butyldihydroxytin chloride under 
ambient conditions. The mixture Was then dried at 80° C. for 
18 to 20 hours in a vacuum oven to remove residual Water 
before extrusion. The pre-blended mixture Was fed into a 
tWin-screW extruder. The tWin-screW extruder used in 
Examples 9 and 10 Was a LeistritZ counter-rotating extruder 
(34 mm, 28 LID, 200-290° C. barrel and die temperature) 
out?tted With a face cutter. The extruder Was set at 260-290° 
C. barrel and die temperature. The screW speed Was set at 
150 rpm, and the pre-blended mixture Was fed via volumet 
ric feeder into the extruder, producing an output of 20 lbs/hr. 
The melt temperature of the extrudate Was approximately 
290° C. Upon heating, the MPO-1 melted and dissolved into 
the HDPE as the MPO-1 polymerized, forming a viscous 
melt. The melt-compounded extrudate Was strand pelletiZed 
into a chilled Water trough. Analysis of the extrudate by DSC 
shoWed a polyethylene melting peak at about 130° C. and a 
PBT melting peak at about 223° C., but no MPO-1 melting 
peak from about 140° C. to about 160° C., indicating a high 
conversion of MPO-1 into polymer product (i.e. an esti 
mated conversion of about 90% or higher). 

EXAMPLE 10 

[0110] A tenth formulation Was prepared by tumble-mix 
ing 905 grams MPO-l, 2730 grams high-density polyethyl 
ene (HDPE), 920 grams of a preblended mixture of 50 Wt. 
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% MPO-l and 50 Wt. % Lotader AX8950 (a random 
ethylmethacrylate co-glycidyl methacrylate terpolymer 
impact modi?er, manufactured by ATOFINA Chemicals, 
Inc., of Philadelphia, Pa.), and 4.56 grams (0.3 mole percent, 
based on the molar amount of repeat units in MPO-l) 
butyldihydroxytin chloride under ambient conditions. The 
mixture of 50 Wt. % MPO-l and 50 Wt. % Lotader AX8950 
Was made by dispersing Lotader AX8950 into MPO-l via 
tWin-screW extrusion, thereby insuring good dispersion of 
the Lotader compound into MPO-l. The Lotader compound 
acts as a compatibiliZer for MPO-l and HDPE in this 
example. The tumble-mixed formulation Was dried at 80° C. 
for 18 to 20 hours in a vacuum oven to remove residual 
Water before extrusion. The formulation Was fed into a 
tWin-screW extruder. The extruder Was set at 260-29° C. 
barrel and die temperature. The screW speed Was set at 150 
rpm, and the pre-blended formulation Was fed via volumet 
ric feeder into the extruder, producing an output of 20 lbs/hr. 
The melt temperature of the extrudate Was approximately 
290° C. and Was strand pelletiZed into a chilled Water trough. 
Analysis of the extrudate by DSC shoWed a polyethylene 
melting peak at about 130° C. and a PET melting peak at 
about 223° C., but no MPO-l melting peak from about 140° 
C. to about 160° C., indicating a high conversion of MPO-l 
into polymer product (i.e. an estimated conversion of about 
90% or higher). 

Equivalents 
[0111] While the invention has been particularly shoWn 
and described With reference to speci?c preferred embodi 
ments, it should be understood by those skilled in the art that 
various changes in form and detail may be made therein 
Without departing from the spirit and scope of the invention 
as de?ned by the appended claims. 

What is claimed is: 
1-36. (canceled) 
37. A composition comprising: 

(a) linear polymer; and 

(b) macrocyclic polyester oligomer, Wherein the macro 
cyclic polyester oligomer comprises at least one mem 
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ber selected from the group consisting of macrocyclic 
poly(1,4-butylene terephthalate)oligomer, macrocyclic 
poly(1,3-propylene terephthalate)oligomer, macrocy 
clic poly(1,4-cyclohexylenedimethylene terephthalate) 
oligomer, macrocyclic poly(ethylene terephthalate) oli 
gomer, macrocyclic poly(1,2-ethylene 2,6-naphtha 
lenedicarboxylate) oligomer, and macrocyclic copoly 
ester oligomer comprising tWo or more monomer 

repeat units. 
38. The composition of claim 37, Wherein the macrocyclic 

polyester oligomer comprises macrocyclic poly(1,4-buty 
lene terephthalate)oligomer. 

39. The composition of claim 37, Wherein the linear 
polymer comprises a polyester. 

40. The composition of claim 39, Wherein the polyester 
comprises polybutylene terephthalate. 

41. The composition of claim 37, Wherein the linear 
polymer comprises at least one member selected from the 
group consisting of a polyester, a copolyester, a poly(vinyl 
butyral), and an acrylic polymer. 

42. The composition of claim 37, Wherein the linear 
polymer has a molecular Weight of at least about 5000. 

43. The composition of claim 37, Wherein the linear 
polymer has a molecular Weight of at least about 50,000. 

44. The composition of claim 37, Wherein the linear 
polymer has a molecular Weight from about 80,000 to about 
120,000. 

45. The composition of claim 37, further comprising a 
polymeriZation catalyst. 

46. The composition of claim 45, Wherein the composi 
tion is stable at ambient conditions for at least one Week. 

47. The composition of claim 45, Wherein the composi 
tion is stable at ambient conditions for at least one month. 

48. The composition of claim 37, Wherein the composi 
tion is friable. 


