WD 01/53379 PCT/ US01/ 02064 MACROCYCLI C POLYESTER OLI GOVERS AND PROCESSES
FOR PCOLYMERI ZI NG THE SAME Rel ated Applications [0001] This application
clains tiwobessfet of the filing date of U S. Uility Pateat/usapieati on
Serial No. 09/535, 132 (Attorney Docket No. CYC-034) filed on March 24, 2000
and the filing date of U S. Uility Patent Application entitled
"Macrocyclic Polyester Aigoners and Processes 5 for Polynerizing the Sane"
by Wnckler et al. (Attorney Docket No. CYC-035) filed on January 4, 2001.

The | ater application riier application.
This application aIs%bgngﬁgqﬁﬁé%qg;gﬁ$TE%Rﬁghgﬁﬂﬁkgﬁgsﬁate of U S.

Provi si onal Patent AppPRO&ESSHS$ER BOLYWSERBUING/THESAME | ed on January 21,
2000, entitled "Processing with Cyclic PBT to Produce Thernoplastic
Conmposi tions" by Wnckler. The entirety of these applications is

i ncorporated 10 herein by reference. Technical Field [0002] This invention
generally relates to thernoplastics and articles forned therefrom More
particularly, the invention rel ag teﬁ% 11*351%}{! material prepared froma
macrocyclic polyester ol i gomer an rrzation catal yst, and
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low melt viscosity, allowing themto inpregnate a dense fibrous preform

ead?d| yhereﬁub)twéfrrﬁmee certain macrocyclic polyester oligonmers nelt and

pol ynerize at tenperatures well WD 01/53379 PCT/US01/ 02064 -2 bel ow t he

nmel ting point of the resulting polJevhnicaldfield melting and in the presence of

an appropriate catalyst, polynerization and crystallization can occur
virt ua|[(p(iﬂ%|] Sdl{lﬁ%],rwﬁpql(gp geﬂgraély relates to thermoplastics and articles formed therefrom. More

particularly, the invention relates to a blend material prepared from a macrocyclic polyester

oligomer and a polymerization catalyst, and processes of using the same.

15 Background Information

[0003] Linear polyesters such as poly(alkylene terephthalate) are generally known and
commercially available where the alkylene typically has 2 to 8 carbon atoms. They have many
valuable characteristics including strength, toughness, high gloss and solvent resistance. Linear
polyesters are conventionally prepared by the reaction of a diol with a dicarboxylic acid or its
20  functional derivative, typically a diacid halide or ester. Linear polyesters may be fabricated into
articles of manufacture by a number of known techniques including extrusion, compression
molding, and injection molding.
[0004] Recently, macrocyclic polyester oligomers were developed which have unique
properties. These properties make them attractive as matrices for engineering thermoplastic
25  composites. These desirable properties stem from the fact that macrocyclic polyester oligomers
exhibit low melt viscosity, allowing them to impregnate a dense fibrous preform easily.

Furthermore, certain macrocyclic polyester oligomers melt and polymerize at temperatures well



result, the tinme and expense required to thermally cycle a tool is
favorably reduced. [0005] Devel opnment of processing equipnment for use with
macr ocyclwe@opsdsyester oligoners 5 has been |imted. It iBC®ERar@bdsy

bel i eved that production of nolded parts from macrocyclic polyester

ol igoners requires existing equipnment to be nodified to allow for transfer
of the macrocyclic polyester oligoners,and polynerization catalysts into
the equi pment in the appropriate amounts at the appropriate tine and at
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tenperature without cooling. [0007] In one aspect, the invention generally
features a blend material that guphatgd@ptiR InveREbRCYCl i ¢ pol yester ol i goner,
a polynerization catalyst, and optionally, a filler. In one 25 enbodinent,
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[0009] In yet another aspect, the invention features processes sucCh as
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processes of the invention nmay be used to form polyester polyner
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fiber ‘Cl’c? Ifgrm semi-crystalline polymers. In the case of certain macrocyclic polyester oligomers, for

20  example, poly(1,4-butylene terephthalate), demolding can take place at the polymerization
temperature, e.g., at about 180°C to 200°C, because the resulting polyester polymer solidifies
fairly rapidly at that temperature without cooling.

[0007] In one aspect, the invention generally features a blend material that includes a
macrocyclic polyester oligomer, a polymerization catalyst, and optionally, a filler. In one

25  embodiment, the macrocyclic polyester oligomer is substantially a homo- or co-polyester
oligomer. Polymerization catalysts include, among others, tin compounds and titanate
compounds.

[0008] In another aspect, the invention generally features a process for preparing a blend
material as described above.

30 [0009] In yet another aspect, the invention features processes such as rotational molding, resin

- film infusion, pultrusion, resin transfer molding, filament winding, making and using powder

coated or hot melt prepreg, compression molding, roll Wrapping, and water slurry, which use the



shafts or |ightweight autonotive chassis nenbers. [0010] In one aspect, a
water slurry process is used to prepare a prepreg and to nmanufacture 5
articleswoonsiserrocyclic polyester oligoners. |In one enbPdi/ee020& process
for preparing a water suspension of macrocyclic polyester oligoners
i ncludes the steps of contacting a macrocyclic polyester oligonmer and a
pol yneri zation catal yst wwth water and surfactant, and mxing the
macrocyclic pol yester oligonmer and polymerization catalyst with water and
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wat er , MHeiagithgymaeropydlicmslyeser oligomgrand pobymesizptinneatalyst vath waesnd thed
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drying to remove water, heating to polymerize the macrocyclic polyester oligomer, and pressing
the polymerized macrocyclic polyester oligomer to a desired form.

20 [0011] Thus, heating may be applied such that, after drying the mixture, there is no
polymerization, partial polymerization or complete polymerization of the macrocyclic polyester
oligomer.

[0012] The foregoing and other objects, aspects, features, and advantages of the invention will

become more apparent from the following figures, description, and claims.

25 Brief Description of Figures

[0013] The drawings are not necessarily to scale, emphasis instead is generally placed upon
illustrating the principles of the invention to facilitate its understanding.
FIG. 1 is a schematic illustration of an embodiment of the invention including a rotational
molding process.
30 FIG. 2 is a schematic illustration of an embodiment of the invention including a resin film

infusion process.



prepreg process. 5 FIG 5 is a schematic illustration of an enbodi nent of
the invention including a pultrusion process. FIG 6 is a schematic
i Il ustratwonysd37an enbodi nent of the invention including rar/usxinoder. Fl G

7 is a schematic illustration of an enbodi nent of the invention including a
piston 10 type continuous nelter. FIG 8 is a schematic illustration of an
enbodi nent of the invention including a resin transfer nolding process.
FIG 9 is a schematic illustration of ah enbodi nent of the invention

i ncl udi ng a HIGl aueenicheidaticlilngtrpti ACE3S. embddirhént of thei ifivéntiva igladih€a solvent
illustration of an enbodi nent of the invention including a conpression
mol di nFT{HEROSESSFI G 11 is a schematic illustration of an enbodi nent of

the inventi i jp¢ j . [ k 12 .1 ticC
T ustr ati on 19y i ShBafte IRllraidf AR AboB:RGRSP e ingbR ibfudlpZ F HEERl
coat i ngr¢gprecp®sessFl G 13 is a schematic illustration of an enbodi nent of
the inventiaon including a water . slurry process. FIG 14 is a schematic
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the su pr|5|n§)8|560very that a blend material conprising a macrocyclic
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al llows tygrcoatisyousmasitegt i on, storage, transportation and processing. WO
01/53379 PCT/ US01/ 02064 -5 [0015] From the standpaint of applications, the
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may be sly for manufacturing articles using processes such
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15 FIG. 10 is a schematic illustration of an embodiment of the invention including a
compression molding process.
FIG. 11 is a schematic illustration of an embodiment of the invention including a roll
wrapping process.
FIG. 12 is a schematic illustration of an embodiment of the invention including a powder
20  coating process.
FIG. 13 is a schematic illustration of an embodiment of the invention including a water
slurry process.

FIG. 14 is a schematic illustration of another embodiment of the invention including a

water slurry process.

25 Description

[0014] The present invention is directed to the surprising discovery that a blend material .
comprising a macrocyclic polyester oligomer and a polymerization catalyst provides superior
processing characteristics relative to conventional thermoplastics precursors. Prior to this
invention, it was not recognized that a mixture of a macrocyclic polyester oligomer and a

30  polymerization catalyst can be stable and have a long shelf life. The blend material of the

invention allows for easy production, storage, transportation and processing.



5 conpression nolding, roll wapping, water slurry, and pultrusion with or
in some cases wWithout reinforcenment. The blend material may al so be
processedvObks33a t her nroset whil e produci ng a thernopl ast PCT/ps@d20d4.
Furthernore, the blend material elimnates the need to nodify existing
equi pnrent to allow for transfer of the macrocyclic polyester oligomer and
the polynerization catalyst into the ggyipnent in the appropriate anounts
at the appropriate tine and at the 10 adppropriate tenperature. Accordingly,
this i (e i dfropr thy seedpdiarof\applications) ¢ Blesd garakEls onglcompoiidnd anéisreadyency
and | ower manufacturing costs. Definitions 0016] The foll ow ng general
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A macrocyclic polyester oligonmer typically refers to nmultiple nolecul es of
one spe&d @omggfwmnay andoNey sranuiciviiagsestel i ¢ pol yester ol i gomer al so may
include multiple nolecules of different fornmulae having varying nunbers of
t he samefmitiahs f erent structural repeat units. In addition, a nacrocyclic

pol yest ligo may be a ¢o-pol yester or Jti-polyester oligoner, i.e.,
an 30 &ﬁ%@inefhaﬁbpwﬁ&%era} defishotsimpchetoal W&S@Pgwgﬁé%var St Mavi ng
an est I L PR} cyclic nolecule. WD 01/53379
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t he structural reﬁﬁat units are subsbant]ié(all jdentical or substantially
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al kyl easodndug a filler as well as other components recognized by a skilled artisan.
[0018] As used herein, “macrocyclic” is understood to mean a cyclic molecule having at least
20  one ring within its molecular structure that contains 8 or more atoms covalently connected to
form the ring.
[0019] As used herein, an “oligomer” is understood to mean a molecule that contains 2 or more
identifiable structural repeat units of the same or different formula.
[0020] As used herein, a “macrocyclic polyester oligomer” is understood to mean a
25  macrocyclic oligomer containing structural repeat units having an ester functionality. A
macrocyclic polyester oligomer typically refers to multiple molecules of one specific formula.
However, a macrocyclic polyester oligomer also may include multiple molecules of different
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-polyester oligomer, i.e., an

30  oligomer having two or more different structural repeat units having an ester functionality within

one cyclic molecule.



-C'H2n_, -, where X represents the nunber of H's replaced by cyclization(s).
[0024] As used herein, "a nmono- or pol yoxyal kyl ene group” is understood to
mean [-(®@pP1/53399 O] n (CH2),,,-, wherein in is an integerpgreatianodhan 1
and n is an integer greater than 0. [0025] As used herein, "a divalent
aromatic group” is understood to nmean an aromati c group 10 with links to
other parts of the macrocyclic nolecule. For exanple, a divalent aromatic

group may include a neta- or para- |inked nonocyclic aromatic group (e.g.,
benzengd021]] 0026 iselhersgd stiestamitinlly hamoads @ypﬂly@teg olig@her”ds wndbestsédrtntam arean
a non-aromati c  hydrocarhon roup .containing clic structure wthin.
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[ 0029] As used herein, "met hy ene group” is understood to nean - CHz2-.
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"substitute phenyl group” is understood to mean a phenyl group having one
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3,5- substitution patterns. [003 used herein, ' ller" is under st ood

t o meamay inelude aaieteatornearat hakﬂdannmdwmbmtlc gmupéegebelmen@orrer or a
pol yner io cat st 1 ha be i,ncluded in the blend materjal. 30
P1Y or TR, Rs Setadhelie g shialtht eirh Moo dlaribed o o gpey Broshmy
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[0030] As used herein, an “ethylene group” is understood to mean -CHZ-CHz-.

20 [0031] As used herein, “a C,.3 alkylene group” is understood to mean -C,Hz,-, where n is 2 or
3.
[0032] As used herein, “a C,.¢ alkylene group” is understood to mean -C,Hj,-, where n is 2-6.
[0033] Asused herein; “substitute phenyl group” is understood to mean a phenyl group having

~ one or more substituents. A substituted phenyl group may have substitution pattern that is

25  recognized in the art. For example, a single substituent may be in the ortho, meta or para
positions. For multiple substituents, typical substitution patterns include, for example, 2,6-,
2,4,6-, and, 3,5- substitution patterns.
[0034] As used herein, “a filler” 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

30 filler often is included to achieve a desired purpose or property, and may be present in the
resulting polyester polymer. For example, the purpose of the filler may be to provide stability,

such as chemical, thermal or light stability, to the blend material or the polyester polymer



carbonate, chopped fibers, fly ash, glass m crospheres, m cro-ball oons,
crushed stone, nanoclay, thernoset or thernoplastic |low profile additive
packages ,wobngmr9 pol ynmers, and nonomers. As used herei n, PCHURII2064" may
include materials that are added to nodify various properties of the
product but not necessarily increasing or reducing the volune (sonetines
referred to as 10 "additives”) and nay gl so include materials that are
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i nvent iU8% hergigs' 2 idsse mayinclods mpterige Shat aw Jodep iy mpdidy B%“({“ﬁ STYNeHIRS aheyest er

pol yner, t r (s) can be
P01 YT B Ao R ORAY BRIBHE oFRELARY Bl 1L KEL B BOUPL()
ol ilgon¢ndditivat) amaymiealesrpichyde dndteridldrihat drauesotubbaaridrere adided tbotcup?a spagalnot
limted to, macrocyclic poly(al kyl ene di carboxyl ate) oli gg}msrs having a

st r uct ielime, gp ixgxert prppery such as mgaRiys.dengtyp con ucvvlty,e LRIBOM- B C 30 where A

i oo 00 2 p R T ST PR ComRRRe Qo B P PR B 0™
-8 | OO?pﬂlynEérrePﬁzftlisr a&dodimed adthadnothepalbyeatt stictods|, g GbEIUS o bertivalateanytetialc

poly(1, 4-butyl ene terephthal ate) (PBT) poly(1, 3- glrﬁopyl ene terephthal ate)
(PPT) THetsptiye graneses ofraxiouiaie aratastehgte chepnediitsrs, B samé)ro {pberey,, and crushed

D e hapirRal eralh BRR 03, AT 3%5&&%@?“350%%301%%%0;) PlSter ofi gorers 5

c 0 npr i JOOBH]t Wes GdedHRfein,of “IHi6usbiteatd U QiddTsto 6P RAtheai b e confifddis substrate,

Macr ocyclic pol yester ol | goners may be prepared by known nethods. Synt hesi s
of t he e.g., fiberglass, ceramic fibers, carbon fibers or organic polymers such as aramid fibers.

L. Macrocyclic Polyester Olisomers

[0037] One of the ingredients of the blend material of the invention is a macrocyclic polyester
20  oligomer. Many different macrocyclic polyester oligomers can readily be made and are useful in
the practice of this invention. Thus, depending on the desired properties of the final polyéster
polymer product, the appropriate macrocyclic polyester oligomer(s) can be selected for use in its
manufacture.
[0038] Macrocyclic polyester oligomers that may be employed in this invention include, but
25  are not limited to, macrocyclic poly(alkylene dicarboxylate) oligomers having a structural repeat
unit of the formula:
I

O0—A—0O C B C

30  where A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group; and B is a

divalent aromatic or alicyclic group.



preferred macrocyclic polyester oligomers may include the step of
contacting at |east one diol of the fornula HOA-OH with at | east one

di aci d cwWeopoi/sts7of the formula: 0 0 11 Il 10 C1 C B C Cecwuseign2feédand B
are as defined above. The reaction typically is conducted in the presence
of at |east one am ne that has substantially no steric hindrance around
the basic nitrogen atom An iIIustrat_iglga exanpl e of such amnes is

1, 4-di azabi cycl o[ 2. 2. 2] octane (DABCO). The reaction 15 usually is
conduct[eeBynderefezted siaanidyalid polgasiy dliguesandinhtronglic poby(bdhsitydaid al | y wat er
immscib organi c_solvent s ene chloride. The tenperature of

| h hy|
the T caGEPhaEgpLEAT) JOVE. berune BBUA oS RPIAPRSd: 250, Seb. o. . |
U.sS. P%&@Qﬁ%%ene i&e%%lg&%e}eghtﬁﬁﬁ%ﬁkﬂ’nghgﬂJéeg}ﬁ%9196%{@%%&?5;?1545?5 aHQl yester

ol i gone al'so been prepare I ensatron o acrd

chl ori gelyM phretiafledecns-haghiRal biedl{daysbx9 iy ((REN) okgdnedrs,smd Ropslyester oligomers
bi sg4- hydroxybutyl) terephthalate 20 in the presence of a highly
unhp ndEPBRTISMIBAY0 OF MErepithe aROYeHBPRUNEIAERIF! BRIlS east one ot her terti ary

am ne as,Ariethyl am i Lal i i uch
s ot OTAG VR ISER O PR otibufts S bE sty KA AR, Sl U

U S. P@ﬁ'ﬁ@ﬁred\h}acf@cf@i&,pb@ksﬁeﬁolﬁd!ﬁ@h hfayeiiclade the 5P 42 tordidinger lcastdhedidlart
prepari ng macrocyclic polyester oligomers or macrocyclic copol yester

ol i gonéh%fq®ui&i{éeﬁﬂl§ﬁéﬁaz@aﬁﬁQi@éﬁa%P@lég%?ftbélmeaé in the presence of
an 25 organotin or titanate conpound. In this nethod, |inear polyesters are
converted to nmacrocyclic pol yesterool i goness by heating a m xture of

| i near pol yesters, an organic solvapt, and trans- esterification catalyst
such as a tin or titanium corrpound.en]The sol Nents used, such as o-xyl ene
and0o- di chl or obenzene, usual | YClare ubsBanmtCatrt¢1free of oxygen and water.
See, e.g., US Patent Nos. 5,407,984 to Brunelle et al. and 5,668,186 to
Br unel Iveheed Aadnd Bore[a0défjed dbove Ehsmavtidritypicalivissongetalf intthepriesaneabiain t o
enpl oy macrocyclic hono- and co- polyester oligoners tq produce homp- and
co- pol &St eRe HBing taat fias mbéﬁaawi) SJ‘?“%‘QS@%‘? aouRhihe Lasiow pEeB §Ty An

PCT/ USQ £2804 exantpl®b glgc\lﬁlirae néyidl ﬁddia%iég@%?%an@f(%mofﬁé fe@&ion

article, or process tha ers to a nmac pol'yester” ol 1 gomer al so
i ndbudesually ip cbydgtedrundabxuihstartidlly. anhydroRPotomaitidng &t & subscatially stater ififdstjbldhe
other primary ingredient of the blend material of_the inventi IS, a

pol ynerorgams givens suclyagnyathyleng I%feyrﬁa}eitSIaP?rawr%%ﬁ%F Jraedon yRicaliy s priween

e e e T T S
pol yneroed41g Nacroogylieljolyeptet yigintdrs bhvegisebeen peepgeadotia theaoddarsgiiorodfi 4 anat e
' diacid chloride with at least one bis(hydroxyalkyl) ester such as bis(4-hydroxybutyl) terephthalate
20  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. Patent No. 5,231,161 to Brunelle et al.
[0042] Another method for preparing macrocyclic polyester oligomers or macrocyclic
copolyester oligomers is to depolymerize linear polyester polymers in the presence of an
25  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-
esterification 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. Patent
Nos. 5,407,984 to Brunelle ef al. and 5,668,186 to Brunelle et al.

30 [0043] 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



conpounds are the preferred catal ysts, although other catalysts may be
used. For exanple, organotin conpound 1, 1,6,6-tetra-n-butyl-

1, 6-di st avmar/2333 7, 1 O-tetraoxacycl odecane may be 10 usedperUpa@lozo®r i zati on
catalyst. Oher illustrative organotin conpounds include n-butyltin(lV)

chl ori de di hydroxi de, dialkyltin(lV) oxides, such as di-n-butyltin(lV)
oxide and di-n-octyltin oxide, and acyglic and cyclic nmonoal kyltin (1V)
derivatives such as n-butyltin tri-n-butoxide, dialkyltin(lV) dialkoxides
such astlthrwiselstited, th abdJintkint of Hedmpasitonaadicle, Br phoedss ithit ydferd-ts b ameocyclic

1, 3- dloxacyclohe tan? and trlalkyltln %IkOX|des such as tributyltin

et hoxi delyesigpoligomger algg includes qoqpolygstexsmbgdimentsogs t o Pearce et al. [ 0045]
Al so, trisstannoxanes having the general forrmula (I) shown bel ow can be
used adla Rdlymerizatign eatalystsal yst to produce branched pol yester polyners
(1) R

G o prDOEH, T eri sl dnsicaiatof e et B ehron T i epdieh b Brbmeragfiaf .
or ganotchdlys NPRIBSISmtitdtioh RetaBaReha mdybdmotdd ih tisiaventlml Secaablhs used
as a polynerization catalyst to prepare branched pol yester polyners from
macr ocycatailengibb peb’n@rlzaﬂqrngrtbfr macwsthcmolmeoqlﬁmg AFS@WhJS@lEfoZb%AYt 10
R3 0 R3_Sn ? |>1< 1ned as abo%/ é0047%5 t

tit anatPtEHIP ?erféym?r&‘?%’(“?“é’%%HCWé’ X?F‘)er? OIS TE4RHP A SFRABRYANY Ft anat e,
t et r abybypoudstdré e r&ferrdd @Iatauygt@meugpmam% 34 fBy bOBscACRE ekarhplemul a

(I'rr) shown bel ow can be used as polynerization catalysts. (IIl) O Pl4

organotin compound 1,1,6,6-tetra-n-butyl-1,6-distanna-2,5,7,10-tetraoxacyclodecane may be

10  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.

15  Patent No. 5,348,985 to Pearce et al.

[0045] AIso, trisstannoxanes having the general formula (I) shown below can be used as a

polymerization catalyst to produce branched polyester polymers.

D
R, R,
X
R R, O——Sn—O/ O Ry
\/ /]
Sn CH2 R
/\
R;

20
where R; is a C4 primary alkyl group and Rj is Cj.jo alkyl group.

[0046] Additionally, organotin compounds with the general formula (II) shown below can be
used as a polymerization catalyst to prepare branched polyester polymers from macrocyclic
polyester oligomers.

25 (I1)



TOR RS / n (RaO 10 wherein: each R4 is independently an al kyl group,
or the two R4 groups taken together forma divalent aliphatic hydrocarbon
group; Rwo081/83C2_ 10 divalent or trivalent aliphatic hydrpcaUB@m206r oup; R6
is a nethylene or ethylene group; and n is O or 1. [0048] Exanples of
titanate conpounds with the above general fornula are shown in Table 1. WO
01/ 53379 PCT/ US01/ 02064 -11 Table 1. arrpl es of Titanate Conpounds Havi ng
Formula (I11) C4AHOQ CH3 C4HI9Q O CHzCH3” "W W (C41i 90 O CH3 C4HO9O O CHZCH3
Di -1-butyl 2,2-dinethyl propaRe- O——but y—25Q-di Bt hyl propane-

1, 3-dioxytitanate 1,3-dioxytiNapate uf CAQQ/0 GB \ CgHo 0 Ti TI C2H5

C41/ \O CHZCHzZCH3 / C4H90 O DiSnl -butyC 2(1 -@mopyl)-2- Di- | -butyl
2- et hyl hexane- nmet hyl propane- ¥, 3\ di oxyf i anate 1\,\3- di oxytitanate CSH 7\ /O
CH3 CBH7Q/ CAHA Ti Ti C3HR/O @ C8HF C2HB: Di (2-ethyl- | -hexyl)

2, 2-di net hyl propane- D (2-ethyl-1-hexyl) 2,2-diethyl propane
1, 3- di Qxrd RaRYelindd B HoQxytitanate CH7 CBH7CQ OCH3 \ CgH 7 0 WTi CA

[0047] As for titanate compounds, tetra(2-ethylhexyl) titanate, tetraisopropyl titanate, tetrabutyl

5 titanate, and titanate compounds with the general formula (III) shown below can be used as

N
T

10 wherein: each Ry is independently an alkyl group, or the two R4 groups taken together form a

polymerization catalysts.

(1I0)

divalent aliphatic hydrocarbon group; Rs is a C,. ¢ divalent or trivalent aliphatic hydrocarbon
group; Rg is a methylene or ethylene group; and nis 0 or 1.

[0048] Examples of titanate compounds with the above general formula are shown in Table 1.



CgHI 7 O C3H7 CA/ O Di(2-ethyl- I -hexyl) 2-(1-propyl)-2

nmet hyl propane- 1, 3-di oxytitanate Di (2-ethyl- | -hexyl) 2-ethyl hexane-
1, 3-di oxwooamsre C8H'O O C2H5 Ti  C8H1/ O CA D (2-et hyPeT/iuseinesesl )
2-(1-butyl)-2 ethyl propane- | ,3-dioxytitanate WO 01/53379 PCT/ US01/ 02064

-12 Table 1. Exanples of Titanate Conpounds Having Formula (111) (Cont'd)
B/ CHB C2H \ /OC2H HB ACH3 CAAHS 0000

Bi s(2,2-dinmethyl -1, 3-propyl ene) titanate Bi s(2,2-diethyl-1, 3-propyl ene)
titanate H3 /O G—B‘aﬁm—s E)@nﬁﬂbﬁof "Ti8idate/Coayidnn@ Having Forrdlakdll) O O O O

Bi s(2-(1-propyl)-2-methyl -1, 3-propylene) titanate
Bi s(2-(1-butyl)-2-etBybQ1l, 3=pnopyHene) titanan@lg«e{®
T1 C2H5 \0 O O 1-(1-But a{y) 4\ffet hyl -2, 6, 7-tri >/a-
Bi s(2-ethyl -1, 3- hexyl eﬂ?o\tlta te 1-titanabicy I\o[2 2] octane C8H170-T O
CH3 C4HOO- T O C2Hb5 Qi Wi - | - hexaxgy, yleBe®, 7-tri oxa- 1- (|

- But oxy) -4-ethyl -2, 6,,% bu‘%bz zmtéé%a@nabl cycl B['r?‘ag/éiig%%‘m titan

| @H,G4H90-T CH3 C2HS

abi cycl o[ 2, 2, 2] oct ane L3 tita C8HI 70 itanate
C4}‘[9(K /O CH3
CyHy O
i _ K /
J \ Ti C2H5
C4Ho 0 CH,CH,CH, ({ \
C4Hy 0]
Di-1-butyl 2(1-propyl)-2- Di-1-butyl 2-ethylhexane-
methylpropane-1,3-dioxytitanate - 1,3-dioxytitanate
C3H17O\ /O CHj; Can(\ O C,H;
Ti
CgH”C/ (6] CH; C3H17J (6] C,H;
Di(2-ethyl-1-hexyl) 2,2-dimethylpropane- Di(2-ethyl-1-hexyl) 2,2-diethylpropane-
1,3-dioxytitanate 1,3-dioxytitanate
CsH,
CgH7 0 CHj;
/ CgHys 0
T1 /
(/ Ti C,H;s
CgHy7 (¢ CsHy C/ \
CgHj4 0]
Di(2-ethyl-1-hexyl) 2-(1-propyl)-2-
methylpropane-1,3-dioxytitanate Di(2-ethyl-1-hexyl) 2-ethylhexane-
1,3-dioxytitanate
C3H17O\ O C,H;
Can(/ 0] C4Hg

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



T OC2H5 1-(2-ethyl-I-hexoxy)-4-ethyl-2,6,7-trioxa-
[2,2,2] octane 1-(2-Propoxy)-4-ethyl-2,6,7-trioxa-
1-ti tanalweyobkBf®, 2, 2] oct ane WO 01/ 53379 PCT/ US01/ 02064 PCBUBO(OX644

Ti tanate ester conpounds having at | east one noiety of the follow ng
general formula have al so been used as polynerization catalysts: (1V) R7
MR8), R7 7--~, O0r, RT 5 or (V) 0:T§:0~q \'/ JORO_Ti C/ wherein:
each R7 is independently a C2_3 al kylene group; 10 R8 is a ClL_6 al kyl group
or unsubstituted or substituted phenyl group; Zis Oor N, provided when Z

O 1-titanabicyclo

1.

is O m=n = PabRNd Mb@iples dfTitinatd'ConthoandslHavidg Fbﬁmﬂ?ggémoﬁa@h RO is

i ndependently a C2.6 al kyl ene group; and q is 0 or

exanpl es of suchytd t
formula (M1): 15
Hj

Bis(2,2-dimethyl-1,3-propylene) titanate

0 CH,
v }
O/ \O

Bis(2-(1-propyl)-2-methyl-1,3-propylene) titanate

CsH, C3H,
C,Hs

Bis(2-ethyl-1,3-hexylene) titanate
0O

CSH]';O_T'TO

(0]

