Title: MACROCYCLI C POLYESTER CLI GOVERS AND PROCESSES FOR PgbyMFBbéiNG THE
(0]

SAME Abstract:
processes for polynerizing the sane.
to a blend material including

In

The invention features nmacrocyclic pol yester

I gorners and

one aspect, the invention relates

a macrocyclic polyester oligomer and a

pol ymer i sat(POWTERATIONAL APRLIGHTEINFABLISHEREYDER{THE PATENF, GRQRERAHON FRBATY SPQTY

various processes for using macrocyclic
rotational nmolding, resin filminfusig®
pul t r usi ofl?) WelIntetieptuai Broparty Qisgagtizatign  ff
rol | wrapping, anf¥yemafeppldirea) yrry . 3
PCTI USOL/ 02064 MACROCYCLI C POLYESTER O

e TR Y L

No. 0915 -

the fili &y DEsgptsnalpotcy assificgiipy’y CPIG (RS
Pol t ' d
o a2t €l B NARES, BBy

(22} International Filing Date: 19 January 2001 (19.01.2001)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
60/177,727 21 January 2000 (21.01.2000) US
09/535,132 24 March 2000 (24.03.2000) US
Not furnished 4 January 2001 (04.01.2001) US

(71) Applicant (for all designated States except US):
CYCLICS CORPORATION [US/US]; 1 University
Place, DB 229, Rensselear, NY 12144 (US).

{72) Inventors; and

{75) Inventors/Applicants (for US only): WINCKLER,
Steven, J. [US/US}; 477 Brunswick Road, Troy, NY
12180 (US). TAKEKQSHI, Tohru {IP/US]; 171 Drums
Road, Scotia, NY (US).

{74) Agent: ZHANG, Yin, P.; Testa, Hurwitz & Thibeault,
LLP, High Street Tower, 125 High Street, Boston, MA
02110 (US).

A 00O

pol yester oligonmers including
Zpki ng and using various prepregs,

Boc N UEEBANRA "

RS AND PROCESSES FOR
[ 0001 tiopg! ub fﬁ'ﬂ“ mOfai s
di ity Pat TR idd serial

: es fugil AG, § v?c
e

ed B m]AMAS,YP, KE, KG, KP, KR, KZ,LC, LK, LR,
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO, NZ,PL, PT,RO, RU, SD, SE, 8G, SI, 8K, SL, TJ, T™M,
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, 8L, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BE, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

1/53379 Al

L

(54) Title: MACROCYCLIC POLYESTER OLIGOMERS AND PROCESSES FOR POLYMERIZING THE SAME

(57) Abstract: The invention features macrocyclic polyester oligomers and processes for polymerizing the same. In one aspect, the

invention relates to a blend material including a macrocyclic polyester oligomer and a polymerisation catalyst. In another aspect, the
invention relates te various processes for using macrocyclic polyester oligomers including rotational molding, resin film infasion,
making and using various prepregs, pultrusion, resin transfer molding, filament winding, compression molding, roll wrapping, and

water slurry.




4, 2001. The later application is a continuation-in-part o% th& %S%Iier
application. This application also clains the benefit of Réu ﬂ I'ng date
of U S. Provisional Patent Application Serial No. 601177,727, filed on
January 21WQO@37%entitl ed "Processing with Cyclic PST t ®@CRrusoueecs
Ther nopl asti c Conpositions" by Wnckler. The entirety of these applications
I's incorporated 10 herein by reference. Technical Field [0002] This

i nvention generally relates to-thernoplastics and articles forned
therefrom Mre particularly, the invention relates to a blend materi al

prepared froma nmacr ocyACRORYCYES PEL YESITERUEIGONIBRS ABDD YTET i Zat i on

catal yst, and processes ' I I nformati on 10003]
Li near -pol yesters such g§68g§§€%F?gﬁg%gﬂﬁgﬁéé%gﬁgﬁgé re general ly known
and commercially avail able where the al kylene typically has 2 to 8 carbon

atonms. They have many val uable characteristics including strength,
t oughness, high gl oss and sol vent resistance. Linear polyesters are

conventionally prepared by the r tion of a diol with a dicarboxylic acid
or its 20 functional derivatrve,%gigﬂﬁémﬂ¥@%mﬁiacid hal i de or ester. Linear
pol yesters y. be fabricated into articles of manufacture by a nunber of

known t ey disiapplicatipmefaiseithe kanght of hefiinedatesti U.-Sdi ity Batedtftpplipgtiont i on

mol di ng. SERAGH offese i) Qo TG &No.cci?@-()‘ﬁf i oﬁlhE%B{T%I So¥FLR tﬂﬁf@%é)ged

whi ch "have uni que propertie ese properties m thém attrac S
mat r i ces dateof Uiy Utidier Patent tipelicatiph ergitied "WiBcrocyrtio ¥olyeser Offgeserschad Prarbéses

Pow ni « SESh Bl B e S el TR [ aie R NE RS PP n B o m
ealsi ly. 4F200t h@herbes apsieatiai i@a:ﬂfmﬁtgﬂmi-' | ihg:gﬁ@fﬁ%sdaﬂv\o 3 l/’er gﬂghgagmc_rr lsrm%l)tl / 82864

ol ynerize at  tenperatures we uly 4 1/ 5337 TS %
P2~ bel ofPRIGRGHAID GRyms Sreﬁoﬁnfﬁt of ?h@ ﬁi'ég drteohly-3h Srgpsional Paemt *"#PBL?%UHQ Sgridl in

the prespRcsy/0f7, A7, iRARLIRTLAIA, SEI0aNMRIE “POLAIRE Wih!Cyel A8 1o Produce
crystallization -can occur virtuall |sothernaluﬁ. As &4 result, the tine
&se

and experbamoplgstic Cempasitionst pniVinekley cThe entiragiodf these fapplizatidyisys ineatperettd  10005]

Develgp . ssing equi pnent for use with macrocyclic pol yester
oIigéﬁep§8£§q&§§£%%§% limted. It is generally believed that production of

nol ded parts from macrocyclic polﬁgater!ﬁjjponers requires existing
equi pnent to be nodified to all ow '’$¥er of the macrocyclic

pol yest e[0002] gURRiSveRtich SRR folatérltb GRraadlads b Arfidles bhtedaRMERIBN Mdré t he
appropriate anmpunts at the appropriate time and at the appropriate
t enper at ptticulanby ,tl*eypypgxtmn 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



exi sting equipnment takes tine and is often costly, and hen Jil)ﬂ%']otoi t he
application of macrocyclic 10 polyester oligonmers. Sumrary ot Yt He

I nvention [0006] A blend of a macrocyclic polyester oligoner and a

pol yneri zaW®H/B¥Lal yst as a one conponent ready-to-use REAESP1/AW64NI t h a
| ong shelf |ife enables production of parts from macrocyclic pol yester
ol igoners without the nodification of existing equipnent, thereby 15
reducing time and cost of manufacture wRil e expandi ng the application of

macrocycli.c | yester . oligoners. In this blend. material, the crocyclic

pol yeste&el(?f'}i{g%ﬁ’ﬁﬁmg@ﬂl&?#stﬂ? ‘fﬁ““a@f‘gi’ﬂy@ﬁrl'i 0B MmN angl i, 18 PESTENCE QRER t i ons.

Upon mel h%;fl‘@pridt?@atélﬂ'ﬁ,%lﬁﬁﬁé' ticl antl Riyistafllzhitorf @h GBcuR virRW1yY is?ﬁ@ﬁﬁeﬂ% falswi d, and
0

t hen rapi ynerizes to form hi gh nol ecul ar wei ght pol yesters which
subsequefSPl: By tiing apdexpepsefresiied inihermally cygle 2 ool isSrvprablsredngedt he case of

t ai | 01 ~Ral.y(l. 4- but yl ene
Cor o TROSE YOl 5L i LARTRER /06 BRI pp Bt st
t enpef at basheen lignited alt isgroernllyl BdiEvedth2(hGiuctiacefnadédymarts dioe ibdrgeyplt yest er
POoos" RO e At B S 5ty oo RELEes 4 bhelobdeer 1%
that i nchiagReydic pﬁ?@:ﬁt&(‘di@bﬁ@rslaﬂ(ﬂ t‘ﬁgﬁ@ﬁmﬂbﬁ SAATRdts infd RObYHIROEA S RN cat al yst,
a

and optionally, iller. In one 25 enbodinment, the macrocyclic polyester
ol i goner BPREORIIAN AAPHILA! (e apPIepHate tigle apd 2bibe grpsemsiatedemperare. Medifiag i zat i on
cat al yst gk PRRG | i .

[ 0008] | Ex%%%gﬁ"maegpect ,tgéér}gﬁ?sﬁ?/%ér?ﬁoo ’gener g? %ﬁ? %hgiagﬂ gctgﬁ%n %@g%g%gafcor
prepd@i ngolyeddretigomerat eri al as descri bed above. 30 10004] In yet another
aspect, the invention features processes such as rotational nolding, resin
filminfusion, pultrusion, resifwhmarysiféie invdndomg, fil ament w ndi ng, making

and usin r.. c ed or hot |t prepreg,. conpression | di ng, roll
W appi ngﬁ;@ﬁﬁd %‘flgrfdo‘gltadﬁcﬁcy !Pﬁe&%&fa& eb#d A olyTaRsFAt Ry DSk anFone

PCTI US0I t83fient Badyb@REmaRHEIWith a RS SKdINIEE bR ProdhbstofPhRs fsses of the
I nvention may be used tg form pol yester _ pol yner conposités which may be

i ncl uded™2Arogyalicpplestgoligamerns adthaktdhe medifigafion of Bopting qauipmget, therabyaf t s or
li ghgyei %ﬁciﬁg HERhA Y6t GRS 1T WARE §xepa[1&9é'9'le 3&)%15:9{%%% gifxg%ct?%ctygﬁ’c ﬁgﬁger%{ef ol es

slurry procesS I's used to prepare a prepreg-an
f r om mac plgopedrs. clnplk Plead eatedhl, femecsocytlivc pphestendlipdineermain ipacade sdidfseite

PheP e g Byt LG R D ORSh S, B BIeRT ilekft RALNPRKR o HRCERH auld and’®
‘ then_rapidly polymerizes to form high molecular weight polyesters which subsequently solidify

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



macrocyclic pol yester oligonmer and a pol ynerization cataly§wafgﬁo$ater and
a surfactant, and m xing the macrocyclic pol yester oligoner an

pol ymeri zation catalyst with water and the surfactant thereby formng a
suspensi onWO /58378t her enbodi nment, a process for i npregn&CTHFO1B064
macrocyclic polyester oligoners for polynerization includes the steps of
provi di ng a suspension of a macrocyclic polyester oligonmer and a

pol yneri zation catalyst in water, applying the suspension to a base

material, drying to remgve water fromthe suspension, and pressing the
dried s ué‘ﬁ%%ﬁ%‘ﬁa& f@s‘albgg 8bqveq These proceses afithe;inyention mayibe gsedee formepolyester

COMpOS { A9l coRRoSRE i Hmay PR AR In e RO URhad BRSNS URELPRUE bl
ap an t ny

pol yester ol igoner, olymeri zation catalyst, wat er . et” anot her
enbodi mesiafis ar ightweight futnmqtiok phmesis membersacr ocycl i ¢ pol yester ol i gonmers

I ncl udes steps of m xin bl end nmaterial having a macyocycl.ic

ol yest ol98 ol «Siests Vel s P prebSe TR A brepyay » BbpRe iRy fooaitcBis, o

m xt u§ e, artiples SromMgndcheeybliogiolyestet 6ligameas dn 68 eMibodiment,Grprbdess foP plefifinsen wat er,
heating to polynerléﬁ the macrocyclic polyester oligoner, and pressing the
pol ymer i W8l fraeestopnof maciogydlie elypstesioligemers inchidss Be sfepsef cpatastingzo [ 0011]

Thus, heahiBg B YolEsteRIRbbRE: aﬁaﬁggwfgﬁzaﬁ%%&alywm atb Had Db, €T e 18

no polyneriZation, partral poly at1on or “conpl ete polynerization of
t he macr mexing the npetogrdicaolyesstt ajigomer anfl @OlyEjeriZationfcatalygowithywatadandtthe r

obj ect s, t s,...and .advant ages of .the, invention wll .becone
o o app S A Beeh PR oo BAL B IARE SpBoatth, h ¥oRE (B eirsraiotog by o
Descif pt matroofcliEbolyesea oligories fo helythetivdtiog snchides tRistepeeBs6dding ¥ shipestad e,

enphasi s jnstead j.s generall | aced upon illustrating the principles of
the inveftd Sierogcksefrisoisng aﬂ%@?‘g@%ﬁ@ catglyssin Waies applying itat i c
|1 ustr agiispehsRh 168 beRRQALAE MryiRd totrgxﬁmbé"vyﬁ&?flk&ﬂ tHeRG4pdRliSN) afd pretsild Rpal

¢
nmol di ng process. 30 FIG 2 is a schematic illustration of anh enbodi ment of
t he i nvefiiqdonspensipn i adesied fogn If yet azothen embpdiment » cerspositRo of magrogpdic WO

01/53379 { - ' I C.o 04l at i f
erbod meRdy St PR dicdyded s ek Syl pOEn S SRETRY. € bl B R el 4
a schgnatviter. i Inlystsdnotier enbafimen, eprbads foe polymkrizihe matrseyrlit polyésigloUgdmes a

hot-nel t, prepreg process. . ) .
mcgzdesptfle gtelg)s 0 mlxzsng a blend material having a macrocyclic polyester oligomer and a

polymerization catalyst with water to form a mixture, applying the mixture to a base material,
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.



