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[0001] This application claims the benefit of the filing date of U.S. Utility Patent Application

Serial No. 09/535,132 (Attorney Docket No. CYC-034) filed on March 24, 2000 and the filing

date of U.S. Utility Patent Application entitled "Macrocyclic Polyester Oligomers and Processes

5 for Polymerizing the Same” by Winckler et al. (Attorney Docket No. CYC-035) filed on January
| 4,2001. The later application is a continuation-in-part of the earlier application. This

application also claims the benefit of the filing date of U.S. Provisional Patent Application Serial

No. 60/177,727, filed on January 21, 2000, entitled “Processing with Cyclic PBT to Produce

'I'hennoplas‘tic Compositions” by Winckler. The entirety of these applications is incorporated

10  herein by reference,

Technical Field
[0002] This invention generally 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.
f0004] Recently, macrocyclic polyester oligomers were developed which have unique
properties. These properties make them aftractive 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
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to form 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, €.g., at about 180°C to 200°C, because the resulting polyester polymer solidifies
fairfy 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, amohg others, tin compounds and titanate
compounds.

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

30 [0009] In yetanother 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, roil wrapping, and water slurry, which use the
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the steps of contacting a .
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 2 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.
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FIG. 11 is a schematic illustration of an embodiment of the invention including a roll
wrapping process.

FIG. 12 is a schematic iltustration of an embodiment of the invention including a powder
20  coating process.

FIG. 13 1s 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 shurry 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.
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Definitions

[0016] The following general definitions may be helpful in understanding the various terms
and expressions used in this specification.

15  [0017] As used herein, a “blend material” is understood to mean a mixture of two or more
components including at least one macrocyclic polyester oligomer and at least one
polymerization catalyst. Preferably the blend material is uniformly mixed. A blend material may
also include a filler as well as other components recognized by a skilied artisan.

[001.8} 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.
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[0029] As used herein, a “methylene group” is understood to mean -CHjy-.

[0030] As used herein, an “ethylene group™ is understood to mean ~-CHy-CH,-.

20 -[0031] As used herein, “a Cy.3 alkylene group™ is understood to mean -C,Ha,-, where nis 2 or
3
[0032] As used herein, “a Ca.5 alkylene group” is understood to mean -C,Ha,-, where n is 2-6.
[0033] Asused herein,I “substitute phenyl group” is understood to mean a phenyl group having

© one or more substituents. A substituted pheny! 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 multiplé 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
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the ortho, nmeta aor para £05| tions. For multiple substi tuents t ypi cal

substit uprlawerptartﬂé?ssgcwﬁ with @nothes sulsieaissieh aspa fbrous or pertgulateypaterial, 5
substi t uilh@ﬂat%%&ﬁnﬂés o ]atﬁﬁatgﬁﬁ%e%ﬁﬁﬂe@’ﬁbeﬁ %1545 nﬁEro Oﬁh%rcg,rﬁglﬂrcﬁfsﬁ&p to
I C ol 1 goner or a

mean a material other than a macrocyc est
pol yi®r i stabsg. mrtaatﬁlﬂeysthus brat bernagd b@repmlm@@sten puljrdm chimpgositesat erial. A 30

filler o [ l,uded t, achr ve a, d 0ose or pr.opert nd may
be. pr esoli5PL PauRRSERE ndoRtr yBsEat HRHEPod SRR okt riERE shrrdBee o
the fill eg., fByghes, teaRicoitiets cab@biiters o orgaditGidlyderS ARARE bmid fMggrvl or | i ght
stability, to the blend material or the polyester polyner 20 July 2004 WO

01/ 533791,PCTI Mhokdey &8 dyester Oligomers

[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 poijrester
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

0-—A—0—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.



-7- product, and/or to increase the strength of the pol yester ﬁ
product. A filler also may provide or reduce color, provi 3 t or bul k
to achieve a particular density, provide flame resistance (i.e., be a

flame ret aPHH{SP39be a substitute for a nore expensive nRCEMSEN02064aci |itate
processi ng, and/or provide other desirable properties as recognized by a
skilled artisan. 5 Illustrative exanples of fillers are, anong others,
fumed silica, titaniumdioxide, calciung.carbonate, chopped fibers, fly

ash, dl a s m cr.ospheres, mcro-balloons, crushed stone, nanocl ay,
t her mose 03?1 t REETRgmasrocyclicpbissist olisomstrdis Mmoarosyshinpe)id A-utHens ' pol yners,

and TN (MSPHpBSS) Bropyitnd lchRalBRPPIGofeeml erial o that are

added to nodify various properties of rodlct “but not necessarily
i ncr easi n);PlQixexyle@hdcnﬂ@ylcmewdﬂhﬁiﬁe)((ﬁ’@%mobéﬁhﬁafcétmﬂdh&lm)dEETD andddi ti ves")

Cpat 1o PUSRSVEE BRI okl Bhn ) RRRTaMRsRef o BBt Flebie P ©

condu$t i voririsie o, or @iordof the aﬁ&@ﬂﬁhovﬁérﬁ?@dmh&rel n, "a pol yest er pol yner
conposi t IS understood. to ;gan a pol yester E’ Iyrrer that is associ ated
4

Wi th anofWéP 1 s dfpstacytlic polyester lg%}elﬁ.nb%wrwes kpesia metods t Hynthgsis of the
|11 ustr abfey&e@mmcgamqi Jeﬁesdnf‘guh@kqnmhaﬁa@the AELoARPEL i 1S che d;m @ps

m crospheres, and cfushe stone. Certain fillers thus can be used
prepare ﬁwlfymleﬂ%+%wﬂl@bl¢pﬁ9m digeid chloddg ofabe fosmulaherein, a "fi br ous
substrate” is understood to nean nore continuous substrate, e g.

fi berglass, ceramc fibers, carbon 6| bers 08 organi ¢ pol yners such as
aramd fibers. 1. Macrocycllc PoI ye ter digomers [0037] One of the.
ingredients of the blend materi th ention is a macrocyclic

pol yd8ter 20 oligomer. Many dprfergnt ﬁacrf.’;cycpfc pol yester oligoners can
readily be made and are useful in practice of this_invention. Thus,

dependi n§h6T A arsl B aceiae defigsd sheve: ilds rwthm@vwl}vap consngied ingthe pissangepf at
product , 1d.h&n2 BRERRKt RbEsBREt aﬁ% glé ist%n@ Hﬂnﬁ&ﬁé@&oﬁld‘tﬂ@%fc(ﬁ&oﬁ%ﬁ BidpE Af! ected

for use In its manufacture. ( Macrocycl i ¢ pol yester | goner s t hat
may be eﬂblsagtw emnpln p‘é suChwme'fs &l .4-Aizabdeyclobd2. 2]02611%1@%360) | Threi teaadiono,

T8 bR b SGEHRY Yo ol SRR BARE BIS it B
al kyl en60rgaﬁ10801®’y1€t|smﬁi déyﬂl@lﬁ},&erﬁrchbndﬂﬁbhe temp@atuycof\ied rkadueﬂ@pg;ranym betwgtnB | s
a dival el:?c;[ut Sanaglch%b(?Lzl:c 2?" | C§é§' 5 19 Ogaecént'No. 5,039,783 to Brunelle et al.

[0041] Macrocyclic polyester oligomers have also been prepared via the condensation of a

' diacid chloride with at least one bis(hydroxyalkyl) ester such as bis(4-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 substantiall); inert organic solvent such as methylene chloride,
chiorobenzene, 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 er 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



20 July 2004 WD 01/53379 PCT/ USO1102064 - 8- [0039] Preferred macr ocycl iC

pol yester ol i goners are macrocyclic poly(1,4-butyl ene ter@BHil208¢e)

(PBT), poly(1, 3-propyl ene terephthal ate) (PPT), poly(1,4-

cycl ohexyl 8edrsa®m®hyl ene terepht hal ate) (PCT), poly(ethylremasoxezeqht hal at e)
(PET), and poly(1, 2-ethylene 2, 6-naphthal enedi carboxyl ate) (PEN)

ol i goners, and copol yester oligoners 5 conprising two or nore of the above
nononer repeat units. [0040] Macrocyclig¢.polyester oligomers nmay be

prepared hy known nethods. Synthesis of the preferred macrocyclic
pol yest ePHSTWisHHEES aﬁﬁmbpﬁmeab@ REPetidey, aticlopr RiRteSTatIeTerda dtmasRsYElicol  of

the for @emdffggﬁ‘e%%hnaﬁdés%éiglygﬁ&eﬂ{bﬁghﬁ nfshl oride of the fornula: 10 O

Of[1 1l I-CB ere A and are as ned above. The reaction
typicallygis gg@%g&g@oﬂ %t_‘;lgﬁ ggPresence of at |east one amine that has
substanti al | rance around the basic nitrogen atom An
illust rat[l)[Md] e%arpther pimwutgmimmheﬁthe blefid thattrialzefithecinedntip2 is? pjlyrartzatien

DAB Th 15 t bst anti al hyd
Condi £, ofRADH. 0 apRerain Folucts e PRnpe et T s ReEoatms bt e o
met hyl engatelykiap uﬁq;olymzatﬁimﬂfﬂﬂatrm&o@&hd ﬁbgye&ea@ugoﬁﬁr X 9WaR sake-diShdek ween

about 25C and about 25C. See, e. g atent No. 5,039,783 to Brunelle
et al . [ OmsesseNior pofppenties Wasrgesh lepolmsregehwrhas&an@nrs@dmomaamr ed via

L1 conERaBhl A0t nelearibintl il kbl gl o Chiga a0

hi ghly u ntganotm mm;mmld]b,l;ﬁré-iatmmmml-é G-digtameef2, W 4 ﬂ-tataokae:asibdanm rogxhiser

tert t tantiall.

sol viflt” eB Sobiterg o hbh PN et PeBaRS ittt fee ohSe b8 BhCor
See, e. gchlokd&dihiRarbeing, ditkyltn(BBloxides, such BrdncdutydtigTVidxide 2@t Zlochnat her
met hod for_ preparing nmacrqcyclic pol &Vster Ql i goners or macrocyclic

copol yespé%de(ﬂnF'&BYFé‘F anq gyclig, mgaoalirstin 26@}%&1%@&8%&8%@%@ Bb%l')b#@?‘sdet n the

Pr esence gpiikith(AP dMIRKRRS snds dﬁhtbafcm n%mwp%ﬂ)%aelaﬂ 5L Tl Qﬂsﬁaﬁﬂa.near

pol yesters are converted t o nmacrocy yester o I goners eating a

m xture df3-dmma¢lolmptayle,smétmlkyamn dk@adnseu@ms\mbu’tylnanﬂioade r&mssg U.s.

esterifica uch a tin or titanium conmpound. The sol vents
15 ERen e SRaKE o Bt i

used rchlorobenzene usual Iy are substantially

free Of POOASEN meﬁtﬁ&@ﬁaﬁ{oxaﬁﬂhawﬁg the gehérdd. forail£(1) shobla Belo® bl be 95l 4@
Brunelle et al. and 5,668, 186 to Brunelle et al
polymerization catalyst to produce branched polyester polymers.

Y
R, (\ /R3
3 Hzc Sn
. / /\
A .
Ry

20

where R; is a Cy.4 primary alkyl group and R3 is Cy.1 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 n



30 [0043] It is also within the scope of the invention to enplo

macr ocyclic hono- and co- polyester oligoners to produce h@HdUWéWH4

co- pol yester polyners, respectively. Therefore, unless 20 July 2004 WO

01/ 53379 PE@DWWSEEr? 02064 -9- ot herw se stated, an enbodi nBAT/USE1/0R064

conposition, article, or process that refers to a nacrocyclic pol yest er

ol i gonmer also includes co-polyester embodi nents. Pol ymeri zati on

catal ysts [0044] The other primary ingrgdient of the bl end material of the

invention is a polynerlzatlon at al yst. Bihpq{ynerlzatlon catal ysts
apgb

that may be enployed in the i /?@IOH\ C I catal yzing the
pol yneri zation of the nacrocyc C on er As with
state-of-the-art processes fo on |n rocycllc pol yest er

ol i goners, organotin and orga ana are the preferred
catal ysts, although ot her catalys S nay be us or exanple, organotin
conpound 1,6, 6- butyl - 1, 6-di st anna- 2, 5 7,10-t et raoxacycl odecane
may be 1% H§Jﬁl%§3 ?ﬁgwliatlon catalyst. Other illustrative organotin
conpoundsoo4ng! A@%ﬂn&iﬁéﬂoﬁﬂﬂaﬁﬂ&ﬁ teus(bleqryméﬁylgihmaé QA prodl Phitkthd 'téﬁ(abﬁﬁd
oxi des, such as di-n-butyltin(lV) oxide and di-n-octyl P oxl dé, and

acycl ¥ c HraatesaaniticanatssonipRrysids with(the general formeln (183 slmmbw eentchstuged 4sn
tr|-n bu tin(lV) dial koxides such as di-n-butyltin(lV)

- n- butg gﬁgﬁ895?§§§%-n butyl - 2-stanna- 1, 3-di oxacycl ohept ane, and
trlalkyltln akMDxi des such as tributyltin ethOX|de See, e.g., US 15
Patent No. 5,348,985 to Pearce et al. [0045] Also, trisstannoxanes having
the general formula (1) shown bel ow c beNused as a polynerization
catal yst to produce branched pelyest rs. (I) RR RC O SIn--0 CH2
R3 20 where R2 is a Cl4 primary wl group a R3 is Cl_io al kyl group.
[0046] Additionally, organotin c general formula (I1)
shown bel ow can be wused as a poyy i zati on talyst to prepare branched
pol yest er- pol yners from macr ogy@)lir(l: ol yestegr oligoners. 25 (I1)

10 wherein: each Ry is independently an alky! group, or the two R4 groups taken together form a
divalent aliphatic hydrocarbon group; Rs is a Cy.j9 divalent or trivalent aliphatic hydrocarbon
group; R is a methylene or ethylene group; andnis O or 1.

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



20 July 2004 WO 01/53379 PCT/ US01/ 02064 -10- R3 0 R3 ¢ Sn ~ R3 O- Q
R3 where R3 is defined as above. [0047] As for titanate CO@BJHH&JO“
tetra(2-ethyl hexyl) titanate, tetraisopropyl titanate, tetrabutyl 5
titanate, WMOOUSBI7Anate conmpounds with the general fornul CEiuseiyozeddown bel ow
can be used as polynerization catalysts. (I11) 10 wherein: each R4 is
I ndependently an al kyl group, or the two R4 groups taken together forma
di val ent al i phatic hydrocarbon group; .R3.is a C2_10 divalent or trivalent
al i phati c hydrocar roup; ,R6_is a neth Iene or. ethyl ene-group; and n is
0 or 1. [0048] Exa%ﬁheestgoé) aFrPPtle&r?éf% adsH#Ang FImybdli® gener al
formula are shown in %q? . 20 &_I.H y 2004 WD 01/53379 PC LU801102064 -11
nat e

Tabl e 1. Exanpl es of dunds Hawcnlé(\F?Pnu a Fifly 4~ --- \ W3
Ti C4AHOQ /CH2CH3 \ T\ /\ M

0459(( N cm;(f \o CH,CH;

Di-1-buty] 2,2-d1methy]pr0pane- Di-1-butyl 2,2-diethylpropane-
1,3-dioxytitanate t,3-dioxytitanate
C3Hy
C4H9K /0 CHj
CaHy
Ti . (\ /
0/ \ CaHs
C4Hy 0 CHCH,CH; ({ \
) CyHy
Di-1-butyl 2(1-propyl)-2- Di-1-butyl 2-cthylhexane-
methylpropane-1,3-dioxytitanate - 1,3-dioxytitanate
CanC\ / CBHW(\ /0 CaHs
1 ¥ Tl\
Can CanO/ 0 CoH;s
Di(2-ethyl- }-hexyl) 2,2-dimethylpropane- Di(2-ethyl-1-hexyl) 2,2-diethylpropane-
I,3-dioxytitanate 1,3-dioxytitanate
C3H
CgHy; O CH;
/ ch”(\ /o
C/ \ Ti CyHs
CHy0 O CsHy (/ \
CgHy; o
Di(2-ethyl-1-hexyl} 2-(1-propyl)-2-
methylpropane-1,3-dioxytitanate Di(2-ethyl-1-hexyl) 2-ethylhexane-
1,3-dioxytitanate
CsH”(\ O CyHs
. TI\
Cgl‘l[?(/ O

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



O C4HO0 DJ CAHgl 7 CH2CH3 CH3 Di -1 -butyl 2, 2-di nmet hyl propane-Di - - but yl
2, 2-di et hyl propane- 1, 3-dioxytitanatel, 3- d| oxytitanate Cél]'.ng;'ﬂ-‘b’Qﬁof1 /[ CH314

e3H C9v C4HgZ \0- -/4 ~-C2H5 C4HyO O Di- | -butyl 2(1-propyl)-2-

met hyl pr op¥€015389di oxytitanate CSHL7 V--\/ H3 C3Hl/ \ OPCTUSBI/02064

D (2-ethyl-1-hexyl) 2,2-dinethyl propane- 1, 3-dioxytitanate D -1 -butyl

2-et hyl hexane- 1, 3-dioxytitanate D (2-ethyl- | -hexyl) 2,2-diethyl propane-

|, 3-di oxytitanate C3H7 C$H17 | O--\/C-183. Z\0--/ \ CsHl~ C3H7 Di(2-ethyl-
| -hexyl) 2-(I-propyl)-2- nethyl propane-1, 3-di oxytitanate

Table 1. Examples of Titanate Compounds Having Formula (III) {Cont’d)

Hyf (\ /O CH, C,H; C\ /0 CoHg
Hy /T\ CH;  GHs /T\ CyHs
0 o 0 ©

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

3 - O CH, CaH;s O
C3Hy c>‘< GH, CHy c>'<
o 0 0O 0O

Bis(2-(1-propyi)-2-methyl- ,3-propylene) titanate Bis{2-(1-butyl)-2-ethyl-1,3-propylene) titanate

C,H, C,H,

/S . c4H.,,o—T<—

CyHs /T \ CyH,
' o o .
1-{1-Butoxy)-4-methyl-2,6,7-trioxa-
Bis(2-ethyl-1,3-hexylene) titanate 1-titanabicyclof2,2,2]octane

CanO_'TT C4H9O—T.YO CyHs
o

1-(2-ethyl-1- hcxoxy)-4 methyl-2,6,7-tfrioxa- 1-{1-Butoxy)-4-ethyl-2,6, 7-trioxa-
i-titanabicyclo[2,2,2] octanc 1-titanabicyclo[2,2,2]octane

18]

CH,
: / 0
CgH,0—Tg—0 C,H :
i T o 0—T—0 CHs
BN -\
o

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



CSH 7--\ /| CA? T\O-/ \C4H9 CsH170 CBH 7Q O / T\ ~CzHs CSH17

D (2-ethyl- | -hexyl) 2-ethyl hexane- |, 3-dioxytitanate Di (§OJPW§mQﬂ hexyl )
2-(1-butyl)-2- ethylpropane-1,3-dioxytltanate 20 July 2004 WD 01/53379 -12
PCTI USOL/ OR3b%/5¥Bl e 1. Exanpl es of Titanate Conpounds HERETAGOFGHGUl a (111)
(Cont'd) Bis(2,2-dinethyl-1,3-propylene) titanate

Bis(2,2-diethyl-1, 3-propylene) titanate HzC/-- OCH3 CAs OCH/ ~ \ \
A XL C3HT Cam/ C4i IX |/ n O Bis(2- @h3propy|) 2-met hyl -1, 3- propyl ene)

titanate Bj | - butyl)-2-et yl ene) anate C3 H7
{(%43]( stanate es¥er compoundg/Lavmg at east one mo?ety of the following general formula

have also been used as polymerization catalysts:

av)
—7
s
s \RT
o/
5 or
W)
0—(Rg—0
\T/ : ETI/
/ No—re—d \
wherein:

each Ry is independently a Cs.3 alkylene group;
10 Rgis a’Cl.ﬁ alkyl group or unsubstituted or substituted phenyl group;
© ZisOorN; provided when ZisO,m=n=0,and when Z isN,m=0orl andm+n=1;
each Ry is independently a Co¢ alkylene group; and q is Q or 1.