1-(2-ethyl-1-hexoxy)-4-methyl-2,6,7-trioxa-
1-titanabicyclo[2,2,2]octane

CH,

0]

C8H17O—TTO

0

1-(2-ethyl-1-hexoxy)-4-ethyl-2,6,7-trioxa-
1-titanabicyclo[2,2,2]octane

C,H;

undg, are sheym b as
/\ I\

0] Typi cal
rmdglia (VI) and
\ A0

CyH;

Bis(2,2-diethyl-1,3-propylene) titanate

0 C,H;
Y P
O/ \O

Bis(2-(1-buty})-2-ethyl-1,3-propylene) titanate

/o
C4P190—T'Y97CH3
0

1-(1-Butoxy)-4-methyl-2,6, 7-trioxa-
| -titanabicyclo[2,2,2]octane

/O
C4H90-—Tr9‘ CyH;
O

I-(1-Butoxy)-4-ethyl-2,6,7-trioxa-
I-titanabicyclo[2,2,2}octane

H

CHj
/ 0
H,G—CH /
O_TY 0 C2 Hs
O

1-(2-Propoxy)-4-ethyl-2,6,7-trioxa-
1-titanabicyclo[2,2,2]octane

CyHs

C4Hy



0 OC4 Hg O WD 01/53379 PCT/US01/02064 -14- 111. The Blend Material [0051]
This invention provides a blend naterial and processes for preparing the
bl end rmatveo bak337avhi ch i ncl udes a macrocyclic pol yester ol pPQDUsel/@ncd a
pol ynmeri zation catalyst. The blend material allows for easy production,
storage, transportation and processing. Fromthe standpoint 5 of
applications, the blend material is a_gre-conponent ready-to-use m xture.
The blend naterial rmay al so be processéed |ike a thernoset while producing
a t her nopI9%st Ticanafeussteln eompounds hireinp bhelkedst o heyi¢talof theifailoweing gehdrel foeadlat hat
exi sting equi pment ae nodi fi,ed to allow for transfer of the macrocyclic
pol yestidye 35 Besretsed Apalypsrigationicatalysth catal yst into the equiprment in the
appropriate(gﬁpunts at the appropriate tine and at the appropriate
tenmperature.” I0 [0052] There is no limtation with respect to the physical
formof the macrocyclic polyester oligoner m xed with the
pol yneri zation catal yst as long as the ocyclic polyester oligoner
remai ns substantially chem callf int3act. ne enbodi nent, the macrocyclic
pol yester oligoner is a solid sgpﬁ . In this enbodi ment,
mechani cal mxing typically is\éS m x X he macrocyclic polyester
oligonmer with a polynerization cata t. In agother enbodinent, 15 the
macrocyclic polyester oligonmer is i n therpresence of a solvent with
the solvent remaining present during the step of m xing. [0053] In one
enbodi ment, the blend material also incl@es a filler. Illustrative
exaﬁplé% of such fillers include pignents, light weight fillers, flane
retardants, (dhd ultraviolet light stabilizers. For exanple, calcium
carbonate may be used to increase the thiczggss of a polyester 20 polyner
of

product to inprove its nechani ak/QéTTﬁaﬁﬁ . /Al so, glass m crospheres may
f/t

be added to |ower the density he producty: O her fillers include
nanocl ays, e.g., to increase th dul us e product, organo brom des
in conbination w th antinoni um gxi ©-9-¢ to inpart flame resistance,

and col orants such as carbon bl‘ack or titaniumdioxide. Fillers thus can be
used t ovheprimpar e pol yester pol ynmer conposites. 25 [0054] The filler is

added ge al l.y, bet n ou . 1% and 70% by wei ght, between about 25%
and 70%@gﬁﬁhgféﬁﬁ?nﬁgggéﬁakﬁﬁky35U¥°@%6apd 5% by wei ght dependi ng on the
filber rgnsa N alkd¥pRRH dr hRsubsidicdBr kmsstititéd ?ﬁenyF ugxanpl e, the percentage

is preferably between 25% and 50% by weight in the case of calcium

car bonatie O oelNinpronidedovehed Z6%hyn wei 7htandrwhene/ isaden 610 omlaarsohays = et ween
0.1 @6an§g%@bLn t he gﬁﬁe f pignents, and be mein 25% and 70% by wei ght 30
in theBdse Isfndgpgade Py @?.grf%% A {%196 ess for preparing the blend
mat er i ah307C! Bl Bk AMpIds Bsulh RBHARQRIPoGnddrY SIRIvA below as formula (VI) and

formula (VII):
15 (VD)
HSC_—';' /\\ f/\ —CHjs
K/O/T\O\J

VARV



ol i gomer and m xi ng the macrocyclic polyester oligoner with a

pol yneri zation catal yst. Wien WO 01/ 53379 PCT/US01/ 02064 -15 preparing the
bl end, tweonmsyeryclic pol yester oligoner and the pol ynerpepUs@m2eat al yst
may be m xed together by various neans and in various stages. For exanple,
any conventional mxer, extruder, or blender may be enployed to m x the
macrocyclic polyester oligomer with thg, polymerization catalyst via
agitation at tenperatures below the nelting tenperature of the 5

macr oc\tl.i ¢ Ticd Blead Mateliabjonrer. This process may be conducted in the
presencg or absence of an ,ine%&natnnsphere, such as a nitrqgen atnosphere,

and pr dP&Hd b hisaveatiompeyiden ryaterea apd progesses fopprappring ts ek matgyaly| so
be enpl : i j i : L XJ | i yest er
ot gonerer b RdpeR hibrdclul} i Bk Hnad Ry BB LAENG. the OISR
and t henateris alld@s fier easyprodudton, vbtage rtesppartation ahd erocyngofFroml the fandpoadt may
be used other than that the solvent is substantially free of water.

|11 st PAePRASaiQusyHheddenst matsriglds pongeampragnt padyterues @ixturs- (e blendyaseriagln

i ncl ud - i - t
bonz end St Ao SEARAR  tbARRGO RN LrodBEk §¥orrlBhy. Blrehnlffs 2 biend
chl or ofnvdtenial [c0BGdtesTthe heed thatexidtingie aiphent bd inbdified pesllow fortth@srofithe of

solvent to be enployed other than 15 that the amount results in a uniform
i xi ng "Acreqyeligaelyedss Aligemgnhanda palymerizajionsatalstinthibe eguipent inthe i on
cataly L f i ster oligoner
wth ?%8“%@?%2@?%@2@?gﬁﬁggFgﬁeg?ﬂkgQ&%%ﬁg r@%%%%ﬁﬁg§9g¥§éct renoval of

t he0sol[0esn] VIilereisapdimitativh With rdgedd tethi phi<itdl Gsrnydfxhaddicidcelicpol ydreer

m xture into a nonsolvent. In_ another enbodi nent, the blend of solid

i ngr ediokigemer when mixedywigh the polimersizater ety s neasthamaarpyalistrohestehel ow

the ne'otlii[g&%egx(% a%gps%gﬁ&fdlfaglg%?mz%ﬁ}/ Plﬁlléfg?r{ gxﬁe;etrﬁlg)o%xhgﬂp ﬁl’é%{lat/{r}oﬁcp/?fcici écgg%iter A

nmacrocycFrc pol'yester o enove resi-dual s
proces sligomepisepalitl BGcH dye pvated. Iethey dnilodirédth@ecHaaichn@iahg typasily ¥iged to
filler, or any other additional material, is generally the sane as

descri 5y thhegerocydinegpbiester plogameruth @pelymerzation catglyst. f n anethep pmbegdiment,
ddit i i al : i der houl d that th
addli "?ﬁ'ea}na{E’Ii%E ] %ﬁ»y@gg@gfélgo%egﬁgﬁ&%{%g%e O;}r%se%cé)&‘% s Gert O rt§é5 ?@9? a €

25 macrocyclic 6 meri zation cata Iﬁe filler,

any ad@ehhidhd preheduralg(the stepodhikingol vent, if used, may be mixed in any
order or sinultaneously as |ong as the final conposition contains the
appr oprl0833 desuarembpdieagsnt theblead matarial plog 8wjudes a fidler Hluptrativieexamplse obf t he

i i 1D di f fill 0. i
bl end. At kBB T s BE BLEs Ahe Bhaupdnis,dnd sl Prvidhe B o
cat al ystabil3RrsUHop eRaripleCdaldit@l capbonb@tn®s) rRtUied W iHrcasdtie EHTBGREIIBIH pdliester

conposition, article or process that refers to filler in singular also
i néPud@slyarerenerbit tpempravedtsanechanisaloperippmancgi #flea, @hass frii¢roepheresmeay be added

to lower the density of the product. Other fillers include nanoclays, e.g., to increase the modulus
of the product, organo bromides in combination with antimonium oxides, e.g., to impart flame
resistance, and colorants such as carbon black or titanium dioxide. Fillers thus can be used to
prepare polyester polymer composites.

25  [0054] The filler is added generally between about 0.1% and 70% by weight, between about
25% and 70% by weight, or between about 2% and 5% by weight depending on the filler and the
purpose for adding the filler. For example, the percentage is preferably between 25% and 50%
by weight in the case of calcium carbonate, between 2% and 5% by weight in the case of
nanoclays, between 0.1% and 1% in the case of pigments, and between 25% and 70% by weight

30  in the case of glass microspheres.

[0055] A process for preparing the blend material includes providing a macrocyclic polyester

oligomer and mixing the macrocyclic polyester oligomer with a polymerization catalyst. When



enployed. Simlarly, unless stated otherw se, any enbodi nent of a
conposition, article or WO 01/53379 PCT/US01/ 02064 -16 process that refers
to fillemsoonsyhural al so includes an enbodi ment wherei n paEUbdd2e64 | S

enpl oyed. [0060] In one enbodi ment of the invention, the anount of

pol ymeri zation catal yst enployed is generally about 0.01 to about 10.0
nol e percent, preferably about 0.1 to out 2 nole percent, 5 and nore
preferably about 0.2 to about 0.6 nole gércent based on total noles of

nmononerprémpiagihe blohd, shemhadrbeydie pobeytet dligoptr Yad therpolinh Giiaaon cdt@gstihay be

Al t hough, dependent on the particul ar, conposition of the blend material,

bl end TrixedFqesthst by parequsimeans Apdin vagioghapges| Fpeexpamde.any gonangenalmpizer, a
week, e . t . efierably. er than
a year & e@érs{nﬁé@gd%ﬁ a&%‘gi%;en r%{lat%g rtrggrla urrgécrﬁl(g'g’[lggégfsq‘%tdll W %’ﬁtilhﬁﬂghe scope

of the poywedtzation tDalgspliOYitNen at Wwhperatures Bel6W ftieemeRing t@apatamrd gahé on
catalysts in ﬁreparing a bl end of macrocyclic polyester oligoner and

pol ¥ nerPacEeqyshc pelyestgrstligomsr. e Ekis prreessnanbd songetee in e pegsaneseor ahpgnce of an
enbodi Ltion [ticl r._Rproce that refers t
pol yrr:e?ig é}{a?%ﬁs%%ggp ?f@%gﬁsﬁlt@ ﬁ%@%‘ﬁ“ﬁ’%’ lgeirgoanl RCT %réglg/ Vba]H}ee%lg H}S'}%%?ry wherein

two or copdigiogs.f ferent polynerization catal ysts are enployed. Simlarly,
unl ess stated 15 otherw se, any enbodi nent of a conposition, article or
procesd09¥dt Asplent mey gov heremploaed trassisbinghe enifarm piximgof the swcraspélides an

enbodi t Wherein on I rization catakyst is,enployed. Two or nore
pol yne E%P at ﬁef)ﬁh%oéltl earl‘vg}[ tglg Ré(}enﬁélzgté%cattaﬁy%‘ar énf’ 'ﬁsesoll\é n’gs ccﬁ%%ﬁ cﬂs‘f/q’r@flfl ?éelr? Bn and
t 010Pr QRUEEIARINWAESH REfecitd the Yitel AR eAEBASRS 1f ustd BfehiHag thdt Yhe N aneisM zi ng
Macrocyclic Polyester A |ﬁoners 20 [0063] In sonme aspects of the invention

var i ousupstentiadly dice f svatanp [lbistativeexaniplasex isolaerts thaporay by chiptoysdliy gt er

ol i goner. FEor.many of . thes rocesses he . uni qu r rties,of th

mmr ooyt EoR e Brend Sl STREnet Bl MetBeRREk G poiehf duvene.
advant agenesd, ¥hlordbeaha) divhloidmetmeNaid dil¥fopms! y contenpl ated that the use
of nacro%%flic pol yester oligomers wth these processes would in any way

be advdf@¥deoliere B30 looBatjon with sespest tnthe @gwaniofishbtenttodiecamapl oyedentherl thans

descri bove is enployed.in these rocesse however .. dependi on the
apBt1 et 4R i FpeSIIP L G S PR o5 SRR e yrets ieOp 1 the

cont enpodinfdizafied ctAystP 1P 6RS&RBodimeld) iebléhd BFRARSNELEE pRYEHETIRonRL hamer
and a catalyst are provided, it is possible to provide themseparately.

For exdhppadymaripationceiplystispsslgted eisher blyidgreetarmaval of thessoditons viacaapdsatiaidered t o

AL NG R M SE R T U
cat al yif s6ladinRfedienieis Fgrthd? QYie@ BIAAMEEnt Bt AevVaBAGEIMBEraMBSSRIow kite hltiRL SO
contenpl ated that the bl end
20  temperature and the polymerization temperature of the macrocyclic polyester oligomer to remove
any residual solvent.
[00S8] A proce}ss for preparing the blend material further having at least one filler, or any other
additional material, is generally the same as described above, however, the characteristics of the
filler and/or additional materials must be considered. It should be understood that the
25  macrocyclic polyester oligomer, the polymerization catalyst, the filler, any additional material(s)
and/or solvent, if used, may be mixed in any order or simultaneously as long as the final
composition contains the appropriate amount of each ingredient.
[0059] It is within the scope of the invention to employ one, two or more different fillers in
preparing a blend material of macrocyclic polyester oligomer and polymerization catalyst.
30  Unless specifically stated otherwise, any embodiment of a composition, article or process that
refers to filler in singular also includes an embodiment wherein two or more different fillers are

employed. Similarly, unless stated otherwise, any embodiment of a composition, article or



material can be used to provide a macrocyclic polyester oligomer and to
provide a catal yst. WO 01/53379 PCT/ US01/ 02064 -17 [0065] In one

enbodi mrewo oasprocess for preparing a high nol ecul ar wei ghtT/psdyesdder

pol ymer includes providing a blend material having a macrocyclic pol yester
ol igonmer and a polynerization catalyst, and pol ynerizing the macrocyclic
pol yester oligonmer. The blend nmaterial,may include a filler. The filler
may al so be added prior to, during, or "after the 5 polynerization process.
Any r eacddessthaereses tonfaljerben plopl elge thddtet an smbudistemntvhedeinyorenfdier id 0 t he
ingredig&#s 8f the blend material. [0066] Generally, the reaction vessel is
char ged ™% he bl end material . Pr eferably, the macrocyclic polyester
oligo i I j ] . ' ] [ d

an ol cyoqlr] P ohTRIbein A oF B8 ih bR A ERADART phmRRMES] (hol B LBREALE, g
t 0 abo\gendraldy atelut 019d td @b@ai1I6t0 moleipgerdent; preferable abomti (5T ausboan? nddpdreent,
mani_pul at ed easi_er in_processing. Subsequently, the tenperature nmay be

mai At aitRe &8s Prefpliy sbauth? fanhopse-a %ag%%mﬁe@ c?mfe%m%ﬂw repeat

reaction: [Ecn‘gg is supplied to nelt the blend materi al
at abo&?ltigg%e?gh%é gutgggg%?erotggg#g}fabl y about 160 C to about 220 C, and
mor e priedai] abAyhabdepdBRnCort the phidulal O6Hapdsition ¢ff the Blead atterind el e

pol ymeri zation.  Stirring may be enpl oyed under an inert atnosphere in 15
order tRptEHaRE2HY P%‘Bg iazhelf §fe gmerali lopger bay aweskppndypseliesblyolongaithan 2 o
pr oduc i |y, [ '

pol ymﬁi@?i%ﬁﬂéggggg@{égﬂgﬁ%&]ggg 2 vg{“lhr{t;sstg%gra g%&?hmgﬁl te Iﬁltttadrilgenbodi ment ,
t heOpol[ge62]i Zais withihsheange of e invedton tonhplobi®)3wber eroré BFrdnt Exanpl es of
pol yesters produced by the processes of the invention include

po: y ( etPRPIMsiEat eqidly Fampreparings blend @fprQSmMCbﬁ eolyestenpligesented |
1, 4- i .
o b EOF 0 PRI Sh sl Qe et SR SR TSIy E0%,

copol yeasticks Sr Lro0gek ittt R€feiswo pOIymTBiL&i P catalyst BDONE AP REIudéLRERhbIdnE St
[0068] In one aspect of the invention, articles are produced using the

bl end réeegin fvo pwinore ¢ifferapt pelyperizgtionesatalysisage Pfﬁpl@dﬁgoﬁma}?dl}’r whlessi stried

nol,di n i i i i en, i: r i Il . Wi ndi ng,
pouder sk b criloulh o7 ol Baloh oI S prlBsS i rerers o WM ATERIAL o0
conpr esafabit iPlahangso felddewaRpRbodmenivRdreil dhe P lynddtitaioh E4tal§itaflembloe®r in
some cases W thout reinforcenent. The only proviso is that conditions

al | ow floyo emsoisgio)raerizatien exalysts mey bs|useditorary therate iof galymsrieatignamndiei ght

pol yest h i.ng. r al f such processes require that the
resin tpgédﬁlgggglggggéﬁgh‘é%‘age “%8%3%%8 %%‘/?hg%si ty; therefore, conventional
therm)gk,astipc 3 t viscosity are not suitable for
processi'ng. ~HoeiEne o OE aNc 1Ol etol B e 1a0n er81 i gomers have | ow nel t

Vi 960Si[#063] In some aspects of the invention, various processes are employed to polymerize a

- macrocyclic polyester oligomer. For many of these processes, the unique properties of the
macrocyclic polyester oligomers make it possible to use these processes advantageously.
Generally, it was not previously contemplated that the use of macrocyclic polyester oligomers
with these processes would in any way be advantageous.

25 [0064] It is not necessary that a blend material as described above is employed in these
processes, however, depending on the application, use of a blend material may be advantageous.
It is contemplated that for processes in which a macrocyclic polyester oligomer and a catalyst are
provided, it is possible to provide them separately. For example, a macrocylic polyester
oligomer and a catalyst can be added to a reaction vessel at different times, or via different

30 mechanisms. As another example, a mixture of the macrocyclic polyester oligomer and a
catalyst can be made as they are added to a reaction vessel. It is also contemplated that the blend

material can be used to provide a macrocyclic polyester oligomer and to provide a catalyst.



WO 01/53379 PCT/ US01/ 02064 -18 [00691 Al so, in processing conventional

t hernopl astic resins with such processes, the cooling of the nold after
processi moObysBequi red to solidify the nelt. Denvol di ng carCDhDusawo2oéd y after
such a cooling step. This results in | onger processing tine and increased
energy usage. However, nmacrocyclic poly(1,4-butylene terephthal ate)
oligoners, for instance, polynerize at ;8 5 tenperature, from about 180C to
about 200C, that is lower than the nelting point of the resulting
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terephtﬁalﬁ%e .Bas a favorahle crystallization rate even at such

t enper ARGPEES Pravidnge alend matgrial yiigs pageexclic pelygsaroligoper and 2 zes wi t hout

P . . a1 . re o
Cone  SobferRlitn BucOY B PAMERARE B AR ARKIE BRI b o PHIRE |10
10 [ 00 7terial nappihyludga fibier. oThecfilier npg! atesbicerdded pgomn®r uring, bhefigaeesses
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may- be PABERSTEEBIIRN PIOSpSn digeashion essshiay be employedthahissybsiantiadly pesr{ osther

ol i gon?ﬁ%redi H@o@a{e%lgnﬂfnattenglar esulting polyner, and the polynerization

process enployed, fast crystallization may need to be induced by cooling

t he nol[006d)er@enerilhe thepohdtior vegsal isehaged 0shshoblend hRttriakOPrefargilange, in
general, high nol ecul ar, weight poly(1,4 15 but gl ene terephthal ate)
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pol y(e | ' . ' N : . ,
L L R s I S

pollgmempsinay & tecomed lepgvipcus andcghiey mhﬂpﬁlatdﬂ%asi@xoih)p?@feisﬁﬂ%i Sitibse gl adher €
but does not crystallize at a favorable rate, agents, such as nucleating
agent s [CPRratyre @ay b mairdaiped an iariepsedity ditista pnd eoraplsiedhe polymgrigatinssreegiione

t he polyester I rs .20 haye nel t.i int .lower t ohhe o

oot y ot S5t FigRBuENSocd7 wibRG b b HeRBodri bl ARG about 250°C,
cryst alpkdférmblydbodf 1407€ fo@Buht 1200CP ahd/ £t Lpre R RIout | 9O fo dHduPN)°C to
enbodi rent of each of the foll ow ng processes involving a polynerization of
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repeat units.
[0068] In one aspect of the invention, articles are produced using the blend material (with or
without fillers) via injection and rotational molding, resin film infusion, resin transfer molding,

25  filament winding, powder coating to create a prepreg or film, hot melt prepreg preparation,
compression molding, roll Wrapping, water slurry, and pultrusion with or in some cases wi’thout
reinforcement. The only proviso is that conditions allow for the polymerization of the blend to
form high molecular weight polyester upon heating. Generally, most of such processes require
that the resin to be processed have a low melt viscosity; therefore, conventional thermoplastic

30  resins that have high melt viscosity are not suitable for processing. However, macrocyclic

polyester oligomers have low melt viscosity.



WO 01/53379 PCT/ US01/ 02064 -19 liquid substrate and a solid substrate such
that no substantial anmpbunt of air or other gas is trapped between the
i quid swevr/si3e and the solid substrate. "Fiber" nmeans apgT/watieni@ with
sl ender, elongated structure such as polyner or natural fibers. The
material can be fiberglass, ceramc fibers, carbon fibers or organic
polyners such as aramd fibers. Fibere1 ay al so be grouped to 5 forma
"tow' or "strand". A "tow'or "strand" iS a group of fibers together, or a
bundl e [6069] i b&l’ss,, in prddesdingicenvestiaal yheywaopidstiertinswib lseclapmdcdssss, the dsaMngot
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ar e hoterystalligetien rajenin et Wheye die paixestes pplymersthipae gmarling pelahhighentharethe
r epeat t%g%yvr\rnletrgattl hnete%g)grr?atfrg %'HP crlrc?e@tnoE & egilgd Gt anc(r?]rtaté| rﬁggggéeg %) F]%c?ltﬁs Ql%atmg

The ro ion'ra Xes a en o]

or i ent apéms) viich heilitab dry;selﬂeman ma9 e ehip'l’@eﬂ Ol @RePWherd MheSpdlydddr @eﬁ/neers
uni f orm coverage inside the nol at can be applied in the formof

ex2@r ndrvgameftingmsint lpwer thag éwermﬂyrmre@twn teaiperatird, ¢oling ignasded wl ringmbdoused.
e t yp?ysmlza%‘lég :()’)?Zh% rePsCTt/u%JgSIg)o]l{/eos e(%%%lymer
[0071] In one embodiment of each of the following processes involving a polymerization of a
macrocyclic polyester oligomer, no cycling (i.e., cooling and heating) the tools (e.g., the mold
and/or other equipment) after polymerization is complete, is conducted. In another embodiment
25 - of each of the following processes involving a polymerization of a macrocyclic polyester
oligomer, some cooling is conducted. In yet another embodiment of each of the following
processes involving a polymerization of a macrocyclic polyester oligomer, an extruder is
employed to mix and deliver various materials needed, including the macrocyclic polyester
oligomers and the polymerization catalysts, to the desired place.
30 [0072] The following general definitions may be helpful in understanding the various terms
and expressions used in this specification and particularly in the processes described below.

“Wet-out” means a process to cause a physical state of good and sustained contact between a



-20 of mold is made of alumnumw th a wall thickness of/4 of an inch.

Fi ber reinforced plastic can be used as well. [0074] In one enbodi nent of

t he i nvewoons33a process for polynerizing a macrocyclic ppCy@stiénocdol i goner
i ncludes providing a macrocyclic polyester oligonmer, providing a

pol ynmeri zation 5 catalyst (or in the case of a blend material, providing a
bl end material having a nmacrocyclic quyester ol i goner and a

pol ymeri zation catal yst), |oading the macrocyclic polyester oligonmer and

t he polligmgt substrate and asalid/sitbs(rate sich thhencarbstantdial amoheanel aipéresthealgas isaaapipad)
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poI solidifjes intg a solid at the polynerization tenperature, [0075]

o FaTh 3 I T, “Strmd ’rra%‘r‘fa&yet T5rapdi | 1§é§f‘§}9 Jifhgeiepetherd of yundle of fibers,
pol yne »t{]tﬁat hRMs sl %"(“Q?Pac hsearta' rrm%fﬁdt%le)twis%gl %&@&%%%g&%g%d

I'n anot her  erb rocyc I'c polyester omer an
pol ynerbezedvieanr kmtttaﬂ y(sfor(ncfabmdsne Alacidfiemtoe bmkl&r”l1§re’se£brl gihtteousad fotmabl d with
t he tenperatur being substantial |y t sane as

f th I
pol yne@?‘%&‘f‘?sdﬂ?%g%é?lgtﬂ}%é? togethesn e “iabas ousfemsnt is ap ﬁésemhdof %b%@wwm/@rd
before g6, }%@[ogef?)fer h@?élgé%et?%)?g%feaéaﬂy,rf?o‘ép refch'Htoﬁ Pt Bery gﬂmqw@tttld the

nol d tenperature i's coole e next r proces I ng n one

entodi negethertwith vaplods ta‘skﬁ'&ts&tt,@dpabmgg isn@bernaeridl Buehnat daeionefitied,dil4ss Miber, t he

nold is rotated 20 E two or npre_ axes. [0076] In_one enbodi nent, the
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be rempved fromthe nold at 25 approximately the tenperature at which
pol yneritesticlgness shat gHawe mudtiple ppqured layers i stirkrto opp aentheniuring gesembly Scycl i ¢
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ave“a nelti1ng poln 'S much
Iomer tpheuesdedas kidwit he“dpapeyrer i zed PBT/PET. Pol yrmeri zed PBT/ PET nelts at
about 220C to 240C depending on the PBT/PET ratio. As a result, the
pol ymeri zed PBT/ PET 30 crystallizes and can be renoved fromthe nold at the

tenperature a tion is conducted. WO 01/53379
Lemperat ure 2t WRERGRRANIBIdidE

[0073] Referring to FIG. 1, rotational molding is a process for making hollow thermoplastic
20  articles, such as a wide variety of articles including fluid storage tanks, tractor fenders and 1arge
children’s toys. In one aspect of the invention, rotational molding is used to manufacture
articles from a macrocyclic polyester oligomer. Typically, the process begins by placing a
macrocyclic polyester oligomer and a polymerization catalyst in a mold 110. After closing the
mold 110, the mold is rotated about two axes 120, 130 simultaneously so that the contents roll
25  over the intended areas of the inside of the mold. Heat 140 is applied to melt the macrocyclic
polyester oligomer and the polymerization catalyst. After the macrocyclic polyester oligomer
and the polymerization catalyst are melted, the rotation continues until the content polymerizes
and solidifies. 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 thermoplastic part.
30  The rotation rates about the axes are often controlled so that the orientation of the mold takes a
long time to repeat. This provides a uniform coverage inside the mold. Heat can be applied in

. the form of external gas flames, but internal electrical mold heating can also be used. One type



[0078] In one enbodinent, a filler is placed into the nold in which it is
m xed wth the macrocyclic polyester oligonmer and the pol ynerization

cat al yst won1/5330¢ her enbodinent, a filler is mxed wth porUsEEROGyCl i C
pol yester oligomer and the pol ynerization catal yst before being - placed in
the nmold. In yet another enbodinent, a filler is part of the blend
material. 5 b. Resin Filmlnfusion [00?8] Referring to FIG 2, resin film
infusion is a process for making plasf conposite articles that are
predononaid ¥ rhad@t ofAlurRian WiEie a g thRdnRFYE . AsTtaiih@d Hib@trbin&YeedPastic can
illustrative exanple of such articles is aircraft wing skins which are
typi calbbysqurlhct ed of a conposite made with carbon fiber and epoxy

resin. ({'(&83 &%}gf t?e nventt resmﬂlgiinfusionis 1.us§1dto
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catalyst is placed in a nold 220 that ~ has a |l ayer of dry fiber 230. The
mach ocy@tlalyst (ooliryhstcase @ﬂ 4 l@jmrbmaﬂeaylepromdmg & hlead atgriah havnga nbaercmelrrc t he

| ayer of flber 23 the mold rfac

noat ed PoBESqteies ana POber et gL AL At B syt holepict REBIESE whi ch
then i ghyaRs g%&lia%n@étﬁlyﬁt' B the chRYWFh bl matsial lo¥diMPAR! blend RafeBiapr €at ed
by a vacuum'2 on the other side of the dry fiber layer 230. A vacuum bag
270 mayntbe malddavingeatdhembey, rdtatingstba mop@along anleast nael akistand dwatingethe azaldwr  bag