5 FIG 5 is a schematic illustration of an enbodi nent of t%@ ||n;/2|%§%| on

including a pultrusion process. FIG 6 is a schematic ill Y3 of an
enbodi ment of, the invention including an extruder. FIG 7 is a schematic
illustrati @533 enbodi mrent of the invention includi ng PETAISSV@AG4 10 type

continuous nelter. FIG 8 is a schematic illustration of an enbodi nent of
the invention including a resin transfer nolding process. FIG. 9 is a
schematic illustration of an enbodi mentgof the invention including a

filament wn ﬁ:g.gro ess., 15 FIG 10 is a,schematic illustration of an
enbodi ment  of. aBﬁﬂl"ﬁ‘EmaPﬁy“‘an mptt o5 4 dtvendordnelydips aselvent FI G
11 is a edpeiFrbdesd. | | ustration of an enbodi ment of the invention including
a roll wapping process. FIG 12 is a schematic illustration of an

enbodi ment of Fithe i pyehsmatnillusicitiodiofign embyolident of 6 imeatiomigclpdiog ebet-melk G 13
s a schﬁ,p%}é cpg)JchJst ration of an enbodi ment of the invention including a
wat er f process. FIG 14 is a schematic illustration of another

enbodnent of FIME is ayerimatailiusedtiofioNgh émbodheit of the ikwenisrOia€lading &5
Descri pti OEWEE{}OOM%: The present invention is directed to the surprising
di scover " N8%FENd material conprising a macrocyclic polyester

ol i gomer and IPG iy A8¢HeARLE AisteioR oY 8 erbdAh&IR of ﬁlh' RRVch@n inBLAGESS' NI

characteristics relative to conventional thernoplastics precursors. Prior
to this ekimdeption, it was not recogni zed that a mxture of a nacrocyclic

pol yester oli R-%TI%I‘- . %ﬁgﬁ a .abl e. and have
a long shelf FI ‘el %E%le%fag%g&?r&a eri a%r? r?b{{%hrﬁgttl Jr;%f/% ﬁ'fveg“ondfl?lg Ef st%é"asy
produdt i eype csmthmagﬂnettaranspor tation and processing. 20 July 2004 WO
01153379 PCTI #’1%0'55/ 020?\4‘? 00151 r om t he stapdpoi nt _of a &Iﬁi cations, the
bl end mat eri af < A& E‘ﬁﬂ‘bﬂ ﬁtfat’ﬁﬁa gnembodiment phthg dpyentigdngipding 2 Fgiter | al
may be usaskfadvadinggeess y for manufacturing articles using
FIG. 9 is a schematic illustration of an embodiment of the invention including a filament
winding process. |
15 FIG. 10 is a schematic illustration of an embodiment of the invention including a
compression molding process.
FIG. 11 is a schematic illustration of an embodiment of the invention including a roll
wrapping process.
FIG. 12 is a schematic 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 slurry process.

25 Description
- [0014] The present invention is directed to the surprising discovery that a blend material .
comprising a macrocyclic polyester oligomer and a polymerization catalyst provides superior
processing characteristics relative to conventional thermoplastics precursors. Prior to this
invention, it was not recognized that a mixture of a macrocyclic polyester oligomer and a
30 polymerization catalyst can be stable and have a long shelf life. The blend material of the

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



processes such as injection and rotational nolding, resin filminfusion,
resin transfer nolding, filanent w nding, powder coating £8 JelvelPe a
prepreg or film hot nelt prepreg preparation, 5 conpression nolding, roll
wrappi ng, WQ@&B3¥Purry, and pultrusion with or in sone c@SFESN/Ehigut

rei nforcenent. The blend material may al so be processed |ike a thernoset
whi | e producing a thernoplastic product. Furthernore, the blend materi al
elimnates the need to nodify existing.sequipnent to allow for transfer of
the macrocyclic polyester oligoner and_ the ‘E)ol nmerization catalyst into
the equi B‘Hﬁﬁl £ His sippraingof aprlicatiansihe blsnd maeniglishersramporentiapgisgpaiyat t he
10 appropyj@t apt 9159@frrﬁkgﬁﬁmam%t?hﬂ‘ﬁhﬁ%ﬁ/&lgkgor'n%%ﬁtcfuﬁﬂﬁgﬁﬁ%% d65g for ways

to achi eve great er oduction e I Cl en ['ower nman acturin cost s.
Def i ni ti Dresesse0MEB}s Meetidnoind soktiepalmobling, rediaffilmi ibfusing, ey bensfiernuflding, n

under st agdi ng. t he.various ter and_expressi.pn ) in this .

apect 1 caR: MBI sl o Rl o PEBRE o5 BBt RER mioPire Péberaifer st oo
to mesin aompréisidremeitingyvoll Gvrappie watkd SIRANLME pultrdsibyl ith@r & sohRades MWitout
macrocycl i.c polyeshgr ol i goner and at | east qne merization catal yst.

e poly : .
Pr ef er abF§ipHrEmBhtefde Rigpd mekerial maylse by prpgester like 2 themBpsehwhilepredvicne sy
al so i nchﬂﬂﬁ%%?&igg)}ﬁhctg%ﬁﬂﬁédno?e? HRIHREH eRIRPARhsteS BE ALY tagﬁudl&y eRisiig | | ed

artisan. [00 use erein, "macrocyclic” is understood to  nmean a
cycl i c netuipmen thaliawpr transfes of the mprespidiootygstes allgomer ans! thopalpmtrdgatien r uct ur e

t hat con{ai,ns : < coval.ent | n ed to, formihe ring.

[ 0019] Aéaﬁjﬁlgs;tdﬁ Hgt;ee%aﬁ{p %gﬁ{ﬁo elaé’g’m Fﬁﬁiag%aﬁtggﬂgg%@aogrgter}gg%aﬁ%gl?eecul e that
cont &b ns agbropriatotemperathen t Adcotingly, shis ihvbntionl prévidee #r wiyk tachieve Bagane or

di fferent formul % 00204 As used herein, a "macrocyclic polyester

ol i gomer ProductipnsEidisnsy and lowispmaAnufactene 98ty cl i ¢ ol | gomer cont ai ni ng
structural _repeat units having an ester functionality. A mnmacrocyclic

pol yest e~ r typically refers to nultiple nolecules of one specific

fornul a. roohig)'e 1gé fold AEACdeinitiBRY HE 150 i
mul ti pl eI nol ‘ecul es0 of di ef erer?t1 lt?or rrufgiﬁeh%/di ‘%ﬁ%’?‘g‘ﬁ%’g%ﬁ%‘lgﬁ% téggﬁt he

sane or g fxerespipnssused it thisabecifiqgation. units. In addition, a macrocyclic

| ' -be . - pol . | ti-pol | i , i.e.,
i 385 of TRl PAEee TR0 Bl pPES) BlosRioots bR BE At oFOR havi ng

an est er cémipurichis ialuding aMdakd ohe newceYie polyesta ctigbmer and At 1éedt yn004 WO
01/53379 PCT/[[TS01102064 eg [002 As used herein, "substantially hono- or
co- pol yeg?lé?w’aﬁt‘ﬁﬁﬁ%t? lyst; Ereterably thedibepdimpnat i ugiformly 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.



pol yester oligomer wherein the structural repeat units are uth@ntial ly
I dentical or substantially two different structural repea 04
respectively. 10022] As used herein, "an al kyl ene group” is understood to
mean -C, H2WOOMNGEHEPe n ? 2. 5 [0023] As used herein, "a cycrambiezb@ne group”
I s understood to nmean a cyclic al kylene group, -CIHi,.,,-, where X
represents the nunber of H s replaced by cycl I zation(s). [0024] As used
herein, "a nono- or polyoxyal kyl ene grogp"” is understood to nean [-(CH2) m
O]"-( ﬁpgr wherer n migs an |nteger greater than 1 and n is an integer

gr eat er Al o Aspisprblisreing syhsiagtially home- or ep-prlyesies Aligomes misrndergiped jomeas a
under st OPQIyEQerr@i%&n%lﬂﬁé?ﬁrﬁfe'sﬁ'u&ﬁﬁyﬁp dalgm‘f! drdsduk @l ?r‘?de?xh&q lor Ritlstafitidify ¢ he
macrocycli ¢ nol ecul e. For exanple I val ent aromatfc group nay incl ude a
met a- or t\mdﬁferdntﬁmuummetymﬁtsﬂcspadmtﬂc gr oup (e g., benzene). [00261 As

d h | | i i s_und t
nydr ocar B2 oS Red it e AP roly o CRIEREe e Fookary OB 28 used
herei f, (0281 %sﬂi’séd%?éin ah leydloANEyHR group” W\HRIES I8 th Iheanrm@h@akﬁtxreygroﬂr oup

15 havi ng 1 to 10 carbon atons which includes strai ght chain or branched
nol ecul esCnthpooBherpy repsesgnts geaqumber of Kos replpeed ky¢ychizadign(s)-i s understood to

mean an [s b B used
her ei n, deﬂnL %ng%e&gé}%ﬁ%%ﬁg' urt%@% S?ilfggﬁ-{ ? crgr@a 8%%8% t‘{ %gégq'(cﬁz)%sed
herein, &h].“(E€thy-cvtergn uup‘an integemngteatert thadl 4l mamnt@elﬂgz@ﬂﬂrthan?ﬂ [ 0031] As
used her " al.k I s unders d.to nean - H2i -, where
nis 2 ofd'ﬁgl ?‘ﬁd%ﬂaheﬁ?én’ﬁ l"?g{ ’ﬁaﬂc’%‘)@ 1% eﬁ?@é‘ﬁ‘émﬁ%ﬁ‘b“"q@mﬁﬁé}@? st ood
to man with idRSto othdr@aes 6f thém@cr@eyché PdR3le ABorexBEpla &f divilent afdifici gratpe
phenyl group” is understood to nean a phenyl grou havrng one or nore

subst i t.uBRY dnclydea jpeta-jor pataglingied mpamoggickie aromatje E@VE esgudenzengti on pattern t hat

is 25 r | é@;{p
t he orthgﬁﬁ% é%glfé{)hgﬁgﬁp%i%lﬁyoaﬁé b or hﬁqté;t’op et E%?H@'Eennldg@b p| ca
subst i t ugicep cpatenimgrsytlicituciore withinexanpl e, 2, 6-, 2 4,6-, and, 3,5-

substitu tterns Q0 4] As used,herein er" erstood to
oubotl {9 PALELI TRk 004 AR oS NSS! Bunaelbd et L2 OIS

pol yner i Aadih® Dt Bl é@rbtitatdniadhioRincged shalghelgdin 6 vkdhenddl eaecum@t erial . A 30
filler often is included to achieve a desired urpose or groperty, and may

be presem 2Bh Prasedheiin A g polipd graup” E'GFIQWPO togreagea aiiyegroumeonsestpbse of

the fillg Mn%? %Po Lyl de stability, such as chemical, thermal or |ight
st abi | |t to t end material or the polyester polyner 20 July 2004 WO

01/ 53379 [ﬂm] LA%@MCHE&&IAL a “methylene group” is understood to mean -CHj-~.

[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 multip[é 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



-7- product, and/or to increase the strength of the pol yester polyner
product. A filler also may provide or reduce col or, provié@ i<¢ or bul k
to achieve a particular density, provide flame resistance (i.e., be a
flame ret aW@M5¥379be a substitute for a nore expensi ve nERC&USel/020§dacilitate
processi ng, and/or provide other desirable properties as recognized by a
skilled artisan. 5 Illustrative exanples of fillers are, anong others,
fumed silica, titanium dioxide, calciunf-carbonate, chopped fibers, fly

ash, glass mcr heres, mjcro-ball qons, crushed stone, nanocl ay,

t her mosePo8Ptt %@f@&nﬁgﬂﬁiﬂlf ﬁw“gf?&ff %ﬂ@oagﬁ?rtnweam%esﬁ ﬁﬁﬁrﬁ&a%’m yners,
e T eleht bl SollEl | Pt o e 0T

i ncr easi MYisERCT @dubs mfampestardanilrbe ¢ suhsiuterfora mefespentiveanaterial, Gacilitaigi t i ves™")
apatia DSfishll e oA e BB oRirEiep Bkebilofef Y floffigh, 10 occupy @
condust ![ Y/lll'usl_yative"teﬁamples oﬁdfd:elm arg,Q@idh{ omlersuﬁmét d hﬂ!ibﬁitiﬂaniﬁré;i'ﬂﬂ{@_ﬁ&l&tlm pol 'y {re Ei
conposite" is_unders nmean a pol yester , nmer i S assocjate

WL P anoPHEP R LPPE B0 b Bl Iy YHEe mip Rl RS- i HarS, BRE0ctss,

L1 ust r attemBose¥ @ TRérBRpREH OB PréflE AddRtivERiaBifdead, iaéR psRRASEhd thoRifers. AASS
nicrosphefes, and crughed_15l§tone: Eﬁ?%aiﬁ flle?sgfﬁqs can be SZed to

pr gp ?r' et Blﬁlﬂd}’é‘@lfé ra Bbery may incis uterials that grezifledus meskily vasousipopertiesof theous
substra r Hoks .q.,

fibergla 1rs()d h%ggg%&gl g#e?%g%%@c%%?;godﬁ‘%@gﬁe@g éo‘}ra) or g(gﬁl?{%ﬁ%%slq%/%g?%&s%ch as

ar amlg_ f i'a‘dditiyfs"l znd\ﬁay ni;tyinblude _matle;ids that ar€linsghibierand p20Ed¢d Ovecuply a][s_pmial _

i ngredi ent,s _of the blen teria the .invention is a macrocyclic

pol yest eV OB @t B’BE#ER’@%%?W&H}SF?@LW{&H%{@FB U typ%?‘y%rrsﬁ%gl? ol i goners can
readi |y p@3spdasassd lefein, ¥ pblybstérpolytide cathptditeTis uiderdtdtdsto nt¥@ B hbgBster Tus,
dependi ng on the desired properties of the final polyester polyne

pr oduct , Pelmerihpiisampeiated jith apeter sibstipigsydsased ﬁbqor!@@rr@rt(csl}atecraﬁe%fé. ;el ect ed
f FEVR o :
or use jy ﬁﬁtﬁ/g e?%ﬂ}?i%@&ﬁﬂéﬁ?culaﬁeoﬁgtgﬂial %&Qgﬁﬁég lﬂbﬁrs@@h%%ﬁ&%%%h%ﬁs%ﬁtﬁggﬁ?%%q at

may be enploye 1S I nvention inc are n

macr &8y c kioue. godripinafillers thne cahi beaséibieprepare)poblestgroprdymsertvamposjtea st ruct ur al

r epeat L, of the formula, O O.k] IJ.- -0-A-0-1 B C 30 where AJisS an

o Ry ene U031 s YRR e A R ubShasics veieRRi B iyt s G b o |
a dival ekg!, fiBérglmd, céradic flers; YaborCAlgiOdHdrganic polymers such as aramid fibers.