[0050] Typical examples of such titanate compounds are shown below as formula (VI) and

formula (VII):
15 VD
H3C-—'—:- /\C\ f/\ —CHs
\/of\o\)

VAR TN )

O O—C4H3—




C2 Hs Bis(2-ethyl-1, 3-hexylene) titanate C2H5 0 CH3
1- (1-Butoxy)-4-nmethyl-2,6,7-trioxa- 1-titanabicyclo[2, 2, 2] SLHN2OPH\

CsH170-T C CH3 1-(2-ethyl- | -hexoxy)-4-nethyl-2,6,7-trioxa-

| -titanabi WEHGEFP2, 2] oct ane 0 C8H170-T~ O PCT/US01/02064
1-(2-ethyl -1 -hexoxy)-4-ethyl-2,6,7-trioxa- |-titanabicyclo[2, 2, 2] octane 0.
C2H5 1-(] -Butoxy)-4-ethyl-2,6,7-trioxa- | -titanabicyclo[2,2,2]octane /
CH3 0 H3C-C1\ / 0 0 1 -(2-Propoxy)-4-auhyl-2,6,7-trioxa- | -titanabicyclo

[ 2,2, 2] o¢tane, 20 July 2004 WO 01/53379 PCT/ US01/ 02064 -13- [0049] Titanate
ester conpoung3® A east one moiety of the followi ng general formula

have al sp3®EN THRSAVABOPHOVIIES 4 Blhd PRteAALAA YDk&ses for preparing the blend material
which includes a macrocyclic polyester oligomer ‘;md a polymerization catalyst. The blend
material allows for easy production, storage, transportation and processing. From the standpoint

5  of applications, the blend material is a one-component ready-to-use mixture. The blend material

may also be processed like a thermoset while producing a thermoplastic. Fuﬁhennore, the blend
material eliminates the need that existing equipment be modified to allow for transfer of the
macrocyclic polyester oligomer and a polymerization catalyst into the equipment in the
appropriate amounts at the appropriate time and at the appropriate temperature,

10 [0052] There is no limitation with respect to the physical form of the macrocyclic polyester
oligomer when mixed with the polymerization catalyst as long as the macrocyclic polyester
oligomer remains substantially chemically intact. In one embodiment, the macrocyclic polyester
oligomer is a solid such as a powder. In this embodiment, mechanical mixing typically is used to

* mix the macrocyclic polyester oligomer with a polymerization catalyst. In another embodiment,

15  the macrocyclic polyester oligomer is mixed in the presence of a solvent with the solvent )
remaining present during the step of mixing.

[0053] In one embodiment, the blend material also includes a filler. Illustrative examples of
such fillers include pigments, light weight fillers, flame retardants, and ultraviolet light
stabilizers. For example, calcium carbonate may be used to increase the thickness of a polyester

20  polymer product to improve its mechanical performance. Also, glass microspheres may 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  inthe 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



I J 1V L~l MI}n 7 /TR7 1\ \ Oor (V) \/- -VI T~ Ti

\(/\/n}a/zel n: each R}7 I s i ndependently a C2.3 al kyl ene group; @@%%ﬂé‘*a ClL 6
al kyl group or unsubstituted or substituted phenyl group; Zis 0 or N;
provi ded wiW&¥ia3378 O, m=n = 0, and when Z is N, m = O ®CcTiUsemdoah + n =1;
each R9 is independently a C2.6 al kyl ene group; and q is 0 or 1. [0050]
Typi cal exanpl es of such titanate conpounds are shown bel ow as formula (VI)
and fornmula (VII): 15 (VM) H3'" i CH3 QsQ __""/ 1 (VIi 20 July 2004 WO
01/ 53379 PCTI US01/ 02064 -14 I111. The Blend Material [0051] This invention
provi des PEPRIREEe Hgpd rﬂi“‘a‘lﬂa“é?f'd’dﬂ)“r pri¥sstse sligasner presthe polmperizasion catalistmeaydiei al

whi ch | NElikeRGedoTRE VRN bleln RS s %eqowex@@ arg,OJow% libfA TR,

catal yst. The materi a I ows orage,
t ranspor Em‘ud@n oahbmiﬁrr mbs emgloyéd fmrmnth macamdrplm pulyeStend i g M&tattheans t he
bl end mat

oy sl SoPRenraiEe Sl R SR S R et b 0.
Fur t hgr mataerocydlie pblyesiet oligomer. This process may be conducted in the presence or absence of an

inert atmosphere, such as a nitrogen atmosphere, and preferably while maintaining dry
conditions. . '
[0056] A solvent may also be employed to assist in the uniform mixing of the macrocyclic
polyester oligomer with the polymerization catalyst. Various solvents can be used, and there is

10 no limitation with respect to the type of solvent that may be used other than that the solvent is
substantially free of water. Illustrative examples of solvents that may be einployed in the
invention include methanol, ethanol, isopropanol, acetone, methyl ethyl ketone, benzene, toluene,
o-xylene, chlorobenzene, dichloromethane, and chloroform.
[0057] There is no limitation with respect to the amount of solvent to be employed other than

15  that the amount results in a uniform mixing of the macrocyclic polyester oligomer and the
polymerization catalyst. .In one embodiment, the blend of macrocyclic polyester oligomer with
the polymerization catalyst is isolated either by direct removal of the solvent via evaporation or
by precipitation via addition of the mixture into a nonsolvent. In another embodiment, the blend
of solid ingredients is further dried under vacuum at elevated temperatures below the melting

20  temperature and the polymerization temperature of the macrocyclic polyester oligomer to remove
any residual solvent.
[0058] A procéss 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 elimnates the need that existing equipnent be nodified bg al | ow
for transfer of the macrocyclic polyester oligomer and a BBI VW@P ation
catalyst into the equipnent in the appropriate anpunts at the appropriate
time and aWQ®\&3¥ppropriate tenperature. 10 [0052] Ther e PCI/USOL/A206H t at i on
Wi th respect to the physical formof the macrocyclic pol yester oligoner
when m xed with the polynerization catalyst- as long as the macrocyclic

pol yester oligoner renmai ns substantialllgy chemically intact. In one

enbodi nent r li¢ ster. _oligoner is a salid such as a
powder . PH® ?ﬁﬁ%‘%ﬁ Tt mfﬁ'é‘éef?i ipglpdesion Wﬁoqu’ﬁ?’c‘ﬁlﬁr?n prefillXds to i x the
nacrocyclegngiosl)&i yester oligonmer with a polynerization catalyst. In another
enbodi nment 5 the macrocyclic polyester oligomer is mxed in the presence
of a sol V9G] win enetemebodishane of the myvetioni thgatpwg@ﬁpolmlmpmzagon brgalgstemplaiyedrisxi ng.

0053 fill
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cal ci um car bgnat e F mlj ed to increase the thickness of a polyester 20
pol ymer HPE e’f‘%"r?%sﬁ DRSS © ni cal performance. Al so, glass
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[ 0054] THW62] | ktds Wlthln&hhjﬁdpgﬁ’thdf imbéntioh ed empilyaﬂmutm &rﬂ;&iealiffer&ﬁ% by wei ght,
bet ween about . 25% atnlg 70% b [1? g bet ween about 2% and 5% by wei ght
dependi n§O¥REEFAIOR PRI [ pyeRariae aS P scmaqrogyclemelyeter Alisomeraad - For

exanpl e, pblp@eRRkioR BAAES. TUnIdRE §ieeitiod g»sté@aﬁmms@%ﬁyéﬂﬁ&ﬁl&t&wd&ﬁipemmﬂ n the
case of cal ci um carbonate, between 2% and 5% by weight in the case of

nanocl ay 8ticlsor peaspsshat refirs iIPolymsTizationeatalyst in sifgulsr glse inclidesariemkaditeent 25%
and 70% | r 0 Jcess
for prepgurfl |Pr%glttgﬁéorgﬁ) @fmteg &12%?&3% ts%‘%/‘lg"g‘lﬁggb% %ﬁmk{r §“E1}"‘*"is§‘ag& yester
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vari ous stages. For exanp conventional m xer, = extruder, or blender
may be eﬁﬁ’ﬂ’fb‘ﬁi’dﬂ’ Xeéte’fﬁ%ﬁtwah*ﬁéﬁgﬁ%?@fb@nﬁb‘ﬂ%/ester oligomer with the

pol ymer i zat| on catalyst via agitation at tenperatures below the nelting
t enper at ol izing Macrocyclic Polyester Oligomers

20 [0063] - In some aspects of the invention, various processes are employed to polymerize a
: macrocyclié 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 macrodyciic 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.



5 macrocyclic polyester oligomer. This process nmay be condﬁgt eg{i'gﬂ t he
presence or absence of an inert atnosphere, such as a nit g] f]h)sphere,
and preferably while maintaining dry conditions. [0056] A solvent nay al so
be enpl oyeWQ®¥/53¥8i st in the uniformm xi ng of the macr o®EEIUSEI02pd| yest er
oligonmer with the polynerization catal yst. Various solvents can be used,
and there is 10 no limtation with respect to the type of solvent that my
be used other than that the solvent is igubstantially free of water.

[l ustratjye exanpl e f solvents that mm e enployed in the invention
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benzene, idchldeepviding « MddaRRerid h{axﬁﬁ%’@ﬁﬁéx%@ﬁ_lic gbx‘}é&&roﬁgaﬁé}%ﬂ&a and
chloroform [0057] There is no limtation wWwth rFrespect to the anount of
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t he sol vent i v rafion.qr by precipitation via addition of the
m xture ?W@_‘%‘%@ﬁ@%‘ﬁ%’ﬁﬂ@eﬁ’ﬁ‘ anot her enmbodi nent, the blend of solid
i ngr edi efgg%6] S GeHérhig Ehedbdction VEGa s Maced MidlihehievBhaddic PReLatIyIEs bel ow

the nmelting 20 tenperature and the polynerization tenperature of the
nacr ocy cagropyslic pelyestergiligomais pelymedzadiby heating thewpateryclicpolyaster olig@ossd A
process L e | t .
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additional material s nust .be considered.,.It shoul d be understood that the
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any addi i @RambEBinRint, BedtSs supBHEH 18/mekhd/BIBAd mhibrisl $€5houl B30°080 Bbotgdsdea, any
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cat allyst ord8Otoldnhass psiymeritation bf the staatoeygtliotpobestersdigomeayto @rduduck edesiefl a
conpositign, artjcle or process that efers.to filler in singular also
ncl udesPARESSHBBIIRE R R SPErdmedy B polEeB=dlion sonied s dr SmesPhstiol oyed.
Si | ar | yh arléteEfibSdimbROthE bBIgMeki Sion & onNRAdindB TherPimBspHRAPOSI ti on,
article or 20 July 2004 WO 01/53379 PCTI US01/ 02064 -16- ‘process that refers

to fill el®67h Brupples aof podvestacsiparfaseddyy therpogesaesrof thatievention ipaludéi |l er is
enpl oyed

poly(ethylene terephthalate), poly(1,3-propylene terephthalate), poly(1,4-butylene terephthalate),
20 poly(1,4-cyclohexylenedimethylene terephthalate), poly(1,2-ethylene 2,6-
naphthalenedicarboxylate) and copolyesters comprising two or more of the above monomer
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,
cormnpression molding, roll Wr_apping, water slurry, and pultrusion with or in some cases wﬁhout
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 process’ing. However, macrocyclic

polyester oligomers have low melt viscosity.



10060] In one enbodi nent of the invention, the anmount of ggl ymer | zgtion
catal yst enployed is generally about 0.01 to about 10.0 PéUHM@PQ nt,
preferably about 0.1 to about 2 nole percent, 5 and nore preferably about
0.2 to aboWO @/5837fvl e percent based on total noles of noREFBISIVEHBat units
of the macrocyclic polyester oligoner. [00611 Although dependent on the
particul ar conposition of the blend material, blend materials typically
exhibit a shelf Iife generally |onger tjgan a week, and preferably | onger
than a nt h, :imd_ nore preferably | onger than a year when stored at

anbi ent E@ﬁébr 44139y %1.P’i‘E?S*F@ﬁ)%‘Eﬂvefit’ccn?lsthW‘PPﬂF'ﬂthF%ﬂss‘{f’é‘b%’cbPfftcﬁ%"fﬁa Hesrelngh t o
enpl oy 0RethenY¥ld Difer PRIcBssHHolib RLBALA 0 RAIMAREd dﬁ@ltt.' Qmﬁlﬁfn%lc&ﬂ)écu} ingﬁﬁ&%ﬁ&}pg a
bl end of nacrocycliC pol yester oligoner "an pol ymeri| Zati1 on catalyst.

Unl ess ‘speedlingstepl \Fhistrequits indohger prosessing tigneant dubreasswk enefgy aisagsnlosievéron,

article r ri zatiaon catal yst in_singular also
I ncl udes ?rglﬁ%g%@%?w&f%%&%fggEeﬁ%eﬁ%ﬁjva\%%wﬁg%?eés’ TARYFICRAP ?lﬁﬁ Fi%ati on
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enbodi nent of a conposjtion, article process that refers to

pol yneri ¥ t‘BﬁP"]é‘%*F%{IPVET“eF H"hﬁ‘gd‘? %h"“%@ﬁgc-i Wcﬂdg’tﬂ'ég’ Fé’i‘/(bﬁtbé‘ﬂﬁkﬁéﬁifel?m%?)n one

pol yner i aad 4 @alosRlk aly¥allizhFortaR! QWA suchidRpQhtu®! ?hlﬁ;?mérif&fuhﬂ@?b%stf@t al ysts
may be used to varlé the rate of polymerization and to produce polyesters

wi t h var pelymer esizltizes vithobt epeling thg moldllomang ratymerizationnandrdsopblingtoRotwest er
Q1 gomer g, &Qs%a‘?eot@xi};eran&@méﬁgmﬁﬁaﬁ@rﬁc ind B hﬂ&’?x{&éyo%ns&’#rdoﬁ.us processes
0 po macrocyclic poFyes 1 He

are enpl oyed ynmeri ze er=‘ol"i'gorrer.” For many of

t hes@0pr ¢a0FO} e & apphéng macoeyclic palpgdster elganierd foehe pracasses Yiedcribedledlyve, it fast

ol i gomers_nake it ssible to use these prqcesses, agvant ageously.

Gonor al | §7RIZRERR e T AERRLYS L BT S RS Aot FeRle. (MBCHURE O PRARFS STl f o
pol yest egheQhdcgNBlicpolpbieFolidoaiss, HeQaRSSThaYeitlithd fblafet, MOSIRAMBRtIGYEOUS.