270 and the mold surface 240 After the.conpletion of pol ri,zation, the
part | SUSPERER SudiBr BBt Aeonoin 2ht ROSURETEAH FREFOPI MENBOHE 1oB%0] I n
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20 includes providing a imacrocyclic pol yester oligoner, providing a

pol ynetémperatore afghapglymefioationiand thewesdtise polfymar Bxbleinﬁiesnatoefsoakl at theovi di ng a

bl end na erial .having a macrocyclic polyester oligoner and a
pol ynePP W’&ﬂtl%ﬁeg}f\%@‘)‘re | oadi ng the macrocyclic polyester oligoner and
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t he bl end terial) into a mold having a dry Tayer of fibrous materi to
f or m a (d)Ia!ﬁe blehémmmll sdediimyo & achrmain‘i fri orothes eﬁf&odmteat ithd macrdcyelisypol yester of

h h | d h | :
FOF 81 ng AL OE PRDTET I GSRYS: (o RS e ehgs Bot oot o8 HVIBAERS) yst
t 0 I Nf YSEHdritLR: e FHOYd beifY %bs%tlfll'l}bﬂhg ‘é§m9§§ ﬁfe'p%lyméf}gu&?ﬂﬂp@ﬂitﬁrge IBh& Or

otherwi se to cause pol ynerfzation of macrocyclic pol yester oligoner.
In anotehmodmnﬂm,dhemmﬂd istrioe coalédiséfore tbc stae$>£ thesnekapriokbéssmgedyndt dn anethanpl e,
by a press r d froma.vac The resin | ayer co | d al so be
bet weeTPALIRTAY lsmperate it et P ReRext 191G Of PRECH U dBA r essur o
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i nfusion. The resin [ayer does have to go agai nst nol d. Because
t he0r ealomgftwb ror aforé hxesmacr ocycl i ¢ pol yester oligoner nelts to a | ow

Scos WO 01/ 53379 PCT/ US01/ 0206
vi I[63/7 In one em % 1J?nent the macrocyczlh

c po?yester oligomer processed by rotational
molding is 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 solidifies and can be removed from the mold at

25  approximately the temperature at which polymerization is conducted. '

[0077] In another embodiment, the macrocyclic polyester oligomers are macrocyclic PBT/PET
co-oligomers. Macrocyclic PBT/PET co-oligomers have a melting point at about 180°C, which
is much lower than that of the polymerized PBT/PET. Polymérized PBT/PET melts at about
220°C to 240°C depending on the PBT/PET ratio. As a result, the polymerized PBT/PET

30  crystallizes and can be removed from the mold at the temperature at which polymerization is

conducted.



liquid, infusion into a fiber is easily acconplished. In one enbodi nent,
the process also includes the step of renpbving the resulting polynmer while
the resuwongsy® yner is at substantially the sane tenpeprar/use/best he

pol ynmeri zation and the resulting polynmer solidifies into a solid at the

pol yneri zation tenperature. In one enbodinent, no cooling of the nold is
conducted before 5 denolding or before,the start of the next round of
processing with the nold. In another é&nbodi nent, sonme cooling of the nold
i's conqoesyd laehe rembdaimdndallets placedsinr the @fold hewhiek it is ifixedwith the
processing. [0081] In another enbodinent, a filler is placed into the nold
i n whi éracrecyplic pelyestengligamenend tha eplympeizationgstahestt By angtheg smbpdimeat.tanfller

pol ymer | i1Qn:cAat \ . B i i r i ixed with
he madt SO Batbcyeh pAIBiigERP R WE o ez conabihe bR 888 o)
bei ng plaeeth ihe nidle. BoVel andbthey@hbainaties fitlebiegan®the lerfd hhtefiali s part of
the blend material. [0082] In one enbodi nent, a macrocyclic PBT oligoner is
pol yneri zed yisi NREEEFNESIntudibn M | Nfusi on processes described here. [0083]
In one enbodi nent, a macrocyclic pol yester oligoner powder prepreg is used
i nst ead0®19] 1WefehmgftaBlGc2,aemin fibsinfubiay & sprofess dowdeakipg plastigedmpdsites case

i b i al, Iy fib th h b i ith
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is used ina resin filminfusion process. A prep may
uni di r estdeoyith casb@pfibey ant ep@giresine In opr asgecitod the iovettien; resia fdmsinfisbunt ie d

al one, direction. 20 [0084] Typically with resin fi]minfysio
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of nelted conventional thernoplastic materials an oor_ i nf usi
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char actgprespitaslapenad dry fbenfsOsad the maldesuriass 240G The rﬁﬂlfi@ﬂéﬁthﬁa bewed i _
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pol yester oligomers can”be processed using a tesin I'm 1 nfusion process

t 01pr odaee230,tusedlyopdast ferce reatbd B b &@c 0266 66 the[ (PRI 3]delof tidty €ibepHiysEeNt |
a unidirectional prepreg is in the formof unidirectional prepreg tape
whi ch 2381 ddesuamdree(’0 grayrhegised togrther wib atsealf280impintgined bpfavegn the Yasaumheet
formb fi re d egnat.ed wi nmacr clic | yester
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20  includes providing a macrocyclic polyester oligomer, providing a polymerization catalyst (or, in
the case of a blend material, providing a blend material having a macrocyclic polyester oligomer
and a polymerization catalyst), loading the macrocyclic polyester oligomer and the
polymerization catalyst (or in the case of a blend material, loading the blend material) into a
mold having a dry layer of fibrous material to form a layer between the dry layer of fibrous

25  material and a surface of the mold, heating the mold to melt the macrocyclic polyester oligomer,
forcing the macrocyclic polyester oligomer and the polymerization catalyst to infuse into the dry
layer of fibrous material, and heating the mold or otherwise to cause polymerization of the
macrocyclic polyester oligomer. In another embodiment, the infusion process is facilitated, for
example, by a pressure generated from a vacuum bag. The resin layer could also be between the

30  vacuum bag and the fiber layer. Thus, the reduced pressure generated by the removal of air

through the vacuum system facilitates the infusion. The resin layer does not have to go against

the mold. Because the resin film of the macrocyclic polyester oligomer melts to a low viscosity



[0086] Referring to FIG 3, a solvent inpregnation nethod is inplenented by
running fabric or fiber tow 305 through a solvent bath 310 containing a
macr ocyclwe@opsdsyest er ol i gomer and a pol ynerization cat abgeusSoilizecs
concentration of macrocyclic polyester oligonmer is typically 30% by

wei ght. The solvent is used to reduce the viscosity, which allows easy

wet -out of the fabric or 5 fiber tow ?_,9? The fabric or fiber tow 305,
wetted with the macrocyclic polyester OF'igonmer, the polynerization

cat al ysiguidaircfusibe irteh \fidsi is chslyt dvedmplished P deecerhsodikhymtNthe Preuess3dibo eardes n
the 'solvent is flashed off. The macrocyclic polyester oligonmer and the

pol ymetheser ehregovingthe resplbingipalygner (walefthprepelting pelypsr istaywilstantialy ghef abri ¢
or fib e . . unk. ;of tinme
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tack. Tobmnasiutién Rinpefilrel BObitesmBEdifeAtens 8boldatofitlfe hbRISHeshdiicted bERgs, the
paper sheet 320 is rolled together with the fabric or fiber tow 305 to

f or n a dsmepstiegonpefprehpprt phikinyt pad of pspisig wigh thRangld e pr @ptiarocess.
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pol yester "ol'i goer a ynmerizatron ca orm-a prepreg

i ncl udesudd¢f ;gbe@psin@f di ssol ving a macrocyclic polyester 15 oligoner and a
pol ymeri zation catalyst (or in the case of a blend material, dissolving a
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material is a fiber tow. In another enbodi nent, a rel ease paper backing is

provi dedpcadén tieaedd. lipyet aapthercgmbadimentag filley/is ppe op leydetdanatgriplgomrer and t he

pol ynerj i catal.yst. [0088] In,.0 odi nent ., a MAGroc i C polyester
or yomipH ' 58 sBipkliment g oot B ARSI RBGIER HopBri S St sl

pr oces safubidn PeSdEh deichBEd herd. process for inpregnating a macrocyclic

pol yester oligomer includes dissolving a macrocyclic polyester oligonmer and
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[0089] Referring 4, a hot-nelt nethod starts with a rel ease paper
405 t halachdén theamold c bmanmthenictribodinheny,ex prefreg, desartbed y themepbiegtion.gs usddiiganer

and a pol. ri.zation catalyst to a ecific thickness.  The rel ease r
405 hayr iy TRATESSRPHE Cohel Bty Br EEMgHeional FEUE Whst o Mg Rg ey
Wi th acbhfeslisldikked 41638 ohagirleen. pPreheated, the macrocyclic pol yester
ol i goner and the pol ynerization catalyst on the rel ease paper 405 is
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thermoplastic, the material generally must be cooled to re-solidify the resin before demolding can
take place. The high viscosity of melted conventional thermoplastic materials and poor infusion
characteristics have, in the past, made resin film infusion processes suitable almost exclusively to

25  thermoset. As just described, macrocyclic polyester oligomers can be processed using a resin

film infusion process to produce a thermoplastic.

c. Prepreg Processes
[0085] In one embodiment, a unidirectional prepreg is in the form of unidirectional prepreg
tape which includes a sheet of fibers. The sheet of fibers is held in the sheet form because the
30 fibers are impregnated with macrocyclic polyester oligomers that hold them together. Two
primary methods are used to make unidirectional prepregs from macrocyclic polyester oligomers,

solvent impregnation and hot melt.



Conpaction rollers 425 drive the fiber tow 415 into the macrocyclic

pol yester oligonmer coating |l|ayer formng a prepreg with a paper backi ng
whi ch i sw@ensam | ed onto roller 430. [0090] I n one enbodP@ENB)1/(R0GHI OCESS
for inpregnating a nmacrocyclic polyester oligonmer for polynerization

i ncl udes the steps of providing a macrocyclic polyester oligoner, providing
a 5 polynerization catal yst, distributigg the macrocyclic polyester

ol i goner and the pol ynerization catarggf onto a fibrous material, and

heat i nqoo8® NRefAmBAbIFIGPY| V@Rl indhrb RAfiBA nfehddBb implRfhented®S riihihP Babric or
macrocyclic pol yester oligoner to mx into the fibrous material. Tn one
enbodi rfiber tow B@fethieughiarglveat bath $10 nontaining ganatrpesiclip pblyrstei alagonwm and a

th nbodi t, ot ti | i | et | izati h
D ocos PORASTEAP Tt o CoReBrBRoTp Brdsfeclit PMEN G AR sismieaBy e
pol yestiglrwalitgPRESolvdr & ReH YeRULERHhE Abcbdfyalhith allBWd ehhBwdd Rt Qf'ﬁlerpi?#rﬁr ol -

I n anot her enbodi nent, a process for inpregnating a nmacrocyclic yester
ol i omdibentoav 305 ol yenfisbiie at fiber tow 0] wettedt with themaxrquyelic palyester| dligesiet, hle
steps of providin rel ease hase eri al . havi ng thereon crocyclic
pol yefstpé’}ﬁ‘bquzﬁﬁ‘j’i%?ataﬁﬁ’ %F@SW Ptz 5t %raé‘_éP‘ﬁTeﬁstP _%(36?&’ P}ﬁe"t:h@ ‘(’f]g‘g%mdhe a bl end
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mat eri al having a macrocyclic ‘pol yester I goner "arid a polymerization

cat al ystthaiaruh the &bsic g fibbietomne (5a sihetfalsé orditer tod 3@Fmianp bt haatéd birtemperatures
mat eri al gnder heat. .l.n one ﬁnbodi ment , iller is_also_inpregnated with
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ol i gomeollabtopether wigh aefalrs oefiter 20w 305 tooford agetpree withgiaperbackingl32s) is 20
thinly spread on non-stick substrate surface and nelted with instant

heat i nFoMPHAINgAhe RISPTeEREISEYcl i ¢ pol yester ol i gomer is then rapidly cool ed
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made Wipblynietiitian eatalgstdo ifsrnimpiepragrihiladdsitonstepdftdibBigenaalocyclfcqiolyester
t hernosetting resins. Ma_croc‘ycl i c polyester_ oligoners with tack are
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pol yester oligomers are soft and sti ck)&yat anbi ent tenperature.
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(PEN) ol.igoners and_ copol yester oligonmers conprising two or nore of the
above r® rInroag sgtbodigand, a ragerRCYAbc @2)ysSeAdigowrs 159099rpoRE4 into @5

unidirectional prepreg using a solvent process. In one embodiment, a process for impregnating a
macrocyclic polyester oligomer includes dissolving a macrocyclic polyester oligomer and a
polymerization catalyst (or in the case of a blend material, dissolving a blend material having a
25  macrocyclic polyester oligomer and a polymerization catalyst), combining the solution with a
filler to form a mixture, applying the mixture to a base material, and removing the solvent.
[0089] Referring to FIG. 4, a hot-melt method starts with a release paper 405 that has been
coated with a layer of a macrocyclic polyester oligomer and a polymerization catalyst to a
specific thickness. The release paper 405 having the coating thereon is stored on a roll 410.
30 When combined with a fiber tow 415 that has been preheated, the macrocyclic polyester
- oligomer and the polymerization catalyst on the release paper 405 is brought into contact with the

fiber tow 415 and is heated by a heating block 420 to reduce viscosity of the coating.



macrocyclic polyester oligoners are used in the creation of a thernoplastic
prepreg with tack and drape. [0092] In one enbodi nent, a macrocyclic PBT
ol i goner veddi1/s33pd| yneri zation catalyst is inpregnated byPChesS@praoe@sses
described here. 5 d. Pultrusion [0093] Referring to FIG 5, pultrusion is a
process for making fiber reinforced plastic conposite parts and conponents
with a constant |inear cross-section s%gh as rods, tubes and bars stock,
whereby fiber reinforcenments are conbirdéd with a resin material and pul |l ed

t hr ouglCanpaaaah eslletd €25 dive: the BBErtb & 4153h68RE ﬁl@%@?&lfc%o%lg{eﬁol%rﬁertcﬁgtiﬁg ein

the desired shape. In one aspect 10 of the invention, pultrusion processes
are usadayer formangid arepazewidh 8 ipepar datkingrwhizbriotheo roléed Qoo ydket 430.0l | goners. A
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heat ed die 540 to polynerizé the nmacrocyclic” polyester 't goner, and to
f or i t pelydessization edtalyss, disttibuting tieindackgcyclihpolyessaragdigbmenénd the pbiyeneridati@si n
is 15 relatjvely low appr.oxi nptelly 100's of centi poise, at room

t enper SetSt oRg UReHs FEGEEL Mt fieanateshs RebFRuaTieAieER BFI apd00a)
Vari at icQikgn@fhe R rEeNE pOyEFE S TigbMEt 140RixAHThE ﬁbf]dgﬁ IR CHE LR dBEAET

oligoner and the polynerization catalyst into t die to conpletely

el i m nahehdahieg résglis th mesi partidtpolyninizatiomprioeesther snbatimentyts healihgeksults in
"Continuous Resin Transf Mol di ng" (CRTM . to the fiber, it 20 can be
car bon EOPPIRE BOIaarFaIoToy et Hat BEbehiiebiF aiokp gugsperte Biedenbod mont
of 1hhe hRYERELOPolySst@HifebhRt, W PIIARETMtibR cHABLL, b BRIMFSES AfteriBGh aﬁat&&ﬂ c
pol yester oligonmefs for the manufacture of a’variety of articles. Such a
pr ocessmboduhentiesprpress ifel inpregnating @ mpaciocyclisqlojyestee pligdmeyaums ra, pofymoarizltiog a
pol ynmeri zation. catal yst (or in_  the case of a blend material, providing a
D ena sEEB QrToRag epree HRLHSE Jiesfeps EPGuking® FIS6 hee el dabing thereaia
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nmovi ng the “macrocCyclic pol yester oligonmer an ynmeri zation cat a1’yst
(or in prineding secleascebabst eratbriahidveng thkreomabilang mdteridi Ihanog mah&roai)ic polyestéthe

di e _thereby causing contact with and around the fibrous strand, ating to
calse élgg}%lﬁf ik PENTEHZA 08 %&ﬁe@gme@%ﬁ Steate bse g@%ﬁéw& REHH AGIOTAHSG h
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30 ortion of the di

pul I'i ng the polyester matrix 1nto an exit e "havi ng a
desi r epotyestssolsgrnérand tirepaixyedization natalyst: ilgiode embbdinieat, thh@lertipardbfai s not
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20  thinly spread on non-stick substrate surface and melted with instant heating. The molten
macrocyclic polyester oligomer is then rapidly cooled to quench from crystallization, resulting in
a soft pliable film that can be removed from the substrate surface. Macrocyclic polyester
oligomers made with tack are used in many applications that are generally for thermosetting
resins. Macrocyclic polyester oligomers with tack are processed like a thermoset while
25  producing a thermoplastic product.
[0091] A unidirectional prepreg tape of conventional thermoplastic does not have tack or drape
at room temperature, it must be heated when formed, and is difficult to use. Thermally quenched
non-crystalline macrocyclic polyester oligomers are soft and sticky at ambient temperature.
Ilustrative examples of such macrocyclic polyester oligomers are macrocyclic poly(1 ,4-butylene
30 terephthalate) (PBT), poly(1,4-cyclohexylenedimethylene terephthalate) (PCT), poly(ethylene
terephthalate) (PET), and poly(1,2-ethylene 2,6-naphthalendicarboxylate) (PEN) oligomers and

copolyester oligomers comprising two or more of the above monomer repeat units. Such



cooling is necessary to allow the solidification of the polyester resin
matri x. I n one enbodinent, no cooling of the tools is conducted. In

anot her avbodfisent, sonme cooling is conducted. In one enbodUsEN2p64a bl end
material is injected directly into the pultrusion die. In one enbodi nent, a
powder inpregnation process, such as electrostatic powder coating, is used
to conbine the blend 5 material with fhger strands prior to its
introduction into the pultrusion die. one enbodi nent, the process of
conbi nlmwrddyeh(bb(ﬂﬁléktéf&ﬂfgbm%fs a@ddselliih &e GédtRAGT a'tﬁerﬂl@ﬂﬁs@é prepieBeviBeiagk @nd

pul trusion, and wound onto spools. In another enbodinent, comnbination is
done |ﬁﬁﬁﬁe in place of the resin bath. [0096] In another enbodi nent, the

bl end er formis f irectly into the ion die
navi ng IO onag® SRSt oS SO RET diidomts pRbE peRBsHPHisR o A 15 enc
mat eri aiy fegng@@bngbégsmets@;beg%@ de the die, and punped into the die in
l'iquid for m I n one enbodinment, macrocyclic PBT oligoner is polynerized
usi Bg the pgitruqilgﬂugfgcesses described here. [ 0097] Referring to FIG 6,
in one enbodi ment, macrocyclic polyester oligonmers are used in a 15
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[0095] In one embodiment of the invention, a pultrusion process is used to polymerize
macrocyclic polyester oligomers for the manufacture of a variety of articles. Such a process
includes providing a macrocyclic polyester oligomer, providing a polymerization catalyst (or in
the case of a blend material, providing a blend material having a macrocyclic polyester oligomer
25  and a polymerization catalyst), pulling a fibrous strand into an elongated die, moving the
macrocyclic polyester oligomer and the polymerization catalyst (or in the case of a blend
material, moving the blend material) into the die thereby causing contact with and around the
fibrous strand, heating to cause polymerization of the macrocyclic polyester oligomer forming
high molecular weight polyester resin matrix around the fibrous strand, and pulling the polyester
30  matrix into an exit portion of the die having a desired cross section thereby forming a rigid
article. When the die is not heated to the melting point of the resulting polyester resin matrix and

the crystallization rate of the resulting polymer is favorable at the polymerization temperature, no



beconmes nelted as it cones into contact with the nelting block 760, forns a
nelted region 780, and travels through a hole 765 in the nelting bl ock,

out the eaxov1/6330Mm the nelting head 790 and into the nol droT/upul/Mpasi on
die. This process may al so be adopted to enploy a macrocyclic polyester

ol i gomer and a polynerization catalyst not in the formof a blend material.
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that polymerization does not occur, or at the proper temperature profile to advance
polymerization to the desired viscosity up to fully polymerizing the blend material. This process
may also be adopted to employ a macrocyclic polyester oligomer and a polymerization catalyst
not in the form of a blend material. In addition, instead of using an extruder, any melt delivery
25  device may be employed, such as a melt pump.
[0098] Referring to FIG. 7, in another embodiment of the invention, the blend material is
continuously melted outside the die and pumped into the die in liquid form. A piston 710 is
placed inside cool cylinder 720 and is connected to and driven by a ram 730. The blend material
735 is placed inside the cool cylinder between the front surface 740 of the piston 710 and the
30  back surface 750 of the hot melting block 760. A hole in the melting block 765 allows the blend
material to be pushed through the melting block 760. The hot melting block is typically heated

by an electricity, steam or oil heating system 775. As the piston is pushed up, the blend material



articles frommacrocyclic polyester oligoners. [0102] In one enbodi nent of
the invention, a process for polynerizing a macrocyclic polyester oligoner
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are used to manufacture artlc es from macrocyclic pogre ter oligomers. Generally, resin transfer
20  molding begins with a fiber preform 810 that is close to the final shape of the part. The preform
810 is placed in a mold 820 of the desired final shape, and the mold is closed. A mixture of
macrocyclic polyester oligomer and a polymerization catalyst is melted to a melt 830 that is then
pumped in. The melt wets out the fiber preform 810 and fills any remaining volume 850. Once
. the resulting polyester thermoplastic polymer solidifies the part is demolded. Depending on the
25  nature of the macrocyclic polyester oligomers, the nature of the resulting polyester polymer, and
the polymerization process, a cooling step may or may not be needed to bring about
crystallization.
[0101] The melt 830 is usually injected slowly so that it wicks into the fiber of the fiber
preform 810. Vacuum applied to the vent 870 before and during processing can help eliminate

30 trapped air. The vent 870 can also be sealed and the mold pressurized with resin to eliminate

voids. Also, the mold can be heated to maintain the low viscosity of the resin and to effect



that are hollow and require high strength and |ight weight such as tubes,
conpressed air tanks, fluid storage tanks, and autonotive drive shafts. In
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manuf acture articles fromnmacrocyclic polyester oligoners. Generally, the
process involves the winding of fibers 910 onto a mandrel 920. One

enbodi nent for |loading a nmacrocyclic leyester oligoner and a

pol ymeri zation catalyst is to sinply bfish themonto the mandrel 920 and
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beforelgﬁﬁﬁﬁﬁaéhs&gnhge next round of processing with the nold. In another
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staft d9103he Inerethpwrrobddizeroa Bitey is9oLed 206 the mald in wdvich ibfs pixed egdithg. 1 n

]9 mee %’%chgﬂldpﬁ;@E%geg é)i1 lgrlcel(;:x}dgga pﬁlé/inggﬁlon cataﬁ))pslt yfﬂaanoﬁl%(r:i erlrjlgogl gqenp a fil e?SI :
is mixed with the macrocyclic polyester oligomer and the polymerization catalyst before being
placed in the mold. In yet another embodiment, a filler is part of the blend material as described
above.

25 [0104] Because macrocyclic polyester oligomers melt to a low viscosity liquid, infusion into

fibers is easily accomplished. After polymerization is complete, the part is demolded with or
without cooling depending on the macrocyclic polyester oligomer employed, the nature of the
resulting polyester polymer, and the polymerization process. Furthermore, resin transfer molding
generally uses only thermosetting resins, such as epoxy, unsaturated polyester, and phenolic

30 resins. In one embodiment, thermoplastic articles are manufactured from macrocyclic polyester

oligomers using the resin transfer molding processes.
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[0107] In one embodiment, a process for polymerizing a macrocyclic polyester oligomer
includes providing a macrocyclic polyester oligomer, providing a polymerization catalyst (or in
the case of a blend material, providing a blend material having a macrocyclic polyester oligomer
and a polymerization catalyst), heating to cause the macrocyclic polyester oligomer to melt,
25  contacting the molten macrocyclic polyester oligomer and the polymerization catalyst with a
| fibrous strand, winding the fibrous strand onto a mandrel, and heating the macrocyclic polyester
oligomer to cause its polymerization. In one embodiment, the process also includes the step of
removing the resulting polymer while the resulting polymer is at substantially the same
temperature of the polymerization and the resulting polymer solidifies into a solid at the
30 polymerization temperature. In one embodiment, no cooling of the mold is conducted before

demolding or before the start of the next round of processing with the mold. In another

embodiment, some cooling of the mold is conducted before demolding or the start of the next



is mxed with the macrocyclic polyester oligonmer and the polynerization
catal yst before being placed in the nold. In yet another enbodinent, a
filler iavear/s33ed the blend material. 5 [0112] I n one enbpdi/vsoio20&
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cycl ohexyl enedi net hyl ene terepht hal ate) (PCT), poly(ethylene terephthal ate)
( PET), SA#d osehgsbmplding cernpgundriafers tgatugy hidled sampendoxijh atresin pipgagthat is
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enbodi weRAtar nat fHapeeas. for pol yneri zing a macrocyclic polyester oligoner

includes rolling onto a mandrel a base material having thereon

pr e- i mp9E@hatladpng epbedioegpt pf Ge ipwniiestadnagpeygberpplyasier digesley ifepdyiaetiesd
Ca&@" y%&in&%[)mip?esgilag n?oqéi%gp in gnebén?go%irrﬂgﬁt,eer\ ip%lcesse}"orb écﬁ}r}lglerizing a macrocyclic
polyester oligomer includes providing a macrocyclic polyester oligomer, providing a
polymerization catalyst (or in the case of a blend material, providing a blend material having a
macrocyclic polyester oligomer and a polymerization catalyst), providing a fibrous base material,
heating to cause the macrocyclic polyester oligomer to melt, and loading the molten macrocyclic
25  polyester oligomer and the polymerization catalyst onto the fibrous base material, pressing the
dies of the mold, and heating or otherwise to cause polymerization of the macrocyclic polyester
oligomer. In one embodiment, the process also includes the step of removing the resulting
polymer while the resulting polymer is at substantially the same temperature of the
polymerization and the resulting polymer solidifies into a solid at the polymerization
30  temperature. Inone embodiment, no cooling of the mold is conducted before demolding or
before the start of the next round of processing with the mold. In another embodiment, some

cooling of the mold is conducted before demolding or the start of the next round of processing.



mat eri al having a macrocyclic polyester oligoner and a pol ynerization
catalyst), and heating or 5 otherw se to cause pol ynerization of the

macr ocyclwe@opsdsyest er ol i gonmer. In one enbodi nent, the bbpendsSemiess al as
descri bed above is inpregnated in a unidirectional prepreg and is processed
by a roll wapping process. In one enbodi nent, the process also includes
the step of renobving the resulting pol,ynmer while the resulting polyner is
at substantially the sane tenperature'gﬁ'the pol ymeri zati on and the
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tenperature. | n one enbodinent, no cooling of the nmold is conducted before
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using the resin filminfusion processes described here. 15 [0115] In
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material having a macrocyclic polyester oligdomer and a polynerization
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coating. Powder coat.ings,are d through electrostatic or other
procesgggl.po\égef%%si B‘?cg”qflr@ati(g?a%éﬁ‘ el ectrostatic powder coating involves
pl aﬁi ng a powder 1205 in a chanber 1210 that has tiny holes 1215 in the
botPom 1220 l-hat BYIWERRPINg: her gases) are forced through. As the gas
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particles 1227 and will adhere electrostatically, upon heating at a
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powder particles adhere electrostatically to the sold substrate used to
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enbodi nent, air fluidization of the bed is used as an alternative to
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pressure to the composite as it consolidates. In one embodiment, the assembly is wrapped with a
shrink-wrap tape thereby compressing and consolidating the impregnated sheet. In one
embodiment, the assembly is heated to cause polymerization. In one embodiment, a macrocyclic
polyester oligomer and a polymerization catalyst is impregnated in a sheet of reinforcing fibers to
25  form the prepreg. The tack allows multiple uncured layers to stick to one another during
assembly, and the drape allows the uncured sheet to be easily contoured to the shape of the
component. [llustrative examples of such macrocyclic polyester oligomers are macrocyclic poly
(1,4-butylene terephthalate) (PBT), poly(1,3-propylene terephthalate) (PPT), poly(1,4-
cyclohexylenedimethylene terephthalate) (PCT); poly(ethylene terephthalate) (PET), and
30 poly(1,2-efhylene 2,6-naphthalendicarboxylate) (PEN) oligomers and copolyester oligomers

comprising two or more of the above monomer repeat units.



operation. An orifice is fitted onto the spray head. Before the powder
particles | eave the orifice, 5 they are electrostatically charged by

i nt er nal vedevsdodes connected to a hi gh-tensi on gener at or PCT/TR@ /(2664get
substrate to be sprayed with the powder is attached to an electrically
grounded hol der. The powder is projected towards the target by the flow of
air. The target is electrically ground§2 so that the powder particles wll
adhere during subsequent operations whefé the sprayed sheets nust be
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Thernopl astic powders are used to create prepregs in an attenpt to get a
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maki ng parts. Thus, conventional thernoplastic nmaterials are difficult to

use t o befaselthestant gffthe nextiroyndefproedssiag withghd gjold. finemethentrobodiment, sembl end
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is slightly nelted to adhere to _fiber and used as a prepreg in an
uncur edisegdheresBudm afypiappregesses desertbedhersessed under heat and pressure to
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al t hough they can produce thernoplastics. 30 j. "Water Slurry Process %0120]
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can be conducted by a nupber. of t hods nti oned aboye, Oten, the
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under a limted tine/tenperature process wndow to avoid premature curing
of the resiin. whowderfeoating of organi c solvents allows a process to be

oo g e 0 p RGP R T P e ity
electrostatic or other processes. Referring to FIG. 12, an electrostatic powder coating involves
placing a powder 1205 in a chamber 1210 that has tiny holes 1215 in the bottom 1220 that air (or
other gases) are forced through. As the gas passes through the powder it begins to bubble and
flow like a fluid; this is known as a fluidized bed 1225. The powder particles in the fluidized bed

25 1225 can then be charged electrostatically forming charged resin particles 1227 and will adhere
electrostatically, upon heating at a heating zone 1229, to a solid substrate that passes through the
charged fluidized powder, such as a fiber tow or fabric 1230. The fiber tow or fabric is then
brought to roll onto a roller 1240. »

[0117] In another embodiment, charged powder particles are sprayed through a nozzle. The

30 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



control may be problematic. 5 [0121] An aqueous suspension or slurry of

pol ynmers or polyner-precursors can be used to coat fiber substrates to
prepare we+oi/msregnat ed sheets for production of fiber-repraf/@saiatoss
conposites. Many vinyl polynmers are available in aqueous fornms produced by
enul si on or suspension polynerization. However, such aqueous systens are
general ly not available for polycondeggation polymers and their

precursors. Typically, when a solid powdér of a 10 macrocyclic pol yester
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difference in surface energy between the solid particles and water. The
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(VQCs). On 15 the other hand, use aqueous suspension of the resin is
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from yglic 25.polyester oligomers. ln one enbodi nent,. a process for
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Wi wat er and the surfactant. thereby,  producjng a suspension. 30 [0124
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process fol | owed by evaporafion, etc. Solvents other than water may be

added tecause conventional thermoplastic materials have high melt viscosity and do not wet out fibers
well and have long heat up and cool down cycles when making parts. Thus, conventional
thermoplastic materials are difficult to use to produce high quality composites.
[0119] In one embodiment, a blend material containing a macrocyclic polyester oligomer and a
polymerization catalyst is used in a powder coating system, for example, in an electrostatic

25  powder coating process. The macrocyclic polyester oligomer is slightly melted to adhere to the

fiber and used as a prepreg in an uncured state. Such a prepreg is then processed under heat and
pressure to allow the resin to flow and polymerize to produce high quality composites with good

surface finish and fiber wet out. The low melt viscosity of macrocyclic polyester oligomers

make them process like a thermoset although they can produce thermoplastics.