1. Macrocyclic Polvester Olicomers

[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 poiyéster
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.



20 July 2004 WO 01/53379 PCT/ USO1102064 -8- [0039] Preferred macrocyclic
pol yester ol igonmers are macrocyclic poly(1,4-butylene ter@BntlA08¢e)
(PBT), poly(1, 3-propyl ene terephthal ate) (PPT), poly(1,4-

cycl ohexyl| B€ei533¥8 hyl ene t erepht hal ate) (PCT), pol y(ethyPER@Sereqht hal at e)
(PET), and poly(1, 2-ethylene 2,6-naphthal enedi carboxyl ate) (PEN)

ol i gomers, and copol yester oligonmers 5 conprising two or nore of the above
nononer repeat units. [0040] Macrocyclig-polyester oligomers may be
prepared_by known net hods. ,Syni}yhesi s.of the preferred macrocyclic

pol yest eI"%PI g OFREsTEEd rRarTqeyeli Redy eptRoligomsTsare masParetic PRIYA PP yEre one di ol of
the for r’rwrﬁghhl@a{\g)grbmzlb&yﬁ%_ﬁﬁﬁﬁgncq%pﬂhﬁ%?a)@% Qbiyees.of the formula: 10 0

o[11r a-cecd ere and B are as defined above. The reaction
t ypi cal | gydehesyanpdoneshylene tetaphthalate)(RED), polvirthylénsdercphdhedate)(PREE).tahdt has

subst ant | \ | | I sic nitfrogen. ataom An

1P ust r aPPVE 2R EES el ARG R o RO PENG o B, hd (PI55 8] TRl

( DABCY) . cdmigrisigotol @ motdofthelsidvy miohomendpet edtsinder substantial Iy anhydrous
conditions in a substantjally water imyscible %gani c _solvent such_ as

met hy| end0B] o Magecyeticdolyssipcrlispiess neay hegenaged by kpoiva (pstheds. | Synthesis ef theen
about 25 e?éi@d%%kﬁcyﬂﬁ%oly%ﬁ@ti olfgofhers rﬁ#yisgclﬁ)&étﬁ@ %]tem colﬁta%%v A B3steBidine! | e

et al. [0041] Macrocyclic polyester o oners have al so been prepared via
t he condéhedamulntlerALOH wiithar astlehodiacld chiorife efith¢ foamrlapne bi s( hydr oxyal kyl)
ester such as bis(4-hydroxybutyl) terrephthalate 20 in the presence of a
hi ghl y unhi ndered am ne or a nixturé thereof with at | east one other
tertiary am ne such- as triethylaninﬁ, in a Bubstantially inert organic
sol vent such as net hyl ene chl orj de, chloro%enzgpe, or a mxture thereof.
See, 18.g., U S Patent No. 5, 2% T6% ToBBru et al. [0042] Another
nmet hod for preparing nmacrocyclic _polyester oligoners or nacrocyclic

copol yesPdfreg) pyuirafess defineg aheyso ITpaesaryen tpisalhis pendpeisd ivthepreserse 8f 4tin ¢ he
Pr esence s 8 amhclhd BaOhbSaffally nb SRAL FinBARRCHBh bl rdBhARs. Ahnear
pol yesters are converted to macrocyclic polyester oligoners by heating a
m xt ur e dlustritivezrampple pésichaminea s lot-grmibicysiof2:aajoctanerd ABEORNEhe reaction

esterificatj,on catal yst ,suc . ti.n,or- tit.anium comound. The.solvents
Coeq s ¢ SRLEE R RS ARiafly LDl Stk B SOERRURTy WEE BRLEN ©
free of owygierclaad suei Smetliéee cBlogide. TheIemParhwrd of thdasaction 4PicaflP4s Bebween
Brunelle et al.. .and 5,6 186 to Brunell e_ et al

about —25°C ang about gg"c See, e.g.ﬁj.%. satent'l\?o. 5,039,783 to Brunelle et al.

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

el'l

' 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



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

macrocycl i c honmo- and co- pol yester oligoners to produce h@HdUWéW84

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

01/ 53379 PWD Q&IP02064 -9- ot herw se stated, an enbodi nPaN/USH1/ 2064
conposition, article, or process that refers to a macrocyclic polyester

ol igonmer also includes co-polyester embodinents. |1. Polymerization

catal ysts [0044] The other primary ingtedient of the blend material of the
|nvent|on is a polynerization 5 catal The pol ymerization catal ysts
that may OB “@ﬁ?)?‘ﬁ?%&“ieﬁlbﬁﬁ@emrﬂfé‘@m@ﬂs‘g‘?’b arél&l@am Rsows thetarefersto prppcraseclic

pol ymeri z, ﬁb&& o@'fgoﬁxglealﬁﬁélf?&%%ijgggﬁéryeﬂ'&;oﬁfmeﬁ{ sl gomer. As with

state-of “the-art © processes I'yneri zi ng nmacrocyclic pol yester

ol i goner gy orgﬁ N eki2a Laiiggpoti tanate conpounds are the preferred
catal ysts, al | ysts may be used. For exanple, organotin

conpound [A043] 6,The bdter primarp itgyddicht 6 tie blead matcHalnf Thelivdntibn soxadymdrizdéanne

be 10 t lyst. Cth trat t
oo S TaE PROBRHEH R Retvps BEh Py Fe il an Beithentch arf Rymblt v)
oxi des, sueNziag i polymidgkatidnl dﬂ‘.ﬂe\ﬂla&ddydlﬁ: Folgbs@h olipoafet. YA With s@tel sfahe-ad

acycllc and cycllc nnnoalk ltin é derivatives such as n-butyltin
t r i - n- buPEepyes for gelxmpjzipg weqrv)yc ¢ BOlResiar ghigonaans leTagaoti angd-osganglitanaie | \)

- n- but and
L1 ol eyl e thoincBerrfs Qlths Anth R Bl oyl fl AARNGEE IR LRI N
Pat ent Norgabot3d@ng®snd b1 Bdatetrandntydd!, 6 -¢ig B} 2, HY.4 0-fettankwgtladacancanasbehavi ng
t he neral, for an be used as 0l rizati
et afler uey g Psinelzgioh saAba chics iRt renaft cRpdna R L ai ity G
R3 20 whehleril®dihpdraxidd, AialityllieTW) oxidey, sucl Su-nabith RTV Soxide dn@ dahlogtyld oup.
[ 0046] Additionally, organotin conpounds wth the general forrmula (I1)

shown beP3ifecand apyetic gadeyclie menpalicxitin () derivatives sech %sslrb%tnp%ﬁzk#@xmanc hed
pol yest ey MeTB,idIk ST REHhS UE hibhey it @5 h HutoR de3RFB 2Sdi-rdatfil -dtanna-

1,3-dioxacycloheptane, and trialkyltin alkoxides such as tributyltin ethoxide. See, e.g., U.S.
15  Patent No. 5,348,985 to Pearce et al. '

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

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



20 July 2004 WO 01/53379 PCT/ US01/02064 -10- R3 0 R3 ¢c Sn ~ \ [ R3 O~ Q
R3 where R3 is defined as above. [0047] As for titanate co@B HW&’@M
tetra(2-ethyl hexyl) titanate, tetraisopropyl titanate, tetrabutyl 5
titanate, WOPISEI7Anat e conmpounds with the general fornul &tse1yozedaown 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 Rp.is a C2_10 divalent or trivalent
al i phati c hydrocarbon group, s a nethyl ethylene group; and n is
O or 1. [0048] Exanples of ti € canp % t he above general
formula are shown in Table.1. July 53379 PC [ US01102064 -11
Table 1. Exanples of Titanate \%g;pound Havi n %)rrmla (rrr)y 4~ --- \ H3
Ti CAHOQ /CH2CH3 \ T \ /\

where R; is defined as above.
{0047] As for titanate compounds, tetra(2-ethylhexyl) titanate, tetraisopropyl titanate, tetrabutyl
5 . titanate, and titanate compounds with the general formula (II) shown below can be used as
polymerization catalysts.
(1)

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.



O C4HO0 DJ CAHgl 7 CH2CH3 CH3 Di -1 -butyl 2, 2-di nmet hyl propane-Di - - but yl
2,2-di ethyl propane- 1, 3-dioxytitanatel, 3- d| oxytitanate m?de‘V?@Dﬁ" /[ CH314

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

met hyl pr op#@e0a13382di oxyti tanate CSHL7 V--\/ H3 C3Hl/ \ OPCTUSIBI/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-dioxytitanate C3H7 C$H1L7 | 0O--\/C.13. Z\0--/ \ CsHl~ C3H7 D (2-ethyl-
| -h 1) 2-(I- - 1 :
exy ) (‘ PT O%He 12 Examplég o[?TltEn%tneeComgougéisoﬁ ‘}nllgt Iiac?rgltulea (113

C4H9K /0 CHj C4I-Ig(§ (8] CH,CH;
Tl\ Tl/ .
C4H9(( 0 CH; cm;(f \o CH,CH,
Di-1-butyl 2,2-dimethylpropane- Di-1-butyl 2,2-diethylpropane-
1,3-dioxytitanate t,3-dioxytitanate
CsHy
C4H9K /0 CHj
CaHy
Ti . (\ /
o/ \ CyHs
C4Hy 0 CH,CH,CH; ‘{ \
) C4Hy
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\
CgH” C3H17O/ (0] CHs
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
CgHyiy o Caty (/ \
CeHys 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



CSH 7--\ / CA? T\O-/ \CAH9 GCsH170 CBHt 7Q O/ T\ ~CzHs CgHL7

D (2-ethyl- | -hexyl) 2-ethyl hexane- |, 3-dioxytitanate Di (foelﬂ-‘h(ﬂooﬂ hexyl )
2-(1-butyl)-2- ethyl propane-1, 3-di oxytitanate 20 July 2004 WD 01/53379 -12
PCTI USOL/ O™UBM/5T¥Bl e 1. Exanpl es of Titanate Conpounds HREITAGOWaddul a (111)
(Cont'd) Bis(2,2-dinmethyl-1,3-propylene) titanate

Bis(2,2-diethyl-1, 3-propylene) titanate HzC/-- OCH3 CAs OCH/ ~ \ \
A XL C3HT Cam/ C4i I X |/ n O Bis(2-(Chzpropyl)-2-nethyl-1, 3-propyl ene)
titanate Bis(2-(l-butyl)-2-ethyl-1,3-propylene) titanate C3 H7

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<—

C,Hy /T\ C,H;
' 0 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



C2 Hs Bis(2-ethyl-1, 3-hexylene) titanate C2H5 0 CH3
1-(1-Butoxy)-4-nethyl-2,6,7-trioxa- 1l-titanabicyclo[?2, 2, 2] e/ 20PH\
CsH170-T C CH3 1-(2-ethyl- | -hexoxy)-4-nethyl-2,6,7-trioxa-

| -titanabi ENEPYPE2, 2] octane 0 C8HL70-T~ O PCT/US01/02064
1-(2-ethyl -1 -hexoxy)-4-ethyl-2,6,7-trioxa- |-titanabicyclo[2,2,2]octane O.
C2H5 1-(] -Butoxy)-4-ethyl-2,6,7-trioxa- | -titanabicyclo[2,2,2]octane /
CH3 0 H3C-C1\ / 0 0 1 -(2-Propoxy)-4-gnhyl-2,6,7-trioxa- | -titanabicyclo
[2,2,2]0 n 0 July 2004 WO 01/53379 PCT/ USQ1/ 02064 -13- [0049] Titanate
ester comaﬁd ARASY FRFT SPMPRIEE MRS diRagope grogthet higfallgWimpgea@akioanlfor nul a
have al s@a.Refdd veeetscass PAkMERL idRARcat al yst s:

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\)

fo='e
" d N’ o/




(rv) J v L~ MI}n 7 /T R7r 1\ \ OQor (V) \/- -M T~ Ti ég\
wherein: each R7 is independently a C2.3 al kyl ene group; ?8"%’2@ a Cl 6
al kyl group or unsubstituted or substituted phenyl group; Zis 0 or N;
provi ded wWh0183378 O m=n = 0, and when Z is N, m = O @TIUSBMROGh + 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 fornula (VIl): 15 (M) H3'" i CH3 040 __ ""/ 1 (VIi 20 July 2004 WO

01/ 53379, PCTI gﬁOﬁj Oéga4 14 I11. The Blend Material [0051] This invention
provi des - nd processes for preparing the blend materi al
whi ch i nedosaps mlsm%ﬁ&yﬁbvﬁeﬂo@i;m&%%nalah@Bfaeéss&r}gr PRI TR b1 thABkial
catalyst. The blend material allows easy production, “storage,

t ranspor whighdpelades am%ws@ncrpglyemrcﬂhgpmer @ldanmbmemzatﬁ)m{ata&ppl Thedténdns, the
o 6, TR o2 BRSO o o B P BBl
Fur t h&r mof applitdtionky|tenitlend 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
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20  temperature and the polymerization temperature of the macrocyclic polyester oligomer to remove
any residual solvent.
[0058] A process for preparing the blend material further having at Ieast 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
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IV. Polyermizing Macrocyclic Polyester Olicomers

20 [0063]  Insome 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.
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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; therefqre, conventional thermoplastic
30  resins that have high melt viscosity are not suitable for processing. However, macrocyclic

polyester oligomers have low melt viscosity.
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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
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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
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are hot or after sone coo of t can then
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or' ent at PEITEY e AT TRE B B T B PR tren ik anqlf P e o
uni f 00 m glenefagse métsete. t he nol d. Heat can be applied in
{0076] In one embodiment, the macrocyclic polyester oligomer processed by rotational
molding is a macrocyclic PBT oligomer. A macrocyclic PBT oligomer has a melting point at
about 180°C, which is much lower than the 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.
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[0080] In one embodiment, a process for polymerizing a macrocyclic polyester oligomer