25 10064] It is not necessary that a blend material” as described above is
enpl oyedPrasessigepboyed dest eystallizatippipayareed dserdiicedbioepoling thepmild wheteirthe use of

ablendggilg_,gl'-- t . | S.1C I : t _
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pr ovil fled butylene wrapbthsiats) erystellpesfairyaapitie eveep 4 8&0ab 200 Fowhites angeheral, a

macrocyl i_c | yest er .al i gqner .and catal yst. can be added to reaction
Vessel ~ aPoRfepiens ierenlate) reuisss Coofing Fiamshieh e eramies dn Piieve S48vashlR her
exanpl e, castallphtihgatef It Hfes Wit OhY pblyestdblaetHavOh hBAIRpodf Higher thal @k VSt

can be nade as t_heén;;lre added to a reaction vessel. It is also contenplated

that t he PRIYBRUZa¥AR Eminsraters Rutsioes aetanisisllize ata Guomblearte.egut.isuchrsinpelsating
ol i gorrer i?%xgso %ﬂic@ T%:‘_l’ﬁtgt@ c@sﬁﬂfz@ﬂiéﬁ?&ay %Oem]dﬂﬁéd.z P4 0QRK e %glgester polymers

PCTI 1 JSO
20 have a melting point lower than the polymerization temperature, cooling is needed to bring about

L/

crystallization of the resulting polyester polymer.
[0071] In one embodiment of each of the following processes involving a polymerization of a
macrocyclic polyester cligomer, 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 macrocyelic 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



[ 0065] In one enbodi nent, a process for preparing a high mgl ectlezﬁrg wei ght
pol yester polynmer includes providing a blend nateri al haviﬂdU %rocyclic
pol yester oligomer and a polynerization catalyst, and polymerizing the
macrocycl i ¥YQeW5p&E8t er ol i gonmer. The blend nmaterial nay iPEFUSHEE2864f 1| | er.

~ The filler may al so be added prior to, during, or after the 5

pol ynmeri zati on process. Any reaction vessel may be enployed that is
substantially inert to the ingredientsiogaof the blend nmaterial. [0066]

Gener al | t.he, reacti,on vessel is arged with the blend material .
Pref er ab?fiﬂ}“déﬁ%s‘fa 985916‘??@9%? ?\?E?l?é’r‘ g%f“%bﬁ'éﬂtéﬁl aﬁ“@“‘ﬁcﬂ% BISF Pheiap i trPRed ng
the macr eeisden theRiRLdISHbSRFateUnd GIRIHRYid kbstr @B, @f*i@éfahﬁgmtaﬁmﬁiiéfa%ﬁh siehdegn the

macrocyclic polyester oligoner is heated to above its nelting 10 point so
it becortapepted grugiuse 168 aapRlymerrrivetursh fibgrel Bheirateriaican b¢ fibgrglessessamig.
Subseque , r ;’i‘iﬁél ggaiig [ Increased to initiate
and corrprﬂfabtE é’ c{%ﬁé}%&éﬂ%&%?f@%p@l resa%?lll on. ,nﬁ fgﬁ%’ gﬁ SodT TJ;PE%O, er?é%‘ﬂpeaé‘)
suppl Bed form aEbw” bhistrahdn d\ fratvBori“afrand? isalypoup dfFibersttogettian r.a B3oAdTe of fibers,

referably.about 160 C to about, 220 C, and nore preferably about 180 Cto
Bbout - 100t pyaly wpndore traplsieat mal or PREPIDE VSR SPRRPHRPTE IS Ean

enpl oyed b MRén @knitl@ritb foHin SRR AStARiftD” B HRkert & ROR3PERe ARUNIBhFat i on of
the macrocyclic polyester oligomer to produce the desired polyester

pol ymer . amQuess & lightly dpldefihers togrihaso Ay/ifiber prefeing s ps assemblyof Sbientpwe andasr

t h . ' ' tg ' ' ' nder
Mnort - at o b 1GBME Bl s SRGEUERE' Gordeny Ditet BRI AL bt S SRR e
of tH8 i negstier with varidus tekifisol W GirbyrbSriea fiberanriahbwhey carpat §iet, fasofibpy| ene
t ht hal 1. 4-butyl t erepht.hal at e), . .

ol y 1. 4 3c leFuRne et s SeR i gimie-h BREE i il in syt volume Ay foawavide 6
napht hal eladatar bbb ybRabesite aihd sCANBLYRSES 6f FEMIRY tesih MdclbsdB, QhtrdMide TOF t he
above no repeat units. [0068] In one aspect of the invention,

ner . - - a - *

articles %gr*fewﬁﬁ&aa%waa &f Hytopfarm) vervan aukitigdntoa fabre, oF in agnidissgtional faper s)
via inj eqhi ofcIARE thAlMbive APt b Qhichieh Bhd L Qking Sndbid fsanst er
nmolding, 25 ' filament w ndtll% B%@%ﬁggg%%ﬁg%%%@gggmgagreprbzaig% or

fi | ml5hotkneneh as “ackpr Ebe ghikity af aiayernf materal edwiformedod dicorgplex ehdpe befapt i3g,
water slurr n ltrasion with or in some cases w thout reinforcenent.
The onl y%)or%s\?fﬂg‘osq(flg‘”?%%td%%p%n'di tions allow for the polynerization of the
blend to form high nol ecul ar wei ght pol yester upon heating. Generally,
nost of such processes require that the resin to be processed have a | ow
mel t viscosit¥; thBpatignd Meldingantional thernoplastic 30 resins that have

hi gh el o045 C R@kedingb FIGOL, rSthtidrAPinEldfRis PHOESS 8 'ﬁ?akirg%ﬁ ; clic
pol yest etr[ ol Fgomersn ave | 6\7v nmelt vi scn%sﬁté/. %g%%fu y x&&%‘%ﬁ@ég%
PCT/ @801 a0zEsAuch as a wid¢ variety of articles including fluid storage tanks, tractor fenders and large

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 controlied 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



-18- [0069] Also, in processing conventional thernoplastic _resins with such
processes, the cooling of the nold after processing is re&BﬁPKEOP

solidify the nelt. Denvol ding can occur only after such a cooling step.
Thi s resul W 01/5337®nger processing time and i ncreased enePgy/ussiZges However,
macrocyclic poly(1,4-butylene terephthalate) oligoners, for instance,
polynerize at a 5 tenperature, from about 180C to about 200C, that is | ower
than the nelting point of the resultinggpol yester polymer which is about
220.C. In addition, poly(1,4-butylene terephthalate) has a favorable

cryst al | paelddnmads @fp abyrpinumwith ewall digkeesa ofivied an iishs Fibetreinfersed plastig can
polyestegefﬁghgugf crystallizes without cooling the nold all ow ng
polyneriza?lon and denol ding to occur at the sane tenperature thereby
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macrocycljc polyester oJjigoners to.the processes described below a fast
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of the resu tln? polynmer, and the polynerization process enployed, fast
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even at ihBOCmbhl I2OGE avdhiinber, fomatigg termadld ajpag yledshytecixés, el leptiidthé atod) or
requires cool.ing fromsuch tenperatures.to achieve a favqrable

cryst al | POSPYISHO oS8 POVFERZALBE. HHurEmPRETERY, JEqresesyabio RRRdes fBRARAEre ¢ f ng
poi nto hi ghevidsiBdrekilEng PAYMEBIHiRAd Rl Adris & skbkiand@PEthBeimer ystal I ze
at a favorable rate, agents, such as nucleating agents, - which facilitate

cryst al | {eppefage abihe pelyespratpe and tha resalieg polvaeresolididiep ity eadlidrat sl yners 20
have a ”g&%&&gzaﬁ%%nﬂe&‘ﬁﬁé. than the polynerization tenperature, cooling is
r

needed t I ng about” crystallization of the resulting polyester polyner.
100711 | (0@5le Bndedmbedimeof, tleandvrafclidmlyestet aigongr mrdahepelgmerizavion vatslgsta

pol ymeri zat,i f . rocyclic polyester oli r, no cyclin i e.,
ool ng. GhiaHle meyidiEe reoa el Gl TSt o baiabur s Figo-utis opivEiy

af t ens poblygvder aad ihe PolyseEigitidh Qhtalysti(5r 166 BRHE inatdrial) Ik RNREN LRt iR 25 -
of each of the follow ng processes involving a polynerization of a

macr ocy clePpeissIg asthe WOICIQJII"?‘W\*B?@F‘@BWG@G@P rhe pelvmisHention &mperatiig.eln eivot her
embodi megh, QfimEACHe Prfol& 1390 Qloled e R Et%ﬁ%f&%@e&t’b‘f&’éek’ﬁ%aﬁn&?&h%ﬁ&z ation
of a macrocyclic polyester oligoner, an extruder ‘Is enployed to mx and
del i ver embodomentnigit erdldiesperatukeid cooledt bafaienlge neleromad ofyryaksiog. dalopest er

ol i goners_and the.pol rization catalysts o the.desired place, 30 [0072]
The Tor | Srr RGP R AR pRe ST 30 R srop A ERER Sl Blne

vari pus alefigivo @torexgdsessi ons used in this specification and particularly
in the processes described below "Wet-out" means a process to cause a
physi cal [88¢¢k elngnesadadimsgt: shednasroraelicrokiester oligempepigcegsed 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 meiting point of polymerized PBT, which is about
220°C. As aresult, the polymerized PBT solidifies and can be removed from the mold at

25  approximately the temj)erature 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. Po]ymérized 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.



20 July 2004 WD 01153379 PCTI USCOL1/ 02064 -19- liquid substraée Fn%& solid
substrate such that no substantial anmount of air or other 8 JulyL0p apped
between the liquid substrate and the solid substrate. "Fiber" neans any
mat eri al wwWho1gB¥Ader, elongated structure such as pol yPET/usp1/eag4ur al
fibers. The material can be fiberglass, ceramc fibers, carbon fibers or
organi ¢ polyners such as aramd fibers. Fibers may al so be grouped to 5
forma "tow' or "strand". A "tow'or "styiand" is a group of fibers together,
or a bunﬁ@gof fibers whi ch_are usually wound onto spools and may or may
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ot her .fi ber, {hat gas ?ﬁemn?regnated with a resin material in sufficient
vol un® as to Provi 08 FHE WA of the conposite, and such that the ratio
of fiber [06079] eRieferiistg /RIS S, YesaDfilhd bdsRR-is d PRcesk fdrak dsfibehp@ftecan be in
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nmol ding is used tQ manufacture articles froma nacrocyclic Eol yest er

ol i gorrer NasA8YeE &f fiyy, fiker &30, i anasrasadicslyssternligemsglager offibn 340 &t plecedol yest er
Ol 1 QoM vAMMerPhBO I drf Rbd: 30 G4 Bl ¥Rhd hifeale S, SrndHibla £4d I@Eheﬁ'h@&wg)yt he

nold 110, the no Is rotated about two axes 12 nmul t'aneous Y]
t hat t hemedrieemesosyoli¢ pdgesty eligdniee ldyat erfdm® 18y whish dien irifeses into the deyf fibdne

nmol d., . Heat i s |jed.to nelt, the macr clic ol.yest er ol j gomer and
Che. o1 y TP S0, pATE et S v by O Gr oF cBEr e ch e g BORER - and
the pol yn®o.i Zahdudeh B:at2r0 iy ba usedTBEdiRe withRGesl 28O iR i Al Hetviddg She ik hdm t he

content polynerizes and solidifies. The part is denolded while the tools

are hot %2 &fhaad tigyneldsgdadeddl.offtefbe eqapltion ofpelypietieatios, thepart iseithére
repeat ed g Hiled S oF Sgﬁghmg%f&lguporlpduce anot her thernoplastic part. 30
e a

The rotation rates g%%ut t es are often controlled so that the
ori ent at {(980pf Irt ére: emilodintemk @pracess fongplymherizingn mepeaklic féljstepoiiytntes a

uni f %M GRluded %vfdpnsgl adr%actrg]cej\fclgpygo?yestlélggﬁgo%lae?, p?(?vit?igg !1 nglgmlerrz]zation catalyst (or, in

the case of a blend material, providing a blend material having a macrocyelic 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 ary 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



the formof external gas flanes, but internal electrical ng@d Pe;éing can
al so be used. One type 20 July 2004 WO 01/ 53379 PCTI US0110Z864y-2 of nold
is made of alumnumwi th a wall thickness of'/ of an inch. Fiber reinforced
pl astic caW0@B3i8ed as well. [0074] In one enbodi nent oPCEMRSINZMENt i on, a
process for polynerizing a macrocyclic polyester oligoner includes

provi ding a macrocyclic polyester oligoner, providing a polynerization 5
cat al yst (or in the case of a blend naugnial providing a blend nmateri al
havi ng a,,m cli.c % rester oligoner, and a polynerization catalyst),

| oadi ng {lwé Bryue P% Ei)c/iP %slré?comp it n owalbpﬂ@eabFlgﬁrmq%%l%wcglaw yst
(or int nto a
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anot her Bﬁﬁ?ﬁdpm‘ﬂdt e orber embifiaray e St sﬂbo{tﬂs% ReFEahyes. [0076]
In one e8| Maéne dnbRditRaf, @¢ielde clieqimeal%%episngmhzweﬁfgstﬁ@esmmm
rotational nmolding is a nmacrocyclic PBT ol i gomer. A macrocyclic PBT

ol i gorrermfla%orepfﬁ%qsﬁsﬁgﬁcpb@%ﬁ%t about 180C, which is nuch | ower than the
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I n anot her enbodi nent macroc clic polyester oligaorer are macrocyclic
PBT/ PET b wdeeh gsReated Wg’crf"i?&‘gi:é’ﬂ ogTIR P e befaredheredt i ng

poi nt at pRkQuh H3R61d. Wirether brﬁbd’ﬂ&kﬁ&t' Qfé&‘éﬁre% hRSLribBPin tRE ndx SecRBh MBI 3R
PBT/ PET. Pol%merl zed PBT/PET nelts at abou 220C to 240C defl)endl ng on the

PBT/ PET feainifdm infisionipeagasst A prirepaiay ek pizidieqtiBrl pEepreg whereon the impregnated
content is distributed along one direction.

20 [0084] Typically wit_h resin film infusion processes, if the resin is a thermoset, additional heat
is typically needed to solidify the resin before demolding. If the resin is a conventional
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.



30 crystallizes and can be renoved fromthe nold at the te%%@ﬁ%@ at
whi ch polynerization is conducted. 20 July 2004 WO 01/533 O /02064
-21- [0078] In one enbodinent, a filler is placed into the nold in which it
is mxed wWHOISBE9 nacrocyclic pol yester oligonmer and t h@CEaisymizpddzat i on
catalyst. In another enbodinent, a filler is mxed with the macrocyclic

pol yester oligonmer and the polynerization catal yst before being placed in
the nold. In yet another enbodinent, a-filler is part of the blend
material. 5 b. Resin FilmInfusion [0079] Referring to FIG 2, resin film
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catalyst is placed in a no that has a |layer © The
macr ocyc Pplymserasies cetalysll angghesolyenyds then trarisported 10 diyingyivan 315 whereingln t he
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part is either denplded hot or after sonme cooling of the tools. 080] In
one enboddliedriegether pith thefabricor fibet tpwei08 2¢ fogma prereemwiple baper pawking28r ol i gonrer
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I n anot her enpodinent, the infusio rocess is faci|itated, for
material 1s a fiber tow.tl.nanother embo m%nt,are ease paper bac 'ng?s prov1ded0 and placed

20 adjacent the macrocyclic polyester oligomer and the polymerization catalyst.
[0088] In one embodiment, a macrocyclic polyester oligomer is incorporated into a
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 403 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 roli 410,

30  When combined with a fiber tow 4185 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.



exanpl e, by a pressure generated froma vacuum bag. The rezig kg%ﬁr coul d
al so be between the 30 vacuum bag and the fiber layer. Thu 9 H %duced
pressure generated by the renoval of air through the vacuum system
facilitat eWQH&337Af usi on. The resin | ayer does not have POTFSIEGLG4Nst the
nol d. Because the resin filmof the macrocyclic polyester oligomer nelts to
a low viscosity 20 July 2004 WO 01/53379 PCT/ USOL/ 02064 -22- |iquid,
infusion into a fiber is easily accomljsshed. In one enbodinent, the
process also includes the step of renobving the resulting polyner whil e the
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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 sﬂcky at ambient temperature.
Hlustrative examples of such macrocyclic polyester oligomers are macrocyclic poly(1,4-butylene

30 terephthalate) (PBT), poly(1,4-cyclohexylenedimethylene terephthalate) (PCT), poly(ethylen-e
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



c. Prepreg Processes [0085] In one enbodinent, a unidirectEQUaféﬁbgpreg S
I'n the formof unidirectional prepreg tape which includes S of
fibers. The sheet of fibers is held in the sheet form because the 30
fibers areWOfifSéhat ed with macrocyclic pol yester ol i gomBEE/USHIAR20640] d t hem
together. Two primary nmethods are used to nmake unidirectional prepregs from
macr ocyclic pol yester oligoners, solvent inpregnation and hot nelt. 20
July 2004 WD 01/53379 PCT/ US01/ 02064 -23- [00861. Referring to FIG- 3, a
sol vent inpregnati on nmethod is inplenmented by running fabric or fiber tow
305 t hr oligrroayedis polyastenpligpmers arecised inthe sreationiphe theemenlastic prsipyagsvigh tagk angorrer
and a pgllaggeri zation catal yst. The concentration of macrocyclic polyester
oligoner 1S typically 30% by weight. The solvent is used to reduce the
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process is sometimes called “Continuous Resin Transfer Molding” (CRTM). As to the fiber, it

- 20 can be carbon, glass, aramid, or other fibrous materials.