30 J Water Slurry Process
[0120]  Preparation of prepregs from solid polymer precursors and substrate fibers can be

conducted by a number of methods as mentioned above. Often, the impregnation process needs



facilitate the m xing, further processing, or both. In one enbodi nent, a
sol vent other than water 5 is used to produce a suspension of macrocyclic
pol yest ewobi/ssners. For exanple, an organic solvent suchCEESomR2he ene
chloride or ethyl alcohol may be enpl oyed. However, as nentioned above,
this may result in the generation of VOCs. In a preferred enbodi nent, no
sol vent other than water is enployed_%g_produce a suspension of the
macrocyclic polyester oligonmer and the™ pol ynerization catalyst in water.
Fur t hertorbe eondubtednindéna Bmired timen¢apderametprot &8 atindononeid prefatnge Clirigs o
filler and othL,aqgitiv s. Illustratjve additives include col orants,
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enpl oyed. I n one enbodi nent, a nonionic surfactant, such as, polyethyl ene
gl ycol refsidathegengratien of pryviwngicatpdy undesirabletvietatileprgaric ﬁ@mppurai?i (i\)/é}@sd- On
surfac i y i J nts prgvide for added stabi.lity of
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II'lustrative exanples of anionic surfactants include sodium
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surfactants. A “mixture” means a fluid containing liquid mixed with fine powders.

Making a Water Suspension or Slurry

[0123] The water slurry process can be used to manufacture articles from macrocyclic

25 polyester oligomers. In one embodiment, a process for preparing a suspension of a macrocyclic
polyester oligomer and a polymerization catalyst includes contacting the macrocyclic polyester

~ oligomer and the polymerization catalyst with water and a surfactant and mixing the macrocyclic

polyester oligomer and the polymerization catalyst with water and the surfactant thereby
préducing a suspension.

30 [0124] The step of mixing may be accomplished by any means so long as the resulting mixture
is a suspension. Any physical mixing procedures that achieve a suspension may be employed.

Therefore, conventional means of mixing, for example, mechanical agitation, sonication, and



positive and a negative charge in the sane nolecule is enployed. In one
enbodi nent, a 5 surfactant containing glycerin and sugar noieties as a
pol ar gr ou@oi/ss3enpl oyed. Surfactants containing gl yceri np@ngSsuess

noi eties as a polar group may be advantageously enployed to introduce :
branchi ng and cross-linking in the final polymer. [0127] The stability of
suspensi ons depends on factors incl udi g particle size, concentration of
solid, concentration of surfactant, etc” Typically, the smaller the
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13. Fibers 1310 "are released fromthe fiber | s 1320 and are arranged
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filler or solvent. The fibers 1310 then are pulled into a drying oven 1350
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1360 htif IS he@%fj to nelt the macrocyclic pol yester oligonmer onto the
fibers ' i“@“tsljélﬁ %AfSorit he 25 die tenperature and the rest tinme of the
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to nmake prepregs macrocycl i c polyester oligo to polynerize a
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suspensi on 141 wat er, a cr ocycli ol ter WD, 01/53379
PCT/ USG&‘I‘B‘?@GQ?“llé?eéP?P&BﬁB? rafgh qu sﬁ\{%ﬁledaf%nsysgtenvgﬁamﬁmgh?ff%t It

W th ory,, %E@HEO % Edc%@'w{) éeﬁfso@ird ﬁ%{d‘éﬁﬁ%reatl?f?mﬁt‘d?eﬁe@?gﬁlliﬁtg@pp' I ed

through unnel mat eri a orma ‘ 0 of the
m 20 ur eesmiltingsmspasenimmerd sthble,]lAB3Rlinglfapid sytemebd30thekoliden stasgiag.simome s
heat ed etm oEilemrreDn\{ ethe suspension is produced by milling a macrocyclic polyester oligomer and a
| polymerization catalyst in the presence of water and a surfactant.
[0126] Any surfactant that facilitates aqueous suspension formation and does not adversely
interfere with the polymerization and the resulting polymerization products may be employed. In
25  one embodiment, only one surfactant is employed. In another embodiment, two or more
surfactants are employed. In one embodiment, a nonionic surfactant, such as, polyethylene
glycol monoalkyl ether, is employed. In another embodiment, an ionic surfactant is employed.
Ionic surfactants provide for added stability of the suspension by introducing surface electrical
charges on dispersed solid particles. In one embodiment, an anionic surfactant is employed.
30  Illustrative examples of anionic surfactants include sodium dodecylbenzenesulfonate, which is a

common laundry detergent component, and sodium dodecy! sulfate. In another embodiment, a

cationic surfactant is employed. Illustrative examples of cationic surfactants include



water fromthe suspension. Once dry, the remaining suspension is then
pressed into a desired 5 form between belts 1440 run by rollers 1450. The
resul ti ngveoeps3ey may be |left un-polynerized and parti al pgr/wsesmbésdat ed or
may be fully polynerized and consolidated (or sone conbi nation) depending
on whether additional heating is applied after the drying step to cause

pol ynerization of the macrocyclic polygster oligomer. [0131] In one

enbodi ment, a process for inpregnating macrocyclic polyester oligoners for

10 pol yWededylmiridomumreblardlesdquleoyltritnetyylamsusjpen brammidef a macrocyclic

pol yester, ol i gonmer and a. | yneri zatio atalyst in water, applying the
sus pen&oeﬁcytlteal%ﬁer}yig@ﬂ@&wwﬁ §r<§ym1&m°ﬁa ah @Tlawéﬁséqua&rgwﬁgmm% whfond

wat er, lw?cﬁ'&fﬁ?—h&ﬂ#ﬁﬁﬁdﬂdiﬁﬁn@ﬂﬁlrﬂig&?. ﬁ%@%ﬁ%‘oﬁﬂ?én‘?, Lufeetahilaf AHis boiPd32]
The step of providing a suspension of a macrocyclic polyester ol goner and

a pol yositive ahd o negagitve klyate imtheatme niotectllesis ampbyedbbvene ehtbdddhd&d] a Appl yi ng

the_suspension to,a base material may .be acconpli shed by any neans so | ong
as the ¥ §¢5@H§P8ﬁnﬁ%§1&a® apdysugan (PIRHE PSP PRIEEP PSS cHINPYEEr RETR¢aRtEoN a

layer Qf,&hen PERSIRN o mé [sr-86)1 Qﬁ@% ! HQQH i on the
applicat?on, ?%@ tﬂfé@nggslgngﬁggkéﬁgﬁg 0 ﬁﬂgpbégygggggif e a@%ﬁ#ﬂ%
suspensntostducapranohinp @nd oqes-tiaking anthe finabpdfmee, not nonitored or

controlled. lllustrative exanples of nethods for. applying the suspension

i ncl uddOtdpplhrgsiailtyl spapqasions capendirALIGHOE intlHARE Pafticle dre appreapriion ef y
si zed .%Bﬁd,sc'aﬂp&‘?rafi&r;?ﬂf Q0. LRe @@Iﬁiaﬁ& tfle %@g&;t}%gﬁarﬁa@%izecﬁg ire Et‘atliegg'. r

ot herwise ’causing Its content to over receivihg base material .
| f 10t itke ressleihg budpengibo skl one ratbot fiend,iproceast Farlachieeing Bajal , pattivle kinpssionand
features of the resulted | ayer, . additjonal devices nmay be included in the
equi prehto 1Bl the acereysliccpplygstar vbepmer with pter aad a surfaptait) Opgadyandageafiilys base
mat er i . . . h rngess, part 25 of
t he re2%?%$%Sq%¥g@%%gﬂé??ﬁﬁggﬁﬁ¥@f%ﬁ??hﬁﬁqggﬁgkgigﬁ%&%% gﬁéfized product .

The bage128t eCértdin poigshekigationsdaedist inciuddgd MABY tifh cathlysts, fre PRdeRlat&DRItE ¢theM t h
polymer film _ The base material may be the surface of a portion of the
pr oces $PasEryglic polsenterioligamer wereessensiallynetafiegied dpgpitgdhe pigsinse ofivater apdir t  of

h . i f f
85 BTGl A6, RO, PRI B 05-ABRY B L6 S0 P18 O

Fur t hereffotttve inketabasgy poiimédationasierde kdhedvatlef waksed boundaries that hel p
to contain the suspension and/or to achieve a certain shape, thickness, or

features. Wp,0033/0RETLNEPILNRAG o F4EOL35] After applying the

suspension to a base material, the applied suspension nay be dried by any
met hod [8129] on@nasmbedimesidftasprepreg iematom paicessfis deptieted in BYO.t13e Falpps 1340

ST O et S S B 59 L BTl AR R
thBOUIR e P¥He frbGucRHS RRO FbAR 1386 YieHerd MIRHH 0B DARF 4B th cofitains a water
suspension or slurry 1340 of a macrocyclic polyester oligomer, a polymerization catalyst, and a
surfactant, with or without additional filler or solvent. The fibers 1310 then are pulled into a
drying oven 1350 wherein water is dried off. The fibers 1310 are then pulled into a fuse die 1360
that is heated to melt the macrocyclic polyester oligomer onto the fibers 1310. Depending on the
25  die temperature and the rest time of the fibers 1310 in the fuse die 1360, the macrocyclic
polyester oligomer may polymerize in the fuse die 1360. The fibers 1310 then go into a chill die
1370 to cool down. The prepreg is collected onto a drum 1380. The temperatures and hold
times can be configured such that the MPOs fully or partially polymerize in the fuse die, or they
, canbe polyinerized later.
30  [0130] FIG. 14 shows another embodiment of a process that may be employed to make
prepregs of a macrocyclic polyester oligomer, to polymerize a macrocyclic polyester oligomer, or

both. Generally, the process involves a suspension 1410 of water, a macrocyclic polyester



5 conbination of all or sonme of these or other nethods. A conponent (other
than water) of the applied suspension (e.g., a solvent such as ethyl

al cohol ) way1/k379 enoved before further processing. The neChodoueed f or
removi ng water may be hel pful or even sufficient in renmoving certain
solvents. Thus, an additional step may or may not be needed. Dependi ng on
the nature of the conponent(s) to be % aned a renoval step may be
carried out before, during, or after the 10 step of applying the
suspensligomerda pohadheretaton 6dlﬁiyﬁ andGCsuirfactany) mﬂlafrahthouaadﬂmi@dd filled&@Gplvent.
Pressing may be accongllshed y . any neans so |ong as the de5|red form

resul t eAUSIHB%lP’P ERRP e Ehrayeh %@m@é‘*&ém abﬁﬁegﬂ%@al 1420 & fosmca laygrd 430 0 of
featur g, I{fﬁre%’onvtﬁé:%@rﬁﬁ%mqum d?HQiag%f 1;4%b'o'f&gn Q%Q{sf% ghé’;hefa {TR¥mBe used

in shaplng product 0 the desir orm Ications 1n ¥ ch

pol ymewiazdtfrom thessuspansiond Gnidt dryp ltl&:s:smaguﬁgasﬁsb@smnd u@ne;ﬁlesbaf dkea dediedng, or
after 15 polynerization. Al so, pressin or may not app to the base
mat er i dproybginisen hejtsold40run bapﬁleir%laﬁiﬂo rﬁle Srswtingrprgpreg n@ngé@g nwelrymnzed fit

is to l?igd grrtrgﬁf gc’)n ”ﬁXath? o %"?%g?ulﬁrgégyrgénzﬁg ra'ncrll SRHdatg(H pt On I%Flgn)[ he

Fur t herno cer app

form ofdepéaﬂlﬂgrcﬁpwa@haradaﬁiqnaemeaﬁﬁ lsp;ppﬁewﬁﬁae@d@mg & maasreqiohﬁﬂerozrauaﬁy be
achieved by the other steps of the water slurry process. 20 [0137]

Dependloﬁéiedﬁaqfﬁ@’chﬁpplmﬁ@i Qirgomemmdu ate pol yrrerl zatl on of the rracr ocyclic

polyes oI

Dol Yot P dh SRR eI . el hor Bhp R madbenchic B BSR E mers

t enper gblyherishfidd BcRaks p@vm?%@s@p&mmmf@aha&&;@hc bbEestBC otk hid a
polyester oligomer. In one odi mrent, heating is not enployed and drying

i s ach .pely@wrmnm epsalystrie watdsapplying the sppkysier iozabisomaterial drying tha anplicte
d th nb t hi -
ar o1 ng bensiot b SRRYE e o ryru R Tia po i Arbued ehde TRn B fistBa it g
resul t §0132] drptiegey &ﬁ)réwap%rhsdueﬁbn@m o@éhﬁdc@dc%/gl‘r?d %ﬂgéét&%th'g@ﬂepe{ndtehe

nacrocycllc pol yester oligonmer. In yet anot odi ment, heating results
i n conpbbmergetigmentalysitin oatesfis dlhelsmd@bowcl | c polyester oligoner. [0138]

or 48 4B o AT ing BBt 5 BE REe BN bR b SrsPTRShed oy misens g g
cat al Y %5 theWubbbnSion Wohfaelta rBekiihi 82RImdtbdid 8h8 fornRah&ESA QQiyEPothh@sus%éns"i"&@' n,

the layer 1430 conprising a macrocyclic polyester oligoner and
pol ynewof 2&tsimed Sbapcaaryisth}ckmash Dependingheruthe agpliicationzhe thl«tliresssand!cg spawscﬁéue

bet ween bel 1440 MO 01/ 53379 PCT/ US 64 -39 rollers 14 The
bl {5 THA00H D6 8P AT ERRIRYER 10135 RS APG PIGEFe PROTETBRPF PR Eed.
heat ed j1Qfrah0d &a@l@sr @ffrﬁétﬁodst fag B ATRENR 'E}ibtéﬁﬁ;?enéi%ﬁ iRAGAOGoBHinD BR duBSrRY be
configured such that the |ayer pol ymeri zed, "partially
poR{nethroegh a ﬁmnnbwnbahylmmopmadly Sﬂedlahé.s}h%ppd bhenmg @mdaéne arlsm@ amdaiparthad of
heatin% of cpqlin may be Qonti%ured to ﬁchleve ul |, par al
an be tilte herwise causing its Tontent to spill over to the recelvmg ase matenal Ifitis
useful to closely monitor and control the shape, thickness, and features of the resulted layer,
additional devices may be included in the equipment to provide such monitoring or control.
[0134] The receiving base material may or may not become, after the water slurry process, part
25  of the resulting prepreg or the partially or completely polymerized product. The base material
may be a sheet of a polymer film or a paper coated with polymer film. The base material may be
the surface of a portion of the processing equipment itself. The base material, if not to become a
part of the prepreg or the polymerized product, may be removed after the step of applying the
suspension and before the end of the water slurry process. Furthermore, the base material may

30  include raised boundaries that help to contain the suspension and/or to achieve a certain shape,

thickness, or features.



5 consolidation. The heat history may include any conbi nati on of heating
step(s) and cooling step(s) in order to achieve the desired heat history.
The mat ew@b1/88379 ayer 1430 may be a nelt or a solid or apcoDuBimeabéson of
the two along the way of the double belt press depending on the specific
configurations of the tenperature, the timng, and the pressure. [0139]
Wiile FIG 14 shows a double belt presggsystemin the context of the water
slurry 10 process, applicability of thé double belt press systemis not

i m t ed0135]t heeftevedpptyisd thersyspensior ssa bast neatetinljthe apyeied spspeasios ywelydw dted be
used tq prepare prepregs, from macrocyclic_ polyester oljgoners alone or in
conbi ndw 128K Mghad Sorines apit seulis BethaEaRovah aEREr BPm the SBRlIGUPersEN desi r abl e
prepre 4 i ; i j: QN p in
he suamasiettad BlarhfleSatape RRAR R dry by Blp T B AT e Eh LR PAEREYy
repeat blwing oo bubhbimgreion gay thréighpo loyasthe suspbngi@ieeyingd thieoughad yaretmzed 4 on
catal ysts_that may be enpl oyed are as di scussed above. I n _one enbodi nent,

the? prepkEstppef g esseameohidgse: gr ohier methads oA ¢rarranggt ©Her Hiap spterhpf thed
suspensi.Qf oly. L i i | i gomer.
I n one%gﬁg%fds?l rﬁ}gérqlltlgﬁ)%a(e' ﬁgp%ﬁébﬁﬁkg? ggﬁgllrr%{;:@g yc{iylogé/%o 05/’5@? éf%?eg |981?rer and a
pol ynmemradmkding) Tlhd mkthot used fhatatiovisg pary e de bsipfig drlkeer?éhfficiontds $erhoving
maki ng a wat er sus&ensi on or. slurry described above. [0141] A cooling step

may or CREYNSeEvers AbBYan addisendisty B BRI bedsedesn Dapsnding s thgmatere of

or Bt A !
ot ner TRt REE 55 3R R o SRE K Rt AL BT, A o I e

or 1pr odueptofapplylg thesmpessian. Aehdicded abbve OOeare pudfpmablitaveided. after the
water slurry process. |f cooling is necessary, denolding can 25 be carried
out af 1B36) hPrassing way beassomalishes byanywecsns s ngas dhe degiredformegis. A

enbodi t.erl r i a d
R

pol yestrelling| dndwrerdiafidy ba used Mrshapiag@thepodiat aity He desired foedl. b hpplivatieids iand
processed by a water slurry process. In one enbodinent, the blend materi al
f ur t herviégnpalymerization|is earriedout, preagpe may e eordustsd; hekare. dusingeenadieycl i c
pol,yest | i r tion ingcl S C i C. r i goner,
B SRl ARG DR ey ey S B B i SRR o b el

pol yestapplicakiog O BRAil GBTBRSHAsE afatdridl, ifiels tb b retdevedanfiy bk agthevdd befdie liRing,
enbodi ment, WO 01/53379 PCT/US01/ 02064 -40 the nacrocyclic pol gest er
ol i gom®F aferpsessing. drtharaerer presrng masne beinepdad inseartaniapplications whes thuch  as

pi gren tfgfm ap tlhg .p%egalr?%agre%%l@'ggrizset %gclg,clulgf 136%‘6?610% Eee %}ﬁro‘ffé@ %(rj Hzrlg rl])tB gf;l%e‘g)egll l%/yet%%, er

pol ymer “Ccomnposi are Macr ocyc yester’ ol'i goner
corrposiome@@tef)g)bfmmté}m@g} Wsig_zati on of the macrocyclic polyester

°! I2 oma[(r)l.37] Depending on the application, immediate polymerization of the macrocyclic polyester
oligomer may or may not be desired. If it is desired, polymerization may be achieved by heating
the applied suspension to a temperature sufficient to cause polymerization of the macrocyclic
polyester oligomer. In one embodiment, heating is not employed and drying is achieved by other
methods with no polymerization resulting from the drying step. In another embodiment, heating

25 is employed to achieve drying but not to cause polymerization. In another embodiment, heating
results in drying the suspension and partial polymerization of the macrocyclic polyester oligomer.
In yet another embodiment, heating results in complete polymerization of the macrocyclic
polyester oligomer.
[0138] In one embodiment, a double belt press system is employed in preparing prepregs from

30  amacrocyclic polyester oligomer and a polymerization catalyst, with or without additional fillers.

Referring to FIG. 14 again, the layer 1430 comprising a macrocyclic polyester oligomer and a

polymerization catalyst, with or without additional fillers, is pressed between belts 1440 run by



5 [0144] In one enbodi nent, a process for inpregnating a macrocyclic

pol yester oligonmer for polynerization and for polynerizing a macrocyclic
pol yest ewo@bi/ssmer includes mxing a blend material conpPCHEURE/R064
macrocyclic polyester oligonmer and a pol ynerization catalyst with water
with or without a surfactant to forma m xture, applying the mxture to a
base material, drying the mxture to gove wat er, and pressing the dried
m xture to forma prepreg. 10 [0145] Fh one enbodi nent, the blend nateri al

f urt hetoligrs 148 STIe Belts 1840 mofe it tRehgel T¥30twhiR the Rly¥EeB430ris BeihY PRdssed,
conposite is prepared by ggl ymeri zing a macrocyclic pol yester oligomner
accor dihayed.eribrth. abwyefofss bedemperpiyragansd rariod @f heaiing regy berqdnfigeredfsuch that

manuf act ure i roduced; by th bove process. [014 For tal
ool | oo ol T3PS R R Rert P RS bR R e e e Bedt Seflysbe s or
long  idmpeituftandl pebioB®f Hediig b c86iheGRMPBOCIHEURIIQS heliba fullbr Paktipf t he
susgenm on before the step o ap |(él ng the mxture. For other

rafE

app? i caensohidation. sthewathisorympy by domhthationhef kaating tep(shadcbearling wi t hi n
th i kept b itati / i rri during the st
A B L T N K N e B N

sl urry splid6es Sorabidad e thO oS SIDAL thed@SCst tRedodfie BROMBss dipbilhpen Ry be
necessary to reduce nacrocyclic polyester oligonmers into a powder form

Typi cakpsfifiqeantiguyations ohibk yesspezatuts), thedireing, 4nalitbe presowe.nol ecul ar wei ght and

can be nd, } Nt fin owder si.ly at anbi.ent tenper re thereb

r educi &@fﬁed\é@g? %BCF' #ﬁ@&sﬁlﬁubﬁﬁ\?hﬁ%‘f%ﬁ%ﬁtemltl%@‘rﬁr?ﬂﬁﬁ%gts‘?fﬁhgwlafeﬁéﬁ‘ﬁﬂyl gn and
pohypr ?FB&:%D s;f)@rc%bn@& ofihe 8890e bOlt Pres sy stilm A BRfited BIMR WAl BurfNfroctged to
be cooled or frozen.” Certain conventional thernoplastics require very |ow

( cr yogdihe dpuldls bek ppess aystane sart be wweld d¢o grepati preprpgssisirb nmctdegelebyolgestarat i cal |y

i ncreasi.ng the, cost .of terial. 0148] The,success aof a ter, slurr
o ot ea S BRI b borb Paho oy SIS, REter ot S hegeth e vEuns Aptiablce
oligo fFpréjRs unexpect ed partly because the presence of water, in general,

di srupts and can even entirely prevent the polynerization process from
starti f@l4¥hd Iprongembsiingent, tithpaymhezat@heatalyst presany edthb guspeysion s fnawmev@r |
t he_pol i zation process can take place 30 uninterrupted. The water
S0y DIGReE epﬁr@sgﬁ) ORA PR TEpTREERITS AL AR EAFTOF I.C\P@Fvst]eﬁ%&%mri Ve
met hod b QnePi 8RS LIy 98 R £y B0 @mgm $iBfe s T ERE LOGHC Th BnPOh¥EShRN, the
ol igoners. WO 01/53379 PCT/ US01/ 02064 -41- V. Exanples [0149] The

f ol | owprgesxianipdesthanddifomlistpaf heatfngrthérdried applisd sedpenaodtctaautaci | itate t he
under st andi n,% of qtgrgtﬁ i nvention. These .specific exappl.es are i ntendedq to be
gigon €

i |1 ust PAPMFE! MRGERYSlsTPolyRsier BHgtet 4N 6Bt SR RMEMERL ASHSEEORRAADI es
103, O A A OB B0 SRR UB St AR Do 2
20  process for making a water suspension or slurry described above.
[0141] A cooling step may or may not be needed depending on the application. In cases where
cooling is not necessary, such as where drying is accomplished by methods other than heating
and where no polymerization is carried out, the prepreg or product can be removed or demolded
from the equipment soon after the water slurry process. If cooling is necessary, demolding can
25  be carried out after the desired temperature has been achieved.
[0142] Inone embodiment, the material processed by the above process includes a blend
material. In one embodiment, a blend material containing a macrocyclic polyester oligomer and
a polymerization catalyst is mixed with water and processed by a water slurry process. In one
embodiment, the blend material further contains a filler.
30 [0143] In one embodiment, a macrocyclic polyester oligomer composition includes a

macrocyclic polyester oligomer, a polymerization catalyst, and water. In one embodiment, the

macrocyclic polyester oligomer composition further includes a surfactant. In one embodiment,



spectroscopy, infrared spectroscopy, differential scanning calorinetry and
gel perneation chromatography anal yses. Exanple A [0150] The macrocyclic
pol yest ewobi/ssners used in the foll owi ng exanpl e are macrPoTysé1/1206410
copol.yester oligonmers with 95.0 nol % of PBT and 5.0 nol % of PET. The
macrocyclic copolyester oligonmers were prepared by heating a m xture of
copol yester linears, organic solvents, such as o-xylene and

o- di chl orobenzene, which are substantfépry free of oxygen and water, and
tin or tid hadtobysliePIPRUBLSI@ndricampesitien filrthealncRiles afilbysidsothdrlgitivedsedhean
stainl ess steel reactor equipped with a magnetically coupled stirrer and

heat er as pEmginth mdéhralestses anslsstabiligege dnwing smbgdionast, apelyestey palivgier e¢mposiigligne,

PET poPBPE Y D BIBE TR Be e b Eh sty ph il R ey ok Biifba

was he@qvq@ﬁlgcrg@(mc@a@eg%l?ﬁlewth dry nitrogen until the noisture
content of water was about ppm Sparging also renoved the dissolved

oxy§en [0 hengwk earhodinzand, 4 preease fortimgregaaidnge maqueeydlie potysstenakgamerfor

seal ed. The m xture é/as lheat.ed to 220C. ..Af %}S’r 20 .t he tenE@r atur.e ngi d

st abi | PORPErFaonAFdIr Bo yE’&Pé‘l“&?t‘?a“tr?‘iY&HFB BRivaliesmsT epds migRe e e

ol es  RftierPlc¥@SEiSIhg WWycﬁ@?ﬁ?éstéﬂUlﬁgﬁ%erW@pﬁ?ﬂ@ﬂzﬁi@n'fcﬁﬁlﬁyﬁitﬁm’a@&
pressure transferring the catalyst into the systemwth the aid of dr