20 includes providing a macrocyclic polyester oligomer, providing a polymerization catalyst (or, in
the case of a blend material, providing a blend material having a 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



30 crystallizes and can be renoved fromthe nold at the te%er@ﬂ%gg
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20 [0084] Typically w1t_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.
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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.



c. Prepreg Processes [0085] In one enbodi nent, a unidi rectiﬁga{p{ggbfpreg S
in the formof unidirectional prepreg tape which incl udes 24 of
fibers. The sheet of fibers is held in the sheet form because the 30
fibers areWaqifSéfAat ed with macrocyclic pol yester ol i gonPCEUSHEA20640l d t hem
together. Two primary nethods are used to nmake unidirectional prepregs from
macr ocyclic pol yester oligoners, solvent inpregnation and hot nelt. 20
July 2004 WO 01/53379 PCT/ US01/02064 -23- [00861. Referring to FIG- 3, a
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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



25 macrocyclic polyester oligonmer and a polynerization cat gbyst) tgonbi ni ng
the solution with a filler to forma mxture, applying th HFIXIZBP to a
base material, and renoving the solvent. [0089] Referring to FIG 4, a
hot - mel t nMhB@E3¥Parts with a rel ease paper 405 that hasPEE@&S/@oEt 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 conbiipgd with a fiber tow 415 that has
been preheated, the macrocyclic polyester oligoner and the pol ynerization
cat al yst TBAroeyrdic palvesteroligamers aepised i thy ereajion of A thsroemastie prepragiwitihiack aridher
tow 415 gpd.is heated by a heating block 420 to reduce viscosity of the
coating. 20 July 2004 WO 01/53379 PCT/ USOL/ 02064 -24- Conpaction rollers
425 dri v§)09Re In drerenbodinb ainmdcocydie RRColigoyet aml peligesizatiomndatadysey coati ng
| ayer formn repreg with a .paper backing which is then rolled onto

rol | er 4§69re$5%§%]ﬁﬁ?1pr§ﬁeése§gﬁﬁﬂgﬁﬁ?ﬁ?‘ a process for inpregnating a
macrogcyclic pglyester o]igomer for polynerization includes the steps of

pr ovi gi ng a nBcr ocyBFUE%B0| yester ol i gomer, providing a 5 pol ymerization
cat al yst [0098pt Refeuiigd FIGSS, pREGSA6Y fld ok 88 RfaRing BbérISNR:ce@Mhstibe

polynmeri zation catalyst onto a fibrous material, and heating the

macr ocycFeraPqsEe parétand compensaiswitha geaptantdipgar ceessrséatign surh agpasisoubhes dnd bars

pol yeste i I t ' B i : hent,
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t he heat hemed dis uThesfiben-reinforvpl edrepqsit parerdxitahd dia in thé despred sieps. Beonefaspecher

inclyde a.step of pressi.ng the m xed 10 macr.ocycli.c | yester oligoner, the
pol yAlr i 95dhe Bfyertqr PUEPSION pracssheS arq spd mARAET RS Fricieh FOmaRseEeYifnb o ment |
a pr ocesgoliser oliBsREB AR di@fiBer WG bPLEE 510 1B Fikst BENRAbyPull 10538 ihrdiich e liquid

pol ynerization _catalyst to forma prepreg includes the steps of providing
a rel easEsindath dte epRly theavacrsyelivaobisheroliseaet awibe pdymperizaten eatalsitiSgbner
and a pol; ' ' £Or. | - E@% iyal

provi di n%ﬂ%‘ﬁéﬁe @ggg@%@ﬁ%ﬁq 1|§1§)| th%g?/a%ér?\ighf er 8%&1@3%‘%@% rraogidlﬁglpb gﬁltfrng a
macr ocy cbligonpo] and 3¢ Eormitbe ddsirerbshepe arddo anlplifyy Mbe visadsitp of thaliqhid $¢sjn 8nd
pressing_the | ease base rial against a fibrous terial under heat.
ok Sr el soprpansiay 1 af eeoRPoted Bantin AR e RO SHRIE PE A ¢

pol yest efm@biaeReie it rfaftgialpol yeri zation catal yst. In one enbodi nent, the
filler is part of a blend material to be inpregnated. In one enbodi nent,

t he prept®84} s Vatgtonaof the ebsie proxessrpd pdsaypanming the maereexstic pplveftareligeen ai ni ng

appropri -0f- a i g E i . Spread. on
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macr ocy cprocespdd spestiers cdlied §Oentinusust Resin Trapsfet Moldmg? 6CRTM). gaerocthe fibatit
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[0095] In one embodiment of the invention, a pultrusion process is used to polymerize

macrocyclic polyester oligomers for the manufacture of a variety of articles. Such a process
includes providing a macrocyclic polyester oligomer, providing a polymerization catalyst (or in
the case of a blend material, providing a blend material having a macrocyclic polyester oligomer
25  and a polymerization catalyst), pulling a fibrous strand into an elongated die, moving the
macrocyclic polyester oligémer 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



oligonmers made with tack are used in many applications tha&aﬁr neraIIy
for thernobsetting resins. Macrocyclic pol yester oligoners k are
processed |like a thernoset while 25 producing a thernoplastic product.

[ 0091] A uMiQNi58¥Pi onal prepreg tape of conventional thePEBHSeIgRIEG does not
have tack or drape at roomtenperature, it nust be heated when forned, and
Is difficult to use. Thermally quenched non-crystalline nmacrocyclic

pol yester oligoners are soft and stickygat anbient tenperature.

Il'lustrative exanples of such macrocyclic polyester oligonmers are nmacro
cyclic p@,q)g}r(ng lmnegmswé%@llcg@ﬂipéplgbﬁqaﬁgm af by pelpEser resin matrix. In one embodiment,
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macrocyclic PBT oligomer and a pol ynerization cataly I's inpregnated by
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parts_and conpone a const ant near cross-sectlion as ro
t ubes andatbars st ock, mhereby fiber reinforcenents are conbined with a

resin na and uII t hro at.ed di f rei nforced
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i nvenoi Opultrﬂﬂbﬁ ﬁidihhﬂﬁg RERORGIAE nﬂﬁxegnaﬁ&dzdr@ IeatistiRe brbedidkht] Gk 8Rknd r om
macrocyclic , pol yester Olé@ﬁﬂg%éhqﬁ\c” fiber tow or fabric 510 is first

pul | ed” biPafsair] i commyoysky ) ba@apcﬁndpe@p%fi iHin the digon figuid fprmy Ip gae

nmacrocyc | nd
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macr ocychgte. pol yester oligoner, and to formthe desired shape and to
solidify. The viscosity of the liquid resin is 15 relatively |ow,
appr oxi mi@lory Refrmngah FE@f, ippwiesmbatinenn mat:mnp:éilcqnblybmr cdigdmemsid ysedztzs and

[ rrpr nat t.he fi ber nate var.i atl oces
el 0o BT RGPORGE MEERLOE Pl alpas estaiishian e sh R dE R, 1 on
cat al yst irt& e didia 114U foin. COREBleidhterdd] bW AR 680 IsTed tntdihoher 6201 'Anlb%mder-rhl S
process is sonetinmes called "Continuous Resin Transfer | ding" (CRTM. As

to the fPBlwhichhas pparrehehagberwith g potatijisaosm sgresrfprees te pgwﬁ@rrmtp.ame@taé zone

material ga9 _whlch is typically heated by an electricity, steam or oil system 650. The melted blend

material exits the end of the extruder 660 and enters the pultrusion die. The heating zones of the
20  extruder can be controlled to move the blend material into the die at a temperature low enough so
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



[ 0095] In one enbodi nent of the invention, a pultrusion pr%ﬁe5@2%®4used to
pol yneri ze macrocyclic polyester oligoners for the nmanufa a
variety of articles. Such a process includes providing a macrocyclic

pol yester BAQYHAEP, providing a polynerization catal yst @PEA/USHA2Me case of
a blend material, providing a blend material having a macrocyclic pol yester
ol igoner 25 and a pol ynerization catalyst), pulling a fibrous strand into
an el ongated die, noving the macrocyclizc pol yester oligoner and the

| i zat th TRt | th
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portion | formng arigid
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cooling of the tool's_ is conducted. I'n anot her enbodi hent, some cooling is

conduct edt easxntodyes outdibstelikathermasetypsined Masrasyeli poh@sfcmlmcs cah pelomesizg nt o

t he | t ocess, such
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[ 0096] In anot her. enmbodi nent, the blend material 1n powder formis fed

di r ect | y shoyicaing|of thege g@rqrmﬁsm%rﬁasapétmawﬂﬁ@eea mel ting and i npregnation
zone. I n another enbodinent, the blend material is continuously nelted
outside the dee, aResimdranséeriMelingie die in liquid form In one :

enbodk .y S|on
ot oog8 oolotgol KR (1Y, Bl BRTRL plhuROl U PRI 36 HBUAZRHE HROHE,
macr ocyc Iamclqsmi yearte@' ofchajgpe et sz eftanseith 4 smcmtlﬂﬁlrfac& ﬁmsismmlrre@nﬁ@@mﬂewher ei n
t he bl end é | S. conti nuousl | t ed out h@ di g and into
Lhe di o FRSRHGRUIBRIRG oF FECHP BRI AR 36 RS Pt AnL St SR pper
620. An eidyElddsiks, aRBRniil kdeRetBaf dheligfeteds tdiavdEbn %§n|i1trﬁas'fé?tnﬁildhﬂg MREsRRSSCr ew
forces the powder into a heated zone 640 which is ty |cally hea?ed by an

Y.

el ect ri ciafeyused togpgpufctuss rtiglos; fremhr%@cyqikvémimt@reqilgbméﬁd 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



material exits the end of the extruder 660 and enters the Bﬁbt&gﬁign di e.

The heating zones of the 20 extruder can be controlled to ¥ B2 bl end
material into the die at a tenperature | ow enough so that polymnerization
does not oWEM{S3EP at the proper tenperature profile to REVAREA2064

pol yneri 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 polynerizatianpgcatalyst not in the formof a

bl end natﬁrlal dn ddltlon |Q§tead of using an extruder, any nelt
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to FIG zmc]egﬁ.gﬁq;lm(gcy@; redRnbliRhete invention, the blend material is
conti nuouslé nmel t ed out si de the die and punped into the die in liquid form
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-a proceﬁ%fgl?gdmglcg% gl astic conposite articles in a variety of shapes
and si zes ten Wt snooth surface finish and requiring little or

20 [0103] Inanother embodiment, a filler is placed into the mold in which it is mixed with the
macrocyclic poiyester 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.



no additional trimmng or machi ning, such as autonotive bo§§ Eﬁg®b£ and
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the invention, resin transfer nolding processes are used to nmanufacture
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nmol di ng begins with a. f ber preform 810 that is close to the final shape
of the part. The preform 810 is placed in a nold 820 of the desired final
shape, and the nold is closed. A m xtur@_of mnmacrocyclic polyester oligoner
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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



or the start of the next round of processing. In one enbOdiEﬁSE’ @
macrocyclic PBT oligoner is polynerized using the resin f P Y eP¥si on
processes descri bed here. In another enbodinment, no fibrous preformis
used. Resi Wa®&¥Per nol di ng can be done wi thout a pref oPEI/USHCI0E process
Is referred to as casting. 20 [0103] In another enbodinent, a filler is

pl aced into the nold in which it is mixed with the macrocyclic polyester
ol i gomer and the pol ynerization catal ysfg. | n anot her enbodinent, a filler
is mxed with the macrocyclic polyester oligoner and the pol ynerization
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[0110] In one embodiment of the invention, a macrocyclic polyester oligomer is polymerized

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.
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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.
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10 h. Roll wapping

i. Powder Coating

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
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h Iar?_cg| 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
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20  particles, depending on the physical appearance such as thickness it may also be called a slurry or

simply 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
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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
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sol vent process followed by evaporation, etc. Solvents other than water may
be addedategeleased 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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dodel§| t threoghhyfrareroith umappropratiey 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 tﬁe 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.



dodecyl tri phenyl phosphoni um brom de, coco and taIIOMFbasedﬁggqtgpﬁ@
ammoni um salts, and 1-octadecyl -3-nethylim dazolinium bro gy one
enbodi ment, a surfactant that carries both a positive and a negative
charge in M@&L1S3iT® nol ecul e is enployed. In one enbodi neRCT/USOM2844r f act ant
containing glycerin and sugar noieties as a polar group is enpl oyed.
Surfactants containing glycerin and sugar noieties as a polar group may be
advant ageousl y enployed to introduce-BBanching and cross-linking in the

final 7 Th stabiLi suspensj ons depends. on factor

et udt ng 8l R S e D R A

sur f act agy an)exh@thoa’ ydaroﬁghé ¥ reshilfSin SHEBemMBVal bh@a@aﬁ&m@ﬁ@apﬁhe’@susﬁe%oﬂm e stable
is 10 the resulting suspension. In one enbodi ment, a process for achieving

smal | paffuseativesyamples pktae methods for ftyingHke snpliedesgperision pestlyde dieatingodyipgrbsr
th wat h

ol 1 i nat S Fflorbu B d e HEh BEREL BB c Bl U e BEREE il i
Certabn pohyinstianadtllonsent of thest oy otherahethibdsg Anavmpohent (athdrabayistaser) of the

re-inocul gt ed th t rocycli I orrer sential |
ot af f 6 BRI GEPEYE @ik 3P RETI BERLRLT oD Py b ARG RS BRER | dur | ng
t he suspefetgine! Thetdthol WSEEBSrerdingd SRdr nfag Ge RElLAINOr Sleh Bufiolea iM HérBodReE
effective in catal yzi ng pol %marl zation after the renoval of water. Pr egreg

For mat i oRerRISObYm{snaing, snjadditional Ermay onmay nabhe nesdsédParanding pn shegtagise 6
formatio | ! re.rel rom
the 11 boreteRpER o tERLAN, 4 Rbldfye) thay b B RY Gl b ELPRRE R T O

t he 100 pteppf ayplting the syapenkicre cAs ifdieatéd dbove Wmmapmfdmtéy]a\mddeﬂed into a bath
1330 t ha tains a water suspension or slur 0.0 macr ocycl.i c

ol yest oGP o Birdiind wAd bF erPROTES b oo 8 Iohe s dSureR FIEV RS W L h o
wi t hout a@elsked Fafiathay intlu@é certairSshbipes tHickndss Lantiifleiirss. 1B, vab@iin ﬁi’rﬁm@lhdn&% into
a dryi ng oven 1350 wherein water. is dried off. The fi bers 1310 are t hen

pul | ed .i Aibng 2pdfera ¢ &ay 36 gsecin shaping thesprodnst o e desited ormn dp aBBHIcRtiQns in

| yest
P ommer at o gaREr A, bified Wiiidhd by pDRRRIEIRTCRR, blithe SuC. 0. the
macr ¢8y c pplym8hizatioh.y ddtoepressingyoayser nmylop@phmerthez‘@sq: matehiel depgdingi an th860. The
fib 131Q. th 1370 t d Th i
ol ot PR SRl S peStmatril S S0 iR st et B Rinof bR e ©

confi gur Qﬂaﬁdﬂ@fksilh'@t Farhﬁnﬁ&@qarésmhg Yna@ hotti et dddliy céreliyipplitRnt Whébehe use
die, or they can be polynerized later. [0130] FI G 14 shows, anot her
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ol i gomer, General’l’y, the process involves a suspension 1410 of

wat e20 a [{Héﬁ,'} o@ppd:ndmgpl_ﬂ the gp;élpatﬁm irhadiz@9Podymerization 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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20  above, grinding may be necessary to reduce macrocyclic polyester oligomers into a powder form.