[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 cataIyst), 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



25 macrocyclic polyester oligonmer and a pol ynerization cat gbys&) %onbi ni ng
the solution with a filler to forma mxture, applying th i t2;9P to a
base material, and renoving the solvent. [0089] Referring to FIG 4, a
hot-nelt nBE&3¥Parts with a rel ease paper 405 that hasPEE@s0V/a2eEt ed Wit h
a layer of a macrocyclic polyester oligomer and a pol ynerization catal yst
to a specific thickness, The rel ease paper 405 having the coating thereon
is stored on a roll 410. 30 Wien conbi.pgd with a fiber tow 415 that has
been preheated, the macrocyclic polyester oligoner and the polynerization
cat al yst ceplinghenscessaydealipypiie salimfication plihe pelyesiar sesiomataizst Iywnerembogdiment,ber

tow 415 | i V. ' o] e
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425 dri vembdmenthbeblendmattdisl is itjectadrlirecthcnodiecpiltusiol diesieme embgdinent, aoat i ng
| ayer forming.a prepreg with a pager backi ng which i.s then rolle t
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providing a rel ease base material having thereon a blend material having a
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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 macrocyelic 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



oligonmers made with tack are used in many applications thatz%a‘]rﬁ%%gneral ly
for thernobsetting resins. Macrocyclic pol yester oligonmers<m # &k are
processed |like a thernoset while 25 producing a thernoplastic product.
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then is pulled by a puller 550 into the heated die 540 to polynerize the

macr ocy c Fhrtepingps dieghie andfor faprippreasgpfithe publ spasdit he desired shape and to
solidify. The viscosity of the liquid resinis 15 relatively |ow,
appr oxi mat el yed 00' Besin Teapsfergdpldingst room t enperature, and easily wets and
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mat er i al $icycle forks, and tennis rackets. In one aspect of the invention, resin transfer molding processes

are used to manufacture articles from macrocyclic polyester 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



[ 0095] In one enbodi nent of the invention, a pultrusion prgﬁﬁs& ig used to
pol yneri ze macrocyclic polyester oligoners for the manufa P 2094 5
variety of articles. Such a process includes providing a macrocyclic

pol yester ®AUGAEP, providing a polynerization catal yst PCT/US#/02044e case of
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20 [0103] Inanother embodiment, a filler is placed into the mold in which it is mixed with the

macrocyclic polyester oligomer and the polymerization catalyst. In another embodiment, a filler
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.



material exits the end of the extruder 660 and enters the ﬁhtr%ﬁh n die.
The heating zones of the 20 extruder can be controlled to bl end
material into the die at a tenperature | ow enough so that polymnerization
does not oWEMIS3HP at the proper tenperature profile to RETAIREK02064

pol ynmeri zation to the desired viscosity up to fully polynerizing the blend
material. This process nay also be adopted to enploy a macrocyclic

pol yester oligomer and a polynerizatiangcatalyst not in the formof a
blend material. In_addition, instead of using an extruder, any nelt
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20  properties of the part. In one embodiment, the blend material is pre-impregnated in a fiber tow.

[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



no additional trimmng or machi ning, such as autonotive bogﬁ E@g@h@ and
chassi s conponents, bicycle forks, and tennis rackets. In ey ct of
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20 °  using compression molding. 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), 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.



or the start of the next round of processing. In one enbodkﬁﬁﬂ @
macrocyclic PBT oligoner is polynerized using the resin f RP %lon
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wound dr¥ fol | owed by vacuum i nfusi ng th resin. [0106] A macrocyclic
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ol i goner “a
orientation 1140 may be alternated in a sequence of layers, so as to distribute strength as desired.

20  The assembly can be wrapped tightly in shrink-wrap tape that shrinks when heated to apply
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. lllustrative examples of such macrocyclic polyester oligomers are macrocyclic poly
(1,4-butylene terephthalate) (PBT), poly(1,3-propylene terephthalate) (PPT), poly(1,4-
cyclohexylenedimethyiene terephthalate) (PCT); poly(ethylene terephthalate) (PET), and

30 poly(1,2~elthyiene 2,6-naphthalendicarboxylate) (PEN) oligomers and copolyester oligomers

comprising two or more of the above monomer repeat units.



15 polynerization catalyst is applied with heat and pressurg % tBS
| ocati on where the tape first touches the part. In one enbédid r‘?to t he part
is cool, and only the local vicinity around the tape contact is heated. A
roller is WEa7Py used to apply the pressure to press PREUSEHS0GINt 0 t he
part and consolidate the material. The part can be wound cool. It can be
renoved fromthe mandrel immediately after w nding. Sonme post heating and
consol i dati on can be done to inprove the .20 properties of the part. In one
enbodi nent, the blend naterial is pre-inpregnated in a fiber tow [0107]
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cause it Seflangdmeatiriahes described abowe ipimrsesnaied in 2 indirgstional Drcpsiesnd inuPessied t he
st ep of ' ] ukt i | : tq . | s at
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before t %I%E’F%zratnoo?n % a g“‘t“gPB'eiﬁlaf %@%?53%%%?%3 ewo[)wéenﬁ%t'o& | n anot her

enbodd Mekmpeanre. kankiedodiment)ao b8Ylitg iof the amvddiBiceserliGeforédl@imiiginger or the
start of _the npext 2 JUI@E{ 2004 WO 01/53379. PCT] USO /02064 -30- round of
processi REforethe Bt obthp Bkt fend of Rrogessing (it the mpldT Iy pnothsrembpdimeal, §o7/4 | zed
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enbodi man?o, ng fi Ie_l er iSs pl aced ei rﬁt o the %ml d F%R\Aﬁ}ﬁgﬁkﬁfg L1 e?0%%§@71 xed
wi th t hén engembegisient aarcyasselisrpobii(l.4butyiens tedephthalage) loligemérdsipolpmenizztial yst .

I n anot hef: ' . oQ: D ] | .S wi th the macrocyclic polyester
oli gorrerS%ﬁ%&:tgg%ﬁﬁl%ﬁ%%ﬁ%’%#%ég%sgﬁlé;gg;h%%éf ore being placed in the nold.
In yés afoauber Ieanotdt embddimentf 4 fillelis dlso @ratimpefndtdie Ihhestheraibediht, a Giller

Conpr ession, Mol dj [0109]..Referring to FIG 10, conpression | di ng,

st anpi ng’® WQ%WEE Q%dﬁa,crchh& Rt yEieEeligogier antiRe RYfyPHRStiPR cRtgi Selorebedt t s
that -ar ejhhishaRadneARe bk natdrafl InWel dhoffet dnbcRfthith &SAIBRE HRYr@Y Hlendl0 Such
as truck and-auto body panels, buriper beans, various trays and nachi ne

housi ngs matepialdrginggyreasrocyélia padyssieyeligomsnandeoppiyraerization eatdiyblng i s used to
manuf acture articles frommacrocyclic polyester oligoners. A press 1010
has a press fkanme Roaler Gaatingn t he press 1010 are top die '

20 [0116] Another type of prepreg is powder coating. Powder coatings are done through
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 i:articles 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



1030 and | ower die 1040. A prepreg or sheet nolding conpou?ﬂ ﬁ§¥ﬁb41050 IS
pl aced between the top die 1030 and the |ower die 1040 w thi press
1010. The prepreg or nolding 15 conmpound 1050 typically is heated and

st anped un¥&0IRHE® and pressure and then renoved. A SMCPSA/ESHE®D64nDI di ng
conpound refers to '"a highly filled conpound with a resin binder that is

pl aced in a hot matched netal tool and conpressed to evenly fill the nold
and solidify into a net or near net shgpe part. [0110] In one enbodi ment
of the ipvention, a macrocyclic polyester oligoner is polynerized 20 using

conpr ess PHAOHSHEITEGMt #1 agifatop B GaPthenRmbogdingmb @i dlidiztiop of thabed isiusel a5 an
MBCT 0CY ChjdmatRe |té/ Rrebifhicql GRR ik 8%&&%§coﬁ%@éﬁ% 18 ef%c Jtﬁ%éx%g hé& §J %est er

ol i gorer, providing a polynefization cat i end
mat eri al mopnmvlnd)mgnézomr@nd thespray hedd ik fastened anto mgmt—hlowmﬂdea fqmbymﬁeabc of

ol i gomer . a pal neri.zation cata r n fibr base terial,
heating f %’qgé mﬁé%ﬁ%éjfélmtg E)Qf%{/fé%ape% ﬁ’ﬁ BH&'&F ‘% Fea% ¢ PHHER ng
the nbl t diey ﬁ&@l&ﬁﬁﬂhﬁdﬁﬂ?%@gﬂd}b@ﬁt%aﬁlécﬁﬁﬂﬁkoﬁlﬁt&ﬂh@a Righ{éiBioh%ahdrA0r.

cat al yst ﬁgé@ﬁ&h%ﬁflbrous base material, pressing the dies of the nold,

and heat T BeiGie ke PEyedpih thsaoyder s ﬂ‘é%cl’ﬂ@ﬁ*nw@ﬂ elesisicatiicgrownded helder.
|
p ol yest efThe Pbvy@ie Wru]le&t@d Rﬁ%rdsm%e fibRor Rir Oﬁﬁfﬁﬁrr%{ eb&%hﬁ?@-ﬁgﬁd@ﬁ step

renDV|n?mthe resulting polyner e res yner
s ubst ant k&t g,thc hewdearperticlespal adberealudhg slkbecqtpuﬂ gpnmtlousaﬂhemﬂla spraydiesheas ul t i ng

pol ymer | [ olid, at t ti erature. In
one enbo?f‘cﬂl‘L’t 4l %l?)d cg% tlhﬁ:kgesf O{j‘ﬁe PREYE I"‘B'gr %{)&Ed(’fi‘l%‘t%é’dﬁ A5 grlo HoPYehg or
bef one t haehmtpwi& peifnatityes fagotion lodthe dotalf chpiz® ©€ pGideg dokifedt dhehe Bt t, whickaiRot her

enmbodi nent coqling of the nold is conducted before denolding or the
start of “%é*%’gg‘fnqn hE Oltegsariddsi ng. 20 July 2004 WD 01/ 53379
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the. mold in whic I's mxed the macrocyc I C yester oligoner and
t he pol yn‘@'ﬁeﬂzhitﬂt@ﬁ r@&tvmgyﬁgbstraten IlémU@M@rexembb&IDfmmvmaswbstlrat@rmclu@e papeed with
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t he -biﬁ endonmtzﬁulsl Iﬁbcesﬁ 'Irf]lﬁibb%ﬂcrl 19?@!&@! cemfe?xddi fredther v&yﬁmr)a]@ém‘d pcﬁwnggd}ﬁi'd goner
is polyneriz the resin i nf usi on processes desgri be ere. In
the cas e%%oag a’t"ﬁg"eb‘%ﬂ bgtiatee 'Jé‘éﬁn‘bsét fg?*aapwerﬁ &g Fueentlyseplipdide avadety

processi eﬂfﬁrs{mga@ﬁm &) dkel}Rlp¥stob eoa%gst fop gaﬁepbmetgzg m&mrosﬁmctﬁmeﬁm
polymer. In one enbodi ment, nmacrocyclic polyester oligonmers are used to

make hi ghreced forcyeatdpreprogsi inge Atéemps g 8 |bt:t@er gamtegtm herwgsowkrareinéeeing dfibérabri c.
10 h. Ro L.llld %%ﬁa@ﬁc matrix. Still, even powder coated thermoplastic prepregs are difficult to use
20  because conventional thermoplastic materials have high melt viscosity and do not wet out fibers
Well an_d 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 coaﬁng 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



10113] Referring to FIG 11, roll wapping is a process fo2 Fé@ﬁ t ubul ar
articles such as conposite golf shafts, w ndsurfing masts QHH |ous tie
rods for aircraft. In one aspect of the invention, roll wapping processes
are used tWhHM§dcture articles from macrocyclic pol yestPEr/USel@2e@ners. The
tubul ar articles can be round, elliptical, or even rectangul ar cross
sections. They 15 can be tapered as well. A mandrel 1110 that serves as the
formng core is placed on the edge 112Q.of a |ayer of prepreg sheet 1130.
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the blend material as described above is inpregnated in a unidi recti onal

prepreg BiTEFT3Ely: gropenenseriwith heqid ofia trage appRm §f piriwsesgfaciantsone enbodi nent
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pol yner z,a piy a mixture, A “slurry” means a fluid containing fine powders suspended with the help of

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



10 tenperature. In one enbodi nent, no cooling of the nold cloggg ted
before denol ding or before the start of the next round of gr’ rng with
the nold. In another enbodi nent, sone cooling of the nold is conducted

bef ore den®Oii$g7®r the start of the next round of proce®ETAG1/02064 one
enbodi ment, a macrocyclic poly(l,4-butylene terephthal ate) oligomer is

pol ynerized wusing the resin filminfusion processes described here. 15
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20  resulting suspension is'more stable, avoiding rapid settlement of the solid on standing. In one

embodiment, the suspension is preduced 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
commen laundry detergent component, and sodium dodecyl sulfate. In another embodiment, a

cationic surfactant is employed. Illustrative examples of cationic surfactants include



so that the powder particles will adhere during subsequent g&ﬁlr %bpgns wher e
the sprayed sheets nust be handl ed.. The thickness of the 3 ¢ yer laid
down by the electrostatic spraying 10 technique is primarily a function of
the total ®ENEe37®f powder deposited on the target, whi cRCXAISOTQNG | s a
function of the voltage applied. [0118] In one enbodi nent, powder coating
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process WQ?F 61 Ga AP %?W%@ﬂ&‘lcﬁﬂn%vﬁl Otjt"f‘f’éerr esin. Wiile the use of
organi c solvengts allows a pr ss to . be ornmed under a w der ranges of
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or slurry of polynmers. or polyner-precurSors can be used to coat
are released from the fiber rolls 1320 and are arranged into desired width, usually that of the

20  prepreg to be produced. The fibers 1310 are then pulled into a bath 1330 that contains 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 polyfnerized 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
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20  through a funnel with an appropriately sized and shaped opening and the use of a container that
can be tilted or otherwise causing its content to spill over to the receiving base material. If it is
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 tl{e 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, ot features.
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enpl OVEdOmle}itgﬁtoTﬂeivVaﬁe £&s0f cationic surfactants include 20 July
2004 WO 01/53379 PCT/ USOL/ 02064 - 36 -, dodecyl pyridinium chl ori de,

dode@9l t {0138} h{lepending amthdapphication, 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] Inone 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
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[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 siurry process. If cooling is necessary, demolding can
25  be carried out after the desired temperature has been achieved.
' [0142] In one 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 sturry 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,
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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 polymerizl;ati.on 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.
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npl oyed in preparing prepregs from 30 a macrocyclic polyester oligoner
and a pohkyhipeitedsthe wactont Bleyedctorwias thepsealidt Mo mistdo wasdwatkd fo 2208€ s 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 smal! 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 resulied in removal of

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



Referring to FIG 14 again, the layer 1430 conprising a naa&ﬁc%gﬁbg
pol yester oligonmer and a polynerization catalyst, with or it

additional fillers, is pressed between belts 1440 run by 20 July 2004 WO
01/53379 P@Mausesr? 02064 -39- rollers 1450. The belts 144BCHEH8/0&6G6h t he

| ayer 1430 while the layer 1430 is being pressed, heated, or both.
Therefore, the tenperature and period of heating may be configured such
that the layer 1430 is fully polyneri.zged, partially polynerized, or not
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ot her _ pr &&@¥Bid described herein to achieve the desirable prepregs. [0140]

| one efag MGy WRicRBhYSI] & Bk G, ¥ 3l 8381 10 BuldifeRieRBgRe! On i S

fromO.0 e pefcent of the Structural fepeat udits of the
macr ocy c (stnpadapedi)evasalissolvedwith ieating prodpproxithately 2drmbeftolugrest whicthlad bray be

enpl gyed_are. i scussed, above., I n_one.enbodi nent, th process i ncl udes
tho S pitcfich by PeREEN AL R RSyt SRR HRL R oo andiotfed Tig st

pol yner i zatfaindi StheofMfaehyomiledrizéd padry@sli€éopolyegerstizombiofPBI/BE{ESH nent, a
suspension_of a_ macrogycljc polyester ol.igoner and a_paol yneri zation

cat al yst Mol todr AftEr ipiggelyening hiyetiine oo pase WrodnadaRisyaciumsdter
suspensi g 30“’@:’.“1!‘%%&9@%@'5%% %9%‘19\/&[2@%6}1@ £ Pk B4 ShBRal e PsuliRy NOt

be neede ependi ng on t plication. |In cases where cgo Ing I'sS no
necessar wifgocieedwihgwhitepowdeg comaimldbhpblebhefdinatomepdrande of thecopphaster
heatiipg _and where no, polynerization is carried out, the prepreg or product
can Bg'rgf?ﬁ%arr@eaa‘é%I ded fromthe equi pment soon after the water slurry
process.ﬁéf cp%i ng i s necessary, denolding can 25 be carried out after

t he desi FE&#"PEfper at ure has been achi eved. [0142] |In one enbodiment,. the

mat er i al [(A59C ESaRM1OYwhdepalARcdt BRETN0 NBGF HeRfoxandl @eﬂﬂfrst RS @ﬂhbi%}/ed {on one

enbodi ment, a blend material containing a macrocyclic polyester oligoner
and a péivyabdlang sentainingd amgleds eidinmtopaspoimole efdheroralyesterarnesserepen)
water, slpgry process. In one :
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 mi, 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 m]
round bottom flask and it was blanketed with nitrogen. The flask was then dipped in an oil bath



enbodi nent, the blend material further contains a filler. 2@ HO%@&% I n one
enbodi nent, a macrocyclic polyester oligonmer conposition i H ¢l

macrocyclic polyester oligonmer, a polynerization catalyst, and water. In
one enbodi Wem/s3x7he nmacrocyclic pol yester oligonmer conp®@stusarésdrt her

i ncludes a surfactant. In one enbodi nent, 20 July 2004 WD 01/53379

PCT/ US01102064 -40- the nmacrocyclic polyester oligoner conposition further
includes a filler and other additives_-ggach as pignments, nold rel eases and
stabilizers. In one enbodi ment, a polyester polyner conposite is_ prepared
by dryi nfainfinedgt f 3¢ (e The PB‘G’W&@P’@E‘W@[ mgltrddp OB IFBLS toifer Autasitetioy

pol yneri zatiian n?&aﬁ. EI‘H@}(?E@O@&?W&& u@ﬂ@gﬁx{&a‘iﬁgﬁq@&a&ﬁmh a pRrib@df o 3 Rirds
enbodi ment, a process for 1hpregnating a macrocyclic p(?l yester oligonmer for
pol yner i atak themstarted th oolidilyl withearystalligptian, mesuhting e farmatiol ofegowgh pokdetpimwhite

i ncl udes_ni xi bl end. material conprising a macrocyclic polyester

o'+ gorer s 13 pBifsErton s SohBa S TP i or - with o W thout

sur f taﬁ.t to forma mxture, applying the mxture to a base nmaterial,
dryi?nbgc; t fr&? W&?ure to remove water, and pressing the dried mixture to form
a prepre154)0 -BRAAGnd-D (ZWag R ini¥BS1 wad dissobleg il2 BRE Bryitaluefel MhB8sluiisie | udes

afiller. In one enbodi ment, a _ pol yester polyner conpaosite is prepared by
pol yner i ¥ehefldad P 86) Heimacisyslicoopelyester ghigamers ataisedindixampleth in aigbide

process. cdrﬂ?engoﬁf Ig%%g?b B a ho?r{bggﬁe%hﬁu tOfaslTBAYUE Bakd NS cirﬁeg feXalelo % Ahhe

above process. For certaln applications, it may esirable to form
a suspensvenrat apradxicately HSC. The casty solg bldl qhtainealdvasfgrdundeo vbthihaniforany

conpopnents precipitati oyt .of the suspengion hefore the step of applying
Chor 0 o Bt EpRpiog 0 d aifih 68 ptobts oot BB L BieCpaFFSiFa oBEm PP MLt

subst ant i al E#Biform'ty Wi thin the suspension kept by agitation and/or
stirring“HeEH and during the step of applying the mxture. [0147] In

order t o[AsPPECEkImSIaS hs Ppeatbd ExcoptitRAt 13 Il JNtRAOGRE AN SIOVRYEH AR €S
descri bed 20 above, grinding may be necessary to reduce nmacrocyclic

pol yest eblend cqgtaipipg Oi2nele &0 wosia@s perapele of thy gorodyestpr magemes ¢sReRt unitdol yest er
ol i goners have a | ow nol ecul ar wei ght and can be ground into fine powder
easi |y aExemplednt tenperature thereby reducing the cost of material.