0- xy| ervath( ér wighdut g sutactadtieforat a mittoret dplyipg thermixgure tey base maemdledrying the
transfer) and nitrogen. This marked.tinme.zerq i.n the experinment. The

resul tim tur? a‘jc?moé’ﬁ%f?it%{t é’rg\%glgggﬁﬂl Cgemiféfl?eé%m@pr & sanples of the
moxpur qoiey| i ofli ik lehiboliin®imk HhEbIRd MR- RIMRICP thelldes 8 iBEE Th DnPkRDOUFerS t he
driving force and a small sintered filter placed in the systemto provide

t he pr esbester polpmet comapasiss phepared by golyimeriging ilmeaccadyc ke palpiesermigemener e

anal yzed by. HPLC tq determ n ield f macrocyelic copol yester .oli.goners.
A ter - casp iRy VO BOR I e Roftaef fh QR e RIRMEF S 13 MR SerdiDl B of
vat er (BoednidPdss, by adding the water in an o-xylene mxture. The

wat er/ o-xyl'ene m xture was pressure transferred into the 30 system and the
syst em[Ob6]t higor catthinwppli¢ations)dl maybed &€Sinableto $dritr a susgensipnhatgrasdast faiteelong
re?glti ng rgacted m xture was then filtered (tghlrlou h a. heat.ed filterf

Fi 10 r at?eBAd PEUREEHOMhanYsomBAneRif Prosiritaling pUutddng sisaepsianRsiire thegep of

(carb 0:%#%@&2@1& qll%l‘z?&érnhf‘é@}o?r%{ :glgélﬁ:‘%ﬁox%, Eggﬂ%ﬁ_ﬁ%n frfa? e b eneddat §Mbst P 1/ 53379

PCT/ US e that al ned the desired macrocyclic
copol yesifermivy ivithirethe sispessaon kepd biy agivation andér satringdEforevasd diveng the appradt ed
or roto-evaporated down to about 40 nml and then nonsol vent (pentane) was
added 8PY B HXUES-pi t ati on of the oligoners. The precipitated

recrooteLis ORGP BRI s e Bl ot ity o
i ndD catabovd)grinding ms®erbeatekessirydo eedybelmakroceclivi podtestdr oligomers into a powder form.
~ Typically, macrocyclic polyester oligomers have a low molecular weight and can be ground into
ﬁne powder easily at ambient temperature thereby reducing the cost of material. Conventional
thermoplastics like nylon and polypropylene are not as easy to grind at ambient temperature and
need to be cooled or frozen. Certain conventional thermoplastics require very low (cryogenic)

25  temperatures to make grinding possible thereby dramatically increasing the cost of material.
[0148] The success of a water slurry process in prepreg formation and polymerization of
macrocyclic polyester oligomers was unexpected partly because the presence of water, in general,
disrupts and can even entirely prevent the polymeriZation process from starting and progressing.
Once the water is removed by drying, however, the polymerization process can take place

30 uninterrupted. The water slurry process thus provides an effective and relatively inexpensive

method for preparing prepreg and polymer from macrocyclic polyester oligomers.



linears in the product. Exanple 1 [0152] Twenty mlligrans of 1,
1,6,6-tetra-n-butyl- 1,6-distanna-2,5,7,1 0-tetraoxacycl odecane

(" st annowvemet/433y9 was di ssol ved with heating in approxi mat BEV/UR013020d4 of

t ol uene which had been 10 pre-dried by treating with 4A nol ecul ar si eves.
The sol ution was cooled and poured into a glass jar containing 5.0 g of
finely pul verized macrocyclic copol yesyer ol i gomer of PBT/PE (95/5 nolar
ratio). After intimately mixing the resulting uniform paste was dried under
vacuumvat  dbuipledC. The white crusty solid was pulverized by using a
pestle and a rmrtar The resulting ~uniformfree flow ng white powder

cont ai N8N 3 hesiodogvisre q&ampéﬁsmpr@é}dem Birther diystrate ped (pclaciditate g m)norrer
repeat ulﬁﬁértstsandx?é ggplgﬁg}éﬁrlt%ﬁ%efe{%ggak & e)}mﬁ\@ﬁs ik F?&gmlkci%% C}S)B(é?ﬁ’ﬁstrw% rgt‘%g ol 6%

of stannoxane was ‘e con arni ng

of tin ifteptiBn PThe PRIdAcO bblaliRdTRRR tees b2inpIENAaEbe E@ifieied by Rbaventidtal Exanpl e
3 [0154] Di-n-butyltin oxide §24 89 0.100 nol e),
2, 25di deghpiques Suchragparierprg carhon-23 nycley mapetisrisseangs BPePEOSAOPBIMASS| uene

v PRk o G, S AR AR D PR K,

appr oxichpdngdtygraghyatatygegur i ng which tinme approximately 1.7 nl of water was
separated. The Dean-Stark 25 condenser was replaced with anot her Dean Stark

condenggyufgit l4ed Wi th nol ecul ar sieves. The reaction mxture was further
heated to reflux for an additional hour and then approximately 60 m of
t he t ol[0E¥MH V\Blserdherbi:ycllieqtobmter dJgomesoadei my theolmving ezampleare maerospdlicd was

B Roat e feamErvity P30 e AEEBT 8nds) QR iR ake magesriligxane- 21)

vas 36.chng. estm’é@h‘%rﬂwég E%@bﬁ@ﬁﬁﬁ%& Hﬁitﬁ}é’of‘%ﬂﬁolgésﬁ‘ép lﬁfealtsh@rgglln@nd

obt ai ned Ih Exanple 1 was placed’in round bottom flask and it was
bl anketsetvendst fuchias porytene afith e-di¢tdetobeversnd, vdrictdarp pabktantially fiek bf bsygden \Ami

01/ 53379 PC%’@J S01/ 02064 -43 i nt ai ned aft 190C. The powder conpletely
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viscosibysal ARahisaicksgr éégfé%tt)}'ec?m@ a Wabeiidafly DRIDIQABfer &nd Reater

m nut e and then started to solid cry Izatron, resulting in
f ol frat ivath aint@ls wasgtharped ovathed 800whi @é76 gmkns@l of d'-lxglepe;l 539®gnamt(0 369 vm:d;es) of
St annoxane- 2
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solution. The solution was heated to 100°C and sparged with dry nitrogen until the moisture
content of water was about 5 ppm. Sparging also removed the dissolved oxygen in the solvent
and inerted the reactor. The reactor was then sealed. The mixture was heated to 220°C. After

20  the temperature was stabilized, 3.5 mole% of catalyst, titanium butanediol (based on total moles
of polyester monomer repeat units), were added to the system by pressure transferring the catalyst
into the system with the aid of dry o-xylene (flushing the catalyst into the system to ensure
complete transfer) and nitrogen. This marked time zero in the experiment. The resulting
reaction mixture was sampled by removing 1-2 ml samples of the mixture periodically from the

25  system using the system’s pressure as the driving force and a small sintered filter placed in the
system to provide the pressure drop to atmospheric conditions. The collected samples were
analyzed by HPLC to determine yields of macrocyclic copolyester oligomers. After
approximately one hour, the catalyst was quenched by the addition of water (0.20 mol) by adding
the water in an o-xylene mixture. The water/o-xylene mixture was pressure transferred into the

30 system, and the system was then allowed to cool to 75°C with stirring in progress. The resulting
reacted mixture was then filtered through a heated filter. Filtration resulted in removal of

precipitated linear impurities (carboxylic acid terminated linear oligomers) from the system.



was added to 4.0 g of the macrocyclic copol yester oligoners obtained in
Exanple A in ajar. The content was m xed to forma honbgeneous white
paste. Theoprside was dried under vacuumin an oven at appeDysomieddy 50C.
The crusty solid blend obtai ned was ground to obtain uniform 10 powder
containing 0.4 nole %tin atons per nole of the copol yester nononer repeat
units. Exanple 6 [0157] Exanple 5 wasghepeated except that 13 ng of

st annoxane-2 catal yst was used to give a blend containing 0.2 nole %tin
at ons rTehe fiiwhte tlodt colteined ol desstdmacrooghie rcopcdpm&r allilgbmsrs (dExamgd @ ofxilibne

[ 0158] e 5 was repeated except that st annoxane- 2 cat al yst
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The vial was 20 capped under nitrogen. The vial was then dipped in a 190C
oi | Sbatohgompks obt Ve gresfer than §9%pindicatedbygiordserpble z!aye@wmqtﬂstgrmlpaﬁeé

Tabl e s taken to show nmarked viscosity increase and to
obser vémggg\g{?theq’g?&nd V'Er\fll te solid followng crystallization. Table 2.

Pol yrrerbtﬁzatl o? of the blends Stannoxane-2 Tinme to show Start of Conc.
(ol 9 Bxe8wle{ty increase crystallization (nin) (min) Exanple 8 0.4 1.5

4.5 Biorpe @w&ht%nﬁll@rarﬁé‘@frpll% 6L trR-nlbut)- 18 distamn¥D, D3 /153&7R xRl ddeldec02064
-44- Exanple 11 ul trusion I,” glass ribbon) [0160] Pultrusion was done
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n " Fl,ex i berglass rovin nd s pul |l ed, at rat
ndh Siose-afe bt Bedtineotighen e enla g o B s Miubes FoandsoRsd i9 4 der x
0 025 PMn&Erﬁﬁ? @%M 1%91 Jib@ni&i%%r& &@@‘&ﬁi’olﬁ?ﬁe@bﬂ@cﬂnérrbfm fosks was
then plraced on the |bers as t hey entered a tdpered die (4 inch 'long, '/2

i nch x n@ol@7@tion chftertintimeteninrang the reamthrigltﬁnﬁonnrpaxte (Wa@ ﬂﬁed moder aacuune aexi t )

t hat was heat ed 200C. Th powder and p nmerized in_the die
(pol yrrégf"itastoé Tﬁiﬁm‘&tce&tw eryas H%‘feé’éﬁ‘% §¥ u%@%@ﬁ’?“ a@wwa.%aeww GPC

anal ysiQifo R frek %)cmﬁxtfgewﬁf?@ﬁ{)\%@érl%nm&ﬁ of 4 S¥16Rbe tin atoms per mole of the copolyester

15 . monomer repeat units.

Example 2
[0153] Example 1 was repeated except that 33.0 mg of stannoxane-1 catalyst was employed to
give a blend containing 0.5 mole% of tin atoms per mole of the copolyester monomer repeat

units.

20  Example 3 ,
[0154] Di-n-butyltin oxide (24.89 g, 0.100 mole), 2,2-diethyl-1,3-propanediol (13.22 g, 0.100
mole) and 75 ml of toluene were placed in a 250 ml, three necked flask equipped with a Dean-
Stark condenser. The mixture was stirred under nitrogen and heated to reflux for approximately
2 hours during which time approximately 1.7 ml of water was separated. The Dean-Stark

25  condenser was replaced with another Dean Stark condenser filled with molecular sieves. The
reaction mixture was further heated to reflux for an additional hour and then approximately 60
ml of the toluene was distilled off. Upon cooling, a white crystalline solid was obtained. The

yield of 1,1-di-n-butyl-4,4-diethyl-1-stanna-2,5-dioxacyclohexane (“stannoxane-2") was 36.1 g.

Example 4
30 [0155] Approximately one gram of the blend obtained in Example 1 was placed in a 25 ml
round bottom flask and it was blanketed with nitrogen. The flask was then dipped in an oil bath



strength as conpared to that of the uncatal yzed macrocyclic oligoners which
is extrenely low), 10 and exited in a nolten but highly viscous state,

fol | onwed vog o1/8837e crystallization within 2 inches of thepdi/@soi/ndiicat ed by
a visual change fromclear to opaque (light tan in color). Exanple 12
(Pultrusion 2, carbon rrbbon) [0161] This exanple is the sane as Exanple 11
except that the fiberglass is replacedygith Zoltek, 413 ft/lb yield, X 10
sizing, 48k filanment count, carbon fiber. The resulting ri bbon also 15

di spl ayedintgimed atrE07ani Tel po&tdléﬂﬁghﬂﬂetebndelltdﬁbnroas wtihutago foehyamesasyradflood ecul ar
wei ght of 50k . based on GPC anal ysi s. mpl e 13 (Pultrusion 3, glass rod)

[ 0162] colorlessehicanehl dhquiscosity 0£th61151ur41&1ﬁﬁmlt¥ lmnerserlazrltélm ﬁ§efé|0<1%0fsit t%epsmars
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i n Exanplié The\pslyplefigstibnomastdomplétdar B) mnuitdsey entered a taper ed, round die
heated to 200C (0.25 inch dianmeter at the entrance, reducing to 0.125 inch
at § |@J&,ﬁ¢]&ﬂgthe entrance, and a constant 0.125 inch dianmeter for the
remai nin inch of the 8 inch long die). The resulting rod was

subst arﬁ@liﬁl] | yStenmaxener? 426 nigh.07 25 mmalhyapdissoread inddz ef d%mltcdumearThmebbtﬁitonof
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cat al ygbntest wal SHQUUS orha Boidb @B o @ wiied fhétee MheGake iad Aricd BRI vABIRYn an
wei ght of solvent), and conbined wth about 1 gram of carbon fiber on a

pl ast i @vghaatppro@dimetely 5@ Cs dTheemysty saiiiaendodtitainewas grophe to etesindmjfoemd
| o po The p r dl d not flake aoff durj handl i ng. -The prepreg
35 PPWQ% Cp%tﬁs é’a‘? PR /o0 Ams BEPYIES tlerror?etyarq?rgmowm%rastﬂat 96%si 1 or

3 ninutes at about 200C usi ng Tefl on sheets. The resulting sheet was
si gni f ilxamplg 6 structural WO 01/53379 PCT/ USOL/ 02064 -45- Exanple 15
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fabric use erla spreea ver ace,

at a fibped doﬁtairﬁﬁgO2Viﬁb19%t1h&tdn§sp’bfrn?olé-offﬁb@ob@y@lté& idriokheg Beehtehits( " t he
sanple”) was placed in a heated platen press, at a tenperature of about

190C, m"bﬁéﬁ at 5 low pressure (less than 5 psi) for 3 mnutes. The
sanpl e was then pressed at 200 psi for an additional 17 mnutes.. The
sampl e [WES] r dirowgde hovas répeated ewpaph that 6Soog bﬁgammapﬂf-ésatalyfhwasswp lte giveas
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Examples 8-10
[0159] Blend materials obtained in Examples 5-7 were subjected to test polymerization. One
hundred milligrams of each sample were placed in a one-gram screw-cap vial. The vial was
20 capped under nitrogen. The vial was then dipped in a 190°C oil bath. The blend melted in 50-60
seconds to form a colorless fluid. Table 2 shows the times taken to show marked viscosity

increase and to observe a porcelain-white solid following crystallization.

Table 2. Polymerization of the blends

Stannoxane-2 | Time to show Start of
Conc. (mol%) | Viscosity increase crystallization (min)
(min)
Example 8 | 0.4 1.5 4.5
Example 9 | 0.2 2 6
Example 10 | 0.1 10 18

25



10 1, using the catalyst of stannoxane-1. The blend material was ground to
fine powder. The blend material was then m xed with water and/or ethyl

al cohol twoorssre a slurry. The m xture was allowed to rPROBUST/(2064
suspension for at |east 24 hours. The material was then heated to renove
wat er and further heated to cause polynerization of the macrocyclic PBT
oligoner. The polynerization results e listed in Table 3. 15 Table 3.
Water Slurry Process Results (PBT/[Stannoxane-1]) Test |d. Conponents of

m Xt ur aExamﬂqﬂhl(Pubnugimh 1\Vebasamiebddd@scri pti on Mv % Conver si ons a rracr ocyclic
PBT, Eth al cohol msm ble 126,030 Medju crocyclic PBT
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[0166] The procedure_was then repeated exceﬁt that the catalyst in the
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Conmponent s of m xture in_equal M xture Description Mwv % Conversi on'
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Et hyl I n/ a
126, 539 TFyethes pORhEE I B (ol IRGHANKE: Lich BRI R
Conger shawxit&d ﬂ‘nrmlmacusmmygﬂly Cispalsy(ale, %lmwe;cll inapiderepditizaloatve}hinRiigeheer t o
| i near pol yner gh = 95- 100% Medi um = 90-95% Low = | ess than 90%
Exanpl &f e qxvsgp@ﬁa@ﬁhywlwbﬁ&aags frgmy qleas 19 opraye Eight famia Pl of macrocycl i ¢
PBT ol i goner was prepared by the process of Exanple 1, using the catalyst
of starﬁwnmielz_.(Pﬁhlelehe?ndarhamébbm) was ground to fine powder. The bl end

mat er i s then m th wat d/.or et hy hol. to cre slurry.
The' m 101" HAS Cuiiian e seind b ERemne ] xSint fion eaesglonsds SriBaT naur s
Unsi zeg fieg, 413!3%’1%51*305( 0 §8he Bk £108Bnt BLRPELONEBer %e%éﬁlt’i Bl £apVved
with a slurry coating. The coated fiber was then dried under ﬁ) vacuum f or
30 1fi nutisgpdayad g8OLmechangratrstrdngtlp apg thegesultiveg polppedmduwacleaular weight 6f/52ki nch

pi eces, stacégg rglé(dom y between steel sheets, wapped in alumnumfoil,
dried 2§RHPUABEASYESUm f or

Example 13 (Pultrusion 3, glass rod)
[0162] This example was run at 15 inch/min pull rate, used 3 strands of FGI, 113 yd/Ib yield,
- standard sizing “Flexstrand” fiberglass roving, with a preheated die at 200°C. The blend material
20  (in powder form) obtained in Example 1 Was placed on the fibers as they entered a tapered, rouhd
die heated to 200°C (0.25 inch diameter at the entrance, reducing to 0.125 inch at 1 inch from the
entrance, and a constant 0.125 inch diameter for the remaining 7 inch of the 8 inch long die).

The resulting rod was substantially structural. The resulting polymer had a molecular weight of

50k based on GPC analysis.

25  Example 14 (Unidirectional prepreg)
[0163] One gram of macrocyclic PBT oligomer blend material with stannoxane-1 catalyst is
dissolved in 2 grams of methylene chloride (about 66% by.weight of solvent), and combined
with about 1 gram of carbon fiber on a plastic sheet. After the solvent flashed off, the sample
was dry and looked powdery. The powder did not flake off during handling. The prepreg was
30  then processed in a press, compression molding, at about 20 psi for 3 minutes at about 200°C

using Teflon sheets. The resulting sheet was significantly structural.



30 mnutes at 80C, and pressed at 190C for 30 mnutes, to nake a conposite
plate. The polynerization result for the resinin the plate is given in
Tabl e 5. Wi@bi/s33% Water Slurry Prepreg Process Results (PBIT/UStiano@xane- 1])
P Lest Id. Mv % Conversion' JEGL 136,000 High" 15 a - % Conversion is
from macrocyclic poly(1, 4-butyl ene terephthal ate) oligonmer to |linear
polymer. b'_H gh = 95-100% Medi um :430- 95% Low = less than 90% [0168]
The procedure was then repeated except that the catalyst in the blend

mat er i dxawgde 18 (Cospeaikion theldingy al yst used here was FASCATTMA101. The
polynmerization result for the resinin 20 the plate is given in Table 6.

Tabl e d0164dt fousilayersyofpingpy. &gz frauere yardrashontfebriepaeusabean TraicoAB T blendst

ld. Mv % Conversion ., JE 115,000 H _h _a - ,% Convey si is fra .

mcr ooyl SO0 B B v edp I wan s e RUaT OB IS nesi e her . b
- Hi gh (th88andple% wakslhdedin a31at38 YatdnPhess, At@StEmbEARr® BPAboEK ROMCE adBhél¥t er
slurry) 25 [0169] The cyclic oligomer enployed was a macrocyclic

co- pol yewtpegsswri(lgenthan f esPEM 3 winyies. @mﬁwéowgs(tb@n piessed at 0@ psitforanat e)

r epeat its 5 | % of pol y(ethyl ene terephthal at epeat Hnits. .Two
ypes SHaBaE R, dhF e S h TRtk < PRt Patng hERRS: HRPERI
c- PBT valsicgpedlizedamtdrped honogeneously distributed stannoxane-1. The
concentration of the WD 01/53379 PCT/US01/ 02064 -47 catal yst was 0.3 nol %
of tin BLAMPaEeW AL 4@t@ nol es of mononer repeat units. The second blend
cont ai ne .4 nol % of FASCATTMA101. (1) General procedure for making
aqueoud0Bifg peAdlcnd rh@drid]of MacsocgelanBB Dbligaacoeysqiregared BBthegro@sef Exbingsiel
containing a polynerization catal yst 521 m of water, and a surfactant
as [P ndilcupiagt élxﬂt af dannoryane-1od e plead majgriahyag eroyad i, fipe gowslesnd hehgnd
five 7/16. ; [ : [ t '

t ol e gy FRgh Sl et S ch ik ehotka SRARGERGY i MR )

Pol yreralzatd enrehidin/ih] sudypgisioni fordtdeast 34 Hougs.0Thd matetigliwadithes hsfieh i i@mower e
spread on the bottomof a 100 ni 10 beaker and it was dried at_ 60C under
vacuumWateraid dygher hepfed ¢ ¢ange polymgrigainad theomawggycliad BTy oligomsradbe in a 5

1} testpoh’ﬁ?e‘?izaf?bﬁ’?e%‘l‘t’s’ﬁr%&eﬁF?IPITLQQ3f3nd the test tube was imersed in a

15 Table 3. Water Slurry Process Results (PBT/[Stannoxane-1])
Test Id. | Components of mixture in equal weight | Mixture Description Mw % Conversion®
a macrocyclic PBT, Ethyl alcohol miscible 126,030 Medium®
b macrocyclic PBT, Ethyl alcohol, water miscible 147,300 High®
c macrocyclic PBT (control) n/a 155,722 High®
d macrocyclic PBT, water suspension 146,698 High®

® _ % Conversion is from macrocyclic poly(1,4-butylene terephthalate) oligomer to linear polymer.
b High = 95-100%; Medium = 90-95%; Low = less than 90%.

[0166] The procedure was then repeated except that the catalyst in the blend material was
20  different. The catalyst used here was commercially available butyltin dihydroxide chloride

(FASCAT™4101 from Atochem). The polymerization results are listed in Table 4. -



190C oil bath. The macrocyclic c-PBT oligoner nelted to forma fluid liquid
during a period of 2 mn after which heating was conti nued under argon

at nosphemeo ol/st3ad pol yneri zation time was 20 min for sanpCE@SconNda ni ng
0.3 nol % of stannoxane-1 and 30 min for sanples containing 15 0.4 nol % of
FASCATTMAL101. [0172] Results from sanples containing an ani onic surfactant,
various cationic surfactants, and a nop- lonic surfactant are summarized in
Tables 7, 8, and 9, respectlvely Tabl'e 7. Suspensions Prepared with
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nv ), N2 rl e 1.02) ("nnf r nl Qf annnvnnn 1
?8_ 3) u"ISt 4. &)mngw%t&b\ﬁmlhurszuﬁegua?w b b "Mixture Descrption J “o Mw oy AHSLAYELsIop” do. 3)
NADRS |56 Boewa TR iEiE L EBY Sy, 4 o madle o 17 1%y ey g0
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Surtfactants Suspension P
stacked randomly between steel sheets, wrapped in aluminum foil, dried again under vacuum for

30 minutes at 80°C, and pressed at 190°C for 30 minutes, to make a composite plate. The

polymerization result for the resin in the plate is given in Table 5.

Table 5. Water Slurry Prepreg Process Results (PBT/[Stannoxane-1])

Test Id. Mw % Conversion®
JEGI 136,000 High"
15 % . % Conversion is from macrocyclic poly(1,4-butylene terephthalate) oligomer to linear polymer.

v High = 95-100%; Medium = 90-95%; Low = less than 90%.

[0168] The procedure was then repeated except that the catalyst in the blend material was
different. The catalyst used here was FASCAT™4101. The polymerization result for the resin in
20  the plate is given in Table 6.

Table 6. Water Slurry Prepreg Process Results (PBT/[FASCAT™4101])

Test Id. Mw % Conversion"
JEG2 115,000 High”
? _ 9% Conversion is from macrocyclic poly(1,4-butylene terephthalate) oligomer to linear polymer.
b, High = 95-100%; Medium = 90-95%; Low = less than 90%.

Example 18 (Water slurry)

25 [0169] The cyclic oligomer employed was a macrocyclic co-polyester oligomer (c-PBT) with
95mol% poly(butylene terephthalate) repeat units and 5 mol% of poly(ethylene terephthalate)
repeat units. Two types of the blend material were formulated. The first blend of macrocyclic c-

PBT oligomer contained homogeneously distributed stannoxane-1. The concentration of the



(ml % (ppm drying time (103) t FASCAT 4101 (0.4) Brij 30"" (200)

60C/ vacuum 30 mn 94.0 122.6 s'- Brij 30: Tetra(ethylene glycol)
nonododeoyd oe533ey . b. - Peak nol ecul ar wei ght determ ned bpcEBN1/(20d473] The
chem cal stability of the aqueous suspensions may vary depending on the 10
envi ronment and chem cal nature of the conponents. Tables 10-11 show t he
effect of catalyst, surfactant, and leﬂmeri zation tinme on the nol ecul ar
wei ght of pol yesters obtained. Table 10 Chem cal Stability of Suspension-1
Sanpl e cRalystva$aBahyl3s ofSin tant tused G sia msileoffadnumerCopeat Miils. Theak8dnd( ppm
Time (at RT) time (% 103 Control FASCAT M 4101 (0.4) Oiginal d powder 30
mi n 94 biendxontuineddht ol opASAREAT Y4401. (0. 4) Only H20 2 h 30 min 93.1 123.9
u FASCAT M 4101 (0.4) DP (200 2 h 30 min 94.0 116.2 v FASCAT M 4101 (0. 4)
DPyr ( ZbDPeneraldugesd8® foi maBgaqueis suspenfANSCAT Tm 4101 (0.4) NaDBS (200) 2

h 30 m .8,114.0 15." - .. Dadecyl pyridi niumchlorid cationic);
Naoes. 1G5 N ety BemauRestie oL 6 RO ComagmDe podRmiereia Sl gh
det ¢r miongf] EwEECand @ hiaclaht aEChHaEafRl wepk ?f&béd {n¥a Qo éﬁ%@\ﬁ%h}%@m@s 5AIPhRng
Pol ym Catal yst Surfactant Suspension Polym Conv Mpb (nol (ppm Tine
(at RT)with free 14§ §taidB:ss Goeltbabls. Thatigltkhaceppdd Y@tldwatkliegitmabled fpohbewrs2@ ni n

97.8 14%}?23 E‘é)ntr. | St annoxane-é{ ,&10.3) Only HO 2 h 20 min -95 134.8 x
St annoX&eL Y f.“é‘;yﬂﬁ?ﬁ%“?waﬁo A0 min 95.9 141.3 xx Stannoxane-1 (0. 3)

DTMAB (200) 12 days 20 min 97.5 137.8 Stannoxane-1 (0.3) NaDBS (200) 2 h 20
ni n 93.(4) Hggmerizatioannoxane- 1 (0.3) NaDBS (200) 11 days 20 nin 93.2 124.4
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i nvent i20Rid &tk ovhikeh Iafihg 6ds belitindgd Lihder pfgdaeehoghere. Total polymerization time

was 20 min for samples containing 0.3 mol% of stannoxane-1 and 30 min for samples containing

15 0.4 mol% of FASCAT™4101.

[0172] Results from samples containing an anionic surfactant, various cationic surfactants, and

a non-ionic surfactant are summarized in Tables 7, 8, and 9, respectively.

Table 7. Suspensions Prepared with Anionic Surfactant

Sample Polym. Catalyst Surfactant® Suspension Polym. | Conv (%) Mpb
(moi%) (ppm) Drying Cond. time (10%)

Control | Stannoxane-1 (0.3) Original powder, not suspension 20 min 97.8 140.6
i Stannoxane-1 (0.3) NaDBS (50) 60°C/vacuum 20 min 93.6 131.2

j Stannoxane-1 (0.3) NaDBS (200) 60°C/vacuum 20 min 95.6 - 133.2

k Stannoxane-1 (0.3) NaDBS (200) 110~120°C/in air | 20 min 91.0 130.4

1 Stannoxane-1 (0.3) NaDBS (1000) 60°C/vacuum 20 min 92.9 1253

m FASCAT™ 4101 (0.4) Original powder, not suspension 30 min 94.8 123.9

n FASCAT™ 4101 (0.4) | NaDBS (200) | 60°C/vacuum 30 min 94.8 114.0

20  ™-NaDBS: Sodium dodecylbenzenesulfonate
P peak molecular weight determined by GPC.