Typically, macrocyclic polyester oligomers have a low molecular weight and can be ground into
ﬁne powder easily at ambient temperature thereby reducing the cost of material. Conventional
thermoplastics like nylon and polypropylene are not as easy to grind at ambient temperature and
need to be cooled or frozen. Certain conventional thermoplastics require very low (cryogenic)

25  temperatures to make grinding possible thereby dramatically increasing the cost of material.
[0148] The success of a water slurry process in prepreg formation and polymerization of
macrocyclic polyester oligomers was unexpected partly because the presence of water, in general,
disrupts and can even entirely prevent the 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.



Referring to FIG 14 again, the layer 1430 conprising a naggﬁﬁ%g%bg
pol yester oligonmer and a polynerization catalyst, with or

additional fillers, is pressed between belts 1440 run by 20 July 2004 WO
01/ 53379 PEDIAUSBEr? 02064 -39- rollers 1450. The belts 144BCHUs®/0adGh 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.zagd, partially polynerized, or not
polymerized. Simlarly, the tenperature and period of heating or cooling
may be c&hfigﬁiﬁ@ﬂkb achieve full or partial 5 consolidation. The heat

ni Stor y o] NShuRRoA SERIIIARIR SRR RALE ko AIEDRL N0 St ep(s)

in order to ‘achieve sfre eat history. mat er | ayer 1430
may be aun@&tarrdmga)f teghvattion. ‘Bhase siskcifia ek anplef are haeenﬁed)toadeo}h@ubh@aﬁa&e of the

doubl e bel t re e on.th eC|f|c cqnfigurations of .t

t enper at Ut 5 Fﬂ%ﬂgs 0 t%‘(ﬁ‘ @Ffa'“g%’eégg 3‘%5] %‘F‘T ed by @weﬂo‘?ﬁows a
doubl & beéchmmieesﬁclﬁam@m hridt daktnCIQHueKAr x@égnétrbe:emwe sFédwbmopﬂL Und3gOCess,
applicability of the double belt press systemis_ not [imted to the water

sl urry pPRECERYOPY IHErdomptttostapy difprential sqaarigralenmelsy ades! pesmprtiopar e

prepr egs chhRoER gﬁ PkRlbL polyester oligonmers alone or in conmbination wth
ot her . processes escri‘bed herein to achieve the desirable prepregs. [0140]

In one e t he pol ynerization catalyst present in the suspension is
fromO. 01 1 o 10 0 nol e percent of the structural repeat units of the
mac r ocyc [Oléﬁboﬂ“yesmencwhc -polyester olipemerp vieyl imethe faliavemg eatple/st matiogiclimay be

T T i I

pol yner i zeioleseodligohRrsbere prpatd by halkiNes xtuwelof geitiyestet Inc@itCorgaiodi ment, a
suspenS|on of a nacro&ﬁcllc polrester ol.igonmer and a _pol yneri zation

cat al yst SPHARa b 35 §-X31a% Arfeerdishiongpendres; zdu%aéeegbétameﬂllympﬁg%ew%r

SUSPEeNSi QRePland il boF HiaRBREORHnRRe WensediHnthlio batpd N Step may or may not
be needed depending on the application. In cases whére cooling is not

neces s ar Wlséh c A deanstaénless dtegliraptir squippednpith @Ih@lebgallwebmicdsstmeh exd heaten

heat ren o] S'ca ed out oduct

oo 080, SRS Sl haRRu YRS PO 7 B PR s BRI RE S el & OF 1

proc es S. PBI peléth addlR. 75 gra®e CREBIRYmolekd BBPEIT pgieesaca proaﬁcé)eo 06M pEFmens-xkdeer

t he desired teq&grature has been_ achi eved. I n one embodi nent,. the
S

mat er i al SYriRMedEgolyton yas hagtsg do b?%@é%% SHaFﬂFFil‘ﬁi rhmgpwntl,lrﬁ{cgpqlgpre In one
embodi me @(Snterﬁ oPIaRAWIBIHR f%prﬁ Ogﬁzfi‘élﬂé 5‘190 l%nﬂ%&[ e H&L&G%iwlyg&ﬁh%e dsQ) \}eﬁp mer

and a po yneri zat1 on cat al yst I's xed wt wat er an cesse
wat er, s kuod myrtesktbe eastor. | Thegeastor was then sealed. The mixture was heated to 220°C. Aﬁer
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.



enbodi nent, the blend material further contains a filler. 2@ hpé@ﬁ% I n one
enbodi nent, a macrocyclic polyester oligoner conposition i d
macrocyclic polyester oligonmer, a polynerization catalyst, and water. In
one enbodi W@€M15337he nmacrocyclic pol yester oligonmer conp@STAUSYN2664rt her

I ncludes a surfactant. In one enbodi nent, 20 July 2004 WO 01/53379

PCT/ US01102064 -40- the nmacrocyclic polyester oligoner conposition further
i ncl udes a fiIIer and ot her additives -gach as pignents, nold rel eases and

stabiliz ne enpodi. ment ster on psite is repar ed
by dryi ngrﬁ?ﬁ Hseptaing ﬂ*ﬁd‘ﬁ%&%@ ﬁ&j&ﬂ%ﬁ# "ﬁmﬁrﬁ lww%wwﬁ
pol ymer i z@fse@waOhed P&%&H%?Ydi& E@atpeﬁteﬁ%hﬁ&o %dug@@ﬁx'i anﬁh@xpﬂxﬂn‘&ilv{ﬂ{i one

enbodi ment, a process i npregnating a macrocyclic polyester oligoner for
pol yrner i ﬂmmaw) \msddcﬁ&drto poluperpetipitatign af the otipoyek. Thepregipiatet madrogyohner

ol | gomer B RS BISTHER et P Ar bR, B, AT Rh Rt orl Pt °

sur f agt apligdnfers Sbtithéd Whsgdrekiter thagoey limtiicatdd ey fioXobsireablhydrdxgbetyterintfidted |
drying the mnmixture to renpbve water, and pressing the dried m xture to form

a prepr efpearpinfeepraduetn one enbodi rrent the blend material further includes
afiller. In one enbodi nent, a polyester pol ynmer conposite is prepared by
pol ymer i iﬁxﬁ'gpl& macrocyclic poI yester oligonmer according to the above

pr ocess. 1di8ypng ?flngmﬁ A0, 66 kdriali o1 15 wrsfmste ffleditet e
above pr cess FEHQ or Sc%rfa?ln appxﬁlggtll onsiﬁajl:I S dﬁm rab e ?o form
a suspen§istnnaxang-1 ’C‘)affasldmolvedamthhm:)g in a!pﬁrqwnatdd Zcﬂ‘mt ¢frteluvnetwiuch haamcen

ORI 5y R A Bl St S SR B B 8 1 70

subst ant iakontsiRink G0 bffinsyt ﬁulvbriz&emW&mmmalyleﬁatougwmamﬂmm (%sned/ or
stirring before_and during the step of  applying the mxture. [0147] In

order t oMo pEio)- yAgérrIPE}thGIcY miting the resulting Hniform pasie was drisd usHeryAcImtes ses
descr | Degh ROV it dlisHoho B Yra0 Ful 0683 B ioknd PpksRE ia ARAAOAHE kdsfilin

pol yester ol rgoners into a po orm pi C F macrocyclic polyeSter

ol i goner snifizneiree flogvngrahiéepdverter weitgintd Ehuolsamofsin agomupﬁd mal¢ of thé capelyesterder
easi lf’); at anbi ent EgnFerature t hereby reducing the cost of material.

Convénit i BIPRPEe 2P BEast i cs 1i ke nyl on and pol ypropyl ene are not as easy
to grlndg%t ag%pent tenperature and need to be cooled or frozen. Certain
convent i Of&P€Ker nopl astics require very |ow (cryogenic) 25 tenperatures to

make gri pEis8g MQEpil Rad ipsatidexedpa it 3 XMk bf bBGHoRaSd- Nathlif wad shpBled to

material. [0148] The success of a water slurry process In prepreg
f or mat i Oglvgﬁ@la@g containing 3 waleds of tin atoms per mole of the copolyester monomer repeat
units. :

20 Example 3
[0154] Di-n-butyltin oxide (24.89 g, 0.100 mole), 2,2- dlethy!-l 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



macrocyclic pol yester oligonmers was unexpected partly becagﬁﬁut %gogr esence
of water, in general, disrupts and can even entirely prev IY

pol ymeri zati on process fromstarting and progressing. Once the water is
removed byWéropispg? however, the pol ynerization process caaruakégkace 30
uni nterrupted. The water slurry process thus provides an effective and
relatively inexpensive nethod for preparing prepreg and pol yner from
macrocyclic polyester oligonmers. 20 Julgg-.2004 WO 01/53379 PCT[ USO1102064
-41 V. Exappl.es 014% The foll owi ng_exanples are provided to further

i |1 ust r ab@inigiredad 194& | The powdencamplsiedemslicsin opgmamits ydormansesy-tnilowhese
specific : a i | t: j : .y tal he

o oduct s OErar Hager The IRREBEL, Ran gl tldfbyhatdskfitindy Hriod AR A Mlbnich 2

t echni quast therctartesl tp salidify wticcrystallizatior, Sesuitinigdm formagmmediiadoughgonatairewhite
spect r 0SCoRY .~ Mas spectrosco i.nfrared spectroscopy, differential

scanni ngsoé@l E)rlhleﬁ'g n ﬁné”éfc%‘gﬁﬁtgéﬂ%ﬂmu Fr omat ogr aphy anal yses. Exanple A
[0150; T?.e rmlcrgcycl i cpol yester oligonmers used in the follow ng exanple are
macr oty cFF¥ D’ copol yester oligomers with 95.0 nol % of PBT and 5.0 mol % of

PET. The{0186]c I S@)iidxafie-2 CRPAEYWRGA2E mrAbl) FROEERDIVRE2 PeFtelderRy The8blufith 2
m xture of copol yester |inears, organic solvents, such as o-xylene and

o- di chl oPabrddsd fiet-O wief &1 reaceocyelissrRelyystr pljsmmassolringddpdiaamaled® miee Theand
tin or tidanhya A AR ﬂﬁnﬁorggr%ﬁ§ﬁﬁﬁé ﬁdsfé?h*h?@as"ff‘&rﬂ K2l Snddr Victbln 7 4! €an
stainless steel reactor equippe€d wth a nmagnetictally coupled stirrer and
heat er G&&nwt dppredmatett 0°GaThe sty ealidbled] obBGRedndas(eddund tgolstaim unifbrno- xyl ene,

59. 2. grans_(0.269 noles) of _.PBT pellet d 2.72 grams (0.0:-142 nol es) of
o bl DBl pORaR e ol %81 BB PENR 6T B calsest AP bt SRR ut ; o
was heated to, 100C and sparged with dry nitrogen until the noisture
content GXUE& was about 5 ppm Sparging al so renoved the dissol ved
oxygen i [pIsTe ERANSIOE wad thehta®bricapt thdiQ3k Rinoxbhe 2 cAA 5O as\We& bR a

seal ed- The m xt-ure was heated to 220C. After 20 the tenperature was

st abi | i zblgnd eontaipipg Bdkradle datimatgms perrmala af harenplesietnenonids ensat unist ot al

nol es of pol yester nononer repeat units), were added to the system by
pressureE{CthaPéVerri ng the catalyst into the systemwith the aid of dry
0- Xykene shj Lot € 1 | et

Cr Aty or 158" Rt 3RS BBt b Bl rio g K iRk e SR OB B e
resul t i nblend emtdiniog 01 mdle Metivasms pefphae obijie cepudyestegmdnainerireyzatglites of the
m xture periodically fromthe 25 systemusing the systenis pressure as the
drivi ng Esamplesddoa small sintered filter placed in the

[0159] Blend materials obtained in 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



systemto provide the pressure drop to atnospheric Conditigﬁ'ﬁul 5854
coll ected sanples were analyzed by HPLC to determ ne yields of macrocyclic
copol yester oligonmers. After approximtely one hour, the catal yst was
guenched bWa®&3xedi ti on of water (0.20 nol) by adding PR&URIFBI4I 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 m.gqure was then filtered through a
heated filter, Filtratjon resulted in renmoval of precipitated |inear

i mpuriti §§“’('8Qr130§?>‘r‘it¥”él°8 i%l‘a"isé?b&?f’%at ed linear oligoners) fromthe system