o . | . .
o ofy ndasL, EREhHE B s e bipihecRs P e ARmSRLBIGEERR: fhSuidllo 83 £
convent i blead cdntedning pllasdle ebtin stgms per wae yf thevoolyeptepmonaner 2&pehtanier at ures to

make grindi ng possi ble thereby dramatically increasing the cost of
mat er i al Exau¥ési®10The success of a water slurry process in prepreg

For mat I Oﬂblggl]d Bﬁ:lng %%Ee!n‘za stoib%?ne(cjifin Examples 5-7 were subjected to test pelymerization. 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 |04 1.5 4.5
Example 9 0.2 2 6
Example 10 | 0.1 10 18

25



macrocyclic polyester oligomers was unexpected partly becaggﬁmgggogresence
of water, in general, disrupts and can even entirely preven
polynerlzatlon process fromstarting and progressing. Once the water is
renmoved bywdrdiisaj? however, the pol ynerization process c&ATUaképdace 30
uninterrupted. The water slurry process thus provides an effective and

rel atively inexpensive nethod for preparing prepreg and pol yner from
macrocyclic polyester ol i goners. 20 Julgy.2004 WO 01/53379 PCT[ USOCL102064

-41 V. The fol | WI ng exanpl es are provided to further
i llustra é‘géﬂgltlo( PHE'\]S’IOPt aﬂlésst oM} nder st andi ng of the invention. These
specific mﬁﬁph"éﬁm%ﬁmg‘aﬁﬁ%ﬁgtoﬁel@;?ddﬂﬁd—l?ﬁ&é’rt(‘jl!% Iﬁéusﬁﬁ:?) YEniga. The

products obtained fromthese exanpl es may 'be confirnmed by converiti onal 5
t echni quéisndand siziag “Pevttiond Hfitrglans boving 3nhwed rdled atapatetal d 2 inokimianirst
spectros ape

D ooy T ER AR AP CRY e S SN TP SOR seeb SDEML .
[0150F Thewdaobinedlin Epotple s was theh pgsomrﬂhuﬁbeis asthéhentdred 4 cipered diexamehe are

R TN A N
m xt ure. Qﬁo@mie)ﬁ%%&rmélieﬂﬁﬁd ﬁolgﬂéx%ﬁh&the%ﬁ'(ﬁﬁ%@nza%ﬁhad@c%teﬁ‘b&)(i)ene and
o-di chl orobenzene, which are substantially free of oxygen and’ water, and

tin or tmOénwlanwwhmféﬁlggbta@eﬁ fram<@RE analysiscand (3hthe apperapsly bighifexam] A cl ean

neat or - 1 BERRRAfo AUERRIRM A R RRl bt SR SRl B e,

59. 21qr ansd {ited Gida rmltasbuthfghlyR%Eopzeétdxte,tfeHm&dlﬁrrﬁ;ﬁd oryataBizgttnOvitd2 2 iaches) of
PET pelle r.odu a 0.06,M pal r/ o-x . .soluti The sol ution
was. heat She e BORE By &yt g moar it 90 EhbTen 11 SH)-moi st ur e

cont ent pr argi ng also renoved t he dissol ved
oxygen |z£"f’1'f€ jgl@% Sloﬁﬁdcqﬂi’lcg‘r‘{‘?@ﬂsfhe reactor. The reactor was then
seal ed- ];1 ’ﬁﬁé&ﬁaﬂ@é iBatRek dsExarBle 1 1”%ESE thdPrhb hﬁer?ﬁ@@ kHldee & wiRS

stabili zed 5 nol e% of catal yst, titani um butanedi (based on total

mol s ofZofie, ¢k filb yieldnBridrsizieg 48k ﬂlﬁmeﬂgqounwbora‘éhrédﬁ@eﬁui@ngymmsgy
0 o3 o 0B A DEpAS SRDED ol BRI RSP bl g 8 O

t ransf er pasddn @R agBskis. Thi s mar ked time zero in the experinent. The
resulting reaction mxture was sanpled by renoving 1-2 m sanples of the

M xture [ERuinplk Ba{fuiindsioarn glas rad) system using the system's pressure as the

driving force and a small sintered filter placed in the
[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 lwas placed on the fibers as they entered a tapered, round
die heated to 200°C {0.25 inch diameter at the enfrance, 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 lprepreg)
[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 locked 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.



systemto provide the pressure drop to atnospheric conditi 8@3 Eﬂg
col l ected sanples were analyzed by HPLC to determ ne yi el BIV %rocycl iC
copol yester oligonmers. After approximtely one hour, the catal yst was
guenched byWwa®&3xddi ti on of water (0.20 nol) by adding ®PR&/USeIRe64i N an
0-xyl ene m xture. The water/o-xylene m xture was pressure transferred into
the 30 system and the systemwas then allowed to cool to 75C with stirring
in progress. The resulting reacted mgsure was then filtered through a
heated filter. Filtration resulted in renoval of precipitated |inear

i mpur i ti é¥amplerl§ofGamnsessionmaldrgl nat ed |inear oligoners) fromthe system

20 July ﬁ?’? P HS,%( {gzgg?fl = 42- e f1ltrat. t i ned
t he desi iﬁe)@ﬂ]rm\/\??%ééc |(Zf9d(%§-'(?ll yester o |%a5%e%rf%&{&§‘|’%%lé%e\9edgﬁ ch’glgc&gfgfﬁag& at
75C) was ntaterial gvadovert thelswface, at o fibarapresiatvedzit eatso of 0: 1alThelayéfy with eating hen
nonsol vet, nt ane s added, to i nduce precipitatipn the ol igonmers.
The. pr oot o1 0B hEET HasHiin & DReLURGRBRS: o4 FerHeS dape 0 orathafR and
dri eds Pugvi piéssafe (36 tHARS DO Y&i!3 :ﬁmafeszo’rn(eesm?re washdnGREBESat 200 BliFGhnvaS
greater than 99% indicated by no observable hydroxybutyl term nated

l'i nears poditional bf wémues. - Tk sanitle was regwsed hofyjen tXithait doplimgathe press. The sample

1,1, 6, 6- et FRsdEnb g flnO- di stanna-2, 5,7, 10-t et raoxacycl odecane
("st a,nnoxanel?’iaglI ‘ilz/\ga"is{'J (ﬁnsnéol ved with heating in approximately 2.5 m of

t ol uene i pre-dried by treating with 4A nol ecul ar sieves.
The sol u%gﬁpﬁa@d@gﬁﬁ%@éﬁd poured into a glass jar containing 5.0 g of
finely pi0Ma]i Acslemirnatedal of macrocyriit PBT todigoradrivas pBspaell b précec O IHxampld ar

i AR E TR e

pest| e anghtedialWis Bén miKeE WiSktdriaor 4Ryl aROABIt6 BRatk h QMR THE ki RuRGMEET
contained 0.3 nole% of tin atons per npble of the copolyester 15 . nononer

repeat uAlewed tExeimain & pspepsign forri g L& houraBhe maedal ks hendprted foaemgs: 0 ny
of - stannqxapgid nifAbHeNR) 1 BRse RN dibe ot ifta Sty ST 60 ALNITRG 0.5 1ol e%
of tin.atons per nole of the copolyester nononer - repea nits. 20 Exanple
3 [ 0154] pdlymerittiby kdsits arx listed (n2Pab&3B.g, 0. 100 nol e),

2, 2- (il et hyl -1, 3-pr % e:;’jiw e&éﬁi 22 .0, 0.%00 and 75 of toluene
wer e %)I aced in a 238‘ E‘i - YVt Wé'?fl?gﬁcef% SRty ff angxRe-dDpean- Stark
condens ¢rTestThe| Mingbnents ofndSursin kqualedight N Adisuii Descagen | anttvheal edcdnarsiog® | ux f or
appr oXi matal v 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®

® _ 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%.

[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. -



2 hours during which tinme approximately 1.7 m of water wa? ﬁelg%é@ ed. The
Dean- Stark 25 condenser was replaced with another Dean Sta % ¢ ser
filled with nol ecul ar sieves. The reaction mxture was further heated to
reflux forw&oigsdd?ti onal hour and then approxi mately 60 Pra¥/us§i/oeése tol uene
was distilled off. Upon cooling, a white crystalline solid was obtai ned.

The vyield of 1,1-di-n-butyl-4,4-diethyl- |-stanna-2,5-dioxacycl ohexane
("stannoxane-2") was 36.1 g. Exanple 443Q [0155] Approxi mat el y one gram of
the bl end obtained in Exanple 1 was placed in a 25 round bottom fl ask

and it was bl anketTabwtWaFﬁrtSl'agﬁﬁ'rocppﬁeRmuétgKPMHFMQMBWB&H in an oil
bat h 20[ JrékiYd. ZJ08¢mp¥¥ehi) 3 mipcine i eqush Weiehol NI Pascrighion | MMM &l NoftoiersigO- 1he
powder Conpl etlel ymigekicREPBTERMNGcoRdNUT|€ T OmikdildN an| €agysot OF 1 1 @ium 0l Pr | ess
| i qui d. [ The vi|smexsdcyefic PBT, Edigd aledh6iwater Jr aduakdible 1 NCt easesd W T huaiva® pet i od of
2 to 3 pingtes| anechatrirediic BBRdeéngo) t 0 dJol i di g Wit h| cr§sisal | i zatighon,
resul ti hg_in flor nat ineprecystic BBT watagh poricel stspensighi t o] #8R13d, | THdedium®
pol yneri zarbr%ﬁonmynéfsmaewcech@ raly(Grbysicprgrepkyhalam) ofisematiofiess pByEO156] -
St annoxane- 2Mg7E> A% Mrdigr 2% 9fed Y = taéd sol ved in 2 g of dry tol uene. The

sol ution of, the macrocyclic copol yester oligoners
obt ai nedEfﬂ"‘éﬁzzg@gat%SWapr%ﬁ? The content was mixed to forma
honogeneus7Whilifendaniterial ShRadtasicEc PRT oflfdRé vwhd PRiparéd 6y tHOprébe & bf E?c\iﬁx@leat
approxinmately 50C. The crusty solid blend obtained was ground to obtain

uni f or m L8 RRretatadvh obstanagane: 14 The blendgnatasiahwamgiopdto iﬁtw povyder¢ Ake blend
copol yes jalelel %?f E%Sﬁ’?'p peat ed
except t {?g{enli?» T ﬁ%ﬁ%&%%ﬁ%%d/ca lafs?:'? ﬁ?/%/gés)&g%lé to &g%gé%&%lwag

cont ai ni altpv@d 20 rnmaal b subpensiom e apleast %hmlraf Undlz::dmcﬂddmeemtmm fivenwasthen epeat

S annoxaErS B A JurY HRCORal Vi aPvH S0 BPo Tl GO AR Wy BorCH B, i

at ons) pevaciih €030 mihates @BICERs fod thopepres. ThGapredWhd St irftx a@m&mﬁe&s 10
[0159] Bl-end mat.erials obtained in Exanples 5-7 were_ subjected to test

pol ymer i ¥agedrndenly befivsa sicgl shests, .vgmmﬁ ipplugaup ol dsicd aggin andar yaawm ier o
one- gr am@ ek RNEsGRROY, 8hd prddiEd ¥ 13boCMas e vial
was then di ppeg In a % pC 4 thlgph 38%%%%%#&%? Fﬁb%%g%@ Eg%onds to
form a cpilpnérggation tqauluformbbmﬁxtbhplm is pizen infdletSaken t o show mar ked
viscosity increase and to observe a porcelain-white solid follow ng
crystal lizati onTableS. Water Slurry Prepreg Process Results (PBT/[Stannoxane-1])

Test Id. Mw % Conversion®
JEG1 136,000 High”
15 *- % Conversion is from macrocyelic poiy(1,4-butylene terephthalate) oligomer to linear pelymer.

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

~ [0168] The procedure was then repeaied 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"
? - % 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
05mol% 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



Tabl e 2. Polynerization of the blends Stannoxane-2 Tine toéégownggrt of

Conc. (nol % Viscosity increase crystallization (mn) (mn HLBI

80.41.54.5 Exanple 90.226 1 Examle 100.11018 25 20 July 2004 WD 01/53379

PCTI USO1/ Owoad/s53349 Exanpl e 11 (Pultrusion 1, gl ass ri bboRET/USHBAHS

Pul trusi on was done using one end of F@ (Fiber G ass Industries), 113

yd/ 1l b yield, standard sizing "Flexstrand" fiberglass roving, and was

pul led at a rate of 12 inch/mn, first 47through a preheating die at 200C (4

inch long, %inch x 0.025 inch_cross section). The blend 5 powder obtai ned

i n Exanpfaalystyiss 03ree] "pefdnedon hased en fqi3) apales:pf magerieriepeat Baitss Thgseoed die (4

inch | oggng cd iﬁM4Hﬁ9A)g¥ﬁA§@ﬁ&T@g%ﬂhe entrance, and V2 inch x 0.015 inch
t 00C.

at the exit at was heated to 2 The powder nelted and pol ynerized in
the die ' ' L gk . | ecul ar wei ght of 50k obtai ned
from GPCgQ(rga&ﬁépssjl%@@H‘%%é‘?%ﬁ%gﬁ‘g%%@#ﬁﬁ}mﬂ?gh flexural strength as

conpar ed[@130} halnegfrarhdef mavcadyelic/zPBT oHgonos Wbiend cortthining Ampiobmvdiizationi catalyst,
extrepely. | , 10 apd exited i.n.a nplten but, highly viscous, state,

ol | ohed byt PhiseEr afd S eitaetariasiticusd pirm pscatiie 00 mfporeainpiess Yok donted by
a vi sual w&h3Re9/16" HintdseRbel vo@llsomﬁtﬁjgm_dl)l ¢a9Pdd Boe Wik tR&H fmbled E¥ERdues. 12
(Pultrusion 2, carbon ribbon) 10161 hi S exanple is the sane as Exanple 11

except t Bakle white prilky seppansion wasobiaingded with Zoltek, 413 ft/lb yield, X-10
sizing, 48k filanment count, carbon fiber. The resulting ribbon also 15
di spl aye(P)Fobenerigdioani cal strength, and the resulting pol yner had nol ecul ar

wei ght o | PIRY r od)
LU0 Ol RS0y T QAL RRORL s S 9EEe EL
FQ , 10 13bauités dndyit wdsdiried at 607Caihdersiaaiundin ahlogers t Therkied fdlldgiogldas®.20gywag, W t h
a preheated die at 200C. The bl end materi al ) )
then placed in a 5 ml test tube. A vacuum was applied and the test tube was immersed in a

190°C oil bath. The macrocyclic ¢-PBT oligomer melted to form a fluid liquid during a period of

2 min after which heating was continued under argon atmosphere. 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 summmarized in Tables 7, 8, and 9, respectively.

Table 7. Suspensions Prepared with Anionic Surfactant

Sample Polym. Catalyst Surfactant® Suspension Polym. | Conv (%) Mpb
(mol%) (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 83.6 131.2

] Stannoxane-1 (0.3) NaDBS (200) 60°Clvacuum 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°Cfvacuum 20 min 92.9 125.3

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 04.8 114.0

20 ™ NaDBS: Sedium dodecylbenzenesulfonate
b Peak molecular weight determined by GPC.