5 illustrative description but instead by the spirit and scope of the
followng clains. WD 01/53379 PCT/ USO01/ 02064 -50 CLAIMS What is clained
is: 1 1. wobl/sxsd material conprising: 2 (a) a nmacrocycl i cPoDUg@H2e64
oligoner; and 3 (b) a polynerization catalyst, 4 wherein said macrocyclic
pol yester oligomer conprises a structural repeat unit of the fornula 00
I BIC5 -0-A-0-1 6 wherein Ais an alkylene, or a cycloal kylene or a
nono- or pol yoxyal kyl ene group, and Bis a 7 divalent aromatic or

alicyclic group. 8 TaleS ’ShmdnlsmnslPrrqtzmedahtlnCanbmm&utfamtmnel n said

pol ymerd-zat+on ptesent—fran brom o0 ta-do-gfol e
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forpula {92l molgeufar yreighs dgiggmined Sn / W R/ R /O In 00 R3

Table 9. Suspension Prepared with Non-ionic Surfactant

Sample Polym. Catalyst Surfactant® Suspension Polym. | Conv (%) Mpb
(mol%) (ppm) drying time (10%
t FASCAT™ 4101 (0.4) | Brij 30™ (200) 60°C/vacuum 30 min 94.0 122.6

A Brij 30: Tetra(ethylene glycol) monododecyl ether.
P._ peak molecular weight determined by GPC.

[0173] The chemical stability of the aqueous suspensions may vary depending on the
10 environment and chemical nature of the components. Tables 10-11 show the effect of catalyst,

surfactant, and polymerization time on the molecular weight of polyesters obtained.

Table 10. Chemical Stability of Suspension-1

Sample Polym. Catalyst Surfactant’ Suspension Polym. | Conv Mpb

(mol%) (ppm) Time (at RT) time (%) (10%)
Control | FASCAT™ 4101 (0.4) Original dry powder 30min | 94.8 123.9
Control | FASCAT™ 4101 (0.4) Only H,0 2h 30 min 93.1 123.9
u FASCAT™ 4101 (0.4) | DPyr (200) 2h 30 min 94.0 116.2
v FASCAT™ 4101 (0.4) | DPyr (200) 11 days 30 min 89.4 100.1
w FASCAT™ 4101 (0.4) | NaDBS (200) 2h 30min | 94.8 114.0

15 ™ DPyr: Dodecylpyridinium chloride (cationic); NaDBS: Sodium dodecylbenzenesulfonate (anionic).
b peak molecular weight determined by GPC.

Table 11. Chemical Stability of Suspension-2

Sample Polym. Catalyst Surfactant® Suspension Polym. Conv Mpb

{mol%) (ppm) Time (at RT) time (%) (10%)
Control | Stannoxane-1 (0.3) Original dry powder 20 min 97.8 140.6
Control | Stannoxane-1 (0.3) Only H,0 2h 20 min ~95 134.8
X Stannoxane-1 (0.3) DTMAB (200) 2h 20 min 95.9 141.3
XX Stannoxane-1 (0.3) DTMAB (200) 12 days 20 min 91.5 137.8
y Stannoxane-1 (0.3) NaDBS (200) 2h 20 min 93.4 138.7
vy Stannoxane-1 (0.3) NaDBS (200) 11 days 20 min 93.2 124.4

*. DTMAB: Dodecyltrimethylammonium bromide (cationic); NaDBS: Sodium dodecylbenzenesulfonate (anionic).
20 - Peak molecular weight determined by GPC.



Sn CH2 R3 6 R3 WD 01/53379 PCT/ US01/ 02064 -51- 7 8 or the formula (I1): 9
(1) 100RBRORI SN CSn 11 RR \OCd/ \R3 12 13 wherein: 14 RRis a C1l.4
primary avégi/sgroup, and 15 R3 is C 1.10 al kyl group. 16pCct/uSo1/0Eh& bl end
material of claim3 wherein said titanate conpound is a titanate

tetraal koxide, 2 a titanate conpound having the formula (I1I11): 3 (I1ll1) O
R~z TO-RERS / n (R4o~-n 5 wherei B: 6 each R4 is independently an

al kyl group, or the two R4 groups takéli‘i together forma 7 divalent

al i phafor74py of datiiepager® dpcurlBer®disslogedGreifabdivy & iaedrperatedryafegdiice

al i phatic_hydrocarbon group; 9 R6 is a nethylene or ethylene group; and 10
n i s 0hgrein. Varatipns; medificationstand thprpoplemantaiiongobivhaténdescobed hpseiatwillof t he

formul .6 1hod@oP gﬁ!d?r?a%}? il? %I_{hlés«i%{%}gcgﬁﬂiepa}égg_ frdt the éﬁirit and the scope of the
invention as claimed. Accordingly, the invention is to be defined not by the preceding

5 illustrative description but instead by the spirit and scope of the following claims.



R RT/M~RS-n 1ZOTi 13 \R7 0/ 14 wherein: 15 each R7 is

I ndependently a C2_3 alkylene group; 16 Zis O or N, 17 RBis a CL 6 al kyl
group or wosuksrd t uted or substituted phenyl group; 18 prepeided/ozh@n Z is
0, nmen=0, and when Zis N, meFO or 1 and mn = 1, 19 or the formula (V): 20
(V) 0-~Rg-O~q /Ti T\ OR9 21/ 22 wherein: 23 each RO is independently
a C2 6 alkylene group; 24 and g is O 1. 25 1 7. The blend material of
claim1 wherein said blend material further conprises 2 a filler. 3 1 8.
The blend material of claim7 whereiGLadM$ filler is present at a weight
percentage of from 2 0.1 %to 70% 3 1 9. A polyester polyner conposite
pr epar ‘Hysﬁ]@Wi zing said macrocyclic polyester 2 oligonmer of said

bl end flﬁte“,@'ue%n%&im c&m Sm 10. An article of manufacture conprising

sai d polyester poly nB ‘e of claim?.
2 (@)a macrocychc polyester oligomer; and
3 (b) a polymerization catalyst,
4 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula
' o 0O
5 A—O |(|3 B ﬂ
6 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a
7 divalent aromatic or alicyclic group.
8
1 2. The blend material of claim 1 wherein said polymerization catalyst is present in an
2 amount from 0.01 to 10.0 mole percent of said structural repeat units of said macrocyclic
3 polyester oligomer.
4
1 3. The blend material of claim 1 wherein said polymerization catalyst is a tin compound or a
2 titanate compound.
3
1 4 The blend material of claim 1 wherein said macrocyclic polyester oligomer is
2 substantially a homo- or co-polyester oligomer.
3
1 5. The blend material of claim 3 wherein said tin compound is a monoalkyltin(IV)
2 hydroxide oxide, a monoalkyltin(IV) chloride dihydroxide, a dialkyltin(IV) oxide, a
3 bistrialkyltin(IV) oxide, a monoalkyltin(IV) trisalkoxide, a dialkyltin(IV) dialkoxide, a
4 trialkyltin(IV) alkoxide, or a tin compound having the formula (I):
5 ()
| R, (K R;
Ta H,C Sn/
R R, O——-Sn—O/ O/ \R3



2 1 11. A conposition conprising WO 01/53379 PCT/US01/02064 -53- 2 (a)
said blend material of claiml, and 3 (b) a fibrous substrate. 4 1 12. A
process fwoopsBpari ng a bl end material conprising the stepsT@RoA2(6)

provi ding a macrocyclic polyester oligoner, wherein said macrocyclic

pol yester 3 oligoner conprises a structural repeat unit of the formula O O
Il BIC 4 -0-A-0-1 5 wherein Ais an_ghgylene, or a cycl oal kyl ene or a
nono- or pol yoxyal kyl ene group, and B is a 6 divalent aromatic or
ali@yclic group; and 7 (b) m xing said macrocyclic polyester oligonmer and a
pol gneri zat iwhcRimhMgi)t 0o produce 8 said blend nmaterial. 9 1 13. The
process of claim 12 wherein said macrocyclic polyester oligoner is
sub8tantially a () hono- or co-polyester oligomer. 3 1 14. The process of
cl hr112 wherein said polynerization catalyst is provided in an anmount 2
fr 0.01 to 10.0 nole per cept of~ structural epegt units of said

macr ocyclic polyester 3 olig nﬁr. 4 \1 }5. TQQ rocess of claim 12 wherein
said polynerization catalyst ig/Za tin npound¥gr a 2 titanate conpound. 3
1 16. A process for polynerizi g¥a macygqcycl i c /pol yester oligoner
conprising the steps of- 2 (g pépvid'ng sangél ﬂﬂ material of claima1,
and:3 (b) polynerizing said cyclic polyester oligoner. 4 1 17. The

pr ess of claim 16 wherein said macrocyclic pol yester oligoner is
suBdt anti Whewing 2 hono- or co- pol yester ol i goner.

14 R, is a C;4 primary alkyl group, and

15 R3 is Cy.y9 alkyl group.

16
1 6. The blend material of claim 3 wherein said titanate compound is a titanate tetraalkoxide,
2 a titanate compound having the formula (III):
3 {11

4
5 wherein:
6 ~ each R4 is independently an alkyl group, or the two R4 groups taken together form a
7 divalent aliphatic hydrocarbon group;
8 Rs is a Cy.19 divalent or trivalent aliphatic hydrocarbon group;
9 Rs is a methylene or ethylene group; and
10 nisOorl,

11 a titanate ester compound having at least one moiety of the formula (IV):



3 1 18. The process of claim 16 wherein said polynerization catalyst is a
tin conpound or a 2 titanate conpound. WO 01/53379 PCT/US01/ 02064 -54- 3
1 19. Theaveoossss of claim 16 further conprising the stepprof/usixizogy sai d
blend material with a 2 filler after step (a) and before step (b). 3 1
20. The process of claim 16 wherein said step of polynerizing is conducted
at a tenperature 2 between 150C and 2%9C. 3 1 21. The process of claim16
wherein said step of polynerization is “Conducted under inert 2 atnosphere.
3 12 22. The prodPgs of claim 16 wherein said step of providing said blend
material conprises 2 providing said blend matgrial as a powder. 3 1 23.

The process of claim 16 wherein said proce a pultrusion process, a
rotational nolding 2 process, resin fif/mimnfusion process, a resin
i process, a prepreg formation
ki ng 4 process, a

transfer nolding process, a filfanenty)
process, a process using a prepresd,
conpressi on nol di ng process, or\ % t slurky process. 5 1 24. A process
for polynerizing a macrocyclic pol yester oligymer conprising the steps of-
2 (a) providing a nmacrocyclic polyeste ongpn%r; 3 (b) providing a
polgnerization catalyst; 4 (c) |oading Led” macrocyclic polyester oligoner
ané4said Qﬂ&gﬂprization catalyst into a 5 nold having a chanber; 6 (d)
rotating sard nold along an axis; and 7 (e) heating said nold to cause
pollgneri zat ieath R isSiadépendaigeyC].j dikpeleygsager ol i goner, 8 wherein said
macrocyclic pol yester oligonmer conprises a structural repeat unit of the
folfhula 0 &BOMN;9 -0-A-0-1 B C

17 Rs is a Cy.6 alkyl group or unsubstituted or substituted phenyl group;

18 provided when Z is O, m=n=0, and when Z is N, m=0 or 1 and m+n=1,
19 or the formula (V): |

20 W)

\ /O—(RS’_OE‘ /

Ti

Moo/ \

N | / No—ry—
22 wherein:
23 each Ry is independe_ntly aCyg alkylene group;
24 and qisOor 1.
25

1 7 The blend material of claim 1 wherein said blend material further comprises

2 a filler.

3

1 8 The blend material of claim 7 wherein said filler is present at a weight percentage of from
2 0.1% to 70%.

3

1 9 A polyester polymer composite prepared by polymerizing said macrocyclic polyester
2 oligomer of said blend material of claim 1.

3

I 10.  Anarticle of manufacture comprising said polyester polymer composite of claim 9.

1 11. A composition comprising



10 wherein Ais an al kylene, or a cycl oal kyl ene or a nono- or

pol yoxyal kyl ene group, and Bis a 11 divalent aromatic or alicyclic group.
12 1 25wahesprocess of claim 24 further conprising the BCEpSOfo20
01/53379 PCT/ US01/ 02064 -55 2 (f) renoving resulting polyner while said
resulting polyner is at substantially the sanme 3 tenperature as said

pol yneri zation, said resulting polyner 5igl idifying into a solid at the 4

tenperature of said polynerization. 5 26. The process of

claim?24

whepei n st ega)said biendahfepianeftbiaben ande tenperature of the nmold 2 is
substanti al I%/ the sane as that of polynerization. 3 1 27. The process of

cladm 24 whé

)3 Ab®Hp gubstiaicocycl i ¢ pol yester ol i gomer conprises a 2

macaocycl ic poly(butylene terephthalate) oligomer. 3 1 28. The process of

claim 24 wherein the anount of said polynerization catalyst

is from0.01 2

to 10. Q2rol & peceRTbr prlepsRHpABEnd atesiaDdonSstisthg e kRpy6f: i ¢ pol yester

oligonmer. 3 1 29. The process of claim24 wherein said pol

nmeri zation

cat &l yst i s (& nrpvidewrpoacracyclip pelysger dtigemsr.orkeseinspidanagreayelic pplgesi¢m sai d

pol yn'eri zoalilz ioone ca;[nalr.gssta its {%rtliré anat e
manuf act ut & ;r)l?éﬁgr ed y THhé p%l yprﬁgrl za

The process of claim24 wherein step (d) s al ongOt wo axes.

te, c und, 2 1 31. An article of
RIS of Tciaim 24, 2 1 32.

2 1 33. The

process of claim 24 wherein said nmacrocyd|ic pol ygster oligoner conprises
2 sklbstanti ally a hono- Q_r__cg-_pglﬁ%[gst(f_r_ m_oggr_.ci%__l 34. A process for
pol ymeri zing a macrocyclic pol yester oligoner conprising the steps of- 2
(@) 5 proviwherginaA Id anakplahe or akydoatpylesd orga mon@air@olyokyadkyehey@stigrandlB gaarer
and a 3 pal ynerizati on catal yst; 4 8b) | oadi ng said blend material into a

mol @ havi @algnthq%ﬁtéﬁ: or alicyclic group; an.
7 (b) mixing said macrocyclic polyester oligomer and a polymerization catalyst to produce
8 said blend material.
9
1 13 The process of claim 12 wherein said macrocyclic polyester oligomer is substantially a
2 homo- or co-polyester oligomer.
3
1 14, The process of claim 12 wherein said polymerization catalyst is provided in an amount
2 from 0.01 to 10.0 mole percent of structural répeat units of said macrocyclic polyester
3 oligomer. |
4
1 15 The process of claim 12 wherein said polymerization catalyst is a tin compound or a
2 titanate compound.
3
1 16. A process for polymerizing a macrocyclic polyester oligomer comprising the steps of:
2 (a) providing said blend material of claim 1; and
3 (b) polymerizing said macrocyclic polyester oligomer.
4
1 17.  The process of claim 16 wherein said macrocyclic polyester oligomer is substantially a
2 homo- or co-polyester oligomer.
3
1 18.  The process of claim 16 wherein said polymerization catalyst is a tin compound or a

2 titanate compound.



5 (c) rotating said nold along an axis; and 6 (d) heating said nold to
cause pol ynerization of said macrocyclic polyester oligoner, 7 wherein said
macr ocyclwe@ opsddygest er ol i gonmer conprises a structural repepat/usel/ 26 the
formula WD 01/53379 PCT/US01/02064 -56 OO0 Il Il 8 OAOCBC9 wherein
A is an al kylene, or a cycl oal kyl ene or a nono- or pol yoxyal kyl ene group,
and Bis a 10 divalent aromatic or aligyclic group. 11 1 35. The process
of claim34 further conprising the stéa of 2 (e) renoving resulting polyner
whiBe said resulting polynmer is at substantially the same 3 tenperature as
sai d polymerization, said resulting polyner solidifying into a solid at the
4 t knpdPat urldegrocsss of glaimy Hefurthgt ¢apprising the 3gp ofminingisaid dleyd metaualarithp e
prepared by i i s of claim34. 2 1 37. The process of
ol abm 34 fuﬁlﬁﬁ?ﬁ%oﬁﬁfaﬁ‘ﬁ%ﬁe?ﬁfsgéeﬁgg- of 2 (a') providing a filler
matgrial; and 3 (b') loading said filler material into said nold having a
chanmber. 4 1 38. The_ process of claim 34 wherein said blend materi al

f ur t he20congdiie paacess of ¢laigy 16 whergingnid steprofpadyaerizing iscoadyatahatgiempristuai d
mackocyclic § i r conprises a 2 macrocyclic poly(butyl ene
ter%phthalaP§§%%ﬁﬁ§§é%$&igﬁﬁ§'4o. The process of claim34 wherein said
polyneri zation is conducted at a tenperature 2 between 150C and 250C. 3 1
41. The process of claim 34 wherein_ said polynerization is conducted under
an i nelt. 2 Thempseisheelclaig 16 whereinyqid siemelerpdyraerization s @@dygied vnderdnasp (a)
con?rises pgﬁx&&%@g_said bl end material as a

3

122, The process of claim 16 wherein said step of providing said blend material comprises

2 providing said blend material as a powder.

3

1 23.  The process of claim 16 wherein said process is a pultrusion process, a rotational molding
2 process, a resin film infusion process, a resin transfer molding process, a filament

3 winding process, a prepreg formation process, a process using a prepreg, a roll wrapping
4 process, a compression molding process, or a water slurry process.

5

1 24 A process for polymerizing a macrocyclic polyester oligomer comprising the steps of:

2 (a) providing a macrocyclic polyester oligomer;

3 (b) providing a polymerization catalyst;

4 (c) loading said macrocyclic polyester oligomer and said polymerization catalyst into a

5 mold having a chamber;

6 (d) rotating said mold along an axis; and

7 (e) heating said mold to cause polymerization of said macrocyclic polyester oligomer,

8 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula

0O 0O

9 O0—A—O |C|3 B ll
10 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a
11 divalent aromatic or alicyclic group.
12

1 25 The process of claim 24 further comprising the step of



2 powder. 3 1 43. A process for polynerizing a macrocyclic pol yester

ol i gonmer conprising the steps of- 2 (a) providing a macrocyclic polyester
ol i gonmer wo\I/88B/953379 PCT/ USO1/ 02064 -57 3 (b) providi ngrar/pséyaressi zat i on
catalyst; 4 (c) | oading said macrocyclic pol yester oligoner and said

pol yneri zation catalyst into a 5 nold having a | ayer of fibrous material to
forma layer of said macrocyclic polye§ er oligoner 6 and said

pol yneri zation catal yst between said I %ér of fibrous material and a
surface of g8iréméviprésultthg(ghlyheakhifGsafbietultiRg folyMelBld: sotiatiaRg HRGYfk C
pol yester oligoner and forcing said nolten 9 nacrocyclic polyester

ol i éomer teoperaturs @s e polyaiedizptigre said resuitingaedymestsehidiaying el a 5oliq aythpeat i ng
saigd nold to cause . .pol rizatl.on of said macrocyclic pol yester oligoner,
11 Wher ei KPS, égﬁg§gﬁﬁ§nﬁgWVbster ol i gonmer conprises a structura
repeat unit of the formula O O Il Il 12 0-A-OC B C 13 wherein Ais an
alkilene, or_a cycl oal kyl ene or a nono- or Folyox al kyl ene group, and B is
a 14 @bval drir raeesanef daigy 2awhespd step ) superionged whamtheTempgrpeeekthomald ai m
43 further conprj.si he.step..0 f)_remving resulting polynmer while
said result il?@ SJE?P%}%&&’FEME? agﬂﬁg?fgt%({lyr}&?rllzyaﬁf)ﬁe sane 3 tenperature as said
pol ynerization, said resulting polymer solidifying into a solid at the 4
tenperature of said polynerization. 5 1 45. The process of claim43

whet ei #7st eplhegyodess pleditior b whesamsaihmaeropysdic pplyestendligomer gpmgrises 4 s

substantially the sa s.that of, po Jdzation. 3 1 46. The process of
clafm 43 wh %‘%f‘hcyg@? ggl%@EFYAWcthGBh%%‘%gg[lg?mgri gomer conprises a 2
macgocyclic pol y(butyl ene terephthalate) oligonmer. 3 1 47. The process of
clai m43 wherein the anmount of said polynerization catalyst is fromO0.01 2
to 10. @8npl elhsaressns ofoflaimprowhereimihe gmofintsafisaidmmtymarrizatipe caialystas fiom 0.01

ol goner. to 10.0 mole percent of monomer units of said macrocyclic polyester oligomer.

3

1 29 The'process of claim 24 wherein said polymerization catalyst is a tin compound.

2

1 30 The process of claim 24 wherein said polymerization catalyst is a titanate compound.
2

I 31 An article of manufacture prepared by the polymerization process of claim 24.

2

1 32 The process of claim 24 wherein step (d) is along two axes.

2

1 33 The process of claim 24 wherein said macrocyclic polyester oligomer comprises

2 substantially a homo- or co-polyester oligomer.

3

1 34 A process for polymerizing a macrocyclic polyester oligomer comprising the steps of:
2 (a) providing a blend material comprising a macrocyclic polyester oligomer and a

3 polymerization catalyst;

4 (b) loading said blend material into a mold having a chamber;

5 (c) rotating said mold along an axis; and

6 (d) heating said mold to cause polymerization of said macrocyclic polyester oligomer,
7 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula



3 1 48. The process of claim43 wherein said polynerization catalyst is a

tin conmpound. 2 1 49. The process of claim43 wherein said polynerization

cat al yst w@ona531374 anat e conpound. 2 WD 01/53379 PCT/ USO1l/ peD®401/026@& 1 50.

An article of manufacture prepared by the polynerization process of claim

43. 2 1 51. The process of claim43 wherein said macrocyclic pol yester

ol i goner .conprises 2 substantially a mo- or co-polyester oligomer. 3 1

52. The process of claim43 wherein stép (d) is conducted under reduced

pressure thereby 2 facilitating said inf@sion. 30 1 53. A process for

pol ymeri zing a macrocyclic polyester oligopner conprising the steps of- 2

(a)8prOV|d|ng a bl end naLeLL@_J;Mou a_DRCro ic pol yester oligoner

and a 3 polynerization catalyst; 4 (b) loading said blend naterial into a

mol 88 havi whemin Ayean aikyhehdarooasydaalkyliew ot ®mboe-rgofyokygikylend gmap dandl B isch

ma @rlal getmeen saj.d I ¥er of fibrous material and a surface of said nold;
? ) heatVAGNSAPEAHEPLHAYCHeEOUBAi d bl end material and forcing said nolten

blgpd material 7 to infuse into said |ayer of fibrous material; and 8 (d)

heating said nold to cause pol ynerization of said macrocyclic polyester

ol i yond5, 9 Miegredens sﬁdldnn%ﬁmﬁrycbdmpqhsiﬂlg/mﬂmp ofl i gomer conprises a

stryctural repeat unit of thq for 10.-0-

whefein A i dSHRmeVIEEsHltingpolymEr W f%@feéw@nspoan}wﬁoat s Stmﬂﬁas)%f‘a%am ene

grogyp, an The

o it S S s S e

pol ¥nmer weniperaeiedf sad polynregizpdrymer is at substantially the sane 3
engerature as said polynerization, said resulting polyner solidifying into
solid at the 4 tenperature of said polynerization.

36.  An article of manufacture prepared by the polymerization process of claim 34.

1 37 The process of claim 34 further comprising the steps of

2 (a’) providing a filler material; and

3 (b”) loading said filler material into said mold having a chamber.

4

1  38.  The process of claim 34 wherein said blend material further comprises a filler.

2

I 39. The process of claim 34 wherein said macrocyclic polyester oligomer comprises a

2 macrocyclic poly(butylene terephthalate) oligomer.

3

1 40. The process of claim 34 wherein said polymerization is conducted at a temperature

2 between 150°C and 250°C.

3

I 41, The process of claim 34 wherein said polymerization is conducted under an inert

2 atmosphere.

3

1 42. The process of claim 34 wherein step (a) comprises providing said blend material as a
2 powder.

3

1 43. A process for polymerizing a macrocyclic polyester oligomer comprising the steps of:
2 (a) providing a macrocyclic polyester oligomer;



5 1 55. The process of claim53 wherein said blend material further
conprises a filler. 2 1 56. An article of manufacture prepared by the

pol yrer i a0 bom3py ocess of claim53. 2 WO 01/53379 PCT/ USBQT/08@@E2064- 59 1
57. The process of claimb53 wherein said macrocyclic polyester oligomner
conprises a 2 macrocyclic poly(butylene terephthalate) oligonmer. 3 1 58.
The process of claimb53 wherein said p§bynerization I s conducted at a
tenperature 2 between 150C and 250C. 1 59. The process of claim53
wheBei n sai dbpobyriing zpolymerizgion@atlyst;ed under an inert 2 atnosphere. 3 1

P T R DR S MR A
pol yest er g} 4 R4 afa?ér miaw@srm;@ﬁmga fort 5:&%6%%5&80}3}i§gglg@;texsolfg%}ner

provi ding a macraocyclhic pol yester ol goner; rovi

pol ger i zatd said payaksisdtionsataly)st bétser dnid lagey dditdourarnatedylcind @ spohyestt said

ol i goner anfi said polynerization catalyst onto 6 a fibrous material; and 7
(c) "heati ’Pi‘@dc;o melt and causi ng said nacrocyclic polyester oligomer to m X

intg said Pl ® . [ i I G SAl 2 | : :

ot o cofO SR SERA | Chej BB bR GENE A BRIER oy
A OOC B Gnadrowdrdicgiolyehter sligomerl tk yfeseantocmaidalagsralf dibkrdusineaterialy aral nono- or

pol Xoxyal kyl ene roup(,1 mabrll(?toBci s a6 12 di ,valo?nt aromati ¢ or alicyclic group.

131 (e) heafing sai ause polymerization of said macrocyclic polyester oligomer,
11 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula
| 0 0
12 —O0 A 6] ICli B |(|?
13 wherein A is an alkylene, or a cYcloalkylene or a mono- or polyoxyalkylene group, and Bis a
14 divalent aromatic or alicyclic group.
15

1 44, The process of claim 43 further comprising the step of

2 (f) removing resulting polymer while said resulting polymer is at substantially the same
3 temperature as said polymerization, said resulting polymer solidifying into a solid at the

4 temperature of said polymerization.

5

1 45.  The process of claim 43 wherein step (c) is performed when the temperature of the mold
2 is substantially the same as that of polymerization.

3

1 46.  The process of claim 43 wherein said macrocyclic polyester oligomer comprises a

2 macrocyclic poly(butylene terephthalate) oligomer.

3

1 47.  The process of claim 43 wherein the amount of said polymerization catalyst is from 0.01
2 to 10.0 mole percent of monomer units of said macrocyclic polyester oligomer.

3

1 48.  The process of clafm 43 wherein said polymerization catalyst is a tin compound.

2

1 49.  The process of claim 43 wherein said polymerization catalyst is a titanate compound.



1 62. The process of claim61l wherein step (c) results in parti al

pol yneri zation of said 2 macrocyclic polyester oligomer. 3 1 63. The
process o¥0oi/sd3m 61 wherein step (c) results in conpl ete porysewizaat i on of
said 2 macrocyclic polyester oligoner. 3 WO 01/53379 PCT/US01/02064 -60 1
64. A process for inpregnating a macrocyclic polyester oligoner and a
polymerization 2 catalyst to forma pggpreg, said method conprising: 3
(a). providing a rel easable base material; 4 (b). providing a fibrous

mat éri @0; 5 Arcarticieroadmahufigture peatdd b ltieasdherizaion pradess ofallaim 48acr ocycl i c
poléester oligonmer and a 6 polynerization catalyst; and 7 (d). heating and

pressing said rel easable material against said fibrous material. 8 1 65. A
progess f or qi p i j f :
Dol e zat 10 T o B e E e eyl 1

pol gest er olsupwareiallgachomap ok yorpolyzsed digoart.al yst in a solvent 4 to forma
solytion; 5 (b) conbining said solution with a fibrous material to forma
m xfure; 6 (c) applying said mxture to a base material; and 7 (d)

renpvi sai .
Combr i 55 a e ISRy ciFn REMRLARUHTRANEL) EndE Rl ChrefupORE 0.1
10 @herei n Aadibtating adillyhfasien. or a cycl oal kyl ene or a nono- or

pol yoxyal kyl ene group, and Bis a 11 divalent aromatic or alicyclic group.
12 °1 66. The process of claim®65 further conprising 2 (c¢') pressing in a

ol d said b . o ' P N .
mat b o t o S g oA yBeARE B O el Bt AR s BT s
bl edd nat er i(a) pravidingsablednd matepiascommdrasinged mharocylisgolyester oligomer and a

polymerization catalyst;

4 (b) loading said blend material into a mold having a layer of fibrous material to form a
5 layer of said blend material between said layer of fibrous material and a surface of said mold;
6 (c) heating said mold to melt said blend material and forcing said molten blend material
7 to infuse into said layer of fibrous material; and
8 (d) heating said mold to cause polymerization of said macrocyclic polyester oligomer,
9 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula
O O
10 O0—A—20O0 UJ B |(|3
11 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a
12 divalent aromatic or alicyclic group.
13

1 54.  The process of claim 53 further comprising the step of
(e) removing resulting polymer while said resulting polymer is at substantially the same
temperature as said polymerization, said resulting polymer solidifying into a solid at the

temperature of said polymerization.