20 July P6ief) WPLRLBR HEOa R TsHSOhs BROGHGI 4R ber s ThdUskRES 11 P LGR0a A1 ned
t he desired macrocyclic copol yéster oligoners (dissolved in 0-xylene at
75C) was stahdand siviap OFlas widnd | fireeglass eoving rad wes pidhesh at aratenf U2 imd/mipn, Aot t hen
nonsol vet ( 1e) ;. . I ndue prolie] ' f | i gomers.
The  pr eof BT aRRaE R C B kR 1B R R M detop hehesfy "B
drieds Ppowlst obfaielién Bratipde | olak then podéd/@sthefibdrs ad theyoemered ohipered did (daigch

o et e Sa bl ol RS IV B T Tt
1,1,6,6- Q@@@"ﬂge%ﬁér‘rﬂei@d @hé%ﬁﬁﬂ&iz%d% the 3@'@@%&%81}(%&1%%2?15) o

("stannoxane- 1" di ssolved With heating 1n ggxprom mat el y

tol uene wislashlanweighiafi90k obtained frami GRC maalysiseand; (Rhthaapperently ighdlesinal si eves.
Th | ut ; . Y iheftex f
fimely porubiiBagifdelt b hEab Rt @Al Bhe s AR RePRgg ol

rati ¢). Ahd etitetin a maited hut highlyngscohestate Solldweaddbyumiid orystaliasticn within Ainches under
vacuum at

about 50C..' The lte crusty solid was. pulverized by using a
bost 1o, anft A MESHA i a vt et o HEa o SHeEPe et B0 M ¢ o powder
containeg, 0.3 | e% of . tin ato per nole of the copolyester 15 . nononer
r epeat uz':i‘f’g'l’le@aﬁ?ﬂtﬁlsﬁm[z@‘i% nnr%b& le | was repeated except that 33.0 ny
of stanne@ip- Fufskahyie is et RIFARPIel1q extHpY BiafthP H8&81a6OR tIdrbd iR 5 ol e%
of tin atons per nole of the copolyester nononer repeat wunits. 20 Exanple

3 [ 0154] Zpiteks 4buttfb vield, xliOddziyg 4818 Blagenicongcarpinajber. The resulting ribbon also

a3 DR 6 P B O Bl

condensebasedlba GACWnalyeiswas stirred under nitrogen and heated to reflux for
approxi matel y : .
Example 13 (Pultrusion 3, glass rod)

[0162] This example was run at 15 inch/min pull rate, used 3 strands of FGI, 113 yd/Ib yield,
- standard sizing “Flexstrand” fiberglass roving, with a preheated die at 200°C. The blend material
20 (in powder form) obtained in Example 1 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.



2 hours during which tinme approximately 1.7 m of water wa? ae@%@ ed. The
Dean- Stark 25 condenser was replaced with another Dean Sta Q g ser
filled with nolecul ar sieves. The reaction mxture was further heated to
reflux forWwa0igdPti onal hour and then approxi mately 60 PEE/USHL/R20E t ol 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-di oxacycl ohexane
("stannoxane-2") was 36.1 g. Exanple 443Q [0155] Approxi mately one gram of
the blend obtained in Exanple 1 was placed in a 25 m  round bottom fl ask
and it - m&awp&dﬁe@wlmsmnmqkh@@en The flask was then dipped in an oil

powter oLty 0 SRR Dol et fn bt bR TSR TR 20

l'i qui d. ii‘meaml msilowr thé surfaee, lat afibat tegreamluwhghyratmfeasddhe\l\aytefslvml-acqaﬁmg od of

2 to 3 m.putes en started, to solidify with cr al |
Fesul t1 G ATEL PR 158 b Rt Bersart? P e popt LS ad e a
pol yneri e g&ﬁhu%sﬁﬁﬁﬁb?&i? 813 rmum, MufeSampfe Vas e ;ﬁess& E{tQ@@ Bdi for an

St annoxane- mmol ) was di ssol ved in dry toluene. The

sol uti on® %@naéhaeeﬁqt% Fhosample wemwedrlaw@weﬂwp@p thepre@$ i Brsrsemple
obt ai nedwagcﬁﬁgmé@mﬁﬂr& ajar. The content was mxed to forma

honbgeneous te paste. The paste was dried under vacuumin an oven at

appr oxi sty solid blend obtained was ground to obtain
uni f or m”%ﬁhéﬁé%&\\é%ﬁf ng 0.4 nole %tin atons per nole of the

copol yes E}(BJGS}T‘D Aobiernd mapéd iof mac:bwchE?B‘m‘mlhgorﬁer[vﬁhk@?dpgﬁu&m@r&esﬁ@f H:ﬁg@lﬁ ed
exce that .13 annoxane- yst s used (o give en

cont E{’ ni hgt S@gfh%tay@o%?tﬂm&f‘% ZQF %S W) to e gpw n%JH%PIGP‘epeat
units. Exaf®hPwds thén fkka %thﬁmmawoéemmcben@@&eﬂe Xkt ThE ﬁﬁxfére%m of

stannoxane-2 catal yst was used to give a. blend contai maE%a nmole %tin
atons pepllgwrddo samaim i susprorion frat leﬁfﬁ Ré hetrs.r Thromaterialivas thembaated wyemovn
[0159] B AP d t est
pol ymer i ?gﬁjon %&éerqleﬁtﬁngi Haﬁ% gr ans erg%%ocgg ceﬁ'ﬁghgoe ‘%1 Fgééed in a
one- gr anpslymenizatiap resildd are likted ini Bdblaas 20 capped under nitrogen. The vi al

For miA col or | ess. {IHble ST Sk ByacemyBesty B iiomnianely mor koo

Vi scosi 1 yTestildic| €aspencam of i:our@id s@ilweish |pidiune Dadciiptivh] t € M3l | H ¢ @dnle@ihn |
cryst al i zat i oh. wmacrocyclic 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. -



Tabl e 2. Polynerization of the blends Stannoxane-2 Tine to%QQ gtt)frt of
Conc. (nol % Vi scosity increase crystallization (mn) (mn ﬁ}ﬁ

80.41.54.5 Exanple 90.226 1 Examle 100.11018 25 20 July 2004 WD 01/53379
PCTI USO1/ O%@au/53344 Exanpl e 11 (Pultrusion 1, gl ass ri bborETUSWAERAM

Pul trusi on was done using one end of F@ (Fiber G ass Industries), 113
yd/I'b yield, standard sizing "Flexstrand" fiberglass roving, and was
pulled at a rate of 12 inch/mn, first g¢tthrough a preheating die at 200C (4
inch long, %inch x 0.025 inch cross section). The bl end 5 powder obt ai ned

in Exanple 1 was tiable$| Water Shrry ReogesyResulta JPBRAFASEAIT 10Dt aper ed die (4
inch | pnGst id. / [ZConipe it ofniifin bQiAINveiglt | (ARG Dedordtiore] AWy V2| bl Eovelsiod P15 i nch
at the EXik) thal m¥asychel e fcohad 0 [ Thaisquwder | Mg 60 ancveemy el i zed in
t he di e| (pdl ynemkzaidioPBT, Ayl elatheidwdiy [( 1) miadleecul Ar swessghf ~ aftedh@R  Obt ai ned
from GPC_apgal yisi s, mancty(i@2PBT hentrelppar gnt | y hlegh fl exipeate ISt re}n%h as
conpared _té thiat of maopsydieRBliwiteyzed nacr ewsseediaic ol | H8AEY S gy
extremely [ offonvesdn iafigp reescpoycdigpoly(hé b.mn!mqttf@ﬁhab\akohaqwghIllvarvqlm'ous st at e,
foll ovved by~ FElI QRN T PPR6LeT 5% B399 2 i nches  of the die, indicated by

a visual nchan ear to paque (light tan in color). Exanple 12
(Pul t r usFEH" &’ggga@gag]ﬁsh 0161] This exanple is the sane as Exanple 11

excepd tmas7t ha Hiddaengbas 8fﬂn§cr6@@h@BB’ﬂ oYig&ﬂ?er wa lpkeplired ﬁ}&efp&éde& M‘E?{laﬂxplex 10

sizing, 48k filament count, carbon fiber. The resulti ng@ bbon al so
Fp

di spl ayeb usBB A ey P%%@Im%%ﬂgt%e bé@ﬁé maggsial wag grevndgo oisderh Eﬂae hbwéc ul ar
el 9Nt O3l witAREhy i GRlRE BB e PXRERU, Al RULI VSOR: fine oS 1 00)

[0162] IS exanp was run at an s of
FGI 113a1ynh/et1b0 yanailmisn suspieasioafod aklieast A4 houss. e&sshzedmcSﬂ tipebartghdiber wasthag, with

apre hea&lppcddinteo tﬁe sl%r%g aCnd r-lc;rr}a%vgd mr@lga gaurtr? E:(I)a%lng. The coated fiber was then dried under

10~ vacuum for 30 minutes at 80°C to form the prepreg. The prepreg was cut into ¥ inch pieces,

stacked randomly between steel sheets, wrapped in aluminum foil, dried again under vacuum for
30 minutes at 80°C, and pressed at 190°C for 30 minutes, to make a composite plate. The

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

Table S. 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



20 (in powder form obtained in Exanple 1 was placed on thﬁgfipe@§4as t hey
entered a tapered, round die heated to 200C (0.25 inch dia RHV t he
entrance, reducing to 0.125 inch at 1 inch fromthe entrance, and a

const ant OwO28/ss31zh di aneter for the remaining 7 inch of PCHES@/0206¢h | 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 Che gr.am.of macrocyclic PBT oligoner blend
material with stannoxane-1 cataly is_ dissolved in 2 %rans of nethylene
chl or i de3t@lBBes B6omelye %@i“gﬁﬁ?m(??“@@{lwﬂtﬂ)mséﬁ@%w 1spept upits: (ThgiseAspd 1 gr am

of carbogleﬁap&ﬁm% mogggprmggq«mM ter the solvent flashed off, the

sanple was dry oo ery e powder did not flake off duri ng

hand| i ”9(13 %‘quﬁ%ﬂg&e\@&s i %Qﬁ{%ﬂsﬂ%ﬁ%&g in a press, conpression

nmol di ng, psI nut e about 200C wusing Teflon sheets.
The resul@l76p NIIW&M BacgouytlicaPBT pligdner blead abntalaﬂgilﬂoyyn%aahdﬂlaaﬁﬂysﬁw 79

PCTI USA / 6 ressi on nmol di 0164] Four rs of
iy, 572D PLvpiSF i At at S IR worn s Rest o ad D! ErEy ek Eoprbetf done

mat eri aI u&ﬁ&ﬁéd/l@*’%mléﬁ@st&éﬂbﬁl@sc%e ‘?h@y éa'pB&l’ bdttfe W&Sthéh ORI ol Phdues, O 20 1.
The layers with coating “the sanple was placed in a heated pl aten

press, aﬁta@leﬂ@ﬁﬁeulévﬁmsee@mrawmbtqmc and held at 5 | ow pressure (less
than 5 psi) for 3 mnutes. The sanple was then pressed at 200 psi for an
addi t i onéd) Pelymerigatioas . The sanpl e was renoved hot, i.e., wthout cooling

the pres f t urry)
[0165] - AR RGARERRIi 33 4P Blko S 3Bt Mr%rg%@%?é%éé 5k fofl e

procéds béakbxadpl was diiad At suﬁcmngertvbmmanhahmén Ofhesiriadh stﬂicb;me:di:r (0Tt0g) whend

mat eri al un ne powder. The nd, mater was then mxed with
wat er anH}eBP]ag?dz‘Vla%dPﬁtﬁﬁ etd“‘ﬁﬁ”@‘é‘%ié"aéa%ﬂqﬁg 1 the st %f”ﬁ? Em'\‘/\%ﬁedqﬁlal owed to
remain i NOEEUAAL, Ohen@icrycllcRABRT SHgdnry h}%ltecﬂaefoﬁiﬁ& fhidalquifirinBapehepéred to
remove water and further heated to cause polynerization of the macrocycl i C

PBT ol i gé#ER aﬁqrwéncfﬁmayﬁewasz@m@wdrueéwaf@natreosph@@ e fotalpoipsrization tirge Tabl e

3. Water S }g s of
m xture ;w%%%ua oty 101§ gﬂ xltélumruli scrl p?l on ar{g/d]e%oslﬂ-glflf&réa %%@%ﬁ&% PBT,
Et hyll5 al 6@hodlté dd-'iAtSWBﬁ}l@BOI\/Edl um bmacr ocycl | c PST, Ethyl alcohol,
\A/atermsdl%el? h

f 1 esults orn 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.



cmacroc clic PBT control)n/al55, 722Hi gh' dmacrocyclic PBT,
wat er suspensi onl146, 698Hi gh' - % Conversion is from macrocy@? r"é‘y 2004
poly(1, 4-butyl ene terephthal ate) oligoner to linear polymer. b - Hgh =
95-100% Ma@ /8329 90-95% Lows | ess than 90% [0166] ThePErogWdalsed was t hen
repeat ed 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 Atochem -48he pol ynerization results are
listed in Table 4. 2 uly 2004 WD 01/53379 PCTI USO01/ 02064 -46- Table 4.
Water Slurry Pr ocess'pﬁi%ﬁrl PuspensionsHrapared-vithGationieiutactantes nponent s of
m xt ur e| sam@a{ial potyat. GhtadeXt Ur @y figgmf | Pt 1sasphsiin Coneyml Qrconeadr 8PC| i c PBT,
Et hyl al cohol I sci lgh@%9, 439Mediwwayb f relnying Ceddi c| PBii¢ Kt hyl al{celagl
wat er m $ci bl e9dmoAbeoam maprweynl 1 c| PBFCAcqiri 1 ol2) mina1269HB9Hi 14.9
hmacr ocycl pc PBingnoxsad- 2SS pehs@n 108, P18REeeHcuum ' | 20%inConver4i dnlids from
macr ocygl i @ poBgindxade-b0BYy | e nBTRPE208pNt hab®€/edevunl | g@fmin to $inedr 1368l ymer. b
- Hgh £95k-1 ofgpedi (03 = DDTMSRE0D) oWy 60°Cluasemt hia (20 900 F¥hmllel4l2 [ Wat er
slurry prepr pngquﬁ’ﬁﬁﬂ] 04 HPRREY DAt of i §0°Clwcuwmg ¢ &Bgﬂm ilc 0T gl i¥3ner was
pr epar ed 3Pyt Redegyipgrddiniun ehforideximyrpPeadecyl-3-metiyhigidezblembeamideyy st of st annoxane-| .
The bl eng DFRR: Eptieayitriphsay Rypslippitm promifle; REMABRpdecyltrimsbylppeniym bisiider i al was t hen
m xed wi ttPeakamoterulagiveishs detespingdlby 8P&ohol to create a slurry. The mixture was
allowdd to remain in suspension for at |east 24 hours. Unsized AS4 type
carbon fiber was thehabldPpfusbensiomPrépares with Noaridnic Spofactdntvi th a slurry
coat i N9 54 iq: TO g Sl pen dried en T UTRLPES JOnAUETUt es  at
80C to | g?'ﬁn"ﬁ 1ed%%bmg’.§§tTha %urr actg;netg m?"ﬁfﬁ ihnt opg{ {:i rcbﬁhﬁ{/e)ce%;ig) st acked
random YOt WEERSEHTECH0P 0T | Brij 0P COBIC_ bO°C/MCRIEH IS0 &R 1 g €U @alg | under
vacuum QrBr{iéb:m ﬁﬁéwg%oﬁ%mc@ 1EESSEd at 190C for 30 mnutes, to neke a
€

conposi t e . mer, lon result for the resin in the plate is
given in akl%{e(ﬁ%f‘uu.hJl g’%‘]te .%{"ér ‘Slurry Prepreg Process Results