20 (in powder form obtained in Exanple 1 was placed on thﬁngb3é§4

entered a tapered, round die heated to 200C (0.25 inch dia H%V t he
entrance, reducing to 0.125 inch at 1 inch fromthe entrance, and a

const ant OwO28/58372h di aneter for the remaining 7 inch of PCHES@/02¢dh | ong
die). The resulting rod was substantially structural. The resulting polyner
had a nol ecul ar wei ght of 50k based on GPC anal ysis. 25 Exanple 14
(Unidirectional prepreg) [01631 One gragxof macrocyclic PBT ol igomer blend
material with stann cat al dls olved.in 2 granms of nethyl ene

ne 1 3/ (Lﬂ 9
chl ori de (about 66%% JHpepyions "9%?‘)‘“" PO HE AR ¢ h about 1 gram

as they

of car bpBakgiber mynacpda@ﬁtl C Shfehn® AT t @isgeBRnSO] welin. llaned [0hf,® t he
sanple |was diy andmilbpked powdggny. TheDyyipdend. df dtimet |f | ake cftlo ufing
handl i ng. dhe| pa@prtagg @as 3PDPRED)Pr of es@ehcium a] Eo@®S,| Cagpr €ss3ien

nol di ng|__ap__ab6tainodfe-p@®B) T of Ind208) nut ef aF°C/adonut P 0&@in US| oy Tef 1@ Sheet s.
The resul tang] Stwmetanaan@.35i gnPTRPAC208T | v| s6¢@edewwmal [ 20@in Ul y952004 V¥@20[/ 53379
PCTI US /02064_Stam15xaﬁxhﬁ)p | BTNUER) 280 o & s 603 vareind i n@P min0164%5-Four 14ldyers of
dry, 5. 0% /<:M$QAS‘ Aqer Odht BBRCIQhr | ¢ 093¢/ mcupsagl 30 mip g¢ycb4®: PRYSE| bnd

mat eri al é%?weﬁeﬂeomd"tlwhbmef Iae bOctaiecyls3- mitiytimidazofiumeéimidene ght ratio of 2:1.
The | ayep STRR:DqdceiEphepiphosphoping biemidey PEMAB: Regecytrimeylanioniam fremided pl at en
press, at-Pakmofppdar seight geteypingdthyGPC. 190C, and held at 5 | ow pressure (Il ess

t han S psi) for 3 mnutes. The sanple was then pressed at 200 psi for an
addi tional 17 m nut e'EabliTﬂeSB-‘Impﬁen Rm)ar@rmitb@‘mdoniﬂsuefa,ctantt hout cooling
the presSamodF SPUVA. CatalE@S T IiZ d o T T & mien (VB sl urry)
[0165] A blpenj rratsgiﬁdmj Mgf ¥ur[‘ac ¥ 3& ingsio?lgoneﬁg\l/as %Pvégér egiofgy t he
process Of '=XiFRch\T“lM()Ho%b'BHjJaoﬁm())bﬂl B0 Rdouddl b GO0 alTBg ot | HpEe by end
materia Ay 3%01939 Tetherl N€ DI €NT Brerial was then mxed with
wat er andlf;g kn%ge W& i'?ﬁ metd cate a slurry. The mxture was allowed to
remai n in suspensi on as 24 hours. The material was then heated to
renove {AT78r Taihejc}feunctaﬂlsmblti@aaf«ﬂtb auoeanamsperpﬁjnymlyiva:atdiemdbﬁ; onhiee macr ocyclic

PBT oligoner. The rizatiQn results li.sted in Tal?tl8 é’% leabIe
0 o7 g and Bl Rhaaifs of Bassrpesin s A0 1] phoF AT RSt o of
m xture kﬁfa@ﬁﬁ@hnd’%ﬂﬁﬁéﬂaﬁ&rﬂﬁﬁe Ble 88 b M il Maléh o poBlesStb@dbragigBCr ocycl i ¢ PBT,
Et hyl al cohol m sci bl e126, 030Medi um brmacr ocycli ¢ PST, Ethyl al-cohol,
wat er m sci bl e147, 300H h
Table 10. Chemical Stability of Suspension-1
Sampie Polym, Catalyst Surfactant® Suspension | Pelym. | Conv Mpb
(mol%) {(ppm) Time (at RT) time (%) (10%)
Conirol | 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 30min | 94.0 1162
v FASCAT™ 4101 (0.4) | DPyr (200) 11 days 30min | 894 100.1
w FASCAT™ 4101 {0.4) | NaDBS (200) 2h 30min | 94.8 114.0
15  *-DPyr: Dodecylpyridinium chloride (cationic); NaDBS: Sodium dodecylbenzenesuifonate (anionic).
b-_ Peak molecular weight determined by GPC.
Table 11. Chemical Stability of Suspension-2
Sample Polym. Catalyst Surfactant’ Suspension Polym. Cony Mpb
(mol%) {ppm) TFime (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,O 2h 20 min ~95 134.8
X Stannoxane-1 (0.3) DTMAB (200) 2h 20 min 959 141.3
XX Stannoxane-1 (0.3) DTMAB (200) 12 days 20 min 97.5 137.8
y Stannoxane-1 (0.3) NaDBS (200) 2h 20 min 93.4 138.7
Tyy 1 Stannoxane-1 (0.3) NaDBS (200) 11 days 20min | 93.2 124.4
*. DTMAB: Dodecyltrimethylammonium bromide (cationic); NaDBS: Sodium dodecylbenzenesulfonate (anionic).
20 ¥- Peak molecular weight determined by GPC.



cmacroc clic PBT control)n/alss5, 722H gh' dmacrocyclic PBT, 20 July 2004
wat er suspensi onl146, 698Hi gh' - % Conversion is from nacr ocyc?l C

poly(1, 4-butyl ene terephthal ate) oligoner to linear polymer. b - Hgh =
95-100% M&@ UFB3E290- 95% Lows | ess than 90% [0166] ThePETAsWMAed was t hen
repeated except that the catalyst in the blend material was 20 different.
The catal yst used here was commercially avail able butyltin di hydroxide
chloride (FASCATTMA101 from Atochemn) ..48he pol ynerization results are
listed in Table 4. 20 July 2004 WO 01/53379 PCTI US01/ 02064 -46- Table 4.
Vat er Sl 4] pEaeheefdhegassnt decumppts disclesrddroinebovy i inpetporated toorfsemment s of

m xture j AU B Mel | e AR i O =hi ¢ PBT,
I B S A R e S R R

wat er m seoéduk &0tho®ed Meliianyskith or the gt MiithorBEpartugfroro kierspixil 26d 8 Sedpelof the

hrmacr ocyg¢l i c. PBT, . wat er suspensi gnl08, 213Medj um. < % versi,on is from
macr ocycP 1 &8 ‘V(“?}‘R‘E@Lﬁ@??@}{@?}{: g}eéﬁﬁnﬁ% g&%g’e %ﬁﬁnﬁ%ﬂ‘étrbgﬁge PIEGRAME pol ymer. b
- Hi gh =ilRGtd0RUesdpdbnbat insRad 9% Ye spRitvamd écﬁ?&oﬂtﬁ@fbll@ﬂﬁﬁg ckxagpl e 17 (Vater
slurry prepreg) 5 [0167] A blend material of nmacrocyclic PBT oligoner was
prepared by the process of Exanple 1, using the catalyst of stannoxane-I.
The blend material was ground to fine powder. The blend nmaterial was then
m xed. with water and/or ethyl alcohol to create a slurry. The m xture was
allowed to remain in suspension for at |east 24 hours. Unsized A4 type
carbon fiber was then dipped into the slurry and renoved with a slurry
coating. The coated fiber was then dried under 10 vacuum for 30 m nutes at
80C to formthe prepreg. The prepreg was cut into % inch pieces, stacked
random y between steel sheets, wapped in alum numfoil, dried again under
vacuum for 30 m nutes at 80C, and pressed at 190C for 30 m nutes, to nmake a
conposite plate. The polynerization result for the resinin the plate is
given in Table 5. Table 5. Water Slurry Prepreg Process Results

(PBT/[ St annoxane-1]) Test Id. Mw Conversion ' JEG 1 136,000 Hi



15" - % Conversion is from macrocyclic poly(1, 4-butyl ene terephthal ate)
oligoner to linear polyner. br- H gh= 95-100% Medium = 90-95% Low = |ess
than 90% [0168] The procedure was then repeated except that the catalyst
in the blend material was different. sthe catal yst used her exovagy 2004
FASCATT1' 4101. The pol ynerization result for the resin in 20 the plate is
given in Table 6. Table 6. Water Slurry Prepreg Process Results

(PBT/ [ FASCATT4101]) Test Id. Mw Conversion JEQ& 115,000 ' High '- %
Conversion is from macrocyclic poly(1, 4-butyl ene terephthalate) oligonmer to
| i near polymer. b - H gh = 95-100% Medium = 90-95% Low = |less than 90%
Exanpl e 18LAIMBer slurry) 25 [0169] The cyclic oligoner enployed was a

macrocycljc co;pol yester ol igoner, (c-P ith. 95n01% p but yl ene

er epnt hel-at o)A PASEERof Rrepa o et i ek RPEREALY SRR ol o e)
repeat units. (@yorbyiaRg Qf niddfchbleNGolRkef | @lgonire wiRkdH | feehacidegclid I st

bl end of macrocyclic c- PBT oligoner contai ned honogeneously distributed

st annoxarf@lyester Thgomesromprises 4 Brctralirppeat pot gifhy fgowke WO 01/ 53379

PCT/ US01/ 02064 -47- catalyst was 0.3 nol  of tinptom based on total noles
of nonomer repeat units. The second bl el}rg cont aifjned 0.4 nol % of
FASCATTMA101. (1) General procedure for ki ng adiueous suspension [0170]

Ni ne granms of macrocycl ic—c-q”B'I‘%ﬁ_g@WOm_e%_C ning a pol ynerization
cat al yst ,. : e t . Ralal dina
100 m sc‘?%%\ke%%)mg g%(sné c?f ?li aee}érb?%%(f éHv?Af (?ﬁd I?%Oe%; !.’)ngg k%@%ﬁ%}e\é%ég%lt%}el&el bal | s.
The ti ghtiky doapamé drobuitic loe alieslic gempt unbl ed for 2 hours. A stable white

m | ky suspensi was opt ai ned. .(2) .Pol rization [0171]. roximately 5.4
0 of the aquedih mikEsdhe Rl doveiel SieofRt <P alhatatlh SAalRt &)
beaker angofiiceWasblehd fdtedhl; @€ under vacuumin an oven. The dried solid
powder (0.20g) was then placed in a5 m test tube. A vacuum was applied
and the test t{@bgomiastheblandseaerial abanbiow wnilitioas for atrisest pae wsek:cl i ¢ c- PBT
oligonmer nmelted to forma fluid liquid during a period of

2. A process as claimed in claim I, wherein the macrocyclic polyester oligomer is

substantially a homo- or co-polyester oligomer.

3. A process as claimed in claim 1 or 2, wherein the polymerization catalyst is
provided in an amount from 0.01 to 10.0 mole percent of structural repeat units of the

macrocyclic polyester oligomer.

4. A process as claimed in any one of the preceding claims, wherein the

polymerization catalyst is a tin compound or a titanate compound.

5. A process as claimed in claim 4, wherein the tin compound is a monoalkyltin (IV)
hydroxide oxide, a monoalkyltin (IV) chloride dihydroxide, a dialkyltin (IV) oxide, a
bistnalkyltin (IV) oxide, a monoalkyltin (IV) trisalkoxide, a dialkyltin (IV) dialkoxide, a
trialkyltin (IV) alkoxide, or a tin compound having the formula (I):



2 mn after which heating was continued under argon atnosphere. Tot al
polyneri zation time was 20 mn for sanples containing 0.3 nol % of
stannoxane-1 and 30 mn for sanples containing 15 0.4 nol % of FASCATTMA101
[0172] Results from sanpl es containi nggjan ani oni ¢ surfact antyg N@f 2E04S
cationic surfactants, and a non-ionic surfactant are summarized in Tabl es
7, 8, and 9, respectively. Table 7. Suspensions Prepared with Anionic
Surfactant Sanpl ePolym Catalyst Surfactants Suspension Polym Conv (% Mb
(ml %9 ( mDrying Cond.tinmel03 Control Stannoxane-1 0.30riginal powd not
suspensi on20 m n97. 8140. 6 i St annoxane-1 (0. 3) NaDBS (50) 60C/ vacuun0
m n93. 6131. 2 St annd®ane-1 (0. 3) NaDBS (200) 60C/ vacuun20 m n95. 6133. 2
kSt annoxane-1 (0. 3)NaDBS (200)110120C/ in air20 m n91. 0130 4 1St annoxane-1
(0.3)NaDBS (1000) 60C/ vacuun0 m n92. 9125. 3 nFASCAT 410 {gé Orl gi nal

DB,

powder, not suspension30 m n94.8123.9 nFASCAT 4101/0.4
60C/ vacuunB0 m n94.8114.0 20 a'- NaDBSg. Soqj ecyl be hesul fonate b'-
Peak nol ecul ar wei ght deternined by GPC. 20 Zyul y R004 1153379

PCT/ US01/ 02064 -48 T . spensi o0 Prepared with tignic Surfactants

Sanpl ePol ym Cat atys s G?Eﬁ'm h Polym Conv (%3
(mol % (ppm Dryi ng nd.ti oéanno ane-1 0. 3DPyr 20060C/ vacuun0
m n93. 1131. 9 / \ 2 R;

R;

or the formula (IT):

4y

VARVERVA
\_/\__(/

wherein:

R; is a C;4 primary alkyl group, and
R3 is Cy. alkyl group.

6. A process as claimed in claim 4, wherein the titanate compound is a titanate

tetraalkoxide, a titanate compound having the formula (III):

e
4

(110)




St annoxane-1 (0. 3)1l m 20Q60C/ vacuun20 m n94. 4134. 8 St annoxane-1 (0. 3)DTPP
(200) 60C/ vacuun20 m n95. 2136. 8 r St annoxane-1 0. 3ADTMAB (200) 60C/ vacuun0
m n95. 9141. 3 sFASCAT 4101 (0.4)DP 20060C/ vacuunB0 mi n94. 0116 2 5 Table 9.
Suspensi on Prepared with Non-ionic Surdactant Sanpl ePolym 0%%04
Surfactants Suspension Polym Conv (%Np (mol 99 (Ppm dry| ngtinel t FASCAT
4101 (0.4)Brij 30 (200)60C/ vacuunB0 mn' 94.0122.6 a'- Brij 30:

Tetra(ethyl ene glycol) nonododecyl ether. b'- Peak nol ecul ar wei ght

determ ned by GPC. [0173) The chemical stability of the agueous suspensions
may vary depending on the 10 environnment and chem cal nature of the
conponents. TabhesnlO-11 show t he effect of cat al yst surfactant, and

pol yreri zat i on t] on .t he_ npl ecu i ght of yesters obtaine Tabl e
D0, Y Cher cal *SedbRY 4 SIGoly G O SOOAPE bl Bt v foRaT HoTant

Suspensi oandle%mrghpﬁ:mbvh afgFRlBdpm Ti me (at RT)time(% 103 Contr ol FASCAT
4101 0.4Original d po 30 m Nn94.°8123.9 Control FASCAT M 4101 0.40nly H2Qe
h30 min93. 112R\AsaTA10 dlS&leM of 10vdertalipbmerhydaoaian igBaipri n94. 0116. 2 VFASCAT
4101 (0.4)DP 20011 d i 4100. 1 , ASCAT M 4101 (0.4)NaDBS (200)2
h30 mi n94. 811 Si‘%“%?ne%&gyiﬂe@?%iaﬂ urn chloride (cationic); NaDBS:
Sodi um dodecylrbgm)z&r]esul fonate (anionic). b' Peak nol ecul ar wei ght

determ ned by GPC.
a titanate ester compound having at least one moiety of the formula (IV):

av)
T
A
N

each Ry is independently a C, 3 alkylene group;
ZisQorN;
Rgis a C;¢ alkyl group or unsubstituted or substituted phenyl group;

provided when Z is O, m=n=0, and when Z is N, m=0 or 1 and m+tn =1,

or the formula (V):
V)
\ SR
/\O_Rg_c/ \
wherein:

each Rg 1s independently a Ca.¢ alkylene group;
and qis O or 1.



Sanmpl ePol ym Catal yst Surfact2nt Suspension Polym Cony MP (nol % (ppm Ti ne
(at RT)time(9% 103 Control Stannoxane-1 (0.3)Original dry powder 20

m n97. 8140. 6 Control Stannoxane-1 (0.3)Only- H2O2 h20 mi n-95134. 8

xSt annoxane-1 (0. 3) DTMAB (200) 2 h20 ni4395. 9141. 3 xXxSt annoxangy j, éﬁﬁbéQIDTNAB
20012 days20 m n97.5137.8 Stannoxane-1 0. 3NaDBS (200)2 h20 n1n9 4138. 7

St annoxane-1 (0.3)NaDBS (200) 11 days20 mi n93.2124.4 a'-

Dodecyl pyridinium chloride; Im 1-Cctadecyl-3-nethylim dazol i um br omi de;
DTPP: Dodecyl tri phenyl phosphoni um brom de; DTMAB: Dodecyl tri net hyl amoni um
brom de. b'- Peak nol ecul ar wei ght determ ned by GPC. Table 11. Chem cal
St abi |'i ty7.of Shsprecess ai- QaibEVARB: alfodee \dftthe rmedeylhgnnlnmls,mw]hnreim :dep (b)

(cati oni 2 NaDBS:, Sod]?ﬁum dode )@:}% nzeneﬁul f onat e _(‘ani.oni c) - Peak
mol ecul arORBIIgRt THEPE A HacropyF SHEYRI0 F4P m?aﬁgé’fétab@%laﬂéd‘ll 02064
-49- 1017#je,Each of the patent docunments discl osed herei nabove is

i ncorporated by reference herein. Variations, nodifications, and ot her

i npl enentations of what is described herein will occur to those of

ordi nary &ki | |Aiproedse aar eleimedhbuclairapar whergitf themfillae is preseat aind weightscope

of the nven Accordingly, the invention is to be defined
not by tH%“EP%@%&fﬁémgif*ﬁﬁgP(at|ve description but instead by the spirit
and scope of the following clains. 50 20 July 2004 CLAIMS 1. A process for
prepari ng.and Atppédesy ad chimedlinmadye ohabf chims il stong wiheeiat segps () fcompaikes

provi ding a.macrocyclic polyester ol i gonmer, wherei.n the macraocyclic

pol yest erMming Hife HagopplicsRlyestart ORONITof ROLBREHZaiAN (catfysh hads Brfﬂ%ﬂ"é‘s al 0
substrate.