55.  The process of claim 53 wherein said blend material further comprises a filler.

N = B W

1 56.  An article of manufacture prepared by the polymerization process of claim 53.



5 polynerization of said macrocyclic polyester oligonmer. 6 1 67. The
process of claim®65 wherein said macrocyclic polyester oligonmer conprises a
2 macrocwedbospoed y(butyl ene terephthal ate) oligonmer. 3 1PEBUSHMROG ocess
of claim65 wherein the anbunt of said polynerization catalyst is fromO0.01
2 to 10.0 nol e percent of nononmer units of said macrocyclic pol yester

ol igomer. WO 01/53379 PCT/US01/02064 _-g1- 3 1 69. The process of claim 65
wherein said polynerization catalyst i$ a tin conpound. 2 1 70. The
protess7of dheiprodss sfhdaial 58 wherdinraid/mecrozatic polyesttadligomer somptisdsanat e
compound. 2 1 71. The process of clai 35 wherein said macrocyclic
polngester OIW@BWFII%H%IIY&A‘W neéerﬁB\“@ﬁ]@ﬁSn? £9BYT- cat al yst are conponents of a
blepd material. 3 1 72. An article of manufacture prepared by

pol ymeri zation of a prepreg prepared by the process 2 of claim65. 3 1
73. 1 Thé8pr oddspradescdiadlambs wheemi saidspol memzation yeeandugred gesteatpecdturgoner
conprises 2 substanti al hono- or co-polyester oligoner. 3 1 74. A
pr(r)rgess for bFWédéQ%@ﬂ'ngsor?ﬁcrocycl i c pol yester oligoner for

pol ynerization, said 2 process conprising the steps of 3 (a) dissolving a
macrocyclic polyester oligoner and a polynerization catalyst in a solvent
4 td feom dWeyross ofcldil ST ohtreii Janhpd ginelrisabion is amdutteduaddriapiotrs base
material; and 6_(c) renoving said solvent, 7 wherein said nacrocyclic

pol yest er oSBT conpri ses a structural repeat unit of the fornula 0 O
Il 41 8 -0-A-0-1 BC

1 60. The process of claim 53 wherein step (a) comprises providing said blend material as a

2 powder.
3
1 6l A process for impregnating a macrocyclic polyester oligomer for polymerization
2 comprising the steps of:
3 (a) providing a macrocyclic polyester oligomer;
4 (b) providing a polymerization catalyst;
5 (b) distributing said macrocyclic polyester oligomer and said polymerization catalyst onto
6 a fibrous material; and |
7 (c) heating to melt and causing said macrocyclic polyester oligomer to mix into said
8 fibrous material ;
9 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula
O 0O
10 O0—A—O ﬂ B |(|3
11 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a
12 divalent aromatic or alicyclic group.
13
1 62.  The process of claim 61 wherein step (c) results in partial polymerization of said
2 macrocyclic polyester oligomer. '
3
1 63. The process of claim 61 wherein step (c) results in complete polymerization of said
2 macrocyclic polyester oligomer.



9 wherein Ais an al kylene, or a cycl oal kyl ene or a nono- or

pol yoxyal kyl ene group, and Bis a 10 divalent aromatic or alicyclic group.
11 1 75wadhesyprocess of claim 74 wherein said macrocycl i BCPOSyIaRGH

ol igonmer and said 2 polynerization catalyst are conponents of a bl end
material. 3 1 76. A pultrusion process for nmaking thernoplastic articles
conprising the steps of- 2 (a) providi a macrocyclic polyester oligoner;
3 (b) providing a polynerization cat al'ggt'; WO 01/53379 PCT/ US01/ 02064 -62
4 (t) eyl | i ngpiockistfopinspregiaing ainticoodbli E€pSINEad U gbiner arfd A sblykBNzdti@nsai d
macrocyclic pol yester oligonmer and said polynerization cataszt into said
6 dfe causi gtabshtodlermwinrepre;mdaidmaethed eethprifindsr ous strand; 7 (e) heating
sai g contacted macr.ocycl.ic polyester .ol igomer and pol ynerization catal yst
8 cgusing pé?@ﬁ%??fg ¥8ﬂag?g%§%ﬁ”ﬁgg?%tyclic pol yester oligonmer formng

hi gl ol ecul(gy. pfoviihg BifibRss\egéed]; pol ynmer matri x around said fibrous
strand; 10 (f) pulling said polyester matrix with said fibrous strands into
an &xit por (foaroyidisgpy safl ecleasabla dosematgrigesmpesdcystio polyseen ¢ligomer and a
congiguration theﬁgg% &R&n§nggpn article, 12 wherein said nmacrocyclic

pol yest er oppagﬁgr o PHid8s structural repeat unit of the formula 0 O
11 B | @). héatim@-and Prebsihg siaeelehsabid rhatedd] aghii¥ sBI¥EG brOis Rateyigl. oal kyl ene or a
nono- or pol yoxyal kyl ene group, and Bis a 15 divalent aronmatic or
ali&yclic group. 16 1 77. The process of claim 76 wherein step (d)

conpri ses usjng an extruder .system .1 78. Th rocess of claim76

whelei Rost efs PR CEIRPYTRIER (Y A ek osy SiohelYGriss olglpeior alvipehigiion e "o ocess
of gl ai m 76 whpFrieing thedtehsgrcr ocycl i c pol yester ol i gomer conprises a 2
macrocyclic poly(butylene terephthalate) oligoner. 3 1. 80. The process of
cl a?m 76 whéaedissobiinginmagfocyeiccpobysisiemeligomer and aqul yhsrizatips cdtalysh i0 aGolveot

4 to form a solution;

5 (b) combining said solution with a fibrous material to form a mixture;

6 (c) applying said mixture to a base material; and

7 (d) removing said solvent,

8 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula

O 0

9 0 A 0) E B Ié
10 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a
11 divalent aromatic or alicyclic group.
12

1 - 66. The process of claim 65 further comprising

2 (c’) pressing in a mold said base material and said blend material with said fibrous

3 material to desired shape; and

4 (e) heating said base material and said blend material with said fibrous material to cause
5 polymerization of said macrocyclic polyester oligomer.

6

1 67. The process of claim 65 wherein said macrocyclic polyester oligomer comprises a

2 macrocyclic poly(butylene terephthalate) oligomer.

3

1 68 The process of claim 65 wherein the amount of said polymerization catalyst is from 0.01

2 to 10.0 mole percent of monomer units of said macrocyclic polyester oligomer.



2 10.0 nol e percent of nononer units of said macrocyclic polyester
oligonmer. 3 1 81. The process of claim76 wherein said polynerization

cat al yst w@oas3rn conmpound. 2 1 82. The process of cl ai nP@HUsbieneddn sai d
pol yneri zation catalyst is a titanate conmpound. 2 1 83. An article of
manuf acture prepared by the polynerization process of claim76. 2 1 84.
The process of claim 76 wherein said r_rg?r_ocycl i ¢ polyester oligomner
conprises 2 substantially a honp- or co-pol yester oligoner. WO 01/53379
PCTBUSO1/ 02064 -63- 3 1 85. A pultrusion process for naking thernoplastic
articles conprising the steps of 2 (a) providing a blend materi al

conpr i §§ng ﬂﬁé’é‘?‘@é%/%ﬁh‘?l?:mbgVB?@&saéﬂ PYyRenzatiqy catalyst is gitiprrompeand.on
catalyst; 4 (b) pulling a fibrous strand into an elongated die; 5 (c)
nmoving said blend material into said die causing contact with and around
sai @ fi70r ouShepradesaofilaif ¢3vhéreat saithp sl ameriLmioh aataBdt i9laahighaad@ipaindand

fi brous strand causing polynerization of 8 said macrocyclic polyester

ol i Ejomer form ng high nol ecul ar wei ght pol yester polynmer 9 matrix around
sai d fizhrou : i i i nd said
fib?oug@Strgﬁﬁ&#ﬁ%%S%ﬁH%Qﬁgs%ﬁ%??%%h% g%é?%%ﬁ?§h¥%%{ﬂgg%%ﬁégﬁéggired Cross
sec?i on confpobutieization thelystiaye foniponegts afia didndahateridl2 wherei n sai d
macrocyclic polyester oligomer conprises a structural repeat unit of
thedformula 00 Il BIC 13 -0-A-0-1 14 wherein Ais an al kyl ene, or a

cyclh oakkyl e = I I i val ent
R e e S i S e R S
by 2 pul trudidaimpgocess of claim85. 2 1 87. The process of claim85
whegei n said polynmerization is conducted at a tenperature

1 73.  The process of claim 65 wherein said macrocyclic polyester oligomer comprises
2 substantially a homo- or co-polyester oligomer. -
3
1 74. A process for impregnating a macrocyclic polyester oligomer for polymerization, said
2 process comprising the steps of:
3 (a) dissolving a macrocyclic polyester oligomer and a polymerization catalyst in a solvent
4 to form a solution; |
5 (b) contacting said solution with a fibrous base material; and
6 (c) removing said solvent,
7 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula
0 0O
8 O0—A—O I(IZ B |C|3
wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a
10 divalent aromatic or alicyclic group.
11
1 75 The process of claim 74 wherein said macrocyclic polyester oligomer and said
2 polymerization catalyst are components of a blend material.
3

1 76. A pultrusion process for making thermoplastic articles comprising the steps of:
2 (a) providing a macrocyclic polyester oligomer;

3 (b) providing a polymerization catalyst;



2 between 150C and 250C. 3 1 88. The process of claim85 wherein said

pol yneri zation is conducted under an inert 2 atnosphere. 3 1 89. The
process o¥ooi/sazm 85 wherein step (a) conprises providi ng Bar/@seolenc
material as a 2 powder. 3 1 90. The process of claim85 wherein said

bl end material conprises a filler. 2 WO 01/53379 PCT/USO1/ 02064 -64 1 91.
The process of claim85 wherein said ma rocyclic polyester oligoner
conprises a 2 macrocyclic poly(1, 4- bl]tgl'ene) terephthal ate oligoner. 3 1
92.4The progessullig £ Fibioik SPanthi@todnelshg@ped(dg; conprises providing said blend
as a powder. 2 1 93. A process for polynerizing a macrocyclic POl yester

ol i gomer conflmeying stidanagregysligpolyssterpligameyand saifl polymerizatipa|catalysbinjesaidr
ol i gomer; .. | dn ri i.on talyst; 4 (c) loading said
rracgocyclClhg‘Célg%?éé(%\éércgg’lgﬁh%g?r%p{faﬁﬁga@zégdg%soﬁq%%i zation catalyst intoa 5
mol @ havi ng (&) Heabih@stsd Pégh@EdinabebRilit, pobyet®) ol@aidragd palythefhbr eutarpdtt sai d
macrocyclic pol yester oligomer and forcing said 7 macrocyclic polyester

ol i §omer emdinggiolympsizatien pizsid mactoaydicystyestar oligomiey fointngbighpreltorday 8 and
9 (53) hea‘t}vi ng s%d trmlq to cause ﬁg)oldyme({ti.zati n qf said macrocyclic

pol yest er Sl G EREFS TP AL BN PR P 1 ol yest er ol i goner

conpri ses a(ptpulaissad pdlpReRmank tvidfsald Eorb@y fitahas intb &h &dit pdrtiod bf sdid Aied-1 C
12 wherein A'is an al kylene, or a cycloal kyl ene or a nono- or

pollyoxyal Wl%@d@lr@dsyoséﬁ@tllanicgnféguritmtﬁhvr&g)éfﬂrﬂmmmléleor alicyclic group.

14 12 1 94. wﬁehr%i LR %%grog)tcli% lp%iyrgstgr?’ olfiguorrrtlerrl%gm(fags 3l st ra%l r1leepesa% &t 8tt the formula

0O 0O
13 O0—A—O UZ B |C|I
14 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and Bis a
15 divalent aromatic or alicyclic group.
16
1 77. The process of claim 76 wherein step (d) comprises using an extruder system.
2
1 78.  The process of claim 76 wherein step (d) comprises using a piston type system.
2
1 79. The process of claim 76 wherein said macrocyclic polyester oligomer comprises a
2 macrocyclic poly(butylene terephthalate) oligomer.
3
1 80.  The process of claim 76 wherein amount of said polymerization catalyst is from 0.01 to
2 10.0 mole percent of monomer units of said macrocyclic polyester oligomer.
3
1 8l1. The process of claim 76 wherein said polymerization catalyst is a tin compound.
9
1 82.  The process of claim 76 wherein said polymerization catalyst is a titanate compound.
2
1 83. An article of manufacture prepared by the polymerization process of claim 76.
2
1 84. The process of claim 76 wherein said macrocyclic polyester oligomer comprises

2 substantially a homo- or co-polyester oligomer.



2 (f) renmoving resulting polyner while said resulting polynmer is at
substantially the sane 3 tenperature as said polynerization, said

resul ti ngvpol/saser solidifying into a solid at the 4 tenpepat/usa/bessai d
polymeri zation. 5 1 95. The process of claim93 wherein step (c) is done
when the tenperature of the nold is 2 substantially the sane as that of
pol yneri zation. 3 1 96. The process of.,claim93 wherein said macrocyclic
pol yester oligomer conprises a 2 nacfgéyclic pol y(but yl ene terephthal at e)
ol igonmer. 3 WD 01/53379 PCT/US01/02064 -65 1 97. The process of claim93
wherein the anount of said merjzation catalyst is from0.01 2 to 10.0
nol b péfcent? PHltripian REQCCsH{Of @aémgéléﬁrﬂloﬁﬁ’éﬁi@@%leﬁ eopplisieg therstepsiofoner . 3 1
98. Thepro r n t t.is atin
corpound. 30 pegirf Bl Ra Rt Bl RELAER RBLERE AR Ml Bha T O,
catal yst pdlymefizdtidfat@lyggnpound. 2 1 100. An article of manufacture
prepared by the | ymeri zation process of claim93. 2 1 101. The process
of ¢laim 93(0}1@#@?&3 §hioys gaandostpoan dongstededieier ol i goner conprises 2

subst anti al h A 0 I

pol €/rrer| zi néé’)arﬁ%g o%:ldg enﬁ?n'ﬂ ri/%s égglgl%ﬂllég%a%n%g &8 a?ﬁ]‘gliﬁ}lénc} ?{88n4)ga§§ %ch’%
(a)eprovighang; a bl end mat er| aI conprising a macrocyclic polyester oligoner
and a 3 pol ymarlzatlon catal ys 4 (b) loading said blend material into a
rml 4 havi ng (& Heaaprgeaid p@@ﬁ@¢«¥bkh@ﬁ@t%ral and ﬁbrOH%atandgau%nmlvmgaimlqm @nd

I f f d
7(F) heatihgea sl s TR ST Rt iR PR ev Pl ™ "
poI yest er marixaes®id safll MbLLEstngahill macrocyclic pol yester ol i goner corrpri ses

a structural repeat unit of the formula 0 O 1l B IC
10 (e) pulling said polymer matrix around said fibrous strand into an exit portion of said die

11 having a desired cross section configuration thereby forming an article,
12 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the-formula
O O
13 O0—A—O HI B |L
14 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a
15 divalent aromatic or alicyclic group.
16
1 86. An article of manufacture prepared by a pultrusion process of claim 85.
, : ,
1 87 The process of claim 85 wherein said polymerization is conducted at a temperature
2 between 150°C and 250°C.
3
1 88. The process of claim 85 wherein said polymerization is conducted under an inert
2 atmosphefe.
3

1 89. The process of claim 85 wherein step (a) comprises providing said blend material as a

powder.

W N

1 90. The process of claim 85 wherein said blend material comprises a filler.



9 -0-A-0-1 10 wherein Ais an al kylene, or a cycl oal kyl ene or a nono- or
pol yoxyal kyl ene group, and Bis a 11 divalent aromatic or alicyclic group.
12 1 103voohss3py ocess of claim 102 further conprising thecausm/mbes? (f)
removing resulting polyner while said resulting polyner is at substantially
the sane 3 tenperature as said polynerization, said resulting polyner
solidifying into a solid at the 4 terrpgrature of said polynerization. 5 1
104. The process of claim 102 wherein” éi'd bl end material further conprises
a fillén,  ZhéProdsS3BAnPETviGRH daDBdcrochfic bolyser Aiporidric6mrisds a

manuf act ure prepared by the polynerization process of claim102. 2 1 106.
The2 pr ocess TeAcreqyslierpalyt .4vhetyleng) Seaphthelsts/eligomest i on is conducted at a
tenperature 2 between 150C and 250C. 3 1 107. The process of claim 102
wherein said polynerization is conducted under an inert 2 atnosphere. 3 1
1081 Tioe. pr aueSfodks 6f @hif §DAhweRs @ém%@ t&MRpfil peidhi; S48 bRinAvik digagvaeai d
blend material as a 2 powder. 3 1 109. A process for polynerizing a
macfocyclic pol yester oligoner conprising the steps of- 2 (a) providing a

macf ocygl i c | ter gligomer; 3 (b rowvi ding,.a pol yneri zatjon catal yst;
1 () P EPHSERP kSRR b syt R By L S B iR 8 R eBEREAt  no
sai g nol tenéﬁﬁqﬁb@i@ﬁ@dﬁa@@&%ﬁﬁberymkﬂ @p¥Rterw th said pol ynerization 6
catal yst and a continuous fibrous strand; 7 (e) w nding said continuous

fi bfous str ARPronidos a peliimpriaptionerdaldst; f ) heating sai d mandrel to cause

| i i . i. | i | y | i . 9 .wh in .said
ractocyel 1 c (opguad S8 glEEREI ieliisRP ot B ke i Emsrizputl SfoR B e

forsul a #old having a fibrous preform therein;

6 (d) heating said mold to melt said macrocyclic polyester oligomer and forcing said
7 macrocyclic polyester oligomer and said polymerization catalyst into said fibrous preform;
8 and
9 (e) heating said mold to cause polymerization of said macrocyclic polyester oligomer,
10 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula
0] O
11 O—A—2O0 ﬂ B ﬂ
12 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a
13 divalent aromatic or alicyclic group.
14

1- 94. The process of claim 93 further comprising the step of

2 (f) removing resulting polymer while said resulting polymer is at substantially the same
3 temperature as said polymerization, said resulting polymer solidifying into a solid at the

4 temperature of said polymerization.

5

1 95. The process of claim 93 wherein step (c) is done when the temperature of the mold is

2 substantially the same as that of polymerization.

3

1 96 The process of claim 93 wherein said macrocyclic polyester oligomer comprises a

2 macrocyclic poly(butylene terephthalate) oligomer.



[1 11 10 -0-A-0-1 B C 11 wherein Ais an al kylene, or a cycl oal kyl ene or a
nono- or pol yoxyal kyl ene group, and Bis a 12 divalent aromatic or

alicycli wgoosgs79 13 1 110. The process of claim 109 further/usamanédsi ng t he
step of 2 (g) renoving resulting polynmer while said resulting polynmer is at
substantially the same 3 tenperature as said polynerization, said
resulting polyner solidifying into a §g$[d at the 4 tenperature of said
polymeri zation. 5 1 111. The process of claim 109 wherein said nacrocyclic
pol yes®O@r olThg paarescofipdins@Swhereid theamoaytalfisaidpol pniddizarbecralyariefbhh@bat e)
ol igomer. WO 01/53379 PCT/USO01/02064. -67- 3 1 112. The process of claim
1092 wher ei n't@ h@Odnelg Rercent af spenomist Ypky 9143id WAcreaxclir pelyester ¢ligomen. 01 2 to
10.% nol e percent of nmononer units of said macrocyclic polyester oligomner.
3 113. The process of claim 109 wherein said polynerization catalyst is
a tin e8npodmd procgssoflddim Theh@ecaiBpdymediitioh LAAlyehie aeinttosdodnd.

pol yneri zation catalyst is a titanate conpound. 2 1 115. An article of

mantif act ure prepared by the polynerization process of claim109. 2 1 116.

The, pr geess 1f i I.n. sal i . ol i I
compri 90 FRE pReRARIR Y PN RS b AIBALARIEh B ¥ ST ERCATRY,
prozess for polynerizing a macrocyclic polyester oligonmer conprising the
steps of: 2 (a) providing a blend material conprising a macrocyclic

pol Vesklr oirytele od manyfastuse piepared Py thepplpaeraajien progesspf cdde3ng to nel t
saigl blend material; 5 (c) contacting said nolten blend material with a
continuous fibrous strand; 6 (d) w nding said continuous fibrous strand
ont d al0randrmik ;prévees of claim 93 wherein said macrocyclic polyester oligomer comprises

2 substantially a homo- or co-polyester oligomer.

3

1 102. A process for polymerizing a macrocyclic polyester oligomer comprising the steps of:

2 (a) providing a blend material comprising a macrocyclic polyester oligomer and a

3 polymerization catalyst;

4 (b) loading said blend material into a mold having a fibrous preform therein;

5 (c) heating to melt said blend material and forcing said blend material into said fibrous

6 preform; and

7 (f) heating said mold to cause polymerization of said macrocyclic polyester oligomer,

8 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula

O 0O

9 O0—A—O & B IL
10 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and Bis a
11 divalent aromatic or alicyclic group.
12

1 103.  The process of claim 102 further comprising the step of
(f) removing resulting polymer while said resulting polymer is at substantially the same
temperature as said polymerization, said resulting polymer solidifying into a solid at the

temperature of said polymerization.

L I S 7 A

1 104. The process of claim 102 wherein said blend material further comprises a filler.



7 (e) heating said mandrel to cause polynerization of said macrocyclic

pol yester oligonmer, 8 wherein said macrocyclic polyester oligoner

conpri sewa@osssactural repeat unit of the fornula O 0 |IPCT/US@/02064A-0-1 B
C 10 wherein A is an al kylene, or a cycloal kyl ene or a nono- or

pol yoxyal kyl ene group, and Bis a 11 divalent aromatic or alicyclic group.
12 1 118. The process of claim 117 furfher conprising the step of 2 (f)
renoving resulting polynmer while said resulting polymer is at substantially
t helsalts. 3 Arearfieleatf miauéstisaptppet Yyelid gaymerizatioaiptodessaf daimgl 2ol ymer
sol&difying into a solid at the 4 tenperature of said polynerization. 5 1
1194 The process of claim 117 wherein said blend material further conprises
a fillgy : 1= B8 . '

b o o T PR Sa b The paly e e anerga ol kon i iy pllonye 5
The2pr ocess befweehdis0¥(Lad 2608Cei N sai d pol ymeri zation is conducted at a
tenperature 2 between 150C and 250C. 3 1 122. The process of claim 117
whefein said polynerization is conducted under an inert 2 atnosphere. 3 1

123; The pr [ I (A i Vi di sai d
ol ehd T or |y asets o ST brel hqp i iBrixfonIERIAERT A Hlhle °3
mac2ocycl i catimobptesé.er ol i gomer conprising the steps of- 2 (a) providing a
bl end material conprising a macrocyclic polyester oligonmer and a 3
pol§nerization catalyst; 4 (b) inpregnating said blend material into
congi usrﬁ%pgl fihr ter.dal s . Malel 53] . f
fib?oﬂgghaterlaPa%ﬁ% gaggégggﬁgﬁ%fgﬁgh%C?%Tﬁ%%é%?ﬂgﬁggﬂgq%%ﬁgﬁéghggw%ause
pol gneri zatpowdepf sai d macrocyclic polyester oligoner,

3
1 109. A process for polymerizing a macrocyclic polyester oligomer comprising the steps of:
2 (a) providing a macrocyclic polyester oligomer;
3 (b) providing a polymerization catalyst;
4 (c) heating to melt said macrocyclic polyester oligomer;
5 (d) contacting said molten macrocyclic polyester oligomer with said polymerization
6 catalyst and a continuous fibrous strand,
7 (e) winding said continuous fibrous strand onto a mandrel; and
8 (f) heating said mandrel to cause polymerization of said macrocyclic polyester oligomer,
9 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula
0 0
10 O—A—0 E B &
11 wherein A is an alkylene, or a cycloalkylene or a rnbno- or polyoxyalkylene group, and B is a
12 divalent aromatic or alicyclic group.
13
1 110.  The process of claim 109 further comprising the step of
2 (g) removing resulting polymer while said resulting polymer is at substantially the same
3 temperature as said polymerization, said resulting polymer solidifying into a solid at the
4 temperature of said polymerization.
5
1 111. The brocess of claim 109 wherein said macrocyclic polyester oligomer comprises a
2 macrocyclic poly(butylene terephthalate) oligomer. '



7 wherein said macrocyclic polyester oligomer conprises a structural repeat
unit of the formula 0 O Il BIC 8 -0-A-0-1 9 wherein Ais an al kyl ene, or
a cycl oalwk@bess7or a nono- or pol yoxyal kyl ene group, and BCT/&S@/0206

di val ent aromatic or alicyclic group. 11 1 125. A process for polynerizing
a macrocyclic polyester oligomer conprising the steps of- 2 (a) providing a
macr ocyclic pol yester oligoner; 3 (b) Bl}ovi ding a polynerization catal yst;
4 (c) providing a fibrous base material’; 5 (d) heating to nelt said
macBocyclic polyester oligoner; 6 (e) contacting said nolten macrocyclic
pol yest er oligonmer and said polynerization 7 catalyst with said fibrous
basé rHtZeri dih€ pgogessy oflaigs | Qftjwhereia theprowniod sqif pobirerizatien eatalpttiinfromd).¢br m
a dgsired s y 79 PCT{ US01/ 02064 .69 heating to cause
pol grreri zat ?@2&8{@%}) ﬁg%éfglgé;nc |65%%{5§ (égssjafée)rrng(gf)fﬁl)lgré’? ?y egtg‘) %&qrh sai d
macgocyclic polyester oligoner conprises a structural repeat unit of the
formula 0 0 11 Il 11 -0-A-0-1 B C 12 wherein Ais an alkylene, or a

cycl oal lBy| erddeprocgshefdaimo 09 whsretaysaidmpl vnerizgtion patalypids Btingompowad.di val ent
arogatic or alicyclic group. 14 1 126. The process of claim 125 further
conprising 2 (h) renoving resulting polyner while said resulting polyner is
at subsitant itk lpyodebeoSaiitn 1 WherpasaidotyndcriZaabsl caalyYiTe b tiZabhteQdmpbahd.
resulting polymer solidifying into a solid at the 4 tenperature of said

pol ¥nerization. 5 1 127. The process of claim 125 wherein said macrocyclic

o1 i Gonts: 5 A4Sl STRRRLEBERs Beo et B LR EREPE PR R TR o2l

pol yneri zation catalyst is fromO0.01

1 116.  The process of claim 109 wherein said macrocyclic polyester oligomer comprises

2 substantially a homo- or co-polyester oligomer.
3

—

117. A process for polymerizing a macrocyclic polyester oligomer comprising the steps of:

2 (a) providing a blend material comprising a macrocyclic polyester oligomer and a
3 polymerization catalyst;
4 (b) heating to melt said blend material;
5 (c) contacting said molten blend material with a continuous fibrous strand;
6 (d) winding said continuous fibrous strand onto a mandrel; and
7 (e) heating said mandrel to cause polymerization of said macrocyclic polyester oligomer,
8 whereih said macrocyclic polyester oligomer comprises a structural repeat unit of the formula
0 0O
9 0] A 0) ﬂ? B |(|3 _
10 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a
11 divalent aromatic or alicyclic group.
12

1 118.  The process of claim 117 further comprising the step of
(f) removing resulting polymer while said resulting polymer is at substantially the same
temperature as said polymerization, said resulting polymer solidifying into a solid at the

temperature of said polymerization.

L T - VS V)

1 119.  The process of claim 117 wherein said blend material further comprises a filler.



2 to 10.0 nol e percent of nononmer units of said macrocyclic pol yester
oligonmer. 3 1 129. The process of claim 125 wherein said polynerization
cat al yst w@oas3rn conpound. 2 1 130. The process of cl ai prC/2Somizes4ei n sai d
pol ymeri zation catalyst is a titanate conpound. 2 1 131. An article of
manuf acture prepared by the polynerization process of claim125. 2 1 132.
The process of claim 125 wherein said_%gqrocyclic pol yester oligoner
conprises 2 substantially a honmo- or co-polyester oligoner. 3 1 133. A
progess for polynerizing a macrocyclic polyester oligonmer conprising the
steps of - 2 (a)_providing a blend material conprising a macrocyclic

pol vest®dr olAydtigle of mepnalastuse prapared Pyihepelyaenzajion procept iyl ldi ng a
fibpous base material; 5°(c) heating to nelt said blend material; WO
01/53379 PCT/US01/ 02064 -70 6 (d) contacting said nolten blend materi al
with sHId fiTthequscebaisfclaimi £17 wherein sail) patyraaddatign istondostbdl atsedethpbiadpirous base
material to forma desired shape, and 8 (f) heating to cause
polgnerizatﬁ@ﬁ“ﬁ?légﬂaaW%%ﬁbgyclic pol yester oligonmer 9 wherein said
macgocyclic polyester oligoner conprises a structural repeat unit of the
formula OO Il Il 10 -0-A-0-1 B C 11 wherein Ais an al kylene, or a
cycloalRyl ermhe@roc@ssoin@ainDdl 1 p@hsteiysaldpul aneriAtion s conddctBd tded an Irerdi val ent
aronatic or alic¥plic group. 13 1 134. The process of claim 133 further
conpri si ng 2UPeSPhEErpVi ng resul ting pol yner while said resulting polyner is
at substantially the sane 3 tenperature as said polynerization, said
resulting polymer solidifying into a solid at the 4 tenperature of said

pol ymerd3zat Tigprocéss bf $Rm 1 Thevhprede 65 () ombpabad ptdddingenid bleriiahstehlend

material further conprises a filler.
2 powder.