( PBT/ [ St p1A3lx afike dHejnidhd stability. of Kite agoevns Suspensions mbfF@ary defGidDE®nithe

10 environment and chemical nature of the components. Tables 10-11 show the effect of catalyst,

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

Table 10. Chemical Stability of Suspension-1

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,O 2h 30min | 93.1 123.9
u FASCAT'™ 4101 (0.4) | DPyr (200) 2h 30min | 94.0 116.2
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) Time (at RT) time (%) (10)

Control | Stannoxane-1 (0.3} Original dry powder 20 min 97.8 140.6
Control | Stannoxane-1 (0.3) , Only H,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
Ay Stannoxane-1 {0.3) NaDBS {200) 11 days 20 min 93.2 124.4

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



15 ' - % Conversion is frommacrocyclic poly(1,4-butylene 8@r§9 il at e)
oligoner to linear polyner. br- H gh= 95-100% Medium= 9 -d om/— | ess
than 90% [0168] The procedure was then repeated except that the catalyst
in the bl eWP WHEBEPi al was different. The catal yst used RETASHA064
FASCATT1' 4101. The polynerization result for the resinin 20 the plate is
given in Table 6. Table 6. Water Slurry Prepreg Process Results

(PBT/[ FASCATT4101] ) Test Id. NM/Cbnveraan JE& 115,000 ' High '- %
Conversion _is from macrocyclic pol butyl ene terephthal ate) oligomer to
linear pHiijfkr Eachyofthg pagast dowem@@%(ﬁflomemw owmsp%wbwm@seslce han 90%

Exanpl e

A s e e B R R G e

t er epht hatar & thr’@mf atdinany sksll anitie Brt mh%tcdhpthg/ﬁmn kel spirid abdthe stxipeal dtee)
repeat units s, of & | end rial re f ate The first

bl end of mrrﬁ%tFoélc%?@ E\I%QCF A%%‘P"}?ﬁf r‘}ﬁYenggrh{Sé? ﬁ%‘éf*ﬁSﬁB‘&g’ﬁ ggeu%rf:‘ff st ri but ed

st ann®xaflstritive Ba&ripONCRN instdall 6 t}iéfspiriﬁ @nd stBpelofitite RAOHINERLIAHhE 53379

PCT/ US01/ 02064 -47- catal yst was 0.3 nnl@bo? tin atom based on total noles
of nonomer repeat units. The second blend contained 0.4 nol % of
FASCATTMA101. (1) Ceneral procedure for naki ng aqueous suspension [0170]

Ni ne grams of macrocyclic c-PBT oligoner blend containing a polynerization
catalyst, 5 21 m of water, and a surfactant as indicated were placed in a
100 m screwcap glass bottle along wth five 7/16" stainless steel balls.
The tightly capped bottle was then tunbled for 2 hours. A stable white

m | ky suspension was obtained. (2) Polynerization [0171] Approxinately 5.4
g of the aqueous suspension were spread on the bottomof a 100 mM 10
beaker and it was dried at 60C under vacuumin an oven. The dried solid
powder (0.20g) was then placed in a 5 m. test tube. A vacuumwas applied
and the.test tube was inmersed in a 190C oil bath. The nacrocycllc c- PBT
oligoner nelted to forma fluid liquid during a period of



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 ngsgan ani oni ¢ surfactantgg bEusS
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. 6131L£H\88annoxane 1 (0.3)NaDBS (200)60C/ vacuun20 m n95. 6133. 2

k St annox 00) 1 20C/i.n ajr20 n91.013Q, 4 1St annoxane-1
(0. 3) NaDBS @5 RS oL asae ﬁé)?ﬂ@fé@%d RSP HTG T A00E 558 1 ol
powder, not 5 6vid anlﬁh%fbc%l?(ﬁ DCigotik? 1 vihefdiRDiBe 4frocyclic

60C/ vacuunB0 m n 4.8114.0 20 a' - Sodi um dodecyl benzehesul fonate b'-
Peak nol ewlyester ahgayner c@mﬁwa{mcbyalem@at ot gifhy f WD 01153379

PCT/ US01/ 02064 -48 Table 8. Suspensions Breparedgu th Cationic Surfactants
Sampl ePol ym Catal yst Surfactants Suspengi on Pol ym Conv (% M

(mol % (ppm Dryi ng Cond. timel03 oSt annoxa e 1 0 3 r 20060C/ vacuun0

m n93. 1131. 9 0

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

is a divalent aromatic or alicyclic group;
(b) mixing the macrocyclic polyester oligomer and a polymerization catalyst fo
produce the blend material; and

(c) storing the blend material at ambient conditions for at least one week.

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):



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/ vacuunB80 m n94.0116.2 5 Tabl e 9.
Suspensi on Prepared with Non-ionic Surfjactant Sanpl ePol ym Gafg (}y
Surfactants Suspension Polym Conv (%Mo (mol 99 (Ppm dry| ngt i nel03 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. Tabl es (II0-11 show the effect of catalyst, surfactant, and
pol ynmeri zation time on the nol ecul ar wei ght of pol yesters obtained. Table
10. Chem cal Stability of Suspension-1 Sanpl ePRI ym_ Cataly Surfactant”
Suspensi on Polym Conv Mb (nol % (ppm Ti me (at i me 1 Cont r ol FASCAT
4101 0.4Criginal d powder30 min94. 812 SCAT 101 0.40nly H22
h30 mi n93. 1123.9 uTA_ _SC M 410.1 (0 4 h30 m hA¥4.0116. 2 vFASCAT
4101 (0.4)DP 20011 days30 mn94 : CATM 101 ¢0. %) NaDBS (200) 2
% : r’nlunchlorlde
nz

h30 m n94.8114.0 ati‘ohic); NaDBS:
Sodi um dodecyl be e ( | on| . b" Peak nol ecul ar wei ght
det er mi ned by GPC/n\

Rs
or the formula (IT):
ay
JERVERVA
\ SVANIVAN
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)




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 mi4395. 9141. 3 xXSt annoxangy 3)(99@ DTVAB
20012 days20 m n97.5137.8 Stannoxane-1 0. 3NaDBS (200)2 h20 m n93. 4138. 7

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

Dodecyl pyridiniumchloride; 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
Stability of Suserensi on-2 DTMAB: Dodecyl tri net hyl amoni um brom de

(cationic); NaDBS. Sodi um Dgly zenesul f onat ani oni c Peak
ot ecul ar wet GRED Be FOPMRBIEY A0 ZEPu, 319 000 ol Bieh ioastEPT a3/ 02064
-49- 101744 vBegthliBhatl 1§ dRRbARh dagsment s di scl osed herei nabove is

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

i npl enent at i orls isf Grhadivilsnitedtvaltddlipkatisihydwichibon gomps to t hose of
ordinary skill,i.n th ut departing fromthe spirit and the scope
of the inventieii? ég%aﬁ?ﬂen%& yxec}‘l&glrgfpnap@ the invention is to be defined
not by the precgdidrg,5 illustrative description but instead by the spirit
and scope of the fol [owi ng_ clains. 50 20 July 2004 CLAIM5S 1. A process for
pr epar i ncf tiaeate eger aegpaund badngeitlesst eme weiebr ¢is thedormda §Vdps of 1 (a)

provi ding a macrocyclic polyester oligoner, wherein the macrocyclic

pol yester ol i ddvier conprises a structural repeat unit of the formula Q1 0

wherein:

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.



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 (cg3 storing the blend megepiphogat

anbi ent conditions for at Ieast one week. 2. A process as claingd 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 prockss ak mbaaissread dlau'mdyinoaw ohe tdfeth@r]:eec@dinggclairm nmhereilnestqj ibx he

pol ymeri zati on cata is atinc ound or anate conpo

P ooss AT ERh 108 BRI CHESRPn ARAFDGHEIPS ARGhBRiA i n
(I'V)  hydsipxi de oxide, a nonoal kyltin (1V) chloride dlhydrOX|de a
dialkyltin (1V) oxide, a bistrialkyltin (1V) oxide, a nonoal kyltin (1V)
trisal koxide, a dialkyltin (1V) dialkoxide, a trialkyltin (1V) alkoxide,

or atin %onpo@rmomwasgci@mdfm elaim Zl)vhersm fe filley iopoasert] ¥t P2ERIghD- SIn O
CH2 R3 or_the. f | a J R3 Sn C Sn wherein: R2is a Cl primary al kyl
group, aﬁ’nﬁﬂ?g g?ﬁg étﬂi group 6. A process as clainmed in claim4,
wherein the titanate conpound is a titanate tetraal koxide, a titanate
conmpound $havi ng présesd ag vlatmed 10 by ofid bf rlabds 2CoJd)l whe2€l@4tep (b) comprises

mixing the macrocyclic polyester oligomer, a polymerization catalyst, and a fibrous

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.



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

et hyl ene group; and nisOorl, a titanaje ester conpound haviqg TR rdggast one
noi ety of the formula (IV): wherein: each R7 is independently & 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
0O or I. 53.20 Alpche%&ﬁ@laﬁned%inmlﬂne]s%wheremlthé pdgm]ieﬁziagytepmenq)ﬁsdzsmlqastecedi ng

cl ai ms, wher 1) ri ses i ng the macr.oc ol yest er
o1 Goner 18 AP E e DA PEs, MAREDrOfae Fein g i BREYSoS o ai med
in clai mr@sm%ﬁﬁ@f Roldi€s o8l a ﬁ?an%?%’fﬂm@bm@eéé’eb Bfgpregoﬁhﬁ%ﬁj‘%%cc%g from

0.1%to 70% 9. A process as claimed in any one of clains 1 wher ei n
step (b) acpmpq:ss seng amrﬁpmg, & todl wrppog\yrddess, polopsessionghdldmgarocess, or a
pol ymeri zatt cat alés and a fibrous substrate. 10. A process as clai ned
in any ondEFSHREPIOFEEedi ng cl ai ms, wherein step (c)

14. A process as claimed in claim 12 or 13, further comprising, before step (c), the

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:



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 storgsng and pol ynerizing & asmcl i ¢
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 ar ondiv)c dreatixhg' cﬂnel icantgetedipbled) msteoial nandt higbrbhise nefrandit ezusalg at

anbi ent conditions for. ast one week: and th

mmer ocycl | ¢ paloyRReEARt (e e ariG REVERD: P epmiE bigh JipseIRo 13
A process as Gy@bhe lyéhtéﬂp%l)mék?ném)@h%hﬂdiﬁﬁiﬂ?&lsk%ﬁa%ﬂg step conprises at
| east one of a pultrusion process, a rotational | di ng process, a resin

filminfusion (@ ocagléhn%the pelymer metrisdrewndibe ﬂibnglsgtrmg) argexft oatiemef
i ndi t ,
Pl weappi ng Bt S LBEREL Rl B SR 5] aBP%&fE%%% Sl e Ty

process. 14. A process as clainmed in claim12 or further conprising,

before stEp (cA prédess astlepsedah dldin 1DadiRgfutther &ﬂn@ml@befdr@lsteja &y ke nol d
having a chanmber; and (ii) rotating the nold along an axis; and, wherein
step (c) SLBHHi ses heating the nold to cause pol ynerization of the

macrocyclic Fl)@l%ﬁlﬁgﬁlee%ﬁén%ﬂﬁénaﬁﬁo a%c?&%ﬁﬁ a"iﬁ;r&ls?:‘ré’fﬁﬂne i aiYangne of

claims 12 to conpri Sing ore steps of (i)
| oadi ng t he bl(@hdecanigetd alelti the blendnmb@rihlasnd fpreing ayeblafl matoridumtortteer i al

to forma layer of the ble (pd mat eri al between the | ayer of fibrous
materi al and g'Prous preform; an

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.