10. A process as claimed in any one of the preceding claims, wherein step (c)

comprises storing the blend material at ambient conditions for at least one month.

11. A process as claimed in any one of the preceding claims, wheremn step (c)

comprises storing the blend material at ambient conditions for at least one yeat.

12. A process for storing and polymerizing a macrocyclic polyester oligomer
comprising the steps of:
(a) providing a blend material; comprising:
(a) a macrocyclic polyester oligomer; and
(b) a polymerization catalyst,
wherein the macrocyclic polyester oligomer comprises a structural repeat unit of
the formula
I

O0—A—O0—C—B

Q===0

wherein A is an alkylene, or a cycloalkylene or a mono- or polyoxyalkylene group, and B
1s a divalent aromatic or alicyclic group;
(b) storing the blend material at ambient conditions for at least one week; and

(c) polymerizing the macrocyclic polyester oligomer after the storing step.



Il -0-A-0- wherein Ais an al kylene, or a cycl oal kyl ene or a nono- or

pol yoxyal kyl ene group, and B is a divalent aromatic or alicyclic group;

(b) m xing the macrocyclic polyester oligonmer and a pol ynerization catal yst
to produce the blend material; and (o) storing the blend megefipbgcat

anbi ent conditions for at Ieast one week. 2. A process as clained in claim
1, wherein the nmacrocyclic polyester oligoner is substantially a hono- or
co-pol yester oligonmer. 3. A process as clained in claiml or 2, wherein the
pol yneri zation catalyst is provided in an anobunt fromO0.01 to 10.0 nole
percent of structural repeat units of the macrocyclic polyester oligomer.
4. A prociEss ahk poicassnsdlamedinyclanel Divherem the p@lgﬂlieﬁgingls&pmameraeilerasﬁ he

pol yreri zat i nctal isatinc ognd or atitan&l mpound. 5. A
D ovess AP HEHBETIR BP0 IRGH SHPICTSTDsS GBI FESPRBASSEHey | i n
(1'V)  hydegy 'n@ﬁsf@f(in@ﬁhné‘pﬁ@ék@aé EY&JIﬁénE]W(lIIICMﬂ% 6)@09&’.’5' 8 ereprddy Xt Heprodess,
dialkyltin (1V) oxide, = bistrialkyltin ( oxi de, a nonoal kyltin (1V)

tri sal koxd precesa udinglakyrepreg, 4 1oll) wrlippinggproabes, aacompressiomyrhelidmg(pragessldiaxi de,
or atin cqglp und haV| ng the formula (1): 51 20 July 2004 (1) H2C /0-SIn O
CH2 R3 or ¥R FOY MIFES(11): R3 R3 Sn C Sn wherein: R2 is a Cl prinmary al kyl
group, and R3 is Cl lo al kyl group. 6. A process as clained in claim4,

wherein the tiA pacdess oeRigBddni cSaid 11 bADR! Rirthéreédnaaiskd bdfore atep i(E)anat e
compound having the formula (I'11): (I'1l1) 52 20 July 2004
steps of:
(1) loading the blend material into a mold having a chamber; and
(11) rotating the mold along an axis; and,
wherein step (c¢) comprises heating the mold to cause polymerization of the macrocyclic

polyester oligomer.

15. A process as claimed in any one of claims 12 to 14, further comprising, before
step (c), the steps of:
(1) loading the blend material into a mold having a layer of fibrous material to
form a layer of the blend material between the layer of fibrous material and a
surface of the mold; and
(1) heating the mold to melt the blend material and forcing the molten blend
material to infuse into the layer of fibrous material; and,
wherein step (c¢) comprises heating the mold to cause polymerization of the macrocyclic

polyester oligomer.

16. A process as claimed in claim 12 or 13, further comprising, before step (c), the
steps of:
(i) pulling a fibrous strand into an elongated die; and
(ii)  moving the blend material into the die causing contact with and around the
fibrous strand; and,

wherein step (c) comprises:



wherein: each R4 is independently an al kyl group, or the two R4 groups
taken together form a divalent aliphatic hydrocarbon group; RS is a C2_EO
di valent or trivalent aliphatic hydrocarbon group; R6 is a nethylene or
ethyl ene group; and nisOorl, a titanajse ester conpound havingn@fadgast one
nmoi ety of the formula (IV): wherein: each R7 is independently a C2_3

al kyl ene group; Zis Oor N; R8 is a Cl-6 alkyl group or unsubstituted or
substituted phenyl group; provided when Z is 0, nmen=0, and when Z is N,
m=0 or 1 and mn = 1, or the fornmula (V): (V) \090]qg/ T'Ti ~/ \ [/

OR9- C~ wherein: each RO is independently a C2_6 al kylene group; and q is
0 or I. 53 20 @l y 28ldg 7the Acpmtected sbiasd cinatemiall amd dit;romestmhdt hmsin@cedi ng

claims, wherein, ste C I ses m Xi t he.macrogcyclic, .p St

ol i goner, a pdﬂ]/%‘?r&i‘é?‘%‘ &b tﬁgg%ﬂ Cil%ﬁﬂf}gSterf pligagner é}lmﬂgpm&géé‘gl cI ai med
inclaim?7, W&%&tnpél?(@stér'ﬂolﬁﬁer'n%tﬁi 828R tRlfiRoviahd; anRer centage of from
0.1%to 70% process as claimed in any one of clains 1 to 6, wherein

step (b) corrpr(lV)s es pudting thgpolbrelenmtruta,rowbthpﬁbmts@m@mtmt pagtion of
pol yneri zat i o f br ous bst roce s,as clainmed
in any one of 31%%15&. 6“'% 5??*?55“\3\%‘?0 R, ‘Blbﬁleéﬁjf’y fofmifl 3 article
17. A process as claimed in claim 12 or 13, further comprising, before step (c), the
steps of:
(1) loading the blend material into a2 mold having a fibrous preform therein; and
(ii) heating to melt the blend material and forcing the blend material into the
fibrous preform; and,

wherein step (c) comprises heating the mold to cause polymerization of the macrocyclic

polyester oligomer.

18. A process as claimed in claim 12 or 13, further comprising, before step (c), the
steps of:

(i) heating to melt the blend matenial;

(1) contacting the molten blend material with a continuous fibrous strand; and

(ii1) winding the continuous fibrous strand onto a mandrel; and,
wherein step (c¢) comprises heating the mandrel to cause polymerization of the

macrocyclic polyester oligomer.

19. A process as claimed in claim 12 or 13, further comprising, before step (c), the
steps of:
(i) impregnating the blend material into continuous bundles of fibrous
material; and
(ii)  winding the bundles of fibrous material on to a mandrel; and,
wherein step (c) comprises heating the mandrel to cause polymerization of the

macrocyclic polyester oligomer.



conprises storing the blend material at anbient conditions for at |east one
nonth. 11. A process as clainmed in any one of the preceding clains, wherein
step (c) conprises storing the blend naterial at anbient conditions for at
| east one year. 12. A process for storjghg and pol ynerizi ng a0mgy 2emclic
pol yester oligomer conprising the steps of (a) providing a blend materi al ;
conprising: (a) a macrocyclic polyester oligoner; and (b) a polynerization
catal yst, wherein the macrocyclic pol yester oligoner conprises a structural
repeat unit of the formula O O Il 11 OA-OCB Cwherein Ais an al kyl ene,
or a cycl oal kyl ene or a nono- or pol yoxyal kyl ene group, and B is a

di val ent 2k oned iproasss af ¢laipesdi in cdaimuly of b, firthen eognnrisingy befoe stap de), Hie at

anbi ent c?ndi Ej ons for at |east one week; and (c) polynerizing the

macr ocycl @041 yester ol i goner after the storing step. 54 20 July 2004 13.
A process as «liygir6wdine fidrehsBabemaheiagi N the pol ymeri zing step conprises at
| east one of a pultrusion process, a rotational nolding process, a resin
filminfusion () beasiwg to meltiteasbland matesitr nol di ng process, a fil anent

wi ndi ng_pr 00O BB FRLAY SRR AN ALDE 8T8 e BoRLOBERSnlE S0 PLEPr C0. 2
rol | w appi ng process, conpression nolding process, or a water slurry
process. 1l4. Aipmoaeeng ias noldibedEibrowt abammetial orfodda dbsireliRRéipeg amdr i si ng,
before step (c), the steps._of (i) loading the blend nmaterial, into a nold
havi ng a ‘Eﬁ%ﬁ*ﬁéiﬁp (gheemprises heding: to cguserRolymeriration A thernagreeyclig palyesttfer ei n
step (c) &%rgﬂfe}_ses heating the nold to cause polynerization of the

macr ocycl | pol yester oligoner. 15. A process as clainmed in any one of
claims 12 to 14, further conprising, before step (c), the steps of (i)

| oadi ng tHe blApdoaesy & ¢laimedrinelaimntl dr haviunhercdnaprisingy beford stop{ckréiteer i al
to formsg Iaﬁi_er of the blend material between the |ayer of fibrous

mat eri al SH8 %

(1) providing a base material;
(i1) impregnating the base material with the blend material; and
(iii) rolling the impregnated base material around a mandrel; and,
wherein step (c) comprises heating the mandrel to cause polymerization of the

macrocyclic polyester oligomer.

22. A process for impregnating a macrocyclic polyester oligomer for polymerization
comprising the steps of:

(a)  providing a blend material that has been stored for at least one week, the
blend material comprising a macrocyclic polyester oligomer and a polymerization
.catalyst;

(b) distributing the blend material onto a fibrous material; and

(c) heating to melt thereby causing the macrocyclic polyester oligomer to mix
into the fibrous material,
wherein the macrocyclic polyester oligomer comprises a structural repeat unit of the

formula

O

O
|

O0—A—O0—C—B—C




surface of the nold; and (ii) heating the nold to nelt the blend materi al
and forcing the nolten blend material to infuse into the |ayer of fibrous
material; and, wherein step (c) conprises heating the nold to cause

pol ynmeri zation of the macrocyclic polggester oligoner. 16. A(ipcans as
claimed in claim12 or 13, further conprising, before step (c), the steps
of (i) pulling a fibrous strand into an elongated die; and (ii) noving the
blend material into the die causing contact with and around the fibrous
strand; and, wherein step (c) conprises: 55 20 July 2004 (iv) heating the
contacted blend material and fibrous strand causing polynerization of the
macr ocy clwlergoldysshetkybdnegomnecycicatkyleng onh gionge begoelyaryalkybing lgtoupohryeBt er

pol ymer matrix around.the fibrous strand: and ul l.ing the | ymer

ot 1 arb At b gHs fealayP i gronhe wdarbesth siep d st pitdl & e havi ng a
desired Cdoﬁﬁ)%téﬁ&l&in@ﬂzé%{bﬂfdfgbiﬁ%dc%gklﬂe ?éété‘r%‘h@bxﬂgr an arti C' e. 17. A
process as clainmed in claiml her conprising, before step (c),
the steps of (1) loading the blend material into a nold having a fibrous
pref or m t3er eidk prqa;nﬂs for impregeeding dgnecostislic pelyestpr eligpmes fer padymentativnr ci ng

the bl en rial rous preform and, wherein step (c)
conpri segh?qﬁléot%?sﬁ 5° g]r%%lkcf:S[“E;)S(??use pol yneri zati on of the macrocyclic

pol yester oli g(@)’rer prdﬁdméaml@ﬁaﬁaeﬁﬁ thdt dad"Bsbnistored /irat kast@he dBek,fikk t her
conpri si nq before step (c), the steps of 05% heatlng to mel t the bl end
mat er i al ;blgnd qlafeﬁﬂtcawnﬁlgg@naaw%%pww pwer and apelymerizabieni nuous
fibrous scta{%,rgg and (iii) winding the continuous fibrous strand onto a
mandr el ; wherein step (c) conprises heating the mandrel to cause
pol ymeri zati or(bpf tdisolvirgcthe bleat nwatqrial yressadvendta fpomersohtdn; A process as

g:c aimed in clgl )m 12008{act1ng th];: lélcr)ltugon Wltgm}rbrousqgise I%%Ie%ra ; a.lsié ep (c), the steps

(d) removing the solvent,
wherein the macrocyclic polyester oligomer comprises a structural repeat unit of the

formula

T’
O0—A—O0—C—B—C

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

is a divalent aromatic or alicyclic group.

24. A process for preparing a suspension of a macrocyclic polyester oligomer and a
polymerization catalyst in water, the process comprising the steps of:
(a) contacting the macrocyclic polyester oligomer and polymerization catalyst
with water and a surfactant; and
{b)  mixing the macrocyclic polyester oligomer and polymerization catalyst

with the water and the surfactant thereby forming a suspension.

25. A process as claimed in claim 24, wherein step (a) comprises contacting the
macrocyclic polyester oligomer and polymerization catalyst with water and a nonionic

surfactant.



(i) inmpregnating the blend material into continuous bundles of fibrous
material; and (ii) winding the bundles of fibrous material on to a mandrel;
and, wherein step (c) conprises heating the mandrel to cause pol ynerization
of the macrocyclic polyester oligomersg 56 20 July 2004 20. # Riipsess as
claimed in claim12 or 13, further conprising, before step (c), the steps
of (i) providing a fibrous base material; (ii) heating to nelt the blend
material; (iii) contacting the nolten blend nmaterial with the fibrous base
material; and (iv) pressing in a nold the fibrous base material to forma
desired shape; and, wherein step (c) conprises heating to cause

pol ymer i zZ2t.i onA gfocesreasmiamed yic tlamn pol wistierthe nérigomeurfacknt ispgiyaindsss as
clainmed in cl.aim 13, further conprising, before step (c), the steps
of (1) pr%@?odf‘??él éﬁ%ﬁ% Tmaterial; (ii) inpregnating the base material with
the blend material; and (iii) rolling the inpregnated base material around

a mandrel27.andp paab@rs@lan cidigid (if ) cl&8R4,| SBereftedep NE) tHOEPHRS Hotlactifs G@ISe
pol ymerization of the macrocyclic poI yester oligoner. 22. A process for

| npr egnatMAGoLYHaPebEsier PEgaeyash ralymEiiztien rcafabsfst whngﬁer #ud jap gnionic

conpri si ng. ?tﬁ? gteps of: (a) providing a blend materi al that has been
stored for east one week, the blend material conprising a macrocyclic
pol yester oligonmer and a pol ynerization catalyst; (b) distributing the

bl end mat2z#.i aIAqnchsa aidiaioed mmtleim &7, wareif dhe hamhingufataelis sbdiemeby
causi ng tcP gﬁéroc ol yester oligoner to mx into the fibrous

mat eri al , 994FevByRe eﬁléf %ocyclic polyester oligomer conprises a structural
r epeat unit of the formula 0 0 11 I

29. A process as claimed in claim 24, wherein step (a) comprises contacting the
macrocyclic polyester oligomer and polymerization catalyst with water and a cationic

surfactant.

30. A process as claimed in claim 29, wherein the cationic surfactant is selected from
a group consisting of dodecylpyridinium chloride, dodecyltrimethylammonium bromide,
dodecyltriphenylphosphonium  bromide, and 1-octadecyl-3-methylimidazolinium

bromide.

31. A process as claimed in claim 24, wherein step (a) comprises contacting the
macrocyclic polyester oligomer and polymerization catalyst, water, a surfactant, with a

solvent.

32. A process as claimed in claim 24, wherein step (a) comprises milling the

polymeric material in the presence of water and a surfactant.

33. A process for impregnating macrocyclic polyester oligomers for polymerization
comprising the steps of:
(a) providing a suspension of a macrocyclic polyester oligomer and a
polymerization catalyst in water;
(b} applying the suspension to a base matenal,

(c) drying to remove water from the applied suspension; and



OAOCBCS57 20 July 2004 wherein Ais an al kylene, or a cycl oal kyl ene or
a nono- or pol yoxyal kyl ene group, and B is a divalent aromatic or
alicyclic group, and wherein step (c[]) results in partial or conplete

pol ynmeri zation of said macrocyclic polgester oligoner. 23. /yggﬂygg@lfor

| npregnating a macrocyclic pol yester oligoner for polynerization, the
process conprising the steps of: (a) providing a blend nmaterial that has
been stored for at |east one week, the blend material conprising a
macrocyclic polyester oligonmer and a polymnerization catalyst; (b)

di ssolving the blend material in a solvent to forma solution; (c)
contacting the sé&)ueressmgvthe tried 4nphed sssphzsen toat desirad formnd (d) renoving t he
sol vent, wherein the nmacrocyclic polyester oligonmer conprises a structural
repeat unjj of,the fornula 0 O Il .(( -0 C B C wherein A is an al kyl ene,
o o cyel thi kyboitgesss % Hafhet 3 claimy i, W@ NeP oS eTindg providind a

di val ent  akgdmRionCofd matrobyttici gol@kRH Bligdfler AdPd BEISHRriERTonPdaBIAt M Yyater,
suspensi on of a nacrocyclic polyester oligoner and a polynerization

cat al yst 4nd whetsin thehwagroprcdisspdwrstsri digamer vad sthe (polgherizatipn saialyst atng t he

macrocycléog?&ggﬁgg%%gjleghh%?%!_ and pol ynerization catalyst wth water and
a surfactant,, an m Xi ng the macrocyclic polyester oligoner and

pol ynmeri zation catalyst wth the water and the surfactant thereby formng
a suspensi®on. ARprockspaoclemsedain aidiai 35dr B4, whatim e, (aMiemerisesyireviding)a
conprises contacting the nmacrocycli ol yester oligoner and pQlynerization
catal yst WERHSWGER ‘ﬁ‘ﬁﬂo‘éﬁf’%rﬂ"g‘ﬁ?@r oﬁg‘PrF%iyc"’t“élrﬂ P?]@@eﬁéatlﬂlj‘l GplapyshAn 2‘@?‘3%
process agdGhRirERdhd PolghRiiFtin cadiff & Hreldd® i 2N hABG ﬁdfﬁfoﬁﬁttagto,o fiole
pol yet hyl ene gl ycol nbnoal kyl ether. 27. A process as clained in claim 24,
wher ei n spasgeng af the simeturabrepeas i of thg mtakmcyclic polyester oligomer.