3
1 124, A process for polymerizing a macrocyclic polyester oligomer comprising the steps of:
(a) providing a blend material comprising a macrocyclic polyester oligomer and a
polymerization catalyst;
(b) impregnating said blend material into continuous bundles of fibrous material,
(c) winding said bundles of fibrous material on to a mandrel; and

(d) heating said mandrel to cause polymerization of said macrocyclic polyester oligomer,

~N O W

wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula

I
O0—A—O0 C—2B C

wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a

O &0

10 divalent aromatic or alicyclic group.
11
125. A process for polymerizing a macrocyclic polyester oligomer comprising the steps of:
'(a) providing a macrocyclic polyester oligomer;
(b) providing a polymerization catalyst;
(c) providing a fibrous base material;
(d) heating to melt said macrocyclic polyester oligomer;
(e) contacting said molten macrocyclic polyester oligomer and said polymerization

catalyst with said fibrous base material;

= I e Y R T I S e

(f) pressing in a mold said fibrous base material to form a desired shape; and



2 1 136. An article of manufacture prepared by the pol ynerization process
of claim133. 2 1 137. The process of claim 133 wherein said
pol ymer i a0 b0fs37s conducted at a tenperature 2 between 1BOCUsnd22&0C. 3 1
138. The process of claim 133 wherein said polynerization is conducted
under an inert 2 atnosphere. 3 1 139. The process of claim 133 wherein
step (a) conprises providing said blend,material as a 2 powder. 3 1 140.
A process for polynerizing a macrocycli'¢ pol yester oligoner conprising the
st e@s of - 2 (gpheafingwd chusgpalyhed eativatofsaidlmactodyblic poipestgodigbmer,sai d base
§r|al w th a macrocyclic Polyester oligoner and a 4 polynerization
cat8l yst: Whereﬁl)sardomp?rﬁ@ycgl&pe Yewir eligomes gomptees reeiua] repestiprit of tha dernaila
and WO 01/53379 PCT/US01/ 02064 -71 6 (d)gheatingpsaid mandrel to cause
pol ynmeri zati on of said macrocyclic polye er ollg mer, 7 wherein said
macrocyclic pol yester oligoner conprlses structUral repeat unlt of t he
folbula 0011 Il 8 OAO Ao Wheretm 2Bis 5i arkyl ene,
cygboal kyl,88€ir0k i@aBRGend or a%kmemg%ﬁey&emo&s% 1>%an1 1b§e %OanQIB/?s' £t
aromatic or alicyclic group. 41. The proc further
copri si ndivelet aomptiobr dicfelic gopvi ng resul ting pol yner V\:hl l e said
re?HItlng polymer is at substantially the sane 3 tenperature as said
pol'ynmeri zation, said resulting polyner solidifying into a solid at the 4
temper gigur € 1ok pPdtets HRUIMIRTI ZRE IS compRisingl 42- The process of clai m 140
wherein said macrocyclic polyester ollgoner conprises a 2 macrocyclic
pol #( but yl erfl) reewepigtrhallangpolgmegwhie said resulting polymer is at substantially the same

3 temperature as said polymerization, said resulting polymer solidifying into a solid at the

temperature of said polymerization.

4
5
1 127.  The process of claim 125 wherein said macrocyclic polyester oligomer comprises a
2 macrocyclic poly(butylene terephthalate) oligomer.

3

1 128.  The process of claim 125 wherein the amount of said polymerization catalyst is from 0.01

to 10.0 mole percent of monomer units of said macrocyclic polyester oligomer.

(VS I N8

1 129.  The process of claim 125 wherein said polymerization catalyst is a tin compound.
1 130.  The process of claim 125 wherein said polymerization catalyst is a titanate compound.
I 131.  An article of manufacture prepared by the polymerization process of claim 125.

1 132.  The process of claim 125 wherein said macrocyclic polyester oligomer comprises

2 substantially a homo- or co-polyester oligomer.

3

1 | 133. A process for polymerizing a macrocyclic polyester oligomer comprising the steps of:
2 (a) providing a blend material comprising a macrocyclic polyester oligomer and a

3 polymerization catalyst; '

4 (b) providing a fibrous base material;

5 (c) heating to melt said blend material;



3 1 143. The process of claim 140 wherein the anount of said
pol yneri zation catalyst is from0.01 2 to 10.0 nole percent of nononer
uni ts of wabdsasexrocyclic polyester oligoner. 3 1 144. Ther/psacesst of
clai m 140 wherein said polynerization catalyst is a tin conpound. 2 1 145.
The process of claim 140 wherein said polynerization catalyst is a titanate
conpound. 2 1 146. An article of manu%scture prepared by the
pol ymeri zation process of claim 140 1 147. The process of claim 140
whegei n sai ddy@sstRe0es biid niey @SdndrmAtbrif G satPfiPous Bise ndateifist antial ly a
honpo- or co-polyester oligoner., 3 1 148. The process of clai m 140 wherein
sai 8 step (K% pressuigis ajmol Smdufdlrm&:ba%mrerpk@pﬁgégadez@ shape; ae process of
clapm 140 f ygt bef apping said 2

. {)hrégth t%rgg.{lée a1501 aerézatlﬁere i 8%?7190 alcpotglfep teaolé% nsgl’p

mandrel wt & WK sSif ol idating said
i npy egnat GHereth sléﬁﬁﬁa&@&ﬁﬂh’c @blyek‘t@ &1%05%3 ¢8mPEdds dSuc A2 Gdpeat Wit ofthd fdraflila A
process for polynerizing a macrocyclic polyester oligomer conprising the
steps of: 2 (a) providing a blend materijal conpry'sing a macrocyclic
pol yester oligomer and a 3 polynerization|catalysl{; 4 (b) providing a base
matl@ri al; 5 (c) inpregnat-rgOsat-d-basp—reCer+B—aCHr—sai d bl end mat eri al; 6
i rolli n sai d |rrpr§%nat ed base terial around a mandrel; and 7 (e)
ting s¥% %r%fﬁmr}a R 2 T @ﬁn%fowal.‘/@%lkylseey%qop& WIIB 5t er

goner Bhfle 521 gyclic pol yest er oligonmer conprises a _
structura?wfglg}gg‘g{) hn(l:t o%yaﬁ&é@ %(rrul a 001l Il 9 OAOCBC 10 wherein

A i3 an al kyl ene, or a cycl oal kyl ene or a nono- or pol yoxyal kyl ene group,
and_ Bjs a _11 dival etnt aromatic or aljcyclic group.

1 134.  The process of claim 133 further comprising
(h) removing resulting polymer while said resulting polymer is at substantially the same
temperature as said polymerization, said resulting polymer solidifying into a solid at the

2

3

4 temperature of said polymerization.

5

1 135.  The process of claim 133 wherein said blend material further comprises a filler.
2

[y

136.  An article of manufacture prepared by the polymerization process of claim 133.

[\

1 137.  The process of claim 133 wherein said polymerization is conducted at a temperature

between 150°C and 250°C.

W N

1 138.  The process of claim 133 wherein said polymerization is conducted under an inert

atmosphere.

W N

1 139. The process of claim 133 wherein step (a) comprises providing said blend material as a

powder.

W N

1 140. A process for polymerizing a macrocyclic polyester oligomer comprising the steps of:
(a) providing a base material;
(b) impregnating said base material with a macrocyclic polyester oligomer and a

polymerization catalyst;

v A~ W N

(c) rolling said impregnated base material around a mandrel; and



12 1 151. The process of claim 150 further conprising the step of 2 (f)
renmoving resulting polyner while said resulting polyner is at substantially
t he sane w@ot/sasper at ure as said pol ynmeri zation, said resupCT/ngopbsser
solidifying into a solid at the 4 tenperature of said polynerization. 5 1
152. The process of claim 150 wherein said blend material further conprises
afiller. 2 1 153. An article of nanu%?cture.prepared by the

pol yneri zati on process of claim150. "2°1 154. The process of claim 150
wheg ei n sai ddytaayngsdia afandr] iccatSnpbloiedzaiondf badReIcAicYEIR polydiedr\wiigbméB0C
and_250C. 3 1 155. The Process of claim 150 wherein said polynerization is
conduct edWherdiarsagghmpgiagyclic polyestgisgligomer cgmprises 3atrugtyeal gersaewnt off the fermwla 50
wherein step (a) conprises providing sai ¢ybl end terial as a 2 powder. 3
WO 01/53379 PCT/ US01/ 02064 -73 1 157. A Frocess or inpregnating a
macrocyclic pol yester oligogér conprisinJ the stels of 2 (a) providing a
mac$ ocycl i c pol yester ol igoner and a(ﬁBTV%erlgatl n catal yst in powder 3
for 4 ( oy i: di Ak n i i

IR e R L R e s e a  a
bat@ nmat edivalent aodatic ¢liclhelat grogp.sai d. base material to cause adhesi on of
sai d powder of macrocyclic polyester 8 oligonmer and polynerization

cat | yst to said base material, 9 wherein said macrocyclic pol yester

ol i gomgr co [ LC - Ul e forrula 001l BIC 10
-O-g-gﬁf'11WR%§?§%ﬁgX§?%H3%NL b?%gﬁgﬁkg?@gh%g%?gglkylene or a nono- or

pol ¥oxyal kyl(@remgrmgpesudtng fdlymerawhile said resulting polymer is at substantially the same

3 temperature‘as said polymerization, said resulting polymer solidifying into a solid at the
4 temperature of said polymerization.
5

1 . 142.  The process of claim 140 wherein said macrocyclic polyester oligomer comprises a

macrocyclic poly(butylene terephthalate) oligomer.

W N

I 143.  The process of claim 140 wherein the amount of said polymerization catalyst is from 0.01

to 10.0 mole percent of monomer units of said macrocyclic polyester oligomer.

W N

1 144.  The process of claim 140 wherein said polymerization catalyst is a tin compound.
1 145. - The process of claim 140 wherein said polymerization catalyst is a titanate compound.
1 146.  An article of manufacture prepared by the polymerization process of claim 140.

1 147.  The process of claim 140 wherein said macrocyclic polyester oligomer comprises

2 substantially a homo- or co-polyester oligomer.

; .

1 148.  The process of claim 140 wherein said step (b) results in a unidirectional prepreg.

1 149.  The process of claim 140 further comprising before step (d) the step of wrapping said

2 mandrel with a shrink-wrap tape thereby compressing and consolidating said impregnated

3 base material.



12 dival ent aromatic or alicyclic group. 13 1 158. The process of claim
157 wherein said macrocyclic polyester oligoner conprises a 2 nmacrocyclic
pol y( but Wwenesi3ey epht hal ate) oligonmer. 3 1 159. The proceewUS/@b@ m 157
wherein the anount of said polynerization catalyst is from0.01 2 to 10.0
nol e percent of nononer units of said macrocyclic polyester oligonmer. 3 1
160. The process of claim 157 wherein % id polynerization catalyst is a tin
conpound. 2 1 161. The process of claim157 wherein said polynerization
catalyst is a titanate conpound. 2 1 162. An article of manufacture
pregared by polynerization of a prepreg prepared according to 2 the

pr otesOof ~ A BiogessEBTpolgmerizing 8 marrasygliopasestayoligpmemongTisivethe steps af: d

o Bol yest i BaTP GaE e PRk AR RS mEe SRt Simrant act ep (o)
conpri sespdli@eszfioh cafalysO 01/ 53379 PCT/ US01/ 02064 -74 2 (c') charging

sai d powder of macrocyclic polyester oligonmer and polynerization catalyst
3 wtth eIec(b)@bﬁh@%g%@ﬁaﬁdﬂmﬂim") i ntroducing a gas flow thereby causing

sai d powder af. macrogcycl i. ol yester ..5 oljgomer and pol ynerization
patglyst Fo(gUHFE%¥m§§$ }igggrﬁﬁ?gﬁpgﬂ1%%ﬁﬁﬁn gygtert Eprocess f or
| npg egnat i Ngd proMBfe REY@prégRRdMRASE Mhteihl SOURI a fRAAME]; 3h9 the steps of: 2

(a)_providing a bl'end material in powder form said blend material
conpri si ng #c)heating saly slandreptsl Gause palymEiignsivn of aaid nacpslyglitepdl yestar ohigomer,

talyst; .4 (b). i di b terial; .5 tacti .sai I
mat B a1 pBitaEei RS e R SRR i e ipheies { e g Gl o Badeate
material to cause adhesion of said blend @aterial opowder to said 7 base

material, 8 wherein said macrocyclic poI%Fster oI”goner conprises a
stryctural repeat unit of th@ fo%pul%) C

10 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a
11 divalent aromatic or alicyclic group.
12

1 151.  The process of claim 150 further comprising the step of
(f) removing resulting polymer while said resulting polymer is at substantially the same
temperature as said polymerization, said resulting polymer solidifying into a solid at the

temperature of said polymerization.

[V, T SR VS N 8]

1 152.  The process of claim 150 wherein said blend material further comprises a filler.
1 153.  An article of manufacture prepared by the polymerization process of claim 150.

1 154.  The process of claim 150 wherein said polymerization is conducted at a temperature

between 150°C and 250°C.

W N

1 155.  The process of claim 150 wherein said polymerization is conducted under an inert

2 atmosphere.

3

1 156. The process of claim 150 wherein step (a) comprises providing said blend material as a
2 powder.



OO0OIl Il 9 -0-A-0-1 BC 10 wherein Ais an alkylene, or a cycl oal kyl ene
or a nono- or polyoxyal kyl ene group, and Bis a 11 divalent aromatic or
alicycli wgoosgs79 12 1 166. The process of claim 165 wher BCTVUSQIB2044C)
conprises the steps of, 2 (c¢') charging said blend materi al powder wth
el ectric charge; and 3 (c") introducing a gas flow thereby causing said

bl end material powder to contact said .4 base material. 5 167. The process
of claim 165 wherein said bl end materl'g?'further conprises a filler. 6 1
1681 Ars7art iAcpocess fomimpragiatinga plaeRRyE it flyded mgcsﬂlaraioh@aism‘g tHe REFPHLRI
prepared according to 2 the process of claim165. 3 1 169. The process of
cl af m 168 wkRrmspvidingiampspoyelie pelaesterpligemen arrlie pelamarizationeaisdisainpavder

bet yeen BIQ and 250C. 3 1 170. The process of claim 168 wherein said
polynerization is conducted under an inert 2 atnosphere. WO 01/53379

PCT4 USO01/ 02Q®4rovidng a3bake indleria process for preparing a suspension of a
macrocyclic polyester oligonmer and a 2 polynerization catalyst in water,
said proceséc)conigeting siid pedertod graceicydiq polyestanoieemerpnd iotymasizatiey eatakyst
pol esterwgﬁggggg&nﬁq%ﬁgpg%perization catalyst with 4 water and a
surfactant, an ( ? nixing said macrocyclic polyester oligomer and

pol yneri zat {@heafh@baié badsihditersaitél cade WakedlonWTRaidPoddetibl Badradiiclit Peryehyr
form ng a suspension. 7 1 172. The process of claim171 wherein step (a)
condr i sesoligonteaend nglyswridatipacoetadyst o wibbaseimasertabr ol i gomer and

polynerization catalyst wth water.and a nonionic surfactant. 1.173. The
robess orrariAtise el rr e il S Bt e il FO-Rtyetipt itne
gl ycol |(|) n)

10 O A O C B C

11 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a

12 divalent aromatic or alicyclic group.

13

1 158.  The process of claim 157 wherein said macrocyclic polyester oligomer comprises a

macrocyclic poly(butylene terephthalate) oligomer.

w N

1 159.  The process of claim 157 wherein the amount of said polymerization catalyst is from 0.01

2 to 10.0 mole percent of monomer units of said macrocyclic polyester oligomer.

3

1 160.  The process of claim 157 wherein said polymerization catalyst is a tin compound.

2

1 161. The process of claim 157 wherein said polymerization catalyst is a titanate compound.
2

1 162. Anarticle of manufacture prepared by polymerization of a prepreg prepared according to

2 the process of claim. 157.

3

1 163. The process of claim 157 wherein said macrocyclic polyester oligomer comprises
2 substantially a homo- or co-polyester oligomer.

3

1 164. The process of claim 157 wherein step (c) comprises the steps of:



2 monoal kyl ether. 3 1 174. The process of claim 171 wherein step (a)
conpri ses contacting said macrocyclic 2 polyester oligoner and

pol yrer i a0 boss3cat al yst with water and an ani oni ¢ surfact pbaT/US0132064175. The
process of claim 174 wherein said anionic surfactant is sodium 2

dodecyl benzenesul fonate. 3 1 176. The process of claim 171 wherein step
(a) conprises contacting said nacrocyc% c 2 polyester oligonmer and

pol ymeri zation catal yst with water and “cationic surfactant. 3 1 177. The
prozess of ¢t aichargifg saliegoRider SBindcroaclio Polyestdi diawinnd Folsﬁieﬁ@étﬂﬁl dat0y8t a
group 2 consisting essentially of dodecyl pyridiniumchloride
dodécyltrWﬁ%F 5H§BKWUWN13 brom de, dodecyltrlphenylphosphonlun1bronide

and, 1-oct ad ni.um br o ocess of
P ?5é?tﬁ°d§\ cfFR U IR B R eler 0P berbliklic TRR P
pol yest erolidong@aBd palyehepiehtysiBdatad @k tdbrERt @dl&fbhse maeRsl, a surfact ant with a

solvent 3 WD 01/53379 PCT/ US01/02064 - 76 1 179. The process of clalm
1718 wher ei n step (a) conprlses mlling sald polynerlc material in 2 the

prese of cess for

mac?ogl)%?[ i o Ap o%éssafnrd m%rg na i g E%acrocgcl C yprge}/els%eé ohg%merzcog%mﬁmgstgg &teg%g ‘st ep s
of :23 (a) pl(@\@rdvlaglgaa aeﬁcp@laﬁeh@nnqiow@eﬂmm%m biead BelttRS t&hp@ihgamer and a
pol ymerization 4 catalyst in water; 5 (b) applying said suspension to a
base mat elpIPeydbicpejyestey pligpnias apg mpolymeaizationt easatysiai d appl i ed suspensi on:
and 7 (d) @@ §v%®15a d drled applled suspension to a desired form 8 1
181 The pr &4 APHMES ereln step (a) conprises providing a

suspensi on @f) cdnthctRE ENE minu enadstlaY pewesr With §0dBhscansdedal PAldy Mer i zat i on
catalyst in water, and wherein said

6 (d) heatmg said base material to cause adhesion of said blend material powder to said
7 base material,
8 wherein said macrocyclic polyester oligomer comprises a structural repeat unit of the formula
| o o
9 A—O u B ﬂ
10 wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B is a
11 divalent aromatic or alicyclic group.
12
1 166.  The process of claim 165 wherein step (c¢) comprises the steps of:
2 (c¢’) charging said blend material powder with electric charge; and
3 (c”) introducing a gas flow thereby causing said blend material powder to contact said
4 base material.
5 167. The process of claim 165 wherein said blend material further comprises a filler.
6
1 168.  An article of manufacture prepared by polymerization of a prepreg prepared according to
2 the process of claim 165.
-3
1 169. The process of claim 168 wherein said polymerization is conducted at a temperature
2 between 150°C and 250°C.
3

1 170.  The process of claim 168 wherein said polymerization is conducted under an inert

2 atmosphere.



3 macrocyclic polyester oligomer and said polynerization catal yst are

conponents of a 4 blend material. 5 1 182. The process of claim 180

wher ei n svep1/418y9 conpri ses providing a suspension of a 2 perT/wscybé4c

pol yester oligonmer and a polynerization catalyst in water, and wherein said

3 polynerization catalyst is present in an anmount fromO0.01 to 10.0 nole

percent of said 4 structural repeat un5 s of said macrocyclic polyester

oligonmer. 5 1 183. The process of clai'm 180 wherein step (a) conprises

proyi ding a suspension of a 2 macrocyclic polyester oligomer and a

pol yrey7zat 'Aoé‘roﬁé’stsefl) érﬂlg"?stu‘:s‘ﬁensﬁ)ﬂ%f ‘Ql?ﬁsfc%cﬁ/cﬁégg e% %51919}' 'S‘Aq & pol yest er

ol i gomer conprises at ast one of a hono- a B yester 4 ol i gomner.

1 1834. The pobmmszatmin @dtdymlﬂ%ten!rmrdannces‘s epmpraging drgptdpse$ provi di ng a

suspension of a 2 macrocyclic polyester oligonmer and a olynerlzatlon

catalyst in (%ba%%atactlaa aaWéMC%Pﬁyewﬁg‘gg)% ol geriaatian gaplystswigh ¢ j n

conpound. 4 VIQ%$4§§§ggngg£&p§9&/02064 -77 1 185. The process of claim 180

wherein step ( conprises providing a suspension of a 2 macrocyclic

poI §ester ol(bgmireng said neacpelyylivepdlgater oligamtredndgtolynerizatien catalpst wittesadd n sai d
| ymerization catalyst is a tit te conmpound.. 4 1 186. The process of

clagn1180 furtW@WrE%ﬂﬁ?$§#ﬁﬁ“méﬂF§$W2?%%n%éfuﬂFH%O%tep of heating said

dried 2 applied suspension to cause polynerization of said macrocyclic

pol yester oligonmer. 3 1 187. An article of manufacture conprising the

pol yeri2zed Tapprocess off oddiar E7 lovhexrkiai stap8bcomisks t@&Ractiblgsajdrmacessché cl ai m

180_wherein step conprises heating said applied mxture., 2 1 189. A

progess for PPhﬁ?téb?Jé&Q% e PPlyRFEZRONFSfAlNSE PR WtP TRy RO QsiC HBfagHBE zat i on

usigpg the 2 process of claim171, said nmethod conprising the steps of 3

(a) providing a suspension of a macrocyclic polyester oligonmer and a

pol yeri3zat iThe prebesabfadlyiat 1 72whatiarsayhopémiosurfactnt Beopredgsss ghfcot| ai m 171;

2 monoalkyl ether.
3

1 174.  The process of claim 171 wherein step (a) comprises contacting said macrocyclic

2 polyester oligomer and polymerization catalyst with water and an anionic surfactant.
3

1 175.  The process of claim 174 wherein said anionic surfactant is sodium

2 dodecylbenzenesulfonate.

3

1 176.  The process of claim 171 wherein step (a) comprises contacting said macrocyclic

2 polyester oligomer and polymerization catalyst with water and a cationic surfactant.
3

1 177.  The process of claim 176 wherein said cationic surfactant is selected from a group
2 consisting essentially of dodecylpyridinium chloride, dodecyltrimethylammonium
3 bromide, dodecyltriphenylphosphonium bromide, and 1-octadecyl-3-

4 methylimidazolinium bromide.

5

1 178.  The process of claim 171 wherein step (a) comprises contacting said macrocyclic

2 polyester oligomer and polymerization catalyst, water, a surfactant, with a solvent.



5 (b) applying said suspension to a base material; 6 (c) drying to renove
wat er fromsaid applied suspension; and 7 (d) pressing said dried applied
suspensi wmobvosa7desired form 8 1 190. A conposition of peETseybi4c

pol yester oligomer conprising: 2 (a) a macrocyclic polyester oligoner; 3
(b) a polynerization catalyst; and 4 (c) water. 5 6 191. The conposition
of claim 190 further conprising a surf_%'gant. 7 1 192. The conposition of
claim190 further conprising a filler. 72 1 193. A polyester pol yner
conmpositoe priparedsdyf daiyi hfl Wheremampa@) sonpriset ndlliaigshilHdlandic Raterial in

pol ymeri zi ng said macrocyclic¢c polyester oligomer. 3 1 194. An article of
mandf act ur e pense Afwatsr andha PWFERtaE. pol yner conposite of claim 193. WD
01/§3379 PCT/US01/02064 - 78 2 1 195. A process for inpregnating
macrocyclic polyester oligonmers for polynerization 2 conprising the steps
of B (EQ0. M A p@cessiibeimbrogriating alaceenglid gilygted olipahers Yol patyeizaesh er
oligoner and a 4 polynerization catalyst with water to forma m xture; 5
(b) Zappl yi n§oBRprigingithe siews afo a base material; 6 (c) drying to renove water

from said applj AN £ ' [ ri.ed: i ' .
pol §1rreri ze sai {ﬁg@r“gé‘géﬁ}‘%"eﬁ%ﬁé8@?@‘%“8@?9%9%8{? Fglalt%gg ‘1!5 a?g)arﬂp?%nggsr?lﬁ{dg%ai d
pol yreri zed capplst @dwaext ure to a desired form 10 1 196. A pol yester

pol ymer conposite prepared by polynerizing said macrocyclic polyester 2

ol i gomer of cl @V @PRlyme sgid suspayrpionAp a hase wpterig nanuf act ure conprisi ng said
pol yester pol y&? IarﬁI?éTR)OI%iIItO ngate? lﬁ%ma}@gpplied suspension; and

7 (d) pressing said dried applied suspension to a desired form.

8

1 181.  The process of claim 180 wherein step (a) comprises providing a suspension of a
macrocyclic polyester oligomer and a polymerization catalyst in water, and wherein said
macrocyclic polyester oligomer and said polymerization catalyst are components of a

blend material.

wn s wN

1 182.  The process of claim 180 wherein step (a) comprises providing a suspension of a
macrocyclic polyestér oligomer and a polymerization catalyst in water, and wherein said
polymerization catalyst is present in an amount from 0.01 to 10.0 mole percent of said

structural repeat units of said macrocyclic polyester oligomer.

WD R WN

1 183.  The process of claim 180 wherein step (a) comprises providing a suspension of a
macrocyclic polyester oligomer and a polymerization catalyst in water, and wherein said
macrocyclic polyester oligomer comprises at least one of a homo- and co-polyester

oligomer.

R LN

1 184.  The process of claim 180 wherein step (a) comprises providing a suspension of a
macrocyclic polyester oligomer and a polymerization catalyst in water, and wherein said

polymerization catalyst is a tin compound.

W



2 1 198. The process of claim 171 wherein said macrocyclic pol yester
oligonmer and said 2 polynerization catalyst are conponents of a bl end
mat eri al w@ol/8879 The conposition of claim 190 wherein sai BCTVESO1RY&H | C
pol yester oligoner and said polynerization catalyst are conponents of a
bl end materi al .
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1 185.  The process of claim 180 wherein step (a) comprises providing a suspension of a
macrocyclic polyester oligomer and a polymerization catalyst in water, and wherein said

polymerization catalyst is a titanate compound.

O Y

1 186.  The process of claim 180 further comprising, after step (c), the step of heating said dried

applied suspension to cause polymerization of said macrocyclic polyester oligomer.

W N

1 187.  Anarticle of manufacture comprising the polymerized applied mixture of claim 186.
1 188.  The process of claim 180 wherein step (c) comprises heating said applied mixture.

1 189. A process for impregnating macrocyclic polyester oligomers for polymerization using the

2 process of claim 171, said method comprising the steps of:

3 (a) providing a suspension of a macrocyclic polyester oligomer and a polymerization
4 catalyst in water by performing the process of claim 171;

5 (b) applying said suspension to a base material;

6 (c) drying to remove water from said applied suspension; and
7 (d) pressing said dried applied suspension to a desired form.
8

1 190. A composition of macrocyclic polyester oligomer comprising:

2 (a) a macrocyclic polyester oligomer;

3 (b) a polymerization catalyst; and

4 (c) water.

5

6 191.  The composition of claim 190 further comprising a surfactant.

7

1 192,  The composition of claim 190 further comprising a filler.

1 . 193. A polyester polymer composite prepared by drying the composition of claim 190 and

2 polymerizing said macrocyclic polyester oligomer.
3

1 194.  An article of manufacture comprising said polyester polymer composite of claim 193.
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195. A process for impregnating macrocyclic polyester oligomers for polymerization

comprising the steps of:

(a) mixing a blend material comprising a macrocyclic polyester oligomer and a
polymerization catalyst with water to form a mixture;

(b) applying said mixture to a base material;

(c) drying to remove water from said applied mixture;

(d) heating said dried applied mixture to polymerize said macrocyclic polyester
oligomer; and

(e) pressing said polymerized applied mixture to a desired form.

196. A polyester polymer composite prepared by polymerizing said macrocyclic polyester

oligomer of claim 195.
197.  An article of manufacture comprising said polyester polymer composite of claim 196.

198.  The process of claim 171 wherein said macrocyclic polyester oligomer and said

polymerization catalyst are components of a blend material.

199.  The composition of claim 190 wherein said macrocyclic polyester oligomer and said

polymerization catalyst are components of a blend material.