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 ymerization of the macrocyclic polsgester oligonmer. 16. APROEERE 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
macrocycl3®k pohyeeresy antlaigmaden damnihgr h3,gfarthel exaprising, Wefoghstep @)y dwt er
pol yrer rrgtri % around the fibrous strand; and (v) pulling the polyner
matri x arduhd the fibrous strand into an exit portion of the die having a
desired cr OSS-W&ﬁQﬁlg@CﬁﬁrbMaaéhﬁfknTaner eby formng an article. 17. A
process as clainmed in claim12 or 13, further conprising, before step (c),
the steps of ({ilheatizgde mgltitheblendmaterakeri al into a nol d having a fibrous
preform thereimf: (4 [ - i.ah. and forcing
the bl end mate f)ﬁ%ﬂﬁﬁ?é}é ﬁ%é& ?@%'@?c%&éﬁaﬁ%%rl @%ﬁﬁ%ﬁ%@g\%é@éﬁ#ﬂlhﬁl@ c)
conpri ses heat(ingréssidgiih eholdthediteensinky nateridbhoi forn ededited shaet agd/cl i C
pol yester oligomer, 18. A process as clainmed. in claim12 or 13, further
conpri si nYRerBBstPdcY CUPPSES hegtpig tocpusspabymerizatipn gt fhegnacgosyshe pelyesten end
mat eri al ;ol}(goh? scontacting the nolten blend material with a continuous
fibrous st anc?; and (iii) winding the continuous fibrous strand onto a
mandrel ; and, wherein step (c) conprises heating the nandrel to cause
pol ynmer i zZt i onA @kodebeas ehaigredcipalliim bbby &3t frtherd ¢agaprising, beforastep (e e as
clainmed in clfi\jmlz or 13, further conprising, before step (c), the steps
of steps of:

(1) providing a base material;

(i) 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




(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 oligonmersy 56 20 July 2004 20. A R s 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 zelidrein Aofs anh&yﬂmxerma/m,}lclcrallqdﬂnp@samonoebf puiperyali¥lene ArauppaesB as
clainmed i.n m 12 or, futher conpr.i si.n re.ste the steps
ot (1) prie Perelsgt Fopatie Oh iR L Sea s T SRHE T REU R or ol w L h

the bl enctogpige bﬁlkmeﬁ%lon(df'sm)i hRkddyBk fd1festd¥RIigomat ed base material around
a mandrel; and, rein step (c) conprises heating the nmandrel to cause

pol ymeri zation of the macrocyclic pol yester oligomer. 22. A process for
i pr egnatd3ng b praseEcpE mpregritipg stracrotyicho peltyestor olmwé@r gization,

conpri si t f a reviding a blend material that has been
stored fgrgeé?%?%gg{%%g%gg\t/}\&e%ep% % bl end material conprising a macrocyclic

pol yester ol i gayrer p@@ﬁd@gﬂcﬂleﬁmﬁaﬁéﬁﬂlm haCBhdeRlsystd fofla) leditdhe et ithg t he
bl end material onto a fibrous material; and_(c) heating to nelt thereby
causi ng tHedmiERRhFOMPESiHE RyeacRRYCHE PRyREST qhaowp&anq w@mﬁ%zampﬁr ous
mat eri al , aygp)%?el n the macrocyclic pol yester oligoner conprises a structural
r epeat uni't of the formula 0 0 11 I

(b)  dissolving the blend material in a solvent to form a solution;

(c) contacting the solution with a fibrous base material; and
(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.



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 polsgester oligoner. 23. Apnggess for

i npregnating a macrocyclic polyester 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)

cont act i n2p.t heA podcass asrelanmedh iracltin 2 fushdras dhampereoniabyrfzutaht (folyeimdenag t he

sol vent vYnerei n the crocyclic pol yester oligoner conprises a structural

repeat un§yedmenpatky %E?Ful a00Ill ( OAOCBCwerein 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 zg.omadigrodss ak i dlaifled Gn W40 24, 2% herBinPEtOf e{g)s chBlpriges efRatacife dhe

suspensi on of a_nacrocyclic polyester oligoner and a polynerization

cat al yst Racrogicie polyssichphguser awnpnlymerigption catplysp svidy wateg pnd entaatoning t he

macrocycl i cepal yester ol i gomer and pol ynerization catalyst wth water and

a surfactant; and (b) m xing the macrocyclic pol yester oligoner and

pol ynmeri zation catalyst wth the water and the surfactant thereby formng

a suspensi®uHn. ASrodesprascesmedsinctlaimred, iwheediaithe 24jonih euréictans tie godiajn

conprises,contactin he, macrocyclic pol yester oligoner and pol ynmerization

cat al yst @ﬂdpwlaﬁ"tz@?%'é 3L noni oni ¢ surfactant. 58 20 July 2004 26. A

process as claimed in claim?25, wherein the nonionic surfactant is

pol yet hylmne gl pt6&dss B NPAH |in AR 24 2 herBinP5teF GBS ctfipidedi dMBfhclifly Gheri M 24,

wherein step (a}_ conprises contacting the ] o
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



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
clainmed in claim24, wherein step (a) gpnprises contacting tj‘[gajulyrrg@g@cycl iC
pol yester oligomer and pol ynerization catalyst with water and a tcationic
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
clai med in cl ai m(@4pressheyrtbe dried aplicd puspemsion ®esdesivet focmi ng t he nacrocyclic
pol yester oligomer and pol ynerization catalyst, water, a surfactant, with a
sol vent . . A process as, _claimed, in aim 24, wherein step (a).conprises
w1 o (76 pOPERERE cesn e g B, 4B (hesbmpr i PEGRE B ant
33. A pr ofigsénsioflofl I RESSERc Hb1yREr OfYsthérCariod ¥6IShRFiz&IdnOQMRYE id Water,

pol ynerization conprising the steps of (a) providing a suspension of a

macr ocycldnd whergss ther mastogshier payrstes oligempersin the i notyraerization ccafalyshater ;.  (b)

appl yi ng i . base material; (c) drying to renove water from
t he appl |%)?irﬁ)so§g%g§§$%%ﬂd%n%8§§g 20 July 2004 (d) pressing the dried applied

suspension to a desired form 34. A process as clained in claim33, wherein
step (a) TonprAgesceps avéldinng ia clamsiiosBornwindreia sepcad cymbiisespRbyidmiger
ol i goner and a. merization fat al i ter and wherein the

oly yﬁt In ,
macr ocycl {EPPSIPitemagpribidelunisr CHEope et PoymerRatoR: cafajiy i veter,
conponent £,dofhdein! RS HolRieRLAt RN cabibyst £ QAL RS a 8mbhit! 1B 010 t%'qu}n%% or 34,

wherein step (a) conprises providing a suspension of a nmacrocyclic
pol yest erpestangontbe stweural yspbatnmits ebihe oncraydiosilydster wiigener. and wherein the
pol yneri zation catalyst is present in an anmount fromO0.01 to 10.0 nole

per cent t he . I ep it f. rogycli l.yest er
o1 goner oo AP 4 AR hens? shomb A2 PSLREVRY 5 PR e i
step (a) movidingsesuspension 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.



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 clggrms 33 to 36, wherein gfgR 4G4
conprises providing a suspension of a macrocyclic polyester oli'gonmer 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 yneri zHt i on‘&(pamca‘swﬁt iing;r@n&ﬁiﬂgmatmcy@ﬂwmﬂynﬂter Sl goerprior pelynesizaticm med i n
any one of. |nB SSﬁko 38 ther g1|51n after. step (c), the step of

fu
heat i ng ﬂﬁE@H T BYCas F@Hngﬁs Bﬁgﬂﬁﬂ RP§W§3ﬁ$ﬁﬂ§Hg}lzation of the
macrocyclic pol ygagt sloviingd @MBlispedon AfPE AaERScRECc CHAVERT bligoRiy HRE 0f
clains 33 to 39, wherein step (c) conprises heatlng the applied m xture.
60 20 July 2004 wlywqmbe@g@alwrmm@gmaxfpn@ngﬂmmgass pEclpiot Y4ist er
ol i goners for po t ns_ of claim 24, the nethod
conprising the sbép t%%?mﬁg ‘%bﬁgmﬁp ' ﬁsion of a macrocyclic
pol yester 0||gon'@i)dﬁﬁﬂgﬁ)reﬁﬁklﬁ’mfdrﬁ%h‘lmeaﬁﬂieﬂ'sﬁ&ienblﬁn’\/@lﬁer by perform ng
t he process of claim 24, appl yi ng the suspension to a base naterial;
(c) drying to reﬁﬁaxpéeswagéhe iegrAppHed sspension te geigeiresifBrm. and  (d) pressing
the dried applied suspension to a desired form 42. An aqueous suspension
of macroqmcl | CAIP 65 Skpd ogcbrﬁ{ Ed b gé TR clic polyester
ol i goner ; %L?éyneﬁsgatsi on cat a 39 ﬁdlﬂ% er{)C IIv}g‘rter nggﬁg An aqueous
suspensi on as cI (aa)mnhcrotycluapwiyﬁﬂaromgomher conprising a surfactant. 44. An
aqueous suspen5| as cl al claim43 or 44, further conprising a
filler. 45. A pr 1%?“%%%33?45%* g macrocycl ic polyester oligoners for
pol ymeri zati on (‘{gm&érm ng the steps of: (a) mxing a blend materi al
conprising a macrocyclic polyester oligomer and a polynerization catal yst

with water to forma m xture; (b} applying the mxture to a base material;
43.  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.



(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 clainmed in any one of claims 24 to @2, wherein the macrocyghig2004

pol yester oligomer and the polynerization 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) provi4il.ng Anlkesws saspEensiah asrminﬂadsintaagmnstafrcéalnfsoﬁ it 45 edstreinmies vveek,

the blend nate Jal risin clic ester oligo

ol yar | S BCIE oA O EBeT Ga iy Dol G S o 81 cofrogent )

havi ng a gbaisferial. (C) rotating said nDId along an axis; (d) heatlng said
nold to cause pol ynerization of said macrocyclic polyester oligoner,
wherein said macrocyclic polyester oligoner conprises a structural repeat
unit of 4he fopmeess Br polymeriringamaprgyelicpoliesteicligamescamprisingthene, or a
cycloalky&%ﬁ §Or a nono- or pol yoxyal kyl ene group, and B is a divalent
aromati c or |cycI|c group; and (e) renoving resulting polyner while said

resul ting pol yg@er llﬁtoa‘ﬂmgawlsmﬁm‘aﬂeﬁhll titattHae bedi@ore@ farei Rakt e acek ahéd
polynerlzatlon said resul ting pol yner solldlfylng |nto asolid at the

t enper at ubl én%matﬁaﬁhpoamrwﬁrq l"z‘laqrpfaﬁ ic polyesterpligoniss anda pplymeHzation c| ai m 53,
wher ein st is perfornmed when the tenperature of the nold is
substant|5§$§ the sanme as that of polynerization. 50. A process for

pol ymeri zi ng abjacrloediog sad plehy esteral olto gomdd haedanga ceamigery he  steps of ;. (a)
provi ding a blﬁyd na r|aldmehtia as been stored for at |east one week, the

ro afing sai ONg an axis;
(d) heating said mold to cause polymerization of said macrocyclic polyester
oligomer, wherein said macrocyclic polyester oligomer comprises a structural repeat unit
of the formula
C O
N

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;



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 ndingssaid continuous fibroysngs@nd onto
a mandrel; (e) heating said mandrel to cause pol ynerization of said
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) renovi(ay rématimg'mgmpibisajrdr’ellend\knateeiakﬁid resul ting poI ymer is at

substantial l'y e sa .enpe at S sald |zat idresulting
oLyt a0l § dFFyi HOMRIGE S goner wEnd piatariah ot (g Opmiys Forous
pol yneri zagfh@n. 51. A blend naterial stable at ambient conditions for at

| east one week, the blend material conprising: (a) a macrocyclic polyester
ol i gomer: and (df b) Vamémlgﬁmrqozﬁmuquﬁﬁbmualsymd Omémndretl he rracr ocyclic

pol yest er oI| ural re forrruIaOO
11 11 0-A-- aﬁ& ?ﬁ%ﬂ“‘?@ e@’lll %rngggr’ ng S&/dc?]gglo&}{ﬁ ®ne or a nono-
or poly OXpbajréétél' Gﬂg)lﬂérg)t#ﬂereﬁmiuﬁnattrﬁcﬁ:hd ipBlegBit olafoltBR tbBipAses alstraptatdl ¢ group.
52. The blend material of claim51 wherein the polynerization catalyst is

present ifspeahpuhabilisHomdin 0. 01 to 10.0 nol e percent of the structural
repeat units of the macrocyclic polyestgr oligogpr. 63 20 July 2004

| |
C

A—O—C—B

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

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.



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 ti n(1V) chloride di hydroxide, dialkyltin(1V) oxi

bistrial kyltin(lV) oxide, a nono al kyl6t3ian( V) trisal koxi de, d%{”lﬁyzom
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
wher ei n t§k tiTlen#Hdew metepelnfdldim 5 whereindlicepolymbnzabh oxtalyst is a tini t anat e
conmpound havi ng.the fornul a gll ): 64 20 July 2004 wherein: each R4 is
independéﬁPWV“gﬁoéPR?Pmﬁfﬂﬁﬁ, the two R4 groups taken together form a
di val ent aliphatic hydrocarbon group; R5 is a C2_10 divalent or trival ent

al i phat i cs41y dr P BN mateANIGT cl438 §3Srvl~?qréiﬁtt1|fé/ﬂi@&ﬁm%tfunﬁti§‘é/hﬁﬁ@algflﬁid{l\/)and nis
0O or 1, a titanate ester conpound having at | east one noiety of the fornula

(1V): Ti hdeeradnoxideagnomplkylin(hdeidoriferstihydrexidg alidkWyh@Weoxidem; Z is 0
or N bistrialkyltin(IV) oxide, a monoalkyltin(IV) trisalkoxide, a dialkyltin(IV) dialkoxide, a
trialkyltin(IV) alkoxide, or a tin compound having the formula (I):

@
Ry Rj
Ta H,C (\Sn/
R ) O—Sn—O/ o/ \R3
\/ /]
Sn CH2 R

or the formula (II):
(n
R: O Rs
VARVERY
R3/ \0———/ \—(/ \Rs
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):



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
RO is independently a C2.6 al kylene gr@up; and gq is 0 or 1. &HBJul¥2004
conposition conprising (a) the blend material of claimb51, and (b) a
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(l 4- butyl ene terephthalate) ol i gomer, a

pol y(1, 3- propyl ene (Idkr epht hal ate) ol i goner,

pol y(1, 4-cycl ohexyl enedi net hyl ene tereplhy halate) ol igoner, a poly(ethylene

terepht hal ate) oligonmer, or a poly(1,2 et | ene 2, 6-
napht hal enedi car boxyl at e) olk4Qre
O
@0}1\/

each Ry is independently an alkyl group, or the two R4 groups taken together

wherein:

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)

</ N

i A \
\O /RT

each Ry is independently a Cs.3 alkylene group;
ZisQorN;
Rgis a Cy alkyl group or unsubstituted or substituted phenyl group;

wherein:

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):
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V)
0—Ry—O0
VAR
/ O_RQ_C/ \
wherein:

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

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.