36. A process as claimed in any one of claims 33 to 35, wherein step (a) comprises

providing a suspension of a macrocyclic polyester oligomer and a polymerization catalyst

in water, and wherein the macrocyclic polyester oligomer comprises at least one of a

homo- and co-polyester oligomer.

37. A process as claimed in any one of claims 33 to 36, wherein step (a) comprises
providing a suspension of a macrocyclic polyester oligomer and a polymerization catalyst

in water, and wherein the polymerization catalyst is a tin compound.

38. A process as claimed in any one of claims 33 to 36, wherein step (a) comprises
providing a suspension of a macrocyclic polyester oligomer and a polymerization catalyst

in water, and wherein the polymerization catalyst is a titanate compound.

39. A process as claimed in any one of claims 33 to 38 further comprising, after step
(c), the step of heating the dried applied suspension to cause polymerization of the

macrocyclic polyester oligomer.

40. A process as claimed in any one of claims 33 to 39, wherein step (¢) comprises

heating the applied mixture.



macrocyclic polyester oligonmer and polynerization catalyst with water and
an anionic surfactant. 28. A process as clained in claim27, wherein the
ani oni c surfactant is sodium dodecyl benzenesul fonate. 29. A process as
claimed in claim24, wherein step (a) gonprises contacting thepmgjocyclic
pol yester oligoner and pol ymeri zation catalyst with water and a ‘cationic
surfactant. 30. A process as clained in claim?29, wherein the cationic
surfactant is selected from a group consisting of dodecyl pyridinium

chl oride, dodecyltrinethyl anmoni um brom de, dodecyltriphenyl phosphoni um
brom de, and 1-octadecyl-3-nethylimdazolinium brom de. 31. A process as
cl ai med i4t.cl a‘Lrprmss ﬁtném'rergnstlh@m(aapcyxdmmdlmtﬁr @digbmmtsifngpbltymeﬁzamnocycl ic
pol yest er oI| oner g élgE |za i on catal ésﬁ cg_r a surfactant, with a
sol vent . 3t WSE‘@? #%C&Fﬁ’ﬂiﬁ’.n Abe in step (a) conprises
mlling the pol @yepiocidid & k@ipendion R PrR2QPGRIIOT pIdstr SihnRerSiid act ant .
33. A process for inpregnating nmacrocyclic polyester” oligoners for

pol yneri zati on qm&nmmmgn satélysttlewt@foy@aa)fommg|th:h prgecss ofidpian4on of a

macrocyclic poly t ation catalyst in water; (b)
appl ying the sus@ Plg}o{’ %“SB%%éf’%BtaéfaF%’?ﬁg%f%‘; drying to renove water from
the applied SUSp@ﬂ)ar;aﬂgtoa@mosewa&rﬁ@hythaeﬁplhefdc&hsgbmsmaﬂﬂ the dried applied

suspension to a desired form 34. process as claimed in claim33, wherein

step (a) conpri sk PEIseipE er@wéapﬁb@,dp%ﬁg‘?rﬁwnd@ aglesitedriBEYcl i ¢ pol yest er

ol i gomer and a polynerization catalyst in water, and wherein the

macrocycljyc poly ﬁ:ﬁfeggs ﬂs%&@%rof%’h‘ér&c Eli PR YR | 'oi@&flgﬂl%r?eﬁﬁﬁ-& St are

conmponents of a eri al process as-c claim 33 or 34,
wherein step (a) (@amcr@arshqapcdyeaﬂsrm@gamelsuspenS| on of a macrocyclic

pol yester oli go r g)fmrgzob%/rrerl zg |on catalyst in water, and wherein the
pol ymeri zati on c § Iégaé?hl? %n anmount from 0.01 to 10.0 nol e
percent of the s(d)u@ttsgral repeat unlts of the macrocyclic polyester
oligonmer. 36. A process as claimed in any one of clains 33 to 35, wherein

step (a) corrpr i ses
An aqueous suspension as claimed in claim 43, further comprising a surfactant.

44.  An aqueous suspension as claimed in claim 43 or 44, further comprising a filler.

45. 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 the mixture to a base material;
(c) drying to remove water from the applied mixture;
(d) heating the dried applied mixture to polymerize the macrocyclic polyester
oligomer; and

(e) pressing the polymerized applied mixture to a desired form.

46. A process as claimed in any one of claims 24 to 32, wherein the macrocyclic

polyester oligomer and the polymerization catalyst are components of a blend material.



provi di ng a suspension of a macrocyclic polyester oligomer and a

pol yneri zation catalyst in water, and wherein the macrocyclic polyester

ol i goner conprises at |east one of a honpb- and co-pol yester oligomer. 37.
A process as clainmed in any one of clagms 33 to 36, wherein g 6804
conprises providing a suspension of a macrocyclic polyester oligonmer and a
pol yneri zation catalyst in water, and wherein the polynerization catal yst
is atin conpound. 38. A process as clained in any one of clains 33 to 36,
wherein step (a) conprises providing a suspension of a macrocyclic

pol yester oligoner and a polynerization catalyst in water, and wherein the
pol yner i z4it.i onAx atja¢ops tsuspension ias atamed do rpy wnd . of39aimA. 43 tcdS svieseicltla ned i n

any one of clai 33 to 38 further co ising, after step c), .the step of
noat  ng CHESORIER BEeE P ISaTELAGH oiF PRDERSRIFRER: F5 contpobints g 4

macr ocycl plend@hitgat er ol i gomer. 40. A process as clainmed in any one of
clains 33 to 39, wherein step (c) conprises heating the applied m xture.
60 20 July 2004 41. A process for inpregnating macrocyclic polyester

ol i goner s#48.or Horeases for pelymsrizing jappacroryche pelwesierafigemar ¢anmppisingibe met hod
conprisiqge%Q% steps of. (a) providing a suspension of a macrocyclic

pol yest er é?igbner and a polynerization catalyst in water by performng

t he process of(afl ai groviding(dhlembmhigtinighitiias sesnenst Gt 4t ast deSeckpheri al ;
(c) drying to renove water fromthe applied suspension; and (d) pressing
the dried ﬁ&bmﬁ@&akwwmg@rmﬁ@@cae§9f§éﬁeﬁ Jigomer ond 2ROLYHGHBAIONS Us pensi on
of nacrocM%%'&.polyester ol i gomer conprising: (a) a macrocyclic polyester
ol i gomer; % a polynerization catalyst; and (c) water. 43. An aqueous
suspensi on as () ai needing sadl hlend A8terfalliritd e modd hjpving & nlgarabesur f act ant . 44. An

aqueous suspen ;on agﬁclai i,n, claima43 or 44, further conprising a

I Jred
filler. 45. A\t océ® 'Pgﬁmgﬁﬁﬂgakﬁgﬁﬂéxﬁhcrocyclic pol yester oligoners for

pol yner i zat i ong) Conpiatiss Bd hided ff@ARSe Pymérdatith $F Sd MabloBPdicPalREdeR!
conprising a macrocyclic polyester oligonmer and a polynerizati'on catalyst
wi t h wat epligomef.oriarein shidinegeeocyely) pelpestsyrioigompecariises @ strusturalospeat it er i al |

of the formula

O O
| |
O—C—B—C

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

is a divalent aromatic or alicyclic group; and
(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.

49. A process as claimed in claim 53, wherein step (b) is performed when the

temperature of the mold is substantially the same as that of polymerization.

50. A process for polymerizing 2 macrocyclic polyester oligomer comprising the
steps of:

(a) providing a blend material that has been stored for at least one week, the
blend material comprising a macrocyclic polyester oligomer and a polymerization

catalyst;



(c) drying to renove water fromthe applied m xture; (d) heating the dried
applied mxture to polynerize the macrocyclic polyester oligoner; and (e)
pressing the polynerized applied m xture to a desired form 46. A process
as claimed in any one of claims 24 to g2, wherein the macrocychiiF2004

pol yester oligomer and the polynmerization catal yst are conponents of a
blend material. 61 20 July 2004 47. An aqueous suspension as clainmed in any
one of clainms 43 to 45 wherein the nacrocyclic polyester oligonmer and the
pol ymeri zati on catal yst are conponents of a blend naterial. 48. A process
for polynerizing a macrocyclic polyester oligonmer conprising the steps of
(a) providing (&) bl drdtimptoenélasaid bizhd hmtertabEn stored for at | east one week,

the blend material c risi. crocycl i al.yester .ol i r and a
ool yrer i zat i oS carcenietne i MofelenT hferah o Hacerisious BFY ol d
having a ghagber; (c) rotating said nold along an axis; (d) heating said

nold to causeréol ynmeri zation of said macrocyclic polyester oligoner,
wher ei n sai d rider ocyistling spidlopatinusus dbtqpe sandcenipe ivaadrel st ruct ural repeat

unit of the fornul O LY 11 C B,C wher.ein.A.is _an alkylene, or a
cycl oal kyl ene a f%gﬁ%g Saé(# H%B(Iiry éfgﬁaﬂo er&%éﬁ%?f%%ddmécm%dlﬁ di val ent
aromat i ¢ flyedtek 6Hgdrhér, Fherefh satlidladredyclie FBlester s18®kidr coBpAkw¥atctwd] | e said
resulting polynmer is at substantially the sanme tenperature as said

pol ymer i Z§psabRuit ehthg formaia t i ng pol yner solidifying into a solid at the
tenperature of said polynerization. 49. A procesgas clained in claimb53,
wherein step (b) is perfornmed when the Herrperattﬂre of the nold is
substantially the sanme as that o po&yme 'zaﬁsi onll 50. A process for

pol ymeri zi ng a macrocyclic Tyester OIIQ%HE coﬁ%r|5|ng the steps of: (a)
provi di NgyRerBh QO ABAGNER] of D&fclMAS RN aThH L Er Ao allyERRlorQRE aMEBK, the

1s a divalent aromatic or alicyclic group; and

® 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.

51. A blend material stable at ambient conditions for at least one week, the blend
material comprising:
(a) a macrocyclic polyester oligomer; and
(b) a polymerization catalyst,
wherein the macrocyclic polyester oligomer comprises a structural repeat unit of
the formula
O 0
O0—A—O gﬁ B |(]3

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

is a divalent aromatic or alicyclic group.

52.  The blend material of claim 51 wherein the polymerization catalyst is present in
an amount from 0.01 to 10.0 mole percent of the structural repeat units of the

macrocyclic polyester oligomer.



bl end material conprising a macrocyclic polyester oligomer and a

pol yneri zation catalyst; 62 20 July 2004 (b) heating to nelt said bl end
material []; (c) contacting said nolten blend naterial [] with [] a
continuous fibrous strand; (d) w ndingggaid continuous fibroysg § hgdd ont o
a mandrel; (e) heating said mandrel to cause pol ynerization of sald
macrocyclic polyester oligonmer, wherein said macrocyclic pol yester

ol i goner conprises a structural repeat unit of the formula 0 0 11 BIC
-0-A-0-1 wherein Ais an al kylene, or a cycl oal kyl ene or a nono- or

pol yoxyal kyl ene group, and B is a divalent aromatic or alicyclic group;
and (f) r&hovi e bleslinkierigl (felamer] witkirdie tixapadymesastibn ogtalyst igaein i s at
substantially the sapne tenperature as said polynerization, said resulting
pol ymer  SOSHHOYRE OF A HLanaleSOmPeMId- o at the tenperature of said

pol yneri zation. 51. A blend material stable at anbient conditions for at

| east onesaveekrhd lendmeRelal dﬁlﬁh‘ﬁ'wl?é?éiﬁﬁhéﬂuﬂ@omﬁcﬁlhd@s ﬂﬁféh@ﬂlﬁﬁk;hﬁ\f?m yester
oligoner; and (b) a polynerization cataly wherei n t he macrocyc

poI yester erg@m@md@mn@&yltm(ﬁf)rqmw&nhyde@@é% aghlkylon(IV) peide.or nula 0 0

11 11 0 ein Aj ne I or a nobno-
or pol yoxya tl Q%arogud 42K 0 I?in(l%l}(f( ox}ﬁe, ag%wf%ﬁ@r&é}(?% 28 c group.
52. The bﬂn@ﬂ@ltmanﬁ)rauaixld& oﬁdtﬁnmﬁﬁouﬁaafaemg théfor@palaymer i zation catalyst is
present in an anount fromO0.01 to 10.0 nole percent of the structural

repeat units of t he® macrocyclic polyester oligoner. 63 20 July 2004

R, (\ /R3

3 H,C Sn
R ) O—Sn—O/ o/ \R3
\/ /]

or the formula (II):
(n
R: O Rs
VARVERY
VANV ANEIVAN
whereimn:

Rz is a Cy4 primary alkyl group, and Rj is C.10 alkyl group.

55.  The blend material of claim 53 wherein the titanate compound is a titanate

tetraalkoxide, a titanate compound having the formula (I11):



53. The blend material of claim51 wherein the polynerization catalyst is a
tin conmpound or a titanate conpound. 54. The blend material of claim53
wherein the tin conpound is a nonoal kyltin(lV) hydroxide oxide, a

nmonoal kyl tin(1V) chloride dihydroxide,s4a dialkyltin(lV) oxids hay2004
bistrial kyltin(lV) oxide, a nono alkyltin(lV) trisal koxide, a
dialkyltin(lV) dialkoxide, a trialkyltin(N) alkoxide, or a tin conpound
having the formula (I): (1) R H2C /O In OCH2 R3 or the formula (I1):
(1) BR ~\~c\---dl s\ R3 OO R3 wherein: R2is a Cl-4 primary al kyl
group, and R3 is Cl-10 al kyl group. 55. The blend material of claim53
wherein the titanat@konpound is a titanate tetraal koxide, a titanate
conpound having the formula (111): 64 2@y July 2004 wherein: each R4 is

i ndependently an al kyl group, or the t 4 groups taken together forma

di val ent aliphatic hydrocarbw group,/ RS ia C2_10 divalent or trivalent
al i phati c hydrocarbon group; i s7a nmethyl®wpge or ethylene group; and n is
0 or 1, a titanate ester conpou ving at | east one noiety of the formula
(I'V): Ti wherein: each R7 is i ﬁbm-r%n 53 al kyl ene group; Zis O

or N,
(R40)1_I1

wherein:

each Ry is independently an alkyl group, or the two R4 groups taken together
form a divalent aliphatic hydrocarbon group;

Rs is a Cy.19 divalent or trivalent aliphatic hydrocarbon group;

R 15 a methylene or ethylene group; and

nisOorl,

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

(Iv)

0// ;

( P ziks)n

0
T
- \ /RT
0
wherein:

each Ry is independently a Cs.3 alkylene group;

ZisQorN;

Rgis a Cy alkyl group or unsubstituted or substituted phenyl group;
provided when Z is O, m=n=0, and when Z is N, m=0 or i and m+n =1,

or the formula (V):



R8 is a C1_6 alkyl group or unsubstituted or substituted phenyl group;
provided when Z is 0, nen=0, and when Zis N, nFO or 1 and mn =1, or the
formula (V): 65 20 July 2004 (v) 0-#Z9-0~q / T~ Ti OR9-/d \ wherein: each
R9 is independently a C2.6 al kylene grgup; and q is 0 or 1. iﬁhmfb0@1
conposition conprising (a) the blend material of claimb51, and

fibrous substrate. 57. The blend material of claimb51 wherein the
macrocyclic polyester oligoner is a macrocyclic copol yester oligoner. 58.
The bl end material of claim51 wherein the nmacrocyclic pol yester oligoner
is a macrocyclic poly(1,4-butylene terephthal ate) oligoner, a

pol y(1, 3- propyl ene (M)er epht hal ate) oli goner, a

pol y(1, 4-cycl ohexyl enedi net hyl ene terephthalate) oligonmer, a poly(ethylene
t erepht hal ate) ol i goner, or a ol 't*ﬂhﬁtﬁ?%??g 2, 6-

napht hal enedi car boxyl ate) olig 1 T
/ \O—Rg— C/ \

each Ry is independently a C;.¢ alkylene group; and qis O or 1.

wherein:

56. A composition comprising
(2) the blend material of claim 51, and

(b) a fibrous substrate.

57. The blend material of claim 51 wherein the macrocyclic polyester oligomer is a

macrocyclic copolyester oligomer.

58.  The blend material of claim 51 wherein the macrocyclic polyester oligomer is a
macrocyclic poly(1,4-butylene terephthalate) oligomer, a poly(1,3-propylene
terephthalate) oligomer, a poly(1,4-cyclohexylenedimethylene terephthalate) oligomer, a
poly(ethylene terephthalate) oligomer, or a poly(1,2-ethylene 2,6-

naphthalenedicarboxylate) oligomer.





